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Readiness Review Worksheet 

For the Academic Year 2023-2024

Contact Information 

University: 

College: 

Department: 

Dean: 

Email: 

Mobile: 

Signature: 

Date: 

Head of Dept.: 

Email: 

Mobile: 

Signature: 

Date: 

Evaluation Judgment 

The program readiness review worksheet summarizes the initial 

evaluation judgments of each program being considered for accreditation 

and/or extension of accreditation. It summarizes the identification of 

shortcomings with respect to criteria. Shortcomings are shown as a 

Deficiency (D), Weakness (W), or Concern (C). If no shortcomings are 

identified the program is considered to be in Compliance to criteria (Y). 

Sometimes suggestions (Observations) are offered to assist compliant 

programs in its continuous improvement (O). The evaluation judgment of 

each performance indicator is carried out by the aid of rubrics specially 

designed for this purpose (See the attached guide). 

Deficiency (D): A deficiency indicates that a criterion, policy or procedure 

is not satisfied. Therefore, the program is not in compliance with the 

criterion, policy, or procedure. 

Weakness (W): A weakness indicates that a program lacks enough strength 

of compliance with a criterion, policy or procedure in a way that ensures that 

the quality of the program will not be compromised. Therefore, remedial 

action is required to strengthen compliance with the criterion, policy or 

procedure prior to the next review. 

Concern (C): A concern indicates that a program currently satisfies a 

criterion, policy, or procedure; however, the potential exists for the situation 

to change such that the criterion, policy, or procedure may not be satisfied. 

Observation (O): An observation is a comment or suggestion that does not 

relate directly to the current accreditation action but is offered to assist the 

institution in its continuing efforts to improve its programs. 
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Criterion 1: Program Educational Objectives 
Head of Dept. Reviewer

D, W or Y D, W, C, O or Y Comments

1.1 Strategic Planning    

1.1.1 Applicable published strategic plan including vision, mission 
and objectives (statement is well-defined, achievable and 
publicized). 

Y 
  

1.1.2 Consistency of the program strategic plan with the 
institutional one. Y   

1.2 Statement of PEOs   

1.2.1 Applicable published and publicized PEOs (statements are 
well-defined, measurable and achievable) Y   

1.3 PEOs Consistency with the Mission Statement    

1.3.1 Relating PEOs to the institution's mission Y   

1.4 Program Constituencies    

1.4.1 What Constituencies are involved? Y   

1.4.2 How the PEOs meet the needs of these constituencies? Y   

1.5 PEOs Review Process    

1.5.1 Processes for periodical review of the PEOs Y   

1.5.2 How constituencies are involved in this process? Y   

1.5.3 How to ensure that PEOs remain consistent with the 
institutional mission, the program constituents’ needs and 
these criteria? 

Y   
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Criterion 2: Graduate Outcomes 
Head of Dept. Reviewer

D, W or Y D, W, C, O or Y Comments

2.1 Adopted Graduate Outcomes    

2.1.1 Applicable published and publicized GOs. Y   

2.1.2 Coherence with the seven GOs of this criterion. It is required 
to recognize the wider scope of ethics including societal and 
environmental aspects. 

Y 
  

i) An ability to distinguish, identify, define, formulate, and solve 
engineering problems by applying principles of engineering, science 
and mathematics. 

Y 
  

ii) An ability to produce engineering designs that meet desired needs 
within certain constraints by applying both analysis and synthesis in 
the design process. 

Y 
  

iii) An ability to create and carry out proper measurement and tests 
with quality assurance, analyze and interpret results, and utilize 
engineering judgment to make inferences. 

Y 
  

iv) An ability to skillfully communicate orally with a gathering of 
people and in writing with various managerial levels. Y 

  

v) An ability to perceive ethical and professional responsibilities in 
engineering cases and make brilliant judgments taking into account 
the consequences in worldwide financial, ecological and societal 
considerations. 

Y 

  

vi) An ability to perceive the continual necessity for professional 
knowledge growth and how to find, assess, assemble and apply it 
properly. 

Y 
  

vii) An ability to work adequately on teams and to set up objectives, 
plan activities, meet due dates, and manage risk and uncertainty. Y 

  

2.2 Relating GOs to PEOs    

2.2.1 How the GOs prepare graduates to attain the PEOs. Y   
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Criterion 3: Curriculum 
Head of Dept. Reviewer

D, W or Y D, W, C, O or Y Comments 

3.1 Program Structure and Content    

3.1.1 Study Plan: adequate attention and time to each component 
including summer training. Y 

  

3.1.2 Alignment with PEOs: consistent with the objectives of the 
program and institution Y 

  

3.1.3 Attainment of GOs: support the development of a range of 
intellectual and practical skills and attainment of GOs Y 

  

3.1.4 Prerequisite Structure: Showing dependency and integration of 
a balanced curriculum Y 

  

3.1.5 Subject Areas Requirements: (in terms of hours and depth) 
including college level mathematics and basic sciences with 
experimental experience, engineering topics appropriate to the 
field of study and general education that complements the 
technical content in consistence with program and institution 
objectives. 

Y 

  

3.1.6 Major Design Experience: that prepares students for 
engineering practice where public health and safety, global, 
cultural, social, environmental, and economic factors must be 
considered (final-year design project based on knowledge and 
skills acquired in earlier course work and incorporating 
appropriate engineering standards and multiple realistic 
constraints 

Y 

  

3.1.7 Teaching and Learning Strategies: How program 
teaching/learning and assessment strategies are appropriate to, 
consistent with, and support the attainment of GOs. 

Y 
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Criterion 3: Curriculum (Continued) Head of Dept. Reviewer
D, W or Y D, W, C, O or Y Comments 

3.2 Relating Courses Learning Outcomes to GOs    
3.2.1 Abbreviated syllabus of each course must be available showing 

CLOs. Y 
  

3.2.2 Mapping CLOs to GOs: How the courses learning outcomes 
actually lead to the achievement of graduate outcomes. The 
relationships of CLOs to GOs might need preparing a “Course 
Portfolio” for each course. A typical course portfolio contents 
are: course number and name, credits and contact hours, 
instructor’s or course coordinator’s name, text book (title, 
author and year), other supplemental materials, specific 
course information (brief description of the content of the 
course or catalog description, prerequisites or co-requisites 
and indicating whether a required, elective, or selected elective 
course in the program), specific objectives of the course and 
specific learning outcomes, mapping of CLOs with GOs, 
strategies of teaching/learning and assessment to achieve the 
outcomes, copy of notes, copies of exams (instruction copies), 
and copies of student work. 

Y 
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Criterion 4: Continuous Improvement 
Head of Dept. Reviewer

D, W or Y D, W, C, O or Y Comments 
4.1 Achievement of Graduate outcomes    

4.1.1 Assessment Processes: used to gather data upon which the 
evaluation of each student outcome is based. Examples of data 
collection processes may include, but are not limited to, 
specific exam questions, student portfolios, internally 
developed assessment exams, senior project presentations, 
nationally-normed exams, oral exams, focus groups, industrial 
advisory committee meetings, or other processes that are 
relevant and appropriate to the program. 

Y 

  

4.1.2 Frequency of Assessment Processes Y 
  

4.1.3 Expected Level of Attainment Y 
  

4.1.4 Results of Evaluation and Analysis: the extent to which each of 
the graduate outcomes is being attained Y 

  

4.1.5 Documentation: how the data gathered, and the results of the 
performance are documented and maintained in addition to 
the materials, including student work and other tangible 
materials that demonstrate achievement of the GOs 

Y 

  

4.2 Actions for Continuous Improvement    

4.2.1 Systematic Data Utilization in Continuous Improvement: how 
the results of evaluation processes for the graduate outcomes 
and any other available information have been systematically 
used as input in the continuous improvement of the program. 

Y 

  

4.2.2 Re-assessment of Changes Results: how results of any changes 
are subjected to re-assessment to find whether effective or not. Y 

  

4.2.3 Future Plans: any significant future program improvement 
plans based upon recent evaluations. Y 

  

4.2.4 Brief Rationale of Planned Changes (for each of the planned 
changes). Y 
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Criterion 4: Continuous Improvement (Continued) Head of Dept. Reviewer
D, W or Y D, W, C, O or Y Comments 

4.2.5 Quality Management System Documentation Y 
  

4.2.5.1 What does the Quality Management System provide for PEOs, 
GOs and curriculum review? Information such as minutes from 
meetings where the assessment results are evaluated, and 
recommendations are made is required. 

Y 

  

4.2.5.2 Industrial Advisory Committee: The feedback and inputs from 
stakeholders (industry advisors, students and alumni), 
benchmarking and external examiners. For a new program, it 
also needs to discuss the feasibility of introducing the new 
program. 

Y 

  

4.2.5.3 Other information, if available, used to assist in continuous 
improvement such as (participation of faculty, support staff and 
students in the continual quality improvement process, their 
professional practice in industry or collaborative projects and 
invited lecturers or speakers from industry or public bodies. 

Y 
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Criterion 5: Students Head of Dept. Reviewer
D, W or Y D, W, C, O or Y Comments 

5.1 Student Admission    

5.1.1 Requirements of admission (have policies for accepting new 
students). Y 

  

5.1.2 Processes of admission (enforce policies for accepting new 
students). Y 

  

5.1.3 High-school grades for freshman admissions for past five 
years. Y 

  

5.2 Student Performance and Progress    

5.2.1 Processes by which student performance is evaluated in 
relation to student learning outcomes. Y 

  

5.2.2 Processes by which student progress is monitored in relation to 
prerequisites attainment. Y 

  

5.2.3 How the program ensures that students are meeting 
prerequisites and how it handles the situation when a 
prerequisite has not been met.

Y 
  

5.2.4 How the program documents that students are meeting 
prerequisites. Y 

  

5.3 Students Transfer    

5.3.1 Requirements and processes for accepting transfer students 
(Have enforced policies for accepting transfer students). Y 

  

5.3.2 Transfer credits and clearing (equivalence/exempt) 
instructions (Have and enforce policies for awarding academic 
credit for courses taken at other institutions).

Y 
  

5.3.3 Ministry-mandated articulation requirements that impact the 
program. Y 

  

5.3.4 Transfer students for past five years Y   
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Criterion 5: Students (Continued) Head of Dept. Reviewer
D, W or Y D, W, C, O or Y Comments 

5.4 Students' Advising and Extracurricular Activities 
   

5.4.1 Processes by which students are advised regarding curricular 
and carrier matters. Y 

  

5.4.2 Processes by which students are advised regarding 
extracurricular activities for enthusiasm, motivation and 
character building in management, leadership, arts, sports, 
societal and environmental activities.

Y 

  

5.4.3 How often students are advised and who provides the advising 
(program faculty, departmental, college or university advisor). 
Sufficiency of faculty members for advising and counseling 
students in four major areas; psychological, academic, 
professional, and extracurricular aspects.

Y 

  

5.5 Graduation Requirements  
  

5.5.1 Graduation requirements for the program (the degree 
awarded). Y 

  

5.5.2 Have and enforce well-documented procedures to ensure that 
students who graduate meet all graduation requirements. Y 

  

5.5.3 Transcripts of some of the most recent graduates: how the 
program and any program options are designated on the 
transcript. 

Y 
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Criterion 6: Faculty 
Head of Dept. Reviewer

D, W or Y D, W, C, O or Y Comments 

6.1 Faculty Qualification    

6.1.1 Appropriate faculty qualifications: Composition, size, 
credentials, and experience of the faculty including industrial 
experience and industrial involvement.

Y 
  

6.1.2 Adequate faculty to cover curricular areas: adequate to cover 
all the curricular areas of the program and meet the program 
criteria including their competencies in implementing the 
outcome-based approach to education.

Y 

  

6.1.3 The overall competence of the faculty may be judged by such 
factors as education, diversity of backgrounds, engineering 
experience, teaching effectiveness and experience, ability to 
communicate, enthusiasm for developing more effective 
programs, level of scholarship and participation in 
professional societies. 

Y 

  

6.2 Faculty Workload    

6.2.1 Percentage of faculty work time devoted to the program. Y   

6.3 Faculty Size    

6.3.1 Extent and quality of student-faculty interaction: effective 
teaching. Y 

  

6.3.2 Extent and quality of student advising and counseling. Y   

6.3.3 Extent and quality of university service activities: program 
service and services required to the university, industry and 
community through research, publication, and consultancy 
activities. 

Y 

  

6.3.4 Extent and quality of interactions with industrial and 
professional practitioners and employers. Y 

  



Iraqi Council of Accreditation for Engineering Education, Readiness Review Worksheet

11

 

 

 
 

Criterion 6: Faculty (Continued) 

Head of Dept. Reviewer

D, W or Y D, W, C, O or Y Comments 

6.4 Faculty Development    

6.4.1 Extent and quality of professional development activities for 
each faculty member including opportunities in further 
education, industrial exposure, and implementing the 
outcome-based approach to education.

Y 

  

6.4.2 Role of scientific research achievements in the professional 
development of the faculty. Y 

  

6.4.3 Role of the offered post-graduate programs in the professional 
development of the faculty. Y 

  

6.5 Faculty Authority and Responsibility    

6.5.1 Role of the faculty with respect to course creation, 
modification, and evaluation Y 

  

6.5.2 Role of the faculty in the definition and revision of PEOs and 
GOs and their role in the attainment of the GOs Y 

  

6.5.3 Roles of others on campus (e.g. dean or provost) with respect 
to these areas Y 
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Criterion 7: Administrative Support 
Head of Dept. Reviewer

D, W or Y D, W, C, O or Y Comments 

7.1 Leadership and Administrative Services    

7.1.1 Leadership adequacy to ensure the quality and continuity of 
the program. Y 

  

7.1.2 Leadership involvement in making decisions that affect the 
program. Y 

  

7.1.3 How clearly tasks are assigned, and authorities are delegated. Y   

7.1.4 How effective is the organizational structure in serving the 
Quality Management System. Y 

  

7.1.5 Efficiency of documentation for all activities and issues. Y   

7.1.6 Adequacy of administrative services provided to the program. Y   

7.2 Faculty Support    

7.2.1 Faculty Recruitment. Y   

7.2.2 Faculty Retention and Promotion. Y   

7.2.3 Faculty Development. Y   

7.3 Technical and Administrative Staff Support    

7.3.1 Staff Size and Qualification. Y   

7.3.2 Staff Recruitment and Retention. Y   

7.3.3 Staff Development and Promotion. Y   
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Criterion 8: Financial Support 

Head of Dept. Reviewer

D, W or Y D, W, C, O or Y Comments 

8.1 Funding Resources    

8.1.1 Process used to establish the program’s budget and continuity 
of funding resources needed to meet the program needs 
including sources of both permanent and temporary funds

Y 
  

8.2 Program Budget:    

8.2.1 Teaching and Learning Financial Support. Y   

8.2.2 Facilities Financial Support. Y   

8.2.3 Faculty Financial Support. Y   

8.2.4 Staff Financial Support. Y   
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Criterion 9: Facilities 
Head of Dept. Reviewer

D, W or Y D, W, C, O or Y Comments 

9.1 Built Spaces and Associated Equipment    

9.1.1 Offices and associated equipment. Y   

9.1.2 Classrooms and associated equipment. Y   

9.1.3 Laboratories and associated tools and equipment. Y   

9.1.4 Campus infrastructure and supportive facilities. Y   

9.2 Computing Assets    

9.2.1 Adequate computing and information resources in addition to
those described in laboratories, which are used by the 
students in the program including workstations, servers, 
storage, networks and software.

W 

  

9.2.2 Accessibility of university-wide computing resources 
available to all students via various locations and the hours 
the various computing facilities are open to students.

W 
  

9.2.3 Adequacy of these facilities to support the scholarly and 
professional activities of the students and faculty in the 
program. 

W 
  

9.3 Students Direction and Safety Precautions    

9.3.1 How students in the program are provided appropriate 
direction regarding the use of the tools, equipment, 
computing resources, and laboratories 

W 
  

9.3.2 How the facilities, tools, and equipment used in the program 
are safe for their intended purpose W 

  

9.4 Maintenance and Upgrading of Facilities    

9.4.1 Policies and procedures for maintaining and upgrading the 
tools, equipment, computing resources, and laboratories used 
by students and faculty in the program.

W 
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Criterion 9: Facilities (Continued) 
Head of Dept. Reviewer

D, W or Y D, W, C, O or Y Comments 
9.5 Library Services    
9.5.1 Adequacy of the library’s technical collection relative to the 

needs of the program and the faculty. Y 
  

9.5.2 Adequacy of the process by which faculty may request the 
library to order books or subscriptions. Y 

  

9.5.3 Library’s systems for locating and obtaining electronic 
information, and any other library services relevant to the 
needs of the program. 

Y 
  

 
 
 
 
 

Specific Program Criteria 
Head of Dept. Reviewer

D, W or Y D, W, C, O or Y Comments 
10.1 Curricular Topics (if any): to be imbedded in 

criterion 5. Y 
  

10.2 Faculty Qualifications (if any): to be imbedded in 
criterion 6. Y 

  

10.3 Other (if any): to be imbedded in the suitable 
criterion. 
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  إيميل رسمي لطلب الاعتماد:
  :عام إيميل

  صفحة التواصل:
  قناة اليوتيوب:

Official e-mail: icaee@mohesr.gov.iq  
General e-mail: icaee@gmail.com 
Facebook: https://www.facebook.com/ICAEE-2583436641672552 
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  استبانة المراجعة الذاتية للجاهزية

  إعداد تقرير التقييم الذاتي قبلآلية عمل لمراجعة الجاهزية و

 --------------------------------------------------------------------  

  :آلية عمل لمراجعة الجاهزية

  تشكيل لجنة في القسم تتولى الآتي: 

 الاطلاع على اصدارات المجلس ذات الصلة. .1

 جمع المعلومات اللازمة لاستبانة مراجعة الجاهزية. .2

 الاستبانة وتحديد الفجوة.تحليل المعلومات وتبويبها على وفق فقرات  .3

 دراسة أوجه القصور وتحديد ما يلزم لمعالجة نقاط الضعف وتعزيز نقاط القوة. .4

 تحديد الأولويات في ضوء الموارد المتاحة ودرجة الحاجة. .5

 وضع خطة التحسين في ضوء الفرص المتاحة والقيود المفروضة (التهديدات). .6

 مع مؤشرات قياس مدى تحققها. تحديد أهداف واضحة للخطة، ذات سقوف زمنية، .7

 تحديد المسؤولين عن تنفيذ كل فقرة في الخطة. .8

 مصادقة مجلس القسم على الخطة واصدار أوامر التكليف للمنفذين. .9
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  إيميل رسمي لطلب الاعتماد:
  :عام إيميل

  صفحة التواصل:
  قناة اليوتيوب:
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  استبانة المراجعة الذاتية للجاهزية

  المطلوبةالأدلة الجواب  السؤال  ت
      المعيار الأول: أهداف البرنامج التعليمية:  1

1-1

  لكل منها. رسالةوالرؤية النسخة من   نعم  ؟والكلية والجامعة رسالة للقسموهل توجد رؤية 
  المحتوى كاملاً. بيان كيفية توافق  نعملكلية والجامعة؟ل ماالقسم مع رسالة ورؤية هل تتوافق 
  الأهداف.نسخة من   نعم  ؟والكلية والجامعة للقسم إستراتيجية أهدافهل توجد 

  أماكن النشر.  نعم  معلنة؟ والأهداف رسالةوالرؤية الهل 
  ها.تقارير متابعة تنفيذوالخطة   نعم الأهداف؟ لتحقيق وموثقة مطبقة عمل خطط هل توجد

1-2
  .تعليميةالالأهداف  نسخة من  نعم  ؟للبرنامج هل توجد أهداف تعليمية

  أماكن النشر. نعم معلنة؟هل الأهداف التعليمية
  المحتوى كاملاً. بيان كيفية توافق  نعم  الأهداف التعليمية مع رسالة القسم؟هل تتوافق 1-3

1-4
  تحديد الذين تم التعامل معهم فعلاً.  نعم  ؟المعنيين بالبرنامج من هم أصحاب المصلحة
  .أسماء وتخصصات ومواقع عمل  نعم  لقسم؟للصناعة في اهل هناك لجنة استشارية 

  ت.ضر اجتماعاامحاستبانات و  نعم  احتياجات المعنيين؟هداف التعليمية الأهل تلبي 
  .آلية المراجعة  نعم  هل تتم مراجعة الأهداف التعليمية دوريا؟1-5ً

      المعيار الثاني: محصلات الخريجين:  2

2-1
  محصلات الخريجين نسخة من  نعم  لبرنامج؟الخريجي  تعلم محددة هل توجد محصلات

  .التوافق مصفوفة نعم المحددة في المعايير؟هل هي متوافقة مع المحصلات
  أماكن النشر.  نعم  ؟ معلنة هل محصلات الخريجين

  .التوافق مصفوفة  نعم  هداف التعليمية؟محصلات والأالهل يوجد توافق بين 2-2
      المعيار الثالث: المنهاج الدراسي:  3

3-1

  ؟الخطة الدراسية نسخة من  نعم  هل توجد خطة دراسية؟
  .بيان كيفية التوافق  نعم  ج الدراسي مع الأهداف التعليمية؟ ايتوافق المنههل 
  .التوافق مصفوفة  نعم  هج الدراسي محصلات الخريجين؟ االمن يحققهل 
  ؟جاالمخطط الانسيابي للمنه  نعم  ج الدراسي؟ المنهل بنية عمودية وأفقيةوجد تهل 

  ).1-3(جدول  ءمل نعم ؟المطلوبةالمكونات الأساسيةجاهل يستوفي المنه
  .ع التخرجيرانماذج من مش  نعم  هل يوفر مشروع التخرج فرصة لممارسة التصميم؟ 

  .ب التعليميةائنماذج من الحق  نعم  الطلبة؟ وتقييم والتعلم للتعليم هل تطبق أساليب حديثة

3-2
  .ب التعليميةائنماذج من الحق  نعم  ؟المواد افةلك نظامية ب تعليميةائهل توجد حق

  في كل حقيبة. التوافق مصفوفة  نعم  التعلم؟ المواد مع محصلاتتوافق نواتج تعلم تهل 
  

  

  



 

  وزارة التعليم العالي والبحث العلمي

  جهاز الإشراف والتقويم العلمي

  عتماد التعليم الهندسيلاالمجلس العراقي 

  ICAEE 

 

Ministry of Higher Education 
and Scientific Research 

Apparatus of Supervision 
and Scientific Evaluation 

Iraqi Council of Accreditation 
for Engineering Education 

 

)3- 4( 
  

  إيميل رسمي لطلب الاعتماد:
  :عام إيميل

  صفحة التواصل:
  قناة اليوتيوب:

Official e-mail: icaee@mohesr.gov.iq  
General e-mail: icaee@gmail.com 
Facebook: https://www.facebook.com/ICAEE-2583436641672552 
YouTube: https://www.youtube.com/channel/UCPegJUYP7BTm7DZ9SaSwesA 

 

      المعيار الرابع: التحسين المستمر:  4

4-1

  ) للطلبة.Rubricاختبارات (نماذج   نعم  هل يجري قياس مباشر لمحصلات التعلم المتحققة؟
  الاستبانات.نماذج من   نعم  المتحققة؟هل يجري قياس غير مباشر للمحصلات 

  ة.ول الزمنياالجد نعم ؟تواتر لعمليات القياس بنوعيها أعلاههل هناك 
  المنشود.المستوى  قرار  نعملتحقق محصلات الخريجين؟ مخططهل هناك مستوى 

  التحليل والتقييم. بيانات  نعم  ؟ بنوعيها أعلاهالقياس  نتائج وتقييم هل يتم تحليل
  .نماذج من التوثيق  نعم  ؟ والتقييم هل يتم توثيق عمليات القياس والتحليل

4-2

  .ليةالآكيفية وال من الخطة تبين نسخة  نعم التحسين؟  ةخط رسمفي  أعلاهنتائج ال توظيفهل يتم 
  .إعادة القياس عمليةنماذج من   نعم ؟لفحص الجدوى التحسين بعدإعادة القياس يجري هل 

  من الخطة المستقبلية. نسخة  نعم  ؟مستقبلية ةفي خط المستجدةنتائج ال توظيفهل يتم 
  من مبررات الخطة المستقبلية. نسخة  نعم  هل تحدد مبررات الخطة المستقبلية (نتائج منشودة).

  .نماذج من التوثيق نعم ؟التخطيط والتحسين المستمراتهل يتم توثيق عملي
      المعيار الخامس: الطلبة:  5

5-1
  واجراءات التسجيل.القبول متطلبات   نعم  لقبول وتسجيل الطلبة؟  ضوابط هناكهل 

 مضت. سنواتلخمس  معدلات الطلبة  نعم  هل مستوى الطلبة المقبولين يناسب البرنامج؟
  والفعلي.المخطط  العدد مقارنة بين  نعم  ؟ الطاقة الاستيعابية يتوافق العدد المقبول معهل 

  توثيقات اللجنة الامتحانية.  نعم ؟ الأداءهل هناك نظام لمتابعة السيرة الدراسية وتقييم 5-2
  نماذج من المقاصة وتعليماتها.  نعم  هل هناك ضوابط لانتقال الطلبة؟ 5-3
  تقارير ومحاضر.  نعم  ؟والأكاديمي والمهني النفسيلإرشاد ا يمارسهل 5-4
  تقارير ومحاضر.  نعم؟ فنية، رياضية ..) لا صفية (أدبية،نشاطات  هناكهل 5-4
  نماذج من وثائق التخرج.  نعم  تخرج؟ المتطلبات الطلبة ل يجري ضبط استيفاءهل 5-5

      المعيار السادس: هيئة التدريس:  6

6-1
  .سيرهم الذاتية) و1-6(جدول  ءمل  نعم  ؟ لتنفيذ البرنامجمؤهلات هيئة التدريس  تفيهل 
  المشاريع التي قاموا بتصميمها.  نعم  ؟ ميدانيةالتصميم خبرة  مواديمتلك مدرسي هل 

  ).2-6(جدول  ءمل نعم؟الموجه للبرنامج، بالغرضيينالتدريس عبء يفيهل 6-2
  نسبة تدريسي/طالب.  نعم ؟ عدد التدريسيين للتفاعل المطلوب مع الطلبة يفيهل 6-3
 نشاطات التطويرلخمس سنوات خلت.  نعم  يئة التدريس؟ ه مختلف مهارات تطويريجري هل 6-4
 أمثلة تبين المسؤوليات والصلاحيات.  نعم  ؟صنع القراراتن في يالتدريسي يجري اشراكهل 6-5
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      المعيار السابع: الدعم الاداري:  7

7-1
  .وصلاحياتومهام هيكل تنظيمي   نعم  القرارات؟ صنع في الجامعية القيادات تشارك كيف

  للبرنامج. المباشر الدعم أمثلة على  نعم  البرنامج؟ جودة في ضمان الجامعية الإدارات ما دور
  أمثلة على الخدمات المقدمة. نعم .للبرنامجالمقدمةالإداريةالخدمات ما مدى كفاية

7-2
  مقارنة المخطط بالمتوافر.  نعم  تدريسيين؟ من يلزم ما لتوظيف الدعم ما مدى كفاية

  احصاءات ونسب واستبانات.  نعم  وترقيتهم؟ بهم للاحتفاظ الدعم مدى كفاية ما
  احصاءات ونسب واستبانات.  نعم  لتطوير مهاراتهم؟ الدعم ما مدى كفاية

7-3
  .مؤهلاتبحسب ال أعدادهم  نعم  ؟بالغرضداريين عدد الموظفين الفنيين والإ يفيهل 

  مقارنة المخطط بالمتوافر.  نعم  ؟موظفين من يلزم ما لتوظيف الدعم ما مدى كفاية
  احصاءات ونسب واستبانات.  نعم  ؟موظفينال ةلتطويروترقيت الدعم ما مدى كفاية

      المعيار الثامن: الدعم المالي:  8

8-1
  .مصادر التمويل وكيفية ادامتها نعم ما هي مصادر تمويل البرنامج؟

  شرح الآلية.  نعم  للبرنامج؟ الموازنة المالية لرسمآلية  هناكهل 

8-2

 للأنشطةالتعليمية.الدعم المالي  بيانات  نعم  أنشطة التعليم والتعلم؟ لدعمالتخصيصات  تفيهل 
  للبيئة التعليمية.الدعم المالي  بيانات  نعم المناسبة؟ التعليمية توفير البيئةلالتخصيصات  تفيهل 

  للبنى التحتية.الدعم المالي  بيانات  نعم  ؟المرافقهل تفي لتوفير وصيانة وتحديث وتشغيل 
  لتطويرهم.الدعم المالي  بيانات  نعم  هل تفي التخصيصات لتطوير هيئة التدريس؟

  لتطويرهم.الدعم المالي  بيانات  نعم  هل تفي التخصيصات لتطوير الموظفين؟
      المعيار التاسع: المرافق والتسهيلات:  9

9-1

  وصف وأعداد مبوبة حسب النوع.   نعم ؟بالمتطلبات وتجهيزاتها يالمكتبغرف العمل  تفيهل 
  وصف وأعداد مبوبة حسب النوع.   نعم  ؟بالمتطلبات القاعات الدراسية وتجهيزاتها تفيهل 
  وصف وأعداد مبوبة حسب النوع.   نعم  ؟بالمتطلبات المختبرات والورش وتجهيزاتها تفيهل 
  وصف وأعداد مبوبة حسب النوع.   نعم  ؟بالمتطلبات وتجهيزاتهالحرم ا مرافق تفيهل 

  وصف وأعداد وساعات الإتاحة.   كلا  ؟ بالمتطلبات خدمات الحاسوب والانترنت تفيهل 9-2

9-3
  أمثلة من داخل وخارج الأبنية. نعم ؟ية كافيةتوجيهما مدى كفاية علامات دلالة

  وصف مبوب حسب نوع المنشأ.   كلا  السلامة؟ الصحة و ما مدى كفاية تحوطات
  بيانات عن فعاليات الصيانة.  كلا؟ التجهيزاتصيانة وتحديث المنشآت وما مدى فاعلية 9-4
  احصاءات ونسب واستبانات.  نعم  ؟ والتدريسيينخدمات المكتبة للطلبة ما مدى كفاية 9-5

      البرنامج: المعيار العاشر: إختصاص 10

10 -1  

  ذلك. منتحقق ال تقديم ما يثبت  نعم  ؟العالمية متطلبات الاختصاص المنهاجهل يحقق 
  مناقشة.  نعم  انعكاسات ذلك على مؤهلات هيئة التدريس؟ما مدى 
  مناقشة.    انعكاسات ذلك على المختبرات؟ما مدى 
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  )1المرفق رقم (
  مصفوفة التوافق بين رسالة قسم الهندسة المدنية و رسالة كلية الهندسة و رسالة جامعة النهرين

 

 

الرسالة

جامعة النهرين يادة والاستدامة ، وتعز. تأمين بيئة داعمة للتعليم والتعلم والبحث العلمي ، يز مهارات الطلبة ، لتحقيق أهداف الرِّ
قادرة على المنافسة في سوق العمل   ، لتصبح.وتنمية قدراتهم 

كلية الهندسة
تقديم برامج باراماج اكاديمية عالية الجودة تتماشى مع التطور العلمي والتكنولوجي على المستوى المحلي 

بحثية في والإقليمي والعالمي والمشاركة الفعالة في تطوير التقنيات والتحسين المستمر في المنظومة التعليمية وال
الكلية من خلال التعاون المستمر مع الجهات العاملة في الاختصاصات الهندسية المختلفة

قسم الهندسة 
المدنية

.  راقيطمح قسم الهندسة المدنية إلى أن يكون مركزاً للتميز في تعليم المتخصصين في الهندسة المدنية في الع
دعم الإبداع تتمثل فلسفة القسم في تعزيز نموذج التعليم الذي يعزز الجوانب المهنية والتعليمية للتخصص الذي ي

تويين يقدم القسم برنامجا شاملا على المس. الأكاديمي والتنمية الثقافية، ويعمل في بيئة تشجع نقل التكنولوجيا
الجامعي والدراسات العليا يمكن أن يلعب دورا محوريا في تطوير المجالات الهندسية في العراق، ويوفر منتدى 

أن يكون قسم الهندسة المدنية أحد برامج . للبحث في المجالات الموضعية والمساهمة في المناقشات السياسية
رعاية ورعاية الطلاب المتفوقين وتشجيعهم على استخدام مهاراتهم. الهندسة المدنية الرائدة في العراق والمنطقة



13 
 

  )1المرفق رقم (
  مصفوفة التوافق بين رؤية قسم الهندسة المدنية و رؤية كلية الهندسة و رؤية جامعة النهرين

 

  

  

الرؤية

جامعة النهرين يادة والاستدامة أنْ تكونَ جامعةً مُميّزةً وساعيةً للرِّ

كلية الهندسة
و  تسعى الكلية الى تحقيق التميز في المجالات الهندسية على المستويات المحلة والاقليمية في ظل سمو فكري

مهني وبما يسهم في خدمة المجتمع و تحقيق التطور العلمي والمساهمة في اعداد الملاكات الهندسية في مجال 
الاختصاص و بما يتلائم مع التطورات العلمية والاقتصادية في سوق العمل

قسم الهندسة 
المدنية

يتطلب الاقتصاد . يسعى قسم الهندسة المدنية ليكون أحد برامج الهندسة المدنية الرائدة في العراق والمنطقة
ون يواجه المهندسون المدني. العالمي والتغيرات السريعة في التكنولوجيا عددًا متزايدًا من المهندسين المدنيين

.  ليديةاليوم مسؤوليات وظيفية أوسع، غالباً ما تتضمن جوانب تكنولوجية حديثة يجب دمجها مع التخصصات التق
اجة إلى يفرض الطلب المرتفع من قبل الشركات المهنية في صناعة البناء والتشييد على المهندسين المدنيين الح

ناعة تتطلب الطبيعة التنافسية لص. برامج الهندسة المدنية التي تكون فيها المؤهلات ذات قيمة للتقدم الوظيفي
. يدةالبناء والتشييد في المنطقة مهندسين مدنيين يكتسبون معرفة ومهارات جيدة في التعامل مع التقنيات الجد

يتطلب تحديد وتقييم وتنفيذ وإدارة الموارد والتقنيات والأنظمة الأكثر ملاءمة مستوى متطورًا من المهارات 
يعزز برنامج الهندسة المدنية المعرفة والمهارات الفنية والإدارية . الفنية والإدارية وقدرات العمل الجماعي

يمي يركز البرنامج على التميز الأكاد. لخريجيه لتلبية متطلبات واحتياجات اليوم وكذلك احتياجات المستقبل
يقدم البرنامج . والبحثي إلى جانب التطوير المهني للطلاب في مجالات معينة من الاهتمام بالهندسة المدنية

مجموعة واسعة من الدورات والأنشطة البحثية المتعلقة بالهندسة المدنية والتي تلبي الاحتياجات المحلية 
 جودته تضاهي البرامج العالمية المشابهة مع: الملامح الرئيسية للبرنامج. والعالمية لصناعة البناء والتشييد

جالات يتمتع البرنامج بوضع جيد لمعالجة م. توفير المرونة لتلبية الاحتياجات المحلية دون التأثير على جودته
الأبحاث الحديثة في هذا المجال
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  الاستراتيجية للقسم و الكلية و الجامعةالاهداف 
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 )1المرفق رقم (
  مصفوفة التوافق بين اهداف قسم الهندسة المدنية و اهداف كلية الهندسة و اهداف جامعة النهرين

 

 

الاهداف

جامعة النهرين

 الالتزام بأخلاقيات وقيم العمل الجامعي ، والاعتزاز بالهُوية الوطنية ، واحترام التنوع الثقافي

تسعى الى الاعتماد المؤسسي والحوكمة في إدارة الجامعة

الريادة والتمّيز في البرامج الاكاديمية ، وتحديثها بانتظام وفقاُ لمعايير الجودة ومتطلبات سوق العمل

الارتقاء بموقع الجامعة في التصنيفات المحلية والعالمية

تعزيز التعاون والشراكة مع المؤسسات الأكاديمية والبحثية المحلية والإقليمية والعالمية

أستثمارالمواهب البشرية وتوفير بنى تحتية لائقة ، وخدمات مؤسسية عالية الجودة ، وبنية رقمية كفؤة

كلية الهندسة

النهوض بواقع البحث العلمي

تعميق المنطق العلمي لدى الطلبة

تخريج مهندسين رواد أكفاء ومبدعين

سد جزء من النقص الحاصل في الملاكات التدريسية الهندسية

خدمة المجتمع من خلال التعليم المستمر والاستشارات الهندسية المميزة

قسم الهندسة المدنية

ق تزويد الطلبة بـأساس متين في تخصص الهندسة المدنية ومنهجيات التصميم من خلال التركيز على تطبي
.المبادئ الرياضية والعلمية والهندسية

.تحسين وتطوير وتأهيل الأنشطة التعليمية والإدارية في القسم

.تطوير وتحسين قدرات أعضاء هيئة التدريس والهندسية والفنية والإدارية

لجماعي إظهار العمل ا. جعل الطلبة اكثر فعالية في التصميم والتطبيق العملي لنظرية الهندسة المدنية
.ومهارات الاتصال الفعال

.الاستخدام الأمثل لمرافق القسم وموارده وتحسين وتأهيل هذه المرافق

خدمة مجتمعاتهم، . توسيع معرفة وقدرات الطلبة في التعليم المستمر أو غيرها من تجارب التعلم مدى الحياة
.سواء محلياً أو وطنياً أو عالمياً
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  هل الرؤية و الرسالة و الاهداف معلنة
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  و اهداف قسم الهندسة المدنيةورسالة  رؤية
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   الهندسة ورسالة كلية رؤية
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  الهندسة لكلية الالكتروني الموقع النشر اماكن
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  توافق الاهداف التعليمية مع رسالة القسم 
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 )2المرفق رقم (

  
PEOs Consistency with the Mission Statement 
 
The Civil Engineering Department PEOs are directly related to and in line with the 
department's goal. The first goal (PEO-1) is the first step toward a rewarding and service-
oriented career. To accomplish this goal, the necessary information and abilities are obtained. 
Students get great education through a variety of means, including knowledge, skills, and 
values as indicated in PEO-1. PEO-1 also addresses professional and ethical problems. PEOs 
2, 3, and 4 guarantee that instructional, administrative, and technical personnel have the 
attributes necessary for self-development, professional growth, and progress. The Civil 
Engineering Department's PEOs are also directly related to and congruent with the goals of 
Al-Nahrain University and the College of Engineering. 
 
Program Constituencies 
The process of review and evaluation of the CE program is done through the following 
assessment channels: 

1. Alumni survey. 
2. Employer’s survey. 
3. Faculty discussion. 
4. Student’s survey. 
5. Industry consultations. 
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  اصحاب المصلحة المعنيين بالبرنامج

 )1-4-1فقرة (
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  (لجنة الخبراء) ستشارية للصناعة في القسملالجنة اال

  )2-4-1فقرة (
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  الاهداف التعليمية احتياجات المعنيين ةتلبي

  )3-4-1فقرة (

 



41 
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  مراجعة الاهداف التعليمية دوريا

  )5-1فقرة (
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 المعيار الثاني

 

 محصلات الخريجين
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 GOs محددة لخريجي البرنامجالتعلم المحصلات 

  )1-1-2فقرة (

  



2 
 

 



3 
 

  

  



4 
 

  قسم الهندسة المدنيةتعلم لخريجي المحصلات 

 



5 
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The Selected Graduate Outcomes are: 
 
1. GO-1: An ability to distinguish, identify, define, formulate, and solve engineering 

problems by applying principles of engineering, science, and mathematics. 
2. GO-2: An ability to produce engineering designs that meet desired needs within 

certain constraints by applying both analysis and synthesis in the design process. 
3. GO-3: An ability to create and carry out proper measurement and tests with quality 

assurance, analyze and interpret results, and utilize engineering judgment to make 
inferences. 

4. GO-4: An ability to skillfully communicate orally with a gathering of people and in 
writing with various managerial levels. 

5. GO-5: An ability to perceive ethical and professional responsibilities in engineering 
cases and make brilliant judgments considering the consequences in worldwide 
financial, ecological, and societal considerations. 

6. GO-6: An ability to perceive the continual necessity for professional knowledge 
growth and how to find, assess, assemble, and apply it properly. 

7. GO-7: An ability to work adequately on teams and to set up objectives, plan 
activities, meet due dates, and manage risk and uncertainty. 

 
The Program Educational Objectives PEOs are: 
 
Base on the mission of Al-Nahrain University and the college of Engineering, the graduate 
of the B.Sc. program in Civil Engineering will be able to: 
1. PEO-1: use science, mathematics, computational thinking, and mechanical engineering 

ideas, such as design theory, experimental techniques, and production, to solve practical 
problems associated with design, improvement, manufacture and maintenance of 
mechanical systems. 

2. PEO-2: Practice strong critical thanking, innovation, and problem-solving skills in order 
to pursue a successful career while demonstrating adherence to the professional codes of 
conduct and professional accountability. 

3. PEO-3: Use effective communication skills and participate in multidisciplinary 
partnerships to demonstrate professional progress and leadership and demonstrate an 
appreciation and use of modern technological capabilities and to foster collaborative 
effort among co-workers and other institutions. 

4. PEO-4: Work independently and in multidisciplinary teams to efficiently attain personal 
and organizational objectives, produce a product or construction that meets a social need, 
and contribute in teaching persons in the field while maintaining ethical and 
environmental context of their work. 

5. PEO-5: Engage in life-long learning and career growth while maintaining professional 
standards and pursue further education in the form of graduate and professional studies. 

6. PEO-6: Identify opportunities to contribute to the development of society life from a 
variety of positions, ranging from design and produce modern devices and introducing 
the cost-effective methods in production. 

  

  



8 
 

  توافق محصلات الخريجين مع المحصلات المحددة في المعايير

  )2-1-2فقرة (

  



9 
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  اماكن النشر لمحصلات الخريجين

  )3-1-2فقرة (
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 مصفوفة التوافق بين المحصلات و الاهداف التعليمية

)2-2-2فقرة (  
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 مصفوفة التوافق بين المحصلات و الاهداف التعليمية
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 المعيار الثالث
 

 المنهج الدراسي
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Criterion 3: Curriculum 

 لقسم الهندسة المدنية الدراسية الخطة علىة مصادقالعلميةال لجنةالمحضر

  )1-3-3فقرة (

 



2 
 

 



3 
 

 



4 
 

  



5 
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  التعليمية الاهداف مع الدراسي المنهاج توافقعلمية لبيان اللجنة ال محضر
  )2-1-3فقرة (

  الفقرة على فيه المصادقة مثبت العلمية محضر اللجنة
  

  



11 
 

 



12 
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  التوافق مصفوفة / المطلوبة الادلة / الخريجين ةمحصل الدراسي المنهاج يحقق هل

  )3-1-3فقرة (
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  )7المرفق رقم (
The relationships of CLOs to GOs might need preparing a “Course Portfolio” for each course 

 
SEMEST

ER / 
YEAR 

CODE COURSE OBJECTIVE 
GOs 

I II III IV V VI VII 

1st Sem. 
1st Year 

UREQ 110 Workshop Technology        

UREQ 111 
Computer  Fundamentals and 

Programming  I        

MATH 110 Mathematics *   *  *  
CREQ 110 Engineering Drawing        
UREQ 112 Human Rights and Democracy        
PHYS 110 Physics * * *     
CIER 110 Engineering  Mechanics  I * * *     
UREQ 113 Arabic Language   

2nd Sem. 
1st Year 

CREQ 120 Chemistry        

MATH 120 
Fundamentals of Engineering 

Mathematics *   *  *  

CREQ 121 Computer-Aided Drawing II        
CREQ 122 Geology        

CIER 120 
Fundamentals of Static and 

Dynamic * * *     

CIER 121 Material Technology   * *   * 
UREQ 120 English Language I        

1st Sem. 
2nd Year 

UREQ 210 
Computer Fundamentals and 

Programming II *    * * * 

MATH 210 Mathematics III * * *  * *  
CIER 210 Mechanics of Materials I * * *     
CIER 211 Concrete Technology        
CIER 212 Fluid Mechanics I * * *   *  
UREQ 210 English Language II        
UREQ 211 Principles of Management        
UREQ 212 Arabic Language II        
CIER 213 Geomatics  I        

2nd Sem. 
2nd Year 

MATH 220 Mathematics IV * * *  * *  
CREQ 220 Engineering Statistics        
CIER 220 Building Construction        
CIER 221 Mechanics of Materials II * * *     
CIER 222 Geomatics  II        
CIER 223 Fluid Mechanics II * * *   *  
UREQ 220 Democracy        

1st Sem. 
3rd Year 

CIER 310 Soil Mechanics I * * * * * *  
CIER 311 Engineering Mathematics I * * * *    
CIER 312 Theory of Structures I * * *  * *  
CIER 313 Reinforced Concrete Design I * *      
CIER 314 Sanitary  Engineering  I * * * *  *  
CIER 316 Hydrology        

CIER 315 
Engineering Management & 

Economics 
* * *     

CIER 316 Traffic Engineering I * * * * * * * 

2nd Sem. 
3rd Year 

CIER 320 Soil Mechanics II *  * *  * * 
CIER 321 Engineering Mathematics II * * * *   
CIER 321 Theory of Structures II * * * * * 
CIER 322 Reinforced Concrete Design II * *      
CIER 323 Sanitary  Engineering  II * * * *  *  
CIER 326 Construction Methods * * * *    
CIER 327 Hydraulics        
UREQ 320 English Language III        
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1st Sem. 
4th Year 

CREQ 410 Project         
UREQ 410 English Language IV        
CIER 410 Elective I * * * *    
CIER 411 Foundation Engineering I * *   *  * 
CIER 412 Transportation Engineering I * * *     
CIER 413 Steel Design I * *    *  

CIER 415 Computer Application in Civil 
Engineering 

 *  *  * 
* 

CIER 414 Reinforced Concrete Design III * * * * *   
CIER 417 Quantity Surveying        

2nd Sem. 
4th Year 

CREQ 420 Project         
CIER 420 Elective II * * *     
CIER 421 Foundation Engineering II * *   *  * 
CIER 422 Transportation Engineering II * * *     
CIER 423 Steel Design II * *    *  
ETHC 420 Professional Ethics        
CIER 424 Reinforced Concrete Design IV * * * * *   
CIER 426 Numerical Analysis *    * * * 
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  Prerequisite  للمنهاج الانسابي المخطط / المطلوبة الادلة / الدراسي للمنهاج فقيةالاو عموديةال بنيةال
  )4-1-3فقرة (
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  3.1 رقم جدول / المطلوبة الادلة / المطلوبة الاساسية المكونات المنهاج يستوفي هل
  )5-1-3فقرة (
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  )3المرفق رقم (
 شكل في الدورات عروض عن معلومات ذلك في بما البرنامج التعليمي لقسم الهندسة المدنية في للطلاب الدراسة خطة 3.1 مناقشة الجدول

 فصلين لآخر البرنامج في المقررات لجميع القسم في التسجيلات لعدد الأقصى الحد جانب إلى الدراسي والفصل السنة حسب به موصى جدول
  التدريبية الدورة منهج على مثال أدناه يظهر .فيهما الدورة تدريس تم دراسيين

Table 3.1: Curriculum Civil Engineering Program 
 

List all courses in the program by term starting with the 
first term of the first year and ending with the last term of 

the final year. 

Indicate 
Whether 
Course is 
Required  
, Elective 

or a 
Selected 
Elective 
by an R, 

an E or an 
SE.1 

Subject Area (Credit Hours) 
Last Two 

Terms 
the 

Course 
was 

Offered:
Year and
Semester

Maximum 
Section 

Enrollment
for the Last 
Two Terms 
the Course 

was 
Offered2 

Course 

Math & 
Basic 

Sciences

Engineeri
ng 

Topics. 
Check if 
Contains 
Significa
nt Design 

(√) 

General 
Education 

Other 
Dept. Code Title 

1st Sem. 
1st Year 

UREQ 110 Workshop Technology R   3  S 23 141 

UREQ 111 
Computer  Fundamentals and 

Programming  I R 2  2  S 23 141 

MATH 110 Mathematics R 4    S 23 141 
CREQ 110 Engineering Drawing R  2 3  S 23 141 
UREQ 112 Human Rights and Democracy R    2 S 23 141 
PHYS 110 Physics R  2 2  S 23 141 
CIER 110 Engineering  Mechanics  I R  3 1  S 23 141 
UREQ 113 Arabic Language R    2 S 23 141 

2nd Sem. 
1st Year 

CREQ 120 Chemistry R  2 2  S24 141 

MATH 120 
Fundamentals of Engineering 

Mathematics R 3  1  S24 141 

CREQ 121 Computer-Aided Drawing II R  2 2  S24 141 
CREQ 122 Geology R  2 2  S24 141 

CIER 120 
Fundamentals of Static and 

Dynamic R  3 1  S24 141 

CIER 121 Material Technology R  2 2  S24 141 
UREQ 120 English Language I R 2 S24 141

1st Sem. 
2nd Year 

UREQ 210 
Computer Fundamentals and 

Programming II 
R 2  1  S 23 91 

MATH 210 Mathematics III R 3  1  S 23 91 
CIER 210 Mechanics of Materials I R  3 2  S 23 91 
CIER 211 Concrete Technology R  3 2  S 23 91 
CIER 212 Fluid Mechanics I R  3 2  S 23 91 
UREQ 210 English Language II R    2 S 23 91 
UREQ 211 Principles of Management R    1 S 23 91 
UREQ 212 Arabic Language II R    1 S 23 91 
CIER 213 Geomatics  I R  2 3  S 23 91 

2nd Sem. 
2nd Year 

MATH 220 Mathematics IV R 3  1  S24 82 
CREQ 220 Engineering Statistics R 2    S24 74 
CIER 220 Building Construction R  2 2  S24 79 
CIER 221 Mechanics of Materials II R  3 1  S24 83 
CIER 222 Geomatics  II R  2 3  S24 80 
CIER 223 Fluid Mechanics II R  3 2  S24 80 
UREQ 220 Democracy R    1 S24 75 
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1st Sem. 
3rd Year 

CIER 310 Soil Mechanics I R  3 2  S 23 98 
CIER 311 Engineering Mathematics I R 3    S 23 98 
CIER 312 Theory of Structures I R  3 1  S 23 98 
CIER 313 Reinforced Concrete Design I R  3(√) 1  S 23 98 
CIER 314 Sanitary  Engineering  I R  2 2  S 23 98 
CIER 316 Hydrology R  2 1  S 23 98 

CIER 315 
Engineering Management & 

Economics 
R  3   S 23 98 

CIER 316 Traffic Engineering I R  2 1  S 23 98 

2nd Sem. 
3rd Year 

CIER 320 Soil Mechanics II R  3 2  S24 84 
CIER 321 Engineering Mathematics II R 3    S24 83 
CIER 321 Theory of Structures II R  3 1  S24 83 
CIER 322 Reinforced Concrete Design II R  3(√) 1  S24 93 
CIER 323 Sanitary  Engineering  II R  2 2 1 S24 82 
CIER 326 Construction Methods R  2 1  S24 80 
CIER 327 Hydraulics R  2 1  S24 81 
UREQ 320 English Language III R    2 S24 79 

1st Sem. 
4th Year 

CREQ 410 Project  R   4  S 23 104
UREQ 410 English Language IV R    2 S 23 104 
CIER 410 Elective I E  3   S 23 104 
CIER 411 Foundation Engineering I R  3   S 23 104 
CIER 412 Transportation Engineering I R  3 1  S 23 104 
CIER 413 Steel Design I R  2(√) 2  S 23 104 

CIER 415 Computer Application in Civil 
Engineering 

R  2 1  S 23 104 

CIER 414 Reinforced Concrete Design III R  3(√) 1  S 23 104 
CIER 417 Quantity Surveying R  3   S 23 104 

2nd Sem. 
4th Year 

CREQ 420 Project  R   4  S24 97 
CIER 420 Elective II E 2 1  S24 97
CIER 421 Foundation Engineering II R 3  S24 98
CIER 422 Transportation Engineering II R  2 2  S24 97 
CIER 423 Steel Design II R  2(√) 2  S24 98 
ETHC 420 Professional Ethics R    1 S24 97 
CIER 424 Reinforced Concrete Design IV R  3(√) 1  S24 100 
CIER 426 Numerical Analysis R  2 1  S24 97 

Add rows as needed to show all courses in the curriculum.        

TOTALS BASIC-LEVEL REQUIREMENTS      
 
 

OVERALL TOTAL CREDIT HOURS FOR 
COMPLETION OF THE PROGRAM 

       

PERCENT OF TOTAL      
 
 

Total must satisfy either 
credit hours or 

percentage 

Minimum Semester Credit Hours 
32 

Hours
48 

Hours 
    

Minimum Percentage of Total Credits 
Required for Graduation 

25% 37.5%     

 
1. Required courses are required of all students in the program, open or free elective courses which are optional for students (if 

any), and selected elective courses for which students must take one or more courses from a specified group (if any).  
2. For courses that include multiple elements (lecture, laboratory, recitation, etc.), indicate the maximum enrollment in each 

element. For selected elective courses, indicate the maximum enrollment for each option. 
Instructional materials and student work verifying compliance with the Accreditation Criteria for the categories indicated above 
will be required during the campus visit. 
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 لجنة محضر مع الاداري الامر / المطلوبة الادلة / التصميم لممارسة فرصة التخرج مشروع يوفر هل
 فرص تتناول التي المشاريع 2024-2023 الدراسي للعام التخرج لمشاريع - اسماء فيه مثبت علمية

  التصاميم لممارسة
  )6-1-3فقرة (
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/ الادلة المطلوبة / تم ارفاق نموذج عن اساليب  هل تطبق اساليب حديثة للتعليم و التعلم وتقييم الطلبة
  التعليم و التعلم و التقييم للطلبة في حقائب المقررات التعليمية

  )7-1-3فقرة (

  
  

  التعليمية الحقائب عن نموذج ارفاق تم / المطلوبة الادلة / المراحل لكافة نظامية تعليمية حقائب توجد هل
  )1-2-3فقرة (

  
 

 الحقائب عن نموذج ارفاق تم / المطلوبة الادلة / التعلم محصلات مع المواد تعليم نواتج تتوافق هل
  التوافق مصفوفة فيه التعليمية

  )2-2-3فقرة (

 



 

 

 

 

 

 

 

 المعيار الرابع : التحسين المستمر

 





 





















































الجنس
7 responses

هل تمتلك حاسبة شخصية
7 responses

هل لديك خط انترنت منزلي؟
7 responses

استبيان الطلبة الدراسي 2022-2023 الفصل الأول )قسم
الهندسة المدنية(

7 responses

Publish analytics

Copy

ذكر
أنثى

14.3%

85.7%

Copy

نعم
%57.1لا

42.9%

Copy

نعم
لا

100%

https://docs.google.com/forms/d/1qJ6W2-1FSN1dGvRyhKeyuOjRhl3c3CX0T6dtwmb1TvM/edit#start=publishanalytics


تعليمات الإجابة: الأرقام من 1 - 5 تمثل التقييم للسؤال وكما موضح أدناه

 الأستبيان حول التدريسي:   ) د. عبدالخالق جبار(

.يمهد للدرس ويراعي التسلسل في عرض المادة بطريقة منطقية ومشوقة  (1)
7 responses

.ينوع اساليب وطرائق التدريس المختلفة داخل المحاضرة (2)
7 responses

Copy

1 2 3 4 5
0

2

4

6

0 (0%)0 (0%)0 (0%) 0 (0%)0 (0%)0 (0%) 0 (0%)0 (0%)0 (0%)

2 (28.6%)

5 (71.4%)

Copy

1 2 3 4 5
0

1

2

3

4

0 (0%)0 (0%)0 (0%) 0 (0%)0 (0%)0 (0%)
1 (14.3%)

4 (57.1%)

2 (28.6%)



يحسن اساليب التعامل مع الطلبة ويراعي الفروق الفردية (3)
7 responses

يشجع وينمي التعلم الذاتي عند الطلبة (4)
7 responses

يستثمرالوقت داخل المحاضرة في اثراء المادة العلمية (5)
7 responses

Copy

1 2 3 4 5
0

1

2

3

0 (0%)0 (0%)0 (0%) 0 (0%)0 (0%)0 (0%)

1 (14.3%)

3 (42.9%) 3 (42.9%)

Copy

1 2 3 4 5
0

1

2

3

4

0 (0%)0 (0%)0 (0%) 0 (0%)0 (0%)0 (0%) 0 (0%)0 (0%)0 (0%)

3 (42.9%)

4 (57.1%)

Copy

1 2 3 4 5
0

1

2

3

4

0 (0%)0 (0%)0 (0%) 0 (0%)0 (0%)0 (0%) 0 (0%)0 (0%)0 (0%)

3 (42.9%)

4 (57.1%)



يستخدم وسائل تقليدية والكترونية متنوعة في الاختبارات والتقييم (6)
7 responses

يوفر انشطة تعاونية او تنافسية متنوعة لاثارة دافعية الطلبة (7)
7 responses

يتابع مستوى الطلبة بصورة مستمرة لغرض تعزيزمواطن القوة ومعالجة مواطن الضعف لديهم (8)
7 responses

Copy

1 2 3 4 5
0

1

2

3

0 (0%)0 (0%)0 (0%)

1 (14.3%)

3 (42.9%) 3 (42.9%)

0 (0%)0 (0%)0 (0%)

Copy

1 2 3 4 5
0

2

4

6

0 (0%)0 (0%)0 (0%) 0 (0%)0 (0%)0 (0%) 1 (14.3%)

5 (71.4%)

1 (14.3%)

Copy

1 2 3 4 5
0

1

2

3

0 (0%)0 (0%)0 (0%) 0 (0%)0 (0%)0 (0%)

2 (28.6%)

3 (42.9%)

2 (28.6%)



يناقش اجابات الطلبة ويرد على استفساراتهم بمرونة لخلق بيئة تعليمية امنة (9)
7 responses

ينمي الاتجاهات والعادات والاخلاق الحميدة لدى الطلبة (10)
7 responses

 الأستبيان حول التدريسي:   ) م.م. مناهل زينو(

.يمهد للدرس ويراعي التسلسل في عرض المادة بطريقة منطقية ومشوقة  (1)
7 responses

Copy

1 2 3 4 5
0

1

2

3

4

0 (0%)0 (0%)0 (0%) 0 (0%)0 (0%)0 (0%) 0 (0%)0 (0%)0 (0%)

3 (42.9%)

4 (57.1%)

Copy

1 2 3 4 5
0

1

2

3

4

0 (0%)0 (0%)0 (0%) 0 (0%)0 (0%)0 (0%) 0 (0%)0 (0%)0 (0%)

4 (57.1%)

3 (42.9%)

Copy

1 2 3 4 5
0

1

2

3

0 (0%)0 (0%)0 (0%)

3 (42.9%)

1 (14.3%)

2 (28.6%)

1 (14.3%)



.ينوع اساليب وطرائق التدريس المختلفة داخل المحاضرة (2)
7 responses

يحسن اساليب التعامل مع الطلبة ويراعي الفروق الفردية (3)
7 responses

يشجع وينمي التعلم الذاتي عند الطلبة (4)
7 responses

Copy

1 2 3 4 5
0

1

2

1 (14.3%)

2 (28.6%)

1 (14.3%)

2 (28.6%)

1 (14.3%)

Copy

1 2 3 4 5
0

1

2

3

4

0 (0%)0 (0%)0 (0%)
1 (14.3%) 1 (14.3%)

4 (57.1%)

1 (14.3%)

Copy

1 2 3 4 5
0

1

2

1 (14.3%) 1 (14.3%)

2 (28.6%) 2 (28.6%)

1 (14.3%)



يستثمرالوقت داخل المحاضرة في اثراء المادة العلمية (5)
7 responses

يستخدم وسائل تقليدية والكترونية متنوعة في الاختبارات والتقييم (6)
7 responses

يوفر انشطة تعاونية او تنافسية متنوعة لاثارة دافعية الطلبة (7)
7 responses

Copy

1 2 3 4 5
0

1

2

3

4

0 (0%)0 (0%)0 (0%)
1 (14.3%)

4 (57.1%)

2 (28.6%)

0 (0%)0 (0%)0 (0%)

Copy

1 2 3 4 5
0

1

2

3

0 (0%)0 (0%)0 (0%)

2 (28.6%)

3 (42.9%)

2 (28.6%)

0 (0%)0 (0%)0 (0%)

Copy

1 2 3 4 5
0

1

2

3

1 (14.3%) 1 (14.3%)

3 (42.9%)

2 (28.6%)

0 (0%)0 (0%)0 (0%)



يتابع مستوى الطلبة بصورة مستمرة لغرض تعزيزمواطن القوة ومعالجة مواطن الضعف لديهم (8)
7 responses

يناقش اجابات الطلبة ويرد على استفساراتهم بمرونة لخلق بيئة تعليمية امنة (9)
7 responses

ينمي الاتجاهات والعادات والاخلاق الحميدة لدى الطلبة (10)
7 responses

 الأستبيان حول التدريسي:   ) د. احمد هادي(
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0
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1 (14.3%)
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.يمهد للدرس ويراعي التسلسل في عرض المادة بطريقة منطقية ومشوقة  (1)
7 responses

.ينوع اساليب وطرائق التدريس المختلفة داخل المحاضرة (2)
7 responses

يحسن اساليب التعامل مع الطلبة ويراعي الفروق الفردية (3)
7 responses
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يشجع وينمي التعلم الذاتي عند الطلبة (4)
7 responses

يستثمرالوقت داخل المحاضرة في اثراء المادة العلمية (5)
7 responses

يستخدم وسائل تقليدية والكترونية متنوعة في الاختبارات والتقييم (6)
7 responses
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يوفر انشطة تعاونية او تنافسية متنوعة لاثارة دافعية الطلبة (7)
7 responses

يتابع مستوى الطلبة بصورة مستمرة لغرض تعزيزمواطن القوة ومعالجة مواطن الضعف لديهم (8)
7 responses

يناقش اجابات الطلبة ويرد على استفساراتهم بمرونة لخلق بيئة تعليمية امنة (9)
7 responses
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ينمي الاتجاهات والعادات والاخلاق الحميدة لدى الطلبة (10)
7 responses

 الأستبيان حول التدريسي:   ) د. ايمان عباس(

.يمهد للدرس ويراعي التسلسل في عرض المادة بطريقة منطقية ومشوقة  (1)
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.ينوع اساليب وطرائق التدريس المختلفة داخل المحاضرة (2)
7 responses
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يحسن اساليب التعامل مع الطلبة ويراعي الفروق الفردية (3)
7 responses

يشجع وينمي التعلم الذاتي عند الطلبة (4)
7 responses

يستثمرالوقت داخل المحاضرة في اثراء المادة العلمية (5)
7 responses
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يستخدم وسائل تقليدية والكترونية متنوعة في الاختبارات والتقييم (6)
7 responses

يوفر انشطة تعاونية او تنافسية متنوعة لاثارة دافعية الطلبة (7)
7 responses

يتابع مستوى الطلبة بصورة مستمرة لغرض تعزيزمواطن القوة ومعالجة مواطن الضعف لديهم (8)
7 responses
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يناقش اجابات الطلبة ويرد على استفساراتهم بمرونة لخلق بيئة تعليمية امنة (9)
7 responses

ينمي الاتجاهات والعادات والاخلاق الحميدة لدى الطلبة (10)
7 responses

 الأستبيان حول التدريسي:   ) د.مصطفى حميد(

.يمهد للدرس ويراعي التسلسل في عرض المادة بطريقة منطقية ومشوقة  (1)
7 responses
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.ينوع اساليب وطرائق التدريس المختلفة داخل المحاضرة (2)
7 responses

يحسن اساليب التعامل مع الطلبة ويراعي الفروق الفردية (3)
7 responses

يشجع وينمي التعلم الذاتي عند الطلبة (4)
7 responses
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يستثمرالوقت داخل المحاضرة في اثراء المادة العلمية (5)
7 responses

يستخدم وسائل تقليدية والكترونية متنوعة في الاختبارات والتقييم (6)
7 responses

يوفر انشطة تعاونية او تنافسية متنوعة لاثارة دافعية الطلبة (7)
7 responses
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يتابع مستوى الطلبة بصورة مستمرة لغرض تعزيزمواطن القوة ومعالجة مواطن الضعف لديهم (8)
7 responses

يناقش اجابات الطلبة ويرد على استفساراتهم بمرونة لخلق بيئة تعليمية امنة (9)
7 responses

ينمي الاتجاهات والعادات والاخلاق الحميدة لدى الطلبة (10)
7 responses

 الأستبيان حول التدريسي:   ) م.م. علي كاظم(
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.يمهد للدرس ويراعي التسلسل في عرض المادة بطريقة منطقية ومشوقة  (1)
7 responses

.ينوع اساليب وطرائق التدريس المختلفة داخل المحاضرة (2)
7 responses

يحسن اساليب التعامل مع الطلبة ويراعي الفروق الفردية (3)
7 responses
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يشجع وينمي التعلم الذاتي عند الطلبة (4)
7 responses

يستثمرالوقت داخل المحاضرة في اثراء المادة العلمية (5)
7 responses

يستخدم وسائل تقليدية والكترونية متنوعة في الاختبارات والتقييم (6)
7 responses
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يوفر انشطة تعاونية او تنافسية متنوعة لاثارة دافعية الطلبة (7)
7 responses

يتابع مستوى الطلبة بصورة مستمرة لغرض تعزيزمواطن القوة ومعالجة مواطن الضعف لديهم (8)
7 responses

يناقش اجابات الطلبة ويرد على استفساراتهم بمرونة لخلق بيئة تعليمية امنة (9)
7 responses

Copy

1 2 3 4 5
0

1

2

3

4

0 (0%)0 (0%)0 (0%) 0 (0%)0 (0%)0 (0%)

3 (42.9%)

4 (57.1%)

0 (0%)0 (0%)0 (0%)

Copy

1 2 3 4 5
0

1

2

3

4

0 (0%)0 (0%)0 (0%)
1 (14.3%)

4 (57.1%)

2 (28.6%)

0 (0%)0 (0%)0 (0%)

Copy

1 2 3 4 5
0

2

4

6

0 (0%)0 (0%)0 (0%) 0 (0%)0 (0%)0 (0%) 1 (14.3%)

5 (71.4%)

1 (14.3%)



ينمي الاتجاهات والعادات والاخلاق الحميدة لدى الطلبة (10)
7 responses

 الأستبيان حول التدريسي:   ) د. ايمان عباس(

.يمهد للدرس ويراعي التسلسل في عرض المادة بطريقة منطقية ومشوقة  (1)
7 responses

.ينوع اساليب وطرائق التدريس المختلفة داخل المحاضرة (2)
7 responses
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يحسن اساليب التعامل مع الطلبة ويراعي الفروق الفردية (3)
7 responses

يشجع وينمي التعلم الذاتي عند الطلبة (4)
7 responses

يستثمرالوقت داخل المحاضرة في اثراء المادة العلمية (5)
7 responses
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يستخدم وسائل تقليدية والكترونية متنوعة في الاختبارات والتقييم (6)
7 responses

يوفر انشطة تعاونية او تنافسية متنوعة لاثارة دافعية الطلبة (7)
7 responses

يتابع مستوى الطلبة بصورة مستمرة لغرض تعزيزمواطن القوة ومعالجة مواطن الضعف لديهم (8)
7 responses
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يناقش اجابات الطلبة ويرد على استفساراتهم بمرونة لخلق بيئة تعليمية امنة (9)
7 responses

ينمي الاتجاهات والعادات والاخلاق الحميدة لدى الطلبة (10)
7 responses

 الأستبيان حول التدريسي:   ) م.م. حسان(

.يمهد للدرس ويراعي التسلسل في عرض المادة بطريقة منطقية ومشوقة  (1)
7 responses
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.ينوع اساليب وطرائق التدريس المختلفة داخل المحاضرة (2)
7 responses

يحسن اساليب التعامل مع الطلبة ويراعي الفروق الفردية (3)
7 responses

يشجع وينمي التعلم الذاتي عند الطلبة (4)
7 responses
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يستثمرالوقت داخل المحاضرة في اثراء المادة العلمية (5)
7 responses

يستخدم وسائل تقليدية والكترونية متنوعة في الاختبارات والتقييم (6)
7 responses

يوفر انشطة تعاونية او تنافسية متنوعة لاثارة دافعية الطلبة (7)
7 responses
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يتابع مستوى الطلبة بصورة مستمرة لغرض تعزيزمواطن القوة ومعالجة مواطن الضعف لديهم (8)
7 responses

يناقش اجابات الطلبة ويرد على استفساراتهم بمرونة لخلق بيئة تعليمية امنة (9)
7 responses

ينمي الاتجاهات والعادات والاخلاق الحميدة لدى الطلبة (10)
7 responses
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Number of Faculty Members/423 Students for the Academic Year (2023-2024): 

 Number of Faculty Members 

Total 
 Certification Scientific Rank 

 Ph.D. M.Sc. Prof. 
Asst. 

Prof. 
Lect. 

Asst. 

Lect. 

 25 14 10 12 9 8 39 

Percentage to 423 
Students 

5.91% 3.31% 2.36% 2.84% 2.13% 1.89% 9.22%

  

 

 

 

 

 

 

 

  الاستاذ الدكتور     
  مصعب عايد كصب                                                                                                     

  رئيس قسم الهندسة المدنية                                                                                                
 

 

 



History of Admissions Standards for the Past Five Years: 

 

Academic Year Min. Score 

Number 

of New 

Students 

Enrolled

Transfer 

Students  

to the Civil 

Eng. 

Department

Transfer 

Students  

from the 

Civil Eng. 

Department 

Number 

of 

Graduated 

Students 

2023-2024 89.14  141 10   

2022-2023 89.43  74 6 - 89 

2021-2022 88.17  85 12 - 21 

2020-2021 89.33  131 2 1 19 

2019-2020 74.85  91 4 - 13 

2018-2019 87.50  52 - - 22 

  

  

  الاستاذ الدكتور     
  مصعب عايد كصب                                                                                                     

  رئيس قسم الهندسة المدنية                                                                                                



 :متطلبات القبول واجراءات التسجيل) 5-1

 أصل وثيقة الدراسة الاعدادية المعززة بتصديق المديرية العامة للتربية في المحافظة. -1

 كفالة ضامنة على وفق نوذج من قسم الشؤون القانونية في الكلية. -2

 الوطنية الموحدة).نسخة ملونة من (شهادة الجنسية، وهوية الاحوال المدنية العراقية، أو البطاقة  -3

 ).3صور حديثة عدد ( -4

 إستمارة الفحص الطبي. -5

 وصل التسجيل. -6

يا الى ن إشعارا رسمنتائج القبول المعلنة على الموقع الالكتروني الرسمي للجامعة ويعد الاعلاتعتمد  -7

لرسمي اللبدء بتسجيل الطلبة ويعد يوم الدوام التالي لاعلان النتائج على الموقع هو اليوم  القسم العلمي

) يوم دوام إبتداءا من 15يتم التسجيل في القسم المقبول فيه الطالب خلال مدة ( لبدء التسجيل. على أن

 تأريخ بدء التسجيل.

) 10يمنح الطلبة الذين لم تظهر أسمائهم عند اعلان نتائج القبول المباشر لأي سبب من الاسباب مدة ( -8

 راض كما يحق للطالب الاعتراض على نتيجة قبوله.أيام دوام من تأريخ ظهور نتائج القبول للاعت

يجب أن يسجل الطالب في القسم المقبول فيه حتى مع تقديمه للاعتراض وفي حالة ظهور أحقيته  -9

بالاعتراض فيتم تعديل قبوله وتتخذ إجراءات التسجيل وفق قبوله الجديد بالاعتماد على كتاب صادر 

المستمسكات المقدمة من قبل الطالب بكتاب رسمي ومحضر تسليم من تسجيل الجامعة ويعاد تسليم 

 ) أعلاه.1وإستلام بين القسمين وإكمال إجراءات التسجيل وفق الفقرة (

  

  

  

  الاستاذ الدكتور   
  مصعب عايد كصب                                                                                          

  رئيس قسم الهندسة المدنية                                                                                      



  :في السنوات الخمس الاخيرةللطلبة  في قسم الهندسة المدنية معدلات القبول) 5-1

  

  معدل القبول  السنة  ت

1  2023-2024  89.14  

2  2023-2022  89.43  

3  2022-2021  88.17  

4  2021-2020  89.33  

5  2020-2019  74.85  

  

  

  

  

  

  الاستاذ الدكتور     
  مصعب عايد كصب                                                                                                     
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  :مقارنة العدد الفعلي للطلبة المقبولين مقابل العدد المخطط قبوله) 5-1

  

العدد الفعلي لطلبة   السنة  ت

  المقبولين

العدد المخطط 

  للطلبة

  نوع الدراسة

  الصباحي 25  74  2023-2024  1

 المسائي 25  67  2023-2024  2
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2.6 Criterion 6: Faculty  

The qualifications of the faculty members and their adequate to cover all the curricular areas 
and to meet the program criteria are described in this criterion. This section is included the 
facility qualification, composition, size, credentials, and experience of the faculty, and 
workload. 
 
2.6.1 Faculty Qualification 
This article describes the qualifications of the faculty and how they are adequate to cover all 
the curricular areas of the program and also meet any applicable program criteria. This 
description should include the composition, size, credentials, and experience of the faculty. 
Faculty analysis is shown in Table (6.1). Detailed qualifications of the faculty members can be 
found in the following Al-Nahrain university website: 
https://cv.nahrainuniv.edu.iq, which shows their qualifications, achievement, and recent 
publications. The faculty publications reflect their research interests. Several seminars by 
faculty members take place at the department and college levels annually. 

Table 6.1:  Faculty Qualifications 
Name of Program 

Faculty Member 
Name 

H
ig

h
es

t 
D

eg
re

e 
E

ar
n

ed
, 

F
ie

ld
 a

n
d

 Y
ea

r 

S
ci

en
ti

fi
c 

R
an

k
 1  

T
yp

e 
of

 A
ca

d
em

ic
 

A
p

p
oi

n
tm

en
t2 

P
S

 o
r 

T
S

2  

F
T

 o
r 

P
T

3  
Years of 

Experience 

P
ro

fe
ss

io
n

al
 R

eg
is

tr
at

io
n

/ 
C

er
ti

fi
ca

ti
on

 

Level of 
Activity4 

H, M, or L 
G

ov
t.

/I
n

d
. 

P
ra

ct
ic

e
T

ea
ch

in
g 

T
h

is
 I

n
st

it
u

ti
on

 

P
ro

fe
ss

io
n

al
 

O
i

i
P

ro
fe

ss
io

n
al

 

C
on

su
lt

in
g/

 w
or

k
 

i
i

Abdulazzez Al-
Kifaai 

PhD / 
Geotechnics 

/1990 
P PS FT 41 32 10 IEU H M M

Jabbar H Al-
Baydhani 

PhD / 
Environmen

tal / 2003 
P PS FT 34 31 5 IEU H H H 

Qassun S. 
Mohammed Shafiqu 

PhD / 
Geotechnics 

/ 2004 
P PS FT 23 23 23 IEU M M H 

Ahmed Sultan Ali 
PhD / 

Materials / 
2007 

P PS FT 31 18 18 IEU M M M

Mohammed 
Abdulkhaleq 

Ibrahim 

PhD / 
Environmen

tal / 2015 
P PS FT 32 22 22 

IEU/ 
ASCE/
FAE 

H M H 
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Hatim A. Rashid 

PhD / 
Managemen

t and 
economics / 

2007 

P PS FT 34 18 16 IEU M H M

Musab Aied Qissab 
PhD / 

Structures / 
2011 

P PS FT 23 19 19 
IEU/ 

ASCE 
H H H 

Abbas Jawad Al-
Taie 

MsC / 
Geotechnics 

/ 2002 
P PS FT 25 8 18 IEU H H H 

Ibrahim Saleem 
Ibrahim 

PhD / 
Structures / 

2015 
P PS FT 28 19 19 

IEU/ 
IAS 

M M M

Asma Thamir 
Ibraheem 

PhD / Roads 
and traffic / 

2003 
P PS FT 35 35 35 

IEU/ 
ASCE 

M M M

Laith K Al-Hadithy 
PhD / 

Structures / 
1999 

AٍSP PS FT 38 38 22 
IEU/ 
ISE 

H M H 

Ahmed Faleh Al 
Bayati 

PhD/Structu
res/2013 

AٍSP PS FT 20 10 10 
IEU/ 
ICE 

M H H 

AbdulKhalik 
Jabbar Abdulridha 

PhD / 
Structures / 

2015 
AٍSP PS FT 20 18 18 

IEU/ 
ICE 

H H M

Haitham Alaa 
Hussain 

PhD/hydrau
lic/2016 

AٍSP PS FT 18 18 18 IEU H H H 

Hasan Mousa Jwad 
Al-Mousawe 

PhD/ Roads 
and traffic 

/2016 
AٍSP PS FT 8 8 7 IEU H H H 

Sultan Ahmed Daud 
PhD / 

Structures / 
2017 

AٍSP PS FT 19 19 19 IEU H M M

Raid Ahmed Daud 
PhD / 

Structures / 
2016 

AٍSP PS FT 19 19 19 IEU H M H 

Dhiaa M Al-
Tarafany 

PhD / 
Structures / 

2016 
AٍSP PS FT 18 18 18 

IEU/ 
ACI 

H H H 

Zena Riyadh Saleh 
PhD / 

Structures / 
2017 

AٍSP PS FT 18 18 18 IEU H H H 
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Mohammed Ali 
Akram 

PhD / 
Environmen

tal / 2016 
AٍSP PS FT 20 18 18 IEU H M H 

Mustafa Kamal  
Mahmoud 

PhD / 
Structures 

/2017 
AٍSP PS FT 18 18 18 IEU H M H 

Dalia Shakir Atwan 
MsC/Materi

als/2006 
AٍSP PS FT 18 18 18 IEU M M L 

Khalida Ahmed 
Daud 

MsC/ 
Geotechnics

/2002 
AٍSP PS FT 21 21 17 

IEU/ 
ISGS 

M M L 

Yasser Mahmood 
Kadhim 

PhD / 
Geotechnics 

/ 2009 
L PS FT 25 9 1 IEU M M M

Zainab Mohameed 
Asmaa 

PhD/Materi
als/2016 

L PS FT 18 18 18 IEU H M M

Ahmed Hadi A. 
Raheem 

PhD/Structu
res /2015 

L PS FT 25 13 7 IEU H M M

Ahmed A.Hafedh 
Mustafa 

PhD / 
Structures / 

2018 
L PS FT 19 19 19 IEU H H M

Ahmed Farhan 
Muwayez 

PhD/Roads 
and 

traffic/2017 
L PS FT 17 17 17 IEU H M M

Alaa Waleed 
Hameed 

PhD / 
Structures / 

2020 
ASL PS FT 18 18 18 IEU M M L 

Azhar Sadeq 
Yaseen 

MsC / 
Civil ENG. / 

2009 
ASL PS FT 11 11 11 IEU M M H 

Zahir Noori 
Mohammed 

MsC/ 
Structures 

/1999 
ASL PS FT 22 10 10 IEU M H H 

Duaa Abdulrazzaq 
Faleh 

MsC / 
Geotechnics 

/ 2015 
ASL PS FT 8 8 8 IEU H H H 

Nora Saeed Jawad 
MsC / 

Environmen
tal / 2014 

ASL PS FT 18 18 18 IEU M M L 

Hawraa Saeed 
Jawad 

MsC/ 
Materials/ 

2004 
ASL PS FT 18 18 18 IEU M M M

Hiba Emad Abaas 
MsC / 

Structures / 
2008 

ASL PS FT 15 15 15 IEU M M M
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Ruba Hanna 
Majeed 

MsC / 
Geotechnics 

/ 2016 
ASL PS FT 22 22 22 IEU M M M

Manahel Zeno 
Mohammad 

MsC / 
Structures / 

2022 
ASL PS FT 20 20 20  M M L 

Enas Sami Majeed 
MsC / 

Structures / 
2021 

ASL PS FT 19 19 19 IEU M M M

Qutaiba Abdulhadi 
Abood 

MsC / 
Structures 

/2022 
ASL PS FT 18 16 2 IEU M M M

Karam Qauis Najee 
MsC / 

Electronics / 
2012 

ASL PS FT 7 1 1 IEU M M M

Massara Jalaa 
Yahyaa 

MsC / 
Electronics / 

2016 
ASL PS FT 7 7 1 IEU M M M

 
 
Complete table for each member of the faculty in the program. Add additional rows or 
use additional sheets if necessary.  Updated information is to be provided at the time 
of the visit.   
1. Code: P = Professor, ASP = Assistant Professor, L = Lecturer, ASL = Assistant Lecturer 

and O = Other. 
2. Code: PS = Permanent Staff, TS = Temporary Staff. 
3. FT = Full Time Faculty or PT = Part Time Faculty, at the institution. 
4. The level of activity, high, medium or low, should reflect an average over the three years 

prior to the Campus visit. 
 
 

2.6.2 Faculty Workload 
The total number of staff who holds PhD degree is 26 and those who hold Msc degree are 15. 
The course load is distributed in accordance with faculty rank that is a maximum of 6 credit 
hours for Professors, 8 hours for Assistance Professors, 10 hours for Lecturer and 12 hours for 
Assistance Lecturer. Any extra course load for each faculty member is compensated for 
financially. The fulltime faculty workload and the academic distribution activities for the 
academic year 2023-2024 are shown in Table (6.2). 
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Table 6.2:  Faculty Workload Summary  

Civil Engineering Program 

Faculty Member 
Name 

PT 
or 
FT

1 

Classes Taught 
(Course No./ 

Credit Hrs.) Term 
and Year2 

Program Activity 
Distribution3 

% of 
Time 

Devote
d to the 
Progra

m5 

Teachi
ng 

Research 
or 

Scholars
hip 

Othe
r4 

Musab Aied Qissab FT 

CIER411 3hr, 
1,2023 

40% 20% 40% 100% 

CIER421 3hr, 
2,2024 

CIER721 3hr, 
2,2024 

CIER721 3hr, 
2,2024 

Abdulazzez Al-Kifaai FT 

CIER722 3hr, 
2,2024 

40% 30% 30% 100% 
CIER911 3hr, 

1,2023 
CIER714 2hr, 

1,2023 

Jabbar H Al-
Baydhani 

FT 

CIER321 3hr, 
2,2024 

40% 30% 30% 100% 

CIER410 3hr, 
1,2023 

CIER913 3hr, 
1,2023 

CIER723 2hr, 
2,2024 

Adel Abdul-amir  
Alazzawi 

PT 
CIER711 3hr, 

1,2023 
    

Hussam Kadhum 
Risan 

PT 
CIER312 4hr, 

1,2023 
    

Qassun S. 
Mohammed Shafiqu 

FT 

CIER310 5hr, 
1,2023 

40% 30% 30% 100% 

CIER320 5hr, 
2,2024 

CIER711 3hr, 
1,2023 

CIER914 2hr, 
1,2023 

Ahmed Sultan Ali FT 
CIER912 3hr, 

1,2023 
30% 40% 30% 100% 
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CIER725 2hr, 
2,2024 

Mohammed 
Abdulkhaleq Ibrahim 

FT 

CIER314 4hr, 
1,2023 

30% 40% 30% 100% 
CIER324 4hr, 

2,2024 

Hatim A. Rashid FT 

CIER315 3hr, 
1,2023 

40% 30% 30% 100% 

CIER326 3hr, 
2,2024 

ETHC420, 1hr,2 , 
2024 

CIER922 3hr, 
2,2024 

Alaa' Hussein Abed PT 

CIER412 4hr, 1, 
2023 

20% 30% 50% 100% 
CIER923 3hr, 

2,2024 

Haitham Alaa 
Hussain 

PT 

CIER316 3hr, 
1,2023 

40% 20% 40% 100% 

CIER327 3hr, 
2,2024 

CIER724 2hr, 
2,2024 

CIER310 5hr, 
1,2023

CIER320 5hr, 
2,2024 

Ibrahim Saleem 
Ibrahim 

FT 
CIER210 5hr, 

1,2023 
30% 40% 30% 100% 

Asma Thamir 
Ibraheem 

FT 

CIER715 3hr, 
1,2023 

40% 30% 30% 100% 
CIER713 2hr, 

1,2023 
CIER924 2hr, 

2,2024 

Laith K Al-Hadithy FT 

CIER413 4hr, 
1,2023 

40% 30% 30% 100% 
CIER423 4hr, 

2,2024 
CIER921 3hr, 

2,2024 

Ahmed Faleh Al 
Bayati 

FT 

CIER313 4hr, 
1,2023 

40% 30% 30% 100% 
CIER323 4hr, 

2,2024 
CIER410 3hr, 

1,2023 
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CIER924 2hr, 
2,2024 

AbdulKhalik Jabbar 
Abdulridha 

FT 

CIER110 4hr, 
1,2023 

40% 30% 30% 100% 

CIER110 3hr, 
2,2024 

CIER725 4hr, 
1,2023 

CIER715 2hr, 
1,2023 

Hasan Mousa Jwad 
Al-Mousawe 

FT 

CIER412 4hr, 1, 
2023 

40% 30% 30% 100% 
CIER424 4hr, 2, 

2024 
CIER914 2hr, 

1,2023 

Sultan Ahmed Daud PT 

CIER313 4hr, 
1,2023     

CIER323 4hr, 
2,2024 

Mustafa Kamal  
Mahmoud 

FT 

CIER420 3hr, 
2,2024 

40% 30% 30% 100% 
UREQ910, 1, 

2,2024 
UREQ920, 2, 

2,2024

Raid Ahmed Daud FT 

CIER312 4hr, 
1,2023 

30% 30% 40% 100% 
CIER322 4hr, 

2,2024 

Dhiaa M Al-Tarafany FT 

CIER312 4hr, 
1,2023 

40% 30% 30% 100% 

CIER322 4hr, 
2,2024 

CIER414 4hr, 
1,2023 

CIER424 4hr, 
2,2024 

Zena Riyadh Saleh FT 

CIER311 3hr, 
1,2023 

40% 30% 30% 100% 

CIER321 3hr, 
2,2024 

CIER414 4hr, 
1,2023 

CIER424 4hr, 
2,2024 

Mohammed Ali 
Akram 

FT 
CIER 212, 5hr, 

1,2023 
20% 30% 50% 100% 
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Khalida Ahmed Daud PT 

CIER310 5hr, 
1,2023     

CIER320 5hr, 
2,2024 

Yasser Mahmood 
Kadhim 

FT 

Math110 
3hr,12023 

40% 30% 30% 100% 
CIER411 3hr, 

1,2023 
CIER421 3hr, 

2,2024 
Amna Talal Abdul-

hameed 
PT 

CIER317 3hr, 
1,2023 

    

Ahmed Hadi A. 
Raheem 

FT 

CREQ110 
3hr,1,2023 

30% 30% 40% 
100% 

CIER415 3hr, 
1,2023 

   

Ahmed A.Hafedh 
Mustafa 

FT 

CIER210 5hr, 
1,2023 

40% 30% 30% 

100% 
CIER413 4hr, 

1,2023 
   

CIER423 4hr, 
2,2024 

   

Ahmed Farhan 
Muwayez 

FT 

CIER412 4hr, 1, 
2023 

40% 30% 30% 100% 

CIER424 4hr, 2, 
2024

CIER720 1hr, 
2,2024 

UREQ 710 1 hr, 1, 
2023 

Alaa Waleed Hameed FT 

CIER110 4hr, 
1,2023 

50% 20% 30% 100% 

CIER110 3hr, 
2,2024 

UREQ 213 3hr, 1, 
2023 

CIER415 3hr, 
1,2023 

CIER426* 3hr, 
2,2024 

Zahir Noori 
Mohammed 

PT 

CIER110 4hr, 
1,2023 

    

CIER120 3hr, 
2,2024 

CIER311 3hr, 
1,2023 

CIER426* 3hr, 
2,2024 
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Muhammad Assi PT 

CREQ110 
3hr,1,2023 

    CREQ120 
3hr,2,2024 

CIER417 3hr, 1, 
2023 

Mustafa Hamid PT 
Math210, 4hr,1, 

2023 
    

Zuhair Khudher 
Allawi 

PT 

CIER310 5hr, 
1,2023     

CIER320 5hr, 
2,2024 

Azhar Sadeq Yaseen PT 

CIER415 3hr, 
1,2023     

CIER426* 3hr, 
2,2024 

Duaa Abdulrazzaq 
Faleh 

PT 

CIER411 3hr, 
1,2023 

    

CIER421 3hr, 
2,2024 

CIER310 5hr, 
1,2023 

CIER320 5hr, 
2,2024 

Nora Saeed Jawad FT 

CREQ110 
3hr,1,2023

40% 30% 30% 100% 
CIER314 4hr, 

1,2023 
CIER324 4hr, 

2,2024 

Hawraa Saeed Jawad PT 
CIER 211, 5hr, 1, 

2023 
    

Hiba Emad Abaas FT 

CREQ110 
3hr,1,2023 

50% 20% 30% 100% 

CIER210 5hr, 
1,2023 

CIER213, 5hr, 1, 
2023 

CIER314 4hr, 
1,2023 

CIER311 3hr, 
1,2023 

CIER321 3hr, 
2,2024 

CIER324 4hr, 
2,2024 

Ruba Hanna Majeed FT 
CIER213, 5hr, 1, 

2023 
50% 20% 30% 100% 
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CIER411 3hr, 
1,2023 

CIER421 3hr, 
2,2024 

Manahel Zeno 
Mohammad 

FT 

UREQ 111 3hr, 1, 
2023 

50% 20% 30% 100% 

CREQ110 
3hr,1,2023 
CREQ120 
3hr,2,2024 

UREQ 213 3hr, 1, 
2023 

Qutaiba Abdulhadi 
Abood 

FT 

CIER210 5hr, 
1,2023 

50% 20% 30% 100% 
CIER 212, 5hr, 

1,2023 
ETHC420, 1hr,2 , 

2024 

Karam Qauis Najee FT 

Math110 
3hr,12023 

30% 20% 50% 100% 
UREQ 213 3hr, 1, 

2023 

Massara Jalaa Yahyaa 

FT 

Math110 
3hr,12023 

50% 20% 30% 100% 
 

CREQ110 
3hr,1,2023
CREQ120 
3hr,2,2024 

Math210, 4hr,1, 
2023 

Samer Hussein PT 

PHYS110 
3hr,1,2023 

    Math120 3hr,2, 
2024 

Hadeel Shukri PT 
UREQ 110 1hr, 1, 

2023 

Ali Kazem PT 

CIER 121, 4hr, 2, 
2024     

CIER 211, 5hr, 1, 
2023 

Israa Shaker FT 
CREQ121 
2hr,2,2024 

20% 20% 60% 100% 

Maha Sameh PT 

UREQ 121,2 hr, 2, 
2024 

    UREQ 211, 1hr, 1, 
2023 

UREQ 320 2 hr, 2, 
2024 
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UREQ410 2 hr, 1, 
2023 

Mohammad Hashim PT 
CIER213, 5hr, 1, 

2024 
    

Hind Saadoun PT  

Suzan Muhammad PT 

CIER 211, 5hr, 1, 
2023     

CIER310 5hr, 
1,2023 

Marwa Ghazi PT 
UREQ 211 1hr, 1, 

2023 
    

Khaldoun Khalil PT 
UREQ 212 1hr, 1, 

2023 
    

Soraa Mohammad PT 
UREQ 212 1hr, 1, 

2023 
    

Abdulsalam PT 
UREQ 211 1hr, 1, 

2023 
    

Marwa Abdul Basit PT 
UREQ 212 1hr, 1, 

2023 
    

Zaid Abdul Hadi PT 

CIER315 3hr, 
1,2023     

CIER326 3hr, 
2,2024 

Mohammad Salam PT TRAN#90  

 
1. FT = Full Time Faculty or PT = Part Time Faculty, at the institution. 
2. For the academic year for which the Self-Assessment Report is being prepared. 
3. Program activity distribution should be in percent of effort in the program and should total 

100%. 
4. Indicate sabbatical leave, etc., under "Other." 
5. Out of the total time employed at the institution. 
 

2.6.3 Faculty Size 

1. Interactions with Students 
At civil Department, quality teaching and student interactions are emphasized. All 
faculty members maintain regular posted office hours, and most have an open-door 
policy; supervise senior design project teams, requiring regular weekly meetings with 
the high graduate students; and many serve as advisors to undergraduate research 
projects. Faculty members also serve as advisors for professional societies requiring 
attendance at chapter meetings, advising student leaders. They also work for assisting 
post graduate thesis and dissertations for language and scientific acceptance.  
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2. Interactions with Industry and Government 
The department contributed over many years in providing services to several different 
state offices and the private sector as well. These services have included a variety of 
activities including engineering consultancy, to conduct preliminary and final designs, 
check designs, supervision of project implementation, organizing courses and 
developmental courses of continuing education, research and evaluation of patents, 
contract research for postgraduate students with state offices, and other activities. Many 
collage buildings at Al-Nahrian university during the past ten years were designed by 
civil faculty members.  
 
3. Student Advising 
Freshman advising is handled by the Committee of Student Affairs in the Department 
of civil. The committee consisting of some members of the faculty is responsible for 
advising students. The faculty advises, motivates, and helps students with their 
professional development. There are occasions in which faculty members spend time 
with students outside the classroom on special projects and in undergraduate research 
activities. Students’ advising is provided by all faculty members based on expertise and 
guidance as preferred by the student. This service is provided by all civil faculties and 
it is offered voluntarily, with no academic release time.  

2.6.4 Faculty Development 
Faculty professional development activities include attending 
seminars and lectures, participation in training workshops, 
attending professional conferences, professional writing 
activities, review activities, conducting new and original 
research, training programs inside and outside Iraq. 

 
 Leave of Absence (Study Abroad): An institutional 

program allows faculty who have not completed a Ph.D. 
degree and are in a tenure or tenure-track position to 
obtain an opportunity to study abroad. The ministry 
provides tuition fees, travel, and a monthly salary. Those 
who are not in tenure-track positions also participate 
through temporary contracts with the same benefits. 
Many faculties have successfully participated in this 
program and were successfully retained at the 
department. 

 
 Center for Continuing Education The center offers 

professional development courses and training to faculty 
and to recently admit graduate teaching assistants. All 
new faculty and graduate teaching assistants are required 
to enroll in training courses in their first year of work. 

 

 Sabbatical Leave: The University supports a faculty 
professional leave (sabbatical) activity after five years of 
service. Some members of the faculty took advantage of 
this opportunity. 
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2.6.5 Faculty Authority and Responsibility 

The head of the department is appointed by the President of the 
University based on the recommendation of the Dean of the 
College of Engineering. The authority of the department’s head 
spans in general for three consecutive years. At the end of three 
years, the authority can be extended, or another faculty member 
is appointed to take his place. The department’s head assigns the 
members and coordinators of the department and various 
committees. He distributes the administrative tasks and academic 
affairs to the designated department Committees. The 
department’s head leads the department council meetings and 
represents the department at the college of engineering’s council 
meetings. The head of department exercises scientific and 
administrative authorities to perform his job.  

The responsibility of the full-time faculty includes teaching, 
research, institutional and committee services and professional 
society services. Most of the department academic and the 
general program issues are taken care of by the relevant 
committees. Usually, course modification and evaluation is the 
main task of the scientific committee. However, a faculty 
member can initiate the creation of a new course. Major 
curriculum renovation is usually presented by the scientific 
committee at the department’s General Board meeting where 
each faculty member has the chance to interfere in the creation 
or modification process. The curriculum modification proposal 
is presented to the college of engineering curriculum committee 
for final approval. 
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Journal 
Design Engineering 

Pages 
9051-9071 

Description 
The disposal of industrial waste is a global problem, in addition to the costly process of removing this 
waste. Likewise, one of the problems with this waste is that it harms the environment. As a result of 
building materials costs increasing over time, there has been a need to search for the lowest cost and 
locally available materials. There was also a need to search for a way to convert industrial waste, which is 
the secondary waste from manufacturing processes, into materials for engineering projects. Cement kiln 
dust and fly ash waste are secondary waste. Ceramic waste is secondary waste and waste from 
construction and demolition waste. Soil stabilization utilizing cement kiln dust CKD, fly ash FA and 
ceramic dust waste CDW is an effective method for stabilizing soft clay soils. Soft clay soils are found in 
central and southern Iraq. These soils exhibit negative impacts on engineering projects as well as on 
building … 
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Description 
One of the challenging soils is gypsum soil. That may cause a sudden collapse of buildings and 
structures when exposed to water. Gypsum soils are widely spread in semi-arid and arid regions around 
the world. In Iraq, it is mainly spread in the country's western, southern, and southwestern areas. To 
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assess the influence of adding varying percentages of (CKD) on gypsum soil characteristics, mixing ratios 
of (5, 10, and 15%) of weight were used. The results show that the collapse potential decreased from 
7.144 to 2.143 with the increase in (CKD) percentages. In addition to the collapse test improvement, other 
tests such as the Proctor compaction test and the direct shear test revealed that the geotechnical 
properties of the stabilized soil rose as the proportion of (CKD) by weight of the soil increased. 
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Earthquake effect on single pile behavior with various factor of safety and 
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4 

Pages 
1253-1262 

Description 
One of the most main causes of pile foundation failure effected by earthquake stresses is liquefaction 
phenomenon. Shake table study was performed to examine the behavior of single pile with different factor 
of safety and depth to diameter ratio in liquefiable saturated loose sand induced by actual earthquake, 
monitoring the acceleration in soil and pile cap and the excess pore water pressure ratio, besides the pile 
end bearing load and pile settlement. It is concluded that, the pile factor of safety and depth to diameter 
ratio shows no influence on the acceleration and the liquefaction potential. Pile settlement of FS= 2.5 
decreased 14%, whereas it is decreased 31% for FS= 3.0 compared to pile settlement of FS= 2.0. The 
pile settlement in cases of increasing depth to diameter ratio decreased since the penetration of the pile is 
deeper and extend to the layer that not liquefied. Comparable to (L/d= 9.4), the final pile settlement of 
(L/d= 6.3) is increased by 6%, whereas it is decreased 50% for (L/d= 12.5). 

Behavior of Group of Plugged and Unplugged Pipe Piles in Soil Containing 
Cavities 
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Issue 
1 
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012068 
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Description 
The present study examines the effect of cavities on the pipe pile foundation settlement and capacity 
subjected to compressive axial loads and embedded in sandy soil. By inserting a prototype of cavity 
which is placed adjacent to the pile at different locations that lie at horizontal spacing between pile and 
cavity center to center defined by (X) and cavity depth from the soil surface by cavity depth (Y), the 
variation in cavity location was studied for all laboratory tests. The presence of cavity reduces the pile 
load capacity by different rates depending on its location. In group piles with of L/D= 15 with cavity at 
Y/L= 1 and X/D= 1.5, 2.5, the reduction is between (6.1% to 26%). 
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and Ceramic Dust waste (Times New Roman Bold 12) 
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Soft clay soils have relatively low strength and high compressibility. For this reason, the construction of 
the 

Abstract: Soft clay soils have relatively low strength and high compressibility. For this reason, the 
construction of the subgrade in soft clay soils has encountered many difficulties. Expensive solutions are 

utilized in some engineering projects, which usually involve removing and replacing soft soils. Instead, 
land improvement is currently the best solution to such problems. this paper aim to decrease the use of 

Portland cement and lime as the most common stabilizers utilized for soft soils, use recycled waste 
materials and demolition and construction waste as an alternative to stabilize soft clay soils at south of 

Iraq. was use waste materials such as fly ash (FA), cement kiln dust (CKD) and Marble dust wastes 
(MDW) to improve soft clay soils in south of Iraq. Some standard laboratory geotechnical tests were 

conducted to examine some changes in the engineering properties of treated soils with waste cement 
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kiln dust (CKD), fly ash (FA) or ceramic dust waste (CDW) with proportions of (5%,10%,15%) by dry 
weight of soil. Laboratory tests performed on treated and untreated soil samples included standard 

compaction tests, Atterberg limits tests, and California Bearing Ratio (CBR) tests. The results showed 
that FA-soft clay soil samples and CKD-soft clay soil samples showed a decrease in liquid limits (LL%) and 

plasticity index (P.I%) and the increase in the plastic limits (P.L%) in addition to an increase in the 
maximum dry density (MMD) and a decrease in the optimum moisture content (OMC%) and an increase 

in the immersed and non-immersed (CBR) values. While the results of CDW-soft clay soil samples 
showed a decrease in liquid limits (L.L%), plastic limit (P.L%), the optimum moisture content (OMC%), 

plasticity index (P.I%) In addition to showed an increase in the maximum dry density (MDD) and an 
increase in the immersed and non-immersed CBR values. The data that emerged from the testing 
programs showed that (FA), (CKD) or (CDW) can be utilized to improve soft clay soil, but there is a 

certain percentage of using them in the improvement, as the best percentag e of (FA) was at (10%) by 
dry weight of soil and the best percentage for (CKD) and (CDW) they were at (15%) by dry weight of soil, 

but (CKD) stabilizer show much more improvement than (CDW) and (FA), while (CDW) shows greater 
improvement compared to (FA). In general, these stabilizers can be utilized to improve the geotechnical 

properties of soil. Keywords: Cement kiln dust Fly ash4 Ceramic dust waste.  
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Description 
A soil column that enter the tube hall when the pile advances through sand layer that form a column of 
soil through pile tube is well known as the (soil plug), while the piles driving process into the soil, so 
during this process of pile penetration. A frictional forces-resistant which induced through the inner tube 
walls and the soil inside the tube can be established and achieve a certain value to avoid further soil 
intrusion into the pile tube. A small scale cavity were preformed adjacent to the tube of pile at specified 
locations which located horizontally with a distance between the pile center and cavity center which 
defined as (X) and depth of cavity measured from the surface of soil by (Y) which mean cavity depth with 
variation in location of cavity for all laboratory tests had been studied. The pile bearing capacity was 
investigated with the presence of cavity. It was concluded in case of single pile that the removal of soil 
plug … 
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Volume 
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Description 
Gypseous soils classified as the most difficult soil due to their complex and unexpected behaviour. 
Gypseous soils around the world, formed mainly in arid and semi-arid lands. In Iraq, gypsum soil covers 
20-30% of total area of Iraq specifically, in western, south and southern west areas. For the soil engineer, 
it is of great importance to know properties of soil before designing and building any structure. Since the 
gypseous soil can collapse when the water run through, therefore, many Iraqi researchers have worked 
out to find the best methods to improve this kind of soil. This paper summarizes most of these studies and 
present chemical and physical treatment applied to gypsum soils in Iraq to improve bearing capacity of 
gypsum soils and reduce settlement and collapsibility, improve the Bearing capacity in present study 
improved AL Fallujah Gypseous soaked soil after using geogrid increase the Bearing capacity … 
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Abstract

The use of cement kiln dust (CKD) as an inexpensive, abundant adsorbent for removing Cr+3

from simulated wastewater was investigated. CKD was obtained from Al-Kufa Cement
Factory in Al-Najif Government.Experiments for adsorption/precipitation mechanism for
Cr+3 were performed. The results show that substantial adsorption occur at pH values less
than 4 for Cr+3. A set of isothermal batch experiments were conducted in order to
investigate the performance of CKD towered the adsorption of the Cr+3 ion from the aqueous
solution. The results show that the best conditions for Cr+3adsorption on CKD were 60 min,
200 rpm, 20 g/L CKD and pH value 4.
The adsorption isotherm curves show that the adsorption is of a favorable type. A good
fitting was obtained between the adsorption isotherm Langmuir model and the Cr+3

experimental data. The maximum sorption capacity qm for Langmuir model equal to
28.5mg/g CKD for Cr+3.





























 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 



Moisture Susceptibility and Fatigue Performance
of Hydrated Lime–Modified Asphalt Concrete:
Experiment and Design Application Case Study

Ahmed F. Al-Tameemi, Ph.D.1; Yu Wang, Ph.D.2; Amjad Albayati, Ph.D.3;
and Jonathan Haynes4

Abstract: Hydrated lime has been recognized as an effective additive used to improve asphalt concrete properties in pavement applications.
However, further work is still needed to quantify the effect of hydrated lime on asphaltic concrete performance under varied weather, temper-
ature, and environmental conditions and in the application of different pavement courses. A research project was conducted using hydrated
lime to modify the asphalt concretes used for the applications of wearing (surface), leveling (binder), and base courses. A previous publication
reported the experimental study on the resistance to Marshall stability and the volumetric properties, the resilient modulus, and permanent
deformation at three different weather temperatures. This paper reports the second phase of the experimental study for material durability,
which investigated the effect of hydrated lime content on moisture susceptibility when exposed to a freeze-thaw cycle, and fatigue life. The
experimental results showed an improvement in the durability of the modified asphalt concrete mixtures. Optimum hydrated lime contents for
different course applications are suggested based on the series experimental studies. Finally, the advantage of using the optimum mixtures for
a pavement application is demonstrated. DOI: 10.1061/(ASCE)MT.1943-5533.0002634. © 2019 American Society of Civil Engineers.

Author keywords: Asphalt concrete; Hydrated lime; Durability; Moisture susceptibility; Fatigue life; Pavement design.

Introduction

Moisture damage, fatigue cracking, and accumulated permanent
deformation (rutting) are the three major distresses in property
deterioration and reduction in durability of flexible pavements.
To address these problems, hydrated lime [CaðOHÞ2] (HL) has
proven to be an effective additive that is able to improve the
mechanical properties and durability of asphalt concrete in pave-
ment applications (Lesueur et al. 2016). Previous studies found that
asphalt concretes with added hydrated lime, which is normally
used as a partial substitute for the conventional filler, limestone,
showed a reduction in hardening age; an increase of flexural stiff-
ness and resilient modulus at moderate and high temperatures; and
improved ability to resist permanent deformation (Sebaaly et al.
2001; Little et al. 2006; Albayati 2012; Albayati and Ahmed
2013). Hydrated lime displays a significant effect on the volumetric
properties of concrete mixtures. A high hydrated-lime content cor-
responds to a high asphalt content for mixtures of optimum proper-
ties (Albayati 2012). This means that the use of hydrated lime has
less influence on the quantity of the main binder component of as-
phalt concrete. Compared with other conventional mineral fillers,

such as fly ash and phosphogypsum, hydrated lime showed greater
improvement in stiffness and rutting resistance of the modified as-
phalt concrete (Al-Suhaibani et al. 1992; Satyakumar et al. 2013).

When moisture is present in asphalt concrete, it causes loss
of strength and stiffness through a progressive process. The propa-
gation of moisture damage generally occurs by two main mecha-
nisms: loss of adhesion (stripping) and loss of cohesion (softening).
Loss of adhesion happens at the interface between the aggregate
and asphalt binder, while the loss of cohesion happens inside
the matrix of the asphalt binder (mastic). Both laboratory and field
studies have confirmed that hydrated lime is effective in controlling
moisture damage for asphalt concrete (Al-Qadi et al. 2014). Hy-
drated lime has also proven to be effective in improving general
mechanical properties, including fracture strength and fatigue life,
of rubber-modified hot asphalt mixtures at a hot weather temper-
ature of 35°C (Othman 2011). The particle size plays an important
role in the effect of hydrated lime on asphalt binder mechanisms. A
study of the rheological characteristics of the foamed warm mix
asphalt indicated that nanosized hydrated lime–modified asphalt
binders exhibited a lower rutting potential. However, regular-sized
hydrated lime–modified asphalt binder presented a lower possibil-
ity to fatigue cracking (Diab and You 2014).

Hydrated lime has a high Rigden air void value, or high poros-
ity, at both dry and compacted states, which is nearly twice that of
conventional mineral fillers (Lesueur et al. 2013). It also has a very
high specific surface area, which is nearly 10 times that of the con-
ventional mineral fillers. The stiffening effect of hydrated lime may
be partially explained by its high Rigden air void value and specific
surface area, because high specific surface area increases the con-
tact of hydrated lime particles with asphalt cement particles. Addi-
tionally, hydrated lime is an active filler, which precipitates the
calcium ions on aggregate surfaces. The high content of calcium
ions helps to create a chemical bond between silica in the aggregate
and the acidic radical composition in bitumen in the form of water-
insoluble salts (Ishai and Craus 1977). It consequently improves the
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ABSTRACT 
Fatigue cracking is one of the major distress in asphalt pavement mixtures. It is 

usually initiated and propagated at intermediate to low temperature. Asphalt binder 
modification is considered one of the best solutions to improve the mixture 
performance. Elastomer and plastomer types of polymers are used in this research to 
modify the local Iraqi binder and make it more resistant to fatigue. The modifiers (SBS, 
PE, and PPA) are blended in different contents with the binder to allow good 
understanding on the optimum selection. It is believed, based on the results of this 
research, that the addition of 4% SBS influences the performance of the mixture better 
than the other modifiers. It is found that the addition of 4% SBS to the binder reduces 
the dissipated energy by 55% and the PE by 45% when reducing the stress level from 
200 to 150 kPa. The aim of this research is to evaluate the fatigue characteristics of the 
Iraqi modified binder. 

Keywords: Stress-Sweep test, modified binder, Fatigue Resistance, Dissipated 
Energy. 
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Abstract 

The problems of soil-structure interaction involve different members or different 
materials behave together under applied loading. In the case of concrete pavement 
resting on soil under traffic loading, both concrete and soil will deform. Rigid 
Pavements are made of Portland Cement Concrete (PCC). It serves out two aims, to 
maintain a durable surface with comfortable driving for vehicles. The second purpose 
is to decrease the stresses on the layers of pavement beneath the surface such as 
subbase and subgrade. Concrete is considered a weak material in resisting tensile 
stresses. Therefore, when low tensile stresses are applied, rigid pavement begins to 
crack effortlessly. In concrete pavement, the usage of different kinds of fiber 
reinforcement could be an effective technique to improve these properties. Numerous 
kinds of fibers are utilized in the concrete pavement to behave as an alternative to 
ordinary reinforcement. They may differ in material like steel or plastic and could be 
in many shapes, and dimensions. The addition of fibers is during the mixing when the 
concrete is still fresh. The incorporation of different sorts of fibers could be a 
significant step in diminishing the cracks and achieving a higher performance of 
concrete. Two kinds of fibers or even more than two can be combined to achieve a 
mixture that produces profits for each type of fiber in this composite. In this paper, an 
intensive review was made to demonstrate the forms of distresses that could happen 
in concrete (rigid) pavement and the impact of incorporating different kinds of fibers 
into the concrete to enhance the concrete ability to eliminate or even delay the 
process of failure. 

1. Introduction  
The pavement may be defined as a relatively stable layer constructed above the natural soil 
for suitable distribution of wheel load and provides support to the wearing surface [1]. In 
history, the pavements have been divided into two types; flexible and rigid pavements 
depending on the way of transferring loads to the foundation soil. For flexible pavements, 
there is a gradual stiffness that increases from the foundation soil to the wearing way, which 
leads to high stress on the soil because the load is decadent over a relatively small area. On 
the contrary, in rigid pavements, the stresses on the soil are smaller because the stiffness of 
the road base is bigger than that of the soil. The main advantages of using Portland Cement 
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ABSTRACT 
The analysis of rigid pavements is a complex mission for many reasons. First, the loading 
conditions include the repetition of parts of the applied loads (cyclic loads), which produce fatigue 
in the pavement materials. Additionally, the climatic conditions reveal an important role in the 
performance of the pavement since the expansion or contraction induced by temperature 
differences may significantly change the supporting conditions of the pavement. There is an extra 
difficulty because the pavement structure is made of completely different materials, such as 
concrete, steel, and soil, with problems related to their interfaces like contact or friction. Because 
of the problem's difficulty, the finite element simulation is the best technique incorporated in the 
analysis of rigid pavements. The ABAQUS software was used to conduct the response of 
previously tested specimens under different loading conditions. Good agreement between the 
laboratory and finite element results was observed. The maximum differences between 
experimental and finite element outcomes in terms of ultimate loads and ultimate deflection for 
rigid pavements under monotonic loading are 6% and 8%, respectively, and 10% and 18% 
respectively for the repeated load. 
Keywords: rigid pavements, fiber concrete, finite element 
 

 بالألیاف تحت التحمیل الدینامیكي لتبلیط الخرساني المسلح المقوىتحلیل العناصر المحدودة غیر الخطیة ل
   

 د. احمد فرحان التمیمي
 درسم

 كلیة الھندسة جامعة النھرین

 د.عادل عبد الامیر العزاوي
 استاذ

 كلیة الھندسة جامعة النھرین
 

 ھدیل محمود شاكر
 باحث

 الھندسة جامعة النھرینكلیة 
 

 الʳلاصة
یعتبر تحلیل الأرصفة الصلبة مھمة معقدة لأسباب عدیدة. أولاً ، تشمل ظروف التحمیل تكرار أجزاء من الأحمال المطبقة (الأحمال 

تكشف الظروف المناخیة عن دور مھم في أداء الرصیف  الدوریة) ، والتي تؤدي إلى إجھاد مواد الرصف. بالإضافة إلى ذلك ،
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Abstract

Using polymer to modify asphalt binder for better performance has become

popular in pavement engineering, for which to evaluate the effect of polymer

addition on the properties of the asphalt concrete is essential for mix design.

Conventional mechanical test methods, primarily using bending of beams and

indirect splitting, are not only materially and timely costly and labor intensive

but also provide no direct information for the viscoelastic and rheological char-

acteristics of the materials. This paper reports a study using direct tensile test

(DTT) to evaluate the effect of polymer on both mechanical and rheological

properties of modified asphalt concrete. Two types of polymers, which are

styrene-butadiene-styrene (SBS), and a mixture of SBS and polyvinyl chloride

(PVC), were investigated on two mixes using fine and coarse aggregates,

respectively. It has been found that SBS generates improvement for both

mechanical and rheological properties of hot mix asphalt concrete. However,

using a hybrid mixture of SBS and PVC shows that PVC can further improve

the mechanical properties, but deteriorate the toughness of the asphalt con-

crete. At the end, a simple quadric polynomial model has been proposed to

characterize the combined SBS and PVC effects for the sake of the guidance

for mix design.

KEYWORD S

asphalt concrete, direct tensile test, polymer modification, tensile toughness

1 | INTRODUCTION

Hot mix asphalt (HMA) concrete, in general, is composed
of asphalt binders, aggregates, and air voids, in which the
aggregates amount up to 90%–96% of total weight.[1,2]

The tensile strength of HMA concrete plays a critical role
deciding the performance of the asphalt concrete and
constructed pavement when exposed to prevailing traffic
and environmental conditions.[3,4] Improving the mate-
rial properties of asphalt mixes has been a constant effort,
in both pavement construction and repair, to elongate

the life span of roads, which consequently helps to
reduce the cost of pavement maintenance.[5]

Asphalt binder modification using polymer and
asphalt concrete mixture modification using mineral
additive are two effective techniques popularly adopted
in engineering practice and under intensive research.
Adding polymer into asphalt binder was found not only
enhanced the mechanical property and durability of the
binder itself but also improved its binding strength with
the mineral aggregates of concrete.[6] However, it was
found that concrete mixes using styrene-butadiene-
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Moisture Susceptibility and Fatigue Performance
of Hydrated Lime–Modified Asphalt Concrete:
Experiment and Design Application Case Study

Ahmed F. Al-Tameemi, Ph.D.1; Yu Wang, Ph.D.2; Amjad Albayati, Ph.D.3;
and Jonathan Haynes4

Abstract: Hydrated lime has been recognized as an effective additive used to improve asphalt concrete properties in pavement applications.
However, further work is still needed to quantify the effect of hydrated lime on asphaltic concrete performance under varied weather, temper-
ature, and environmental conditions and in the application of different pavement courses. A research project was conducted using hydrated
lime to modify the asphalt concretes used for the applications of wearing (surface), leveling (binder), and base courses. A previous publication
reported the experimental study on the resistance to Marshall stability and the volumetric properties, the resilient modulus, and permanent
deformation at three different weather temperatures. This paper reports the second phase of the experimental study for material durability,
which investigated the effect of hydrated lime content on moisture susceptibility when exposed to a freeze-thaw cycle, and fatigue life. The
experimental results showed an improvement in the durability of the modified asphalt concrete mixtures. Optimum hydrated lime contents for
different course applications are suggested based on the series experimental studies. Finally, the advantage of using the optimum mixtures for
a pavement application is demonstrated. DOI: 10.1061/(ASCE)MT.1943-5533.0002634. © 2019 American Society of Civil Engineers.

Author keywords: Asphalt concrete; Hydrated lime; Durability; Moisture susceptibility; Fatigue life; Pavement design.

Introduction

Moisture damage, fatigue cracking, and accumulated permanent
deformation (rutting) are the three major distresses in property
deterioration and reduction in durability of flexible pavements.
To address these problems, hydrated lime [CaðOHÞ2] (HL) has
proven to be an effective additive that is able to improve the
mechanical properties and durability of asphalt concrete in pave-
ment applications (Lesueur et al. 2016). Previous studies found that
asphalt concretes with added hydrated lime, which is normally
used as a partial substitute for the conventional filler, limestone,
showed a reduction in hardening age; an increase of flexural stiff-
ness and resilient modulus at moderate and high temperatures; and
improved ability to resist permanent deformation (Sebaaly et al.
2001; Little et al. 2006; Albayati 2012; Albayati and Ahmed
2013). Hydrated lime displays a significant effect on the volumetric
properties of concrete mixtures. A high hydrated-lime content cor-
responds to a high asphalt content for mixtures of optimum proper-
ties (Albayati 2012). This means that the use of hydrated lime has
less influence on the quantity of the main binder component of as-
phalt concrete. Compared with other conventional mineral fillers,

such as fly ash and phosphogypsum, hydrated lime showed greater
improvement in stiffness and rutting resistance of the modified as-
phalt concrete (Al-Suhaibani et al. 1992; Satyakumar et al. 2013).

When moisture is present in asphalt concrete, it causes loss
of strength and stiffness through a progressive process. The propa-
gation of moisture damage generally occurs by two main mecha-
nisms: loss of adhesion (stripping) and loss of cohesion (softening).
Loss of adhesion happens at the interface between the aggregate
and asphalt binder, while the loss of cohesion happens inside
the matrix of the asphalt binder (mastic). Both laboratory and field
studies have confirmed that hydrated lime is effective in controlling
moisture damage for asphalt concrete (Al-Qadi et al. 2014). Hy-
drated lime has also proven to be effective in improving general
mechanical properties, including fracture strength and fatigue life,
of rubber-modified hot asphalt mixtures at a hot weather temper-
ature of 35°C (Othman 2011). The particle size plays an important
role in the effect of hydrated lime on asphalt binder mechanisms. A
study of the rheological characteristics of the foamed warm mix
asphalt indicated that nanosized hydrated lime–modified asphalt
binders exhibited a lower rutting potential. However, regular-sized
hydrated lime–modified asphalt binder presented a lower possibil-
ity to fatigue cracking (Diab and You 2014).

Hydrated lime has a high Rigden air void value, or high poros-
ity, at both dry and compacted states, which is nearly twice that of
conventional mineral fillers (Lesueur et al. 2013). It also has a very
high specific surface area, which is nearly 10 times that of the con-
ventional mineral fillers. The stiffening effect of hydrated lime may
be partially explained by its high Rigden air void value and specific
surface area, because high specific surface area increases the con-
tact of hydrated lime particles with asphalt cement particles. Addi-
tionally, hydrated lime is an active filler, which precipitates the
calcium ions on aggregate surfaces. The high content of calcium
ions helps to create a chemical bond between silica in the aggregate
and the acidic radical composition in bitumen in the form of water-
insoluble salts (Ishai and Craus 1977). It consequently improves the
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ABSTRACT 
Fatigue cracking is one of the major distress in asphalt pavement mixtures. It is 

usually initiated and propagated at intermediate to low temperature. Asphalt binder 
modification is considered one of the best solutions to improve the mixture 
performance. Elastomer and plastomer types of polymers are used in this research to 
modify the local Iraqi binder and make it more resistant to fatigue. The modifiers (SBS, 
PE, and PPA) are blended in different contents with the binder to allow good 
understanding on the optimum selection. It is believed, based on the results of this 
research, that the addition of 4% SBS influences the performance of the mixture better 
than the other modifiers. It is found that the addition of 4% SBS to the binder reduces 
the dissipated energy by 55% and the PE by 45% when reducing the stress level from 
200 to 150 kPa. The aim of this research is to evaluate the fatigue characteristics of the 
Iraqi modified binder. 

Keywords: Stress-Sweep test, modified binder, Fatigue Resistance, Dissipated 
Energy. 
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Abstract 

The problems of soil-structure interaction involve different members or different 
materials behave together under applied loading. In the case of concrete pavement 
resting on soil under traffic loading, both concrete and soil will deform. Rigid 
Pavements are made of Portland Cement Concrete (PCC). It serves out two aims, to 
maintain a durable surface with comfortable driving for vehicles. The second purpose 
is to decrease the stresses on the layers of pavement beneath the surface such as 
subbase and subgrade. Concrete is considered a weak material in resisting tensile 
stresses. Therefore, when low tensile stresses are applied, rigid pavement begins to 
crack effortlessly. In concrete pavement, the usage of different kinds of fiber 
reinforcement could be an effective technique to improve these properties. Numerous 
kinds of fibers are utilized in the concrete pavement to behave as an alternative to 
ordinary reinforcement. They may differ in material like steel or plastic and could be 
in many shapes, and dimensions. The addition of fibers is during the mixing when the 
concrete is still fresh. The incorporation of different sorts of fibers could be a 
significant step in diminishing the cracks and achieving a higher performance of 
concrete. Two kinds of fibers or even more than two can be combined to achieve a 
mixture that produces profits for each type of fiber in this composite. In this paper, an 
intensive review was made to demonstrate the forms of distresses that could happen 
in concrete (rigid) pavement and the impact of incorporating different kinds of fibers 
into the concrete to enhance the concrete ability to eliminate or even delay the 
process of failure. 

1. Introduction  
The pavement may be defined as a relatively stable layer constructed above the natural soil 
for suitable distribution of wheel load and provides support to the wearing surface [1]. In 
history, the pavements have been divided into two types; flexible and rigid pavements 
depending on the way of transferring loads to the foundation soil. For flexible pavements, 
there is a gradual stiffness that increases from the foundation soil to the wearing way, which 
leads to high stress on the soil because the load is decadent over a relatively small area. On 
the contrary, in rigid pavements, the stresses on the soil are smaller because the stiffness of 
the road base is bigger than that of the soil. The main advantages of using Portland Cement 
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ABSTRACT 
The analysis of rigid pavements is a complex mission for many reasons. First, the loading 
conditions include the repetition of parts of the applied loads (cyclic loads), which produce fatigue 
in the pavement materials. Additionally, the climatic conditions reveal an important role in the 
performance of the pavement since the expansion or contraction induced by temperature 
differences may significantly change the supporting conditions of the pavement. There is an extra 
difficulty because the pavement structure is made of completely different materials, such as 
concrete, steel, and soil, with problems related to their interfaces like contact or friction. Because 
of the problem's difficulty, the finite element simulation is the best technique incorporated in the 
analysis of rigid pavements. The ABAQUS software was used to conduct the response of 
previously tested specimens under different loading conditions. Good agreement between the 
laboratory and finite element results was observed. The maximum differences between 
experimental and finite element outcomes in terms of ultimate loads and ultimate deflection for 
rigid pavements under monotonic loading are 6% and 8%, respectively, and 10% and 18% 
respectively for the repeated load. 
Keywords: rigid pavements, fiber concrete, finite element 
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 باحث
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 الʳلاصة
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Abstract

Using polymer to modify asphalt binder for better performance has become

popular in pavement engineering, for which to evaluate the effect of polymer

addition on the properties of the asphalt concrete is essential for mix design.

Conventional mechanical test methods, primarily using bending of beams and

indirect splitting, are not only materially and timely costly and labor intensive

but also provide no direct information for the viscoelastic and rheological char-

acteristics of the materials. This paper reports a study using direct tensile test

(DTT) to evaluate the effect of polymer on both mechanical and rheological

properties of modified asphalt concrete. Two types of polymers, which are

styrene-butadiene-styrene (SBS), and a mixture of SBS and polyvinyl chloride

(PVC), were investigated on two mixes using fine and coarse aggregates,

respectively. It has been found that SBS generates improvement for both

mechanical and rheological properties of hot mix asphalt concrete. However,

using a hybrid mixture of SBS and PVC shows that PVC can further improve

the mechanical properties, but deteriorate the toughness of the asphalt con-

crete. At the end, a simple quadric polynomial model has been proposed to

characterize the combined SBS and PVC effects for the sake of the guidance

for mix design.

KEYWORD S

asphalt concrete, direct tensile test, polymer modification, tensile toughness

1 | INTRODUCTION

Hot mix asphalt (HMA) concrete, in general, is composed
of asphalt binders, aggregates, and air voids, in which the
aggregates amount up to 90%–96% of total weight.[1,2]

The tensile strength of HMA concrete plays a critical role
deciding the performance of the asphalt concrete and
constructed pavement when exposed to prevailing traffic
and environmental conditions.[3,4] Improving the mate-
rial properties of asphalt mixes has been a constant effort,
in both pavement construction and repair, to elongate

the life span of roads, which consequently helps to
reduce the cost of pavement maintenance.[5]

Asphalt binder modification using polymer and
asphalt concrete mixture modification using mineral
additive are two effective techniques popularly adopted
in engineering practice and under intensive research.
Adding polymer into asphalt binder was found not only
enhanced the mechanical property and durability of the
binder itself but also improved its binding strength with
the mineral aggregates of concrete.[6] However, it was
found that concrete mixes using styrene-butadiene-

Received: 22 June 2022 Revised: 5 July 2022 Accepted: 19 July 2022

DOI: 10.1002/pc.26949

Polymer Composites. 2022;1–8. wileyonlinelibrary.com/journal/pc © 2022 Society of Plastics Engineers. 1



 



Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

2nd International Conference for Civil Engineering Science (ICCES 2021)
Journal of Physics: Conference Series 1895 (2021) 012016

IOP Publishing
doi:10.1088/1742-6596/1895/1/012016

1

Improvement of strength characteristics for sandy soils by 

polypropylene fibers (PPF) 

Noor A Al-Saray1, Qassun S Shafiqu2, Mohammed A Ibrahim3 

1 Graduated Student, Civil Engineering Department, Al-Nahrain University, Iraq 
2,3 Faculty Member, Civil Engineering Department, Al-Nahrain University, Iraq 

E-mail: nooralhudajasim00@gmail.com 

 

Abstract. Sandy soil contains many geotechnical problems, including high permeability,  less shear 

strength, sand dunes, and liquefaction. Therefore, it is necessary to stabilize the sandy soil to improve its 

engineering properties, either through mechanical or chemical  fixations. The mechanical one is done by 

changing the classification of the soil by mixing it with other types of soils and additives in various 

gradients. While the chemical fixation is related to the modification of soil properties by adding 

chemically active substances. In this research, polypropylene fiber PPF with proportions (0.1, 0.3, 0.6, 

and 1%) was used to study its effect on the physical properties of sandy soils, such as the angle of 

internal friction ϕ, shear strength τ, California Bearing Ratio CBR, and permeability k. In this paper the 

value of ϕ, τ, and CBR for improved sandy soil increases by 24%, 20%, and 182.2% respectively with 

adding 0.6% PPF, and decrease in permeability which is estimated to be 26% for 0.1% PPF.                                   

Keywords: Polypropylene Fibers, Sand Soil, Permeability, Angle of Internal Friction, CBR.                                                                      

1.Introduction 

Sandy soil is defined as cohesionless soil or as frictional soil because there is no adhesion between 

their particles. Cohesionless soils have less shear strength, less bearing capacity, don't have containing 

water, don't have plasticity, and shear strain between their particles is negligible or doesn't exist.          

Traditional methods of stabilized sandy soil such as fly ash, bituminous, and lime cement often require 

a long curing period, so the use of polymers to stabilize sandy soils is more extensive in now day 

because it does not require a long curing time in addition to being chemically stable. Soil improvement 

by using polymers is not limited to sandy soils only but has also been used in clay soils to improve the 

physical properties of soils such as increase shear strength, increase bearing capacity, reduce 

settlement, reduce swelling and reduce all problems related to weak soils. [1] Used two types of 

polypropylene fibers (40 and 50 mm length ) in four different percentage ( 1, 2, 3, and 4% ) as an 

additive to increase the  angle of internal friction of sandy soil.[2] Showed that the CBR value of 

sandy soil will increase with increasing the polypropylene fiber (20mm) in five percentage (0.5, 1, 1.5, 

2, and 2.5%), the maximum increase in CBR is 113.35% at 2.5% PPF. [3] Mix polypropylene fiber 

(12mm) in three percentage (0.25, 0.5, and 0.75%) with sandy soil in different relative density ( 30, 

50, and 80 %) and study its effect on shear strength, where it was observed that the shear strength of 

reinforced soil increases at different relative density.[4] Indicate that the polymer-soil mixture will 

reduce the permeability and increase shear strength when mix soil with (0.25, 0.5, 0.75, and 1%) PPF 

(6 and 12mm).[5] polyethylene PE, polyacrylamide PAM, and polymethacrylate PMA were used to 

reduce swelling up to 76.75, 78.2% and 71.7%, and increase CBR value by 66.7%, 74.8% and 72.85% 

of expansive soil with increasing PAM, PE and PMA to 5%, 12% and 7% respectively. [6] showed the 

effect of adding calcium chloride ( 2, 4, 8, 10 and 12%)  and polypropylene fiber ( 0.5, 1and 2%) on 
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Abstract- In the present research, the performance of Al- 

Rustamiya wastewater treatment plant, Baghdad, Iraq, was 

evaluated. Six parameters were selected for evaluation, 

namely Total Dissolved Solids (TDS), Total Suspended 

Solids (TSS), Chemical Oxygen Demand (COD), 

Biological Oxygen Demand (BOD), Chloride ion (Cl-), 

and pH. Input and output amounts of these parameters 

were collected from Mayoralty of Baghdad for the period 

from 2011 to 2021. The methodology included the 

calculations of the water quality index (WQI) for the 

performance of the plant. Also, Artificial Neural Networks 

(ANNs) were developed for predicting the performance of 

the plant in terms of the WQI. The recorded data showed 

that the average amounts of the parameters in the treated 

water were within the Iraqi allowable limits except the 

chloride which was not treated adequately and showed 

higher amounts than the allowable over most of the studied 

periods. The average yearly removal efficiency values of 

the plant in terms of BOD, COD, and TSS were mostly 

more than 80%. While the average removal efficiency 

values of the TDS and Cl- from the plant are below 10% 

and 15% respectively. The calculated water quality index 

results indicated that overall water quality of the plant was 

in a good category. ANNs model was accurately able to 

predict the WQI with the optimum topology of the ANNs 

is obtained at obtained at 14 neurons in the hidden layer. 

Also, sensitivity analysis showed that the TSS, COD, and 

BOD were the greater influencing parameters on the WQI. 

 

Keywords: WQI, BOD, COD, TSS, TDS, Cl
-
, pH. 

 

1. INTRODUCTION                                                                         

Water pollution represents a significant problem 

around the world as a result of the increasing population 

and urbanization with the maximum use of limited 

resources. The pollution of the water occurs from the 

discharge of biological, physical, and chemical 

contaminates, which adversely impact on the environment, 

aquatic biota and habitats, and human’s health. Therefore, 

the discharged polluted water should be properly treated 

before being released to the environment. Moreover, the 

shortage of clean water necessitates the increasing 

treatment of wastewater for future utilization [1, 2]. 

Wastewater treatment plant (WWTP) is a main 

infrastructure in urban system with its importance being 

gradually escalating.  The efficient operation and design of 

WWTPs has become an engineering challenge given the 

workforce, costs of energy, land trends, negative 

environmental and health issues, and strict requirements of 

pollutants discharge [3]. Normally, there are three stages 

involve in the WWTPs, namely primary, secondary, and 

tertiary treatments. Typically, the reduction degree in the 

organic substances in terms of COD and BOD as well as 

TDS represent the basic indicator of the effectiveness of 

the plant. The efficiency of the WWTP function should be 

evaluated in terms of effluent and treatment criteria 

requirement, as well as determining the capacity of the 

plant to accommodate significant organic loadings. 

Facilities may then be amended for accommodating the 

higher pollutants and treatment standards [4, 5]. 

Water quality index (WQI) utilizes equations for 

providing a dimensionless value which indicates the 

overall quality of treated water according to specific 

location and time requirements depending on various 

parameters of water. It has been used by governments, 

scientists, decision makers, authorities a management tool 

of facilitating water issues. Various indices have been 

developed since 1967 for water quality assessments. 

Mostly, the developed WQIs by the National Sanitation 

Foundation and the Canadian Council of Environment 

Ministers have been utilized in studies [6-9].  

Moreover, modelling of WWTPs represents a difficult 

task as the treatment involves complex processes. The 

physical, biological, and chemical stages of the treatment 

plants provide non-linear performance which is 

complicated to presented in linear models. Thus, providing 

an efficient monitoring technique can be accomplished by 

the development of non-linear model to predict the 

performance of the treatment plant under previous 

observed water characteristics. Artificial neural networks 

(ANNs) represent computerized non-linear models for 

simulating the decision-making and functions of the brain 

of humans. It is being used for many water quality issues. 

It has also been properly used in the modelling of the 

WWTPs for predicting wastewater characteristics, 

controlling stages of treatments, and providing estimation 

of effluent characteristics [10-12].  
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ABSTRACT 

This study was aimed to investigate the development and evaluation of artificial intelligence 

techniques by using multilayer neural network. Levenberg–Marquardt back propagation 

(LMA) training algorithm was applied for calculating drinking water quality index (WQI) for 

Euphrates river (IRAQ). The transfer functions in the artificial network model were tangent 

sigmoid and linear for hidden and output layers, respectively. Eleven neurons presented for 

good prediction for results of (WQI) with a coefficient of correlation >0.97 and statistically 

calculated WQI values, inferring that the model predictions explain 94% of the variation in 

the calculated WQI scores. The WQI score of the Euphrates was 142 considered as poor. The 

analysis of sensitivity revealed that the total dissolved solids (TDS) is the highest effective 

variable with the relative importance of (26.3%), followed by electrical conductivity (EC) 

(23.1%), pH (17.3%), calcium (Ca) (0.149), chlorides (Cl) (11.2%), Hardness (5.7%), 

Temperature (1.3%), respectively. It can be concluded that the model presented in this study 

gives a useful alternate to WQI assessment, which use sub indices formulae. 

Keywords: physiochemical, WQI, weighted- arithmetic, sensitivity analysis. 

 
 ابراهيم وآخرون                                                                            1580-1572(:6 (51: 2020-مجلة العلوم الزراعية العراقية 

 العراق فينمذجة الشبكات  العصبية الاصطناعية لمؤشر نوعية مياه نهر الفرات 
 **اياد عبد الحمزة فيصل         *هيثم علاء حسين          **مهند جاسم محمد رضا       *ابراهيممحمد عبد الخالق 

             أستاذ                أستاذ مساعد                  أستاذ مساعد              أستاذ مساعد                    
 بغداد** جامعة –كلية الهندسة –قسم الهندسة البيئية        *النهرينجامعة  –ية الهندسة لك –قسم الهندسة المدنية 

 المستخلص
الشبكات العصبية متعددة الطبقات لغرض حساب مؤشر  استعمالتتحرى الدراسة تطوير تقنية الذكاء الاصطناعي من خلال 

نوعية المياه لنهر الفرات داخل العراق. تم اعتماد ثمانية خلايا عصبية في بناء النموذج وقد اعطت معامل ارتباط عالي اكبر 
نوعية المياه.  لقيم% من التباين 94نتائج فسرت المع القيم المحسوبة وفق الفحوصات المختبرية والحقلية. كما ان  0.97من 

.اظهرت بأنها فقيرةمياه النوعية  مما صنفتكتقييم لمؤشر نوعية المياه  142نهر الفرات   بلغ تقييممن خلال تحليل النتائج 
(% تليها التوصيلية 26.3اكبر تأثير على نوعية المياه وبنسبة اهمية ) لهانتائج تحليل الحساسية بأن الاملاح الذائبة 

(%، 5.7(%، العسرة )11.2(%، الكلوريدات )14.9(%، الكالسيوم )17.3) pH(% ، درجة الحموضة 23.1بائية )الكهر 
 النمذجة بأستخدام الشبكات العصبية ناجحة وفعالة في تقدير نوعية المياه. بأنالنتائج بينت (% على الترتيب. و 1.3والحرارة )

.، تحليل الحساسيةالمياه، الحساب الموزون ، مؤشر نوعيةالفيزيوكيميائيةالكلمات المفتاحية:  
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Adsorption of Meropenem Antibiotics from Aqueous Solutions 

on Multi-Walled Carbon Nanotube  
 

 

Mohammed Ali A. Shaban
1
, Mohammed A. Ibrahim

1
, Mohanad J. M-Ridha

2
, Haitham A. Hussein

1 

 

 

Abstract – Pharmaceutical-instigated pollution is a major concern, especially in relation to 

aquatic environments and drugs such as meropenem antibiotics. Adsorbents, such as multi-walled 

carbon nanotubes, offer potential as means of removing polluting meropenem antibiotics and 

other similar compounds from water. In order to evaluate the effectiveness of multi-walled carbon 

nanotubes in this capacity, various experimental parameters, including contact time, initial 

concentration, pH, temperature and the dose of adsorbent have been investigated. The Langmuir 

and the Freundlich isotherm models have been used. The data obtained using a modified 

Langmuir model have been consistent with the experimental ones; the best pH value has been 

obtained to have the maximum uptake capacity with the hights coefficient of determination. The 

adsorption kinetics data is in accordance with pseudo-second order model for adsorption 

processes, which is in line with the measured data. The results of this thermodynamic research 

indicate that the reaction that removes meropenem antibiotics from water by adsorption is 

exothermic. A combination of mechanisms is responsible for meropenem antibiotics adsorption to 

adsorbent, including electrostatic and π–π EDA interactions, hydrophobic interaction, functional 

groups and molecule substitution. According to the research findings, multi-walled carbon 

nanotubes offer a potential method that can be quickly deployed in order to address 

pharmaceutical contamination of water. Copyright © 2020 Praise Worthy Prize S.r.l. All rights 

reserved. 

 

Keywords: Kinetic, Thermodynamic, Meropenem, Modified Langmuir, Multi-Walled Carbon 

Nanotubes 

 

 

Nomenclature 

b Langmuir constant to adsorption 

equilibrium constant [L/mg] 

C Contaminant concentration 

Ce Equilibrium bulk concentration of 

contaminant in solution [L/mg] 

CVD Chemical Vapor Deposition 

EDA Electron-Donor-Acceptor 

FTIR Fourier Transform Infrared 

KF Freundlich constant implied to adsorption 

capacity [mg/g] 

K1 Pseudo first order model constant [1/min] 

K2 Pseudo second order model constant  

[g/mg min] 

Kc Thermodynamic distribution coefficient 

for adsorption [L/g] 

m Weight of absorbent [g] 

MA Meropenem Antibiotics 

MWCNTs Multi-Walled Carbon Nanotubes 

PZC Point of Zero Charge  

qe Amount of contaminant adsorbed at 

equilibrium [mg/g] 

qmax Langmuir constant to the maximum 

adsorption capacity [mg/g] 

R Removal efficiency 

Rg Universal gas constant  

[8.314×10-3 kJ/mol K] 

SEM Scanning Electron Microscope  

SSE Sum of square errors between model and 

experimental data 

T Absolute temperature [K] 

V Aqueous solution [L] 

ΔG° Change Gibbs free energy [kJ/mol] 

ΔH° Change in enthalpy [kJ/mol] 

ΔS° Change entropy [J/(mol K)] 

I. Introduction 

The pharmaceutical contamination of water has 

become a significant environmental issue. The effects of 

antibiotics are of particular concerns; this category of 

drugs selectively targets bacteria; they do not affect 

human cells and tissues [1]. There are different means of 

categorising antibiotics, according to their method of 

action or chemical structure [2]-[4]. This extensive class 

of potent drugs has more than 250 different antibiotics 

that are used to treat pathogenic infections of animals and 

humans [3]. The majority of antibiotics are derived from 

microbes; however, technological advances have enabled 

some types to be semi- or fully synthesised in the 
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Abstract 
Bio-cement built on microbial induced carbonate precipitation 

MICP, be able to consolidate the loose grains and can applied for soil 
reinforcement. In this study, the performing of an ureolytic Sporosarcina 

Pasteurii for sand stabilization was estimated. The S. Pasteurii Could 
effectively consolidates sand particles through urea hydrolysis and the 
successive production of calcite. The bio improved sands had relative great 
compressive strength after 60 days exposure to bacterial cells injections cycles. 
The compressive strength of bio stabilized sands was reliant on the utilized cell 
concentrations and density of urea and CaCl2. High bacteria cell masses 
decreased the compressive strength. The optimal density of cell, was OD600 
0.5, when cost and performance were taken into account. The study shows 
that bio cementation of sand built on microbial induced carbonate 
precipitation (MICP) has ability for the reduction of sand permeability through 
pore clogging with precipitated carbonate. 

Keywords: Bio-Cementation, Compressive Strength, Permeability.  

 لبكتيري لترسيب الكاربونات االتعزيز الحيوي للترب الرملية من خلال النشاط  
 محمد عبد الخالق ابراهيم،  ليث كاظم ش نون

 الخلاصة: 

  يربط   أأن  ،  MICP  الميكروبات  عن   الناجم  كربوناتال  بيترس   على  يعتمد   الذي   الحيوي   للأسمنت  كنيم

   Sporosarcina Pasteurii  بكتري   أأداء  تقيم  ت   ،  الدراسة   هذه  في.  هال   تقوية   دثويح  الرخوة التربة    جزيئات

ال  الا  ي ليورتحليل  البكتري   يمكن.  الرمل في    س تقرارحداث    خلال   من  بفعالية  الرخوة  الرمال  جزيئات  تعزيز  لهذه 

نتاج   اليوري   تحليل   من   يومًا  60  بعد  نسبية  عالية  ضغط   قوة   حيوي   المعالج  للرمال   كان.  للكالسيت  المتتالي  والاإ

على  الضغط   قوة  كانت.  البكتيرية  الخلاي   حقن  لدورات  التعرض    كثافة  على   تعتمد   حيوي   المعالج  ل للرم  المسلطة 

  وكانت.  الضغط  قوة   من   العالية   البكتيري   خلاي   كثافات  خفضت.  واليوري   2CaCl  وتركيزات  المس تخدمة   الخلاي 

  الحيوي   التماسك   أأن  الدراسة  هذه   توضح.  والتكلفة  الأداء  في   النظر  اخذ  بعد  ،  600OD 0.5  ،  المثلى   الخلية  كثافة

  خلال  من  الرمال  نفاذية  تقليل  على  القدرة  له(  MICP)   جرثومياً  المس تحثة  الكربونات  ترس بات  على  بناءً   للرمال

 . المترس بة بالكربونات المسام انسداد 

  

1. Introduction  
Mineral precipitation affected by microbial action 

in subsurface, frequently signified to a microbial 
induced carbonate precipitation (MICP), can be 
developed for a range of engineered applications 
involving the restriction of groundwater 
contaminants Fujita et al. [1], ground strengthening 
or changing properties of porous materials DeJong 
[2]; van Paassen et al.[3]; Whiffin et al.[4], and the 
formation of hydraulic barriers for functions such as 
improved expanding storage security of CO2 or oil 
recovery [Cunningham et al.[5].  

Many bacteria are able of urea hydrolyzing, that 
can modify the moistening state of the creation water, 
and in the existence of calcium, may support the 
calcium carbonate precipitation Ferris et al.[6], 2003; 
Mobley and Hausinger[7]; Stumm and Morgan [8].  

In earlier reports, excessive calcium carbonate 
precipitation was noticed nearby injection spots that 
could possibly lead to inhibited moving of nutrients 
which is undesirable influences on well injection 
process Fujita et al.[9]; Whiffin et al.[4]. Previously a 
bio mineralization mechanism can be counted field 
related, metal accumulation should be established to 
be controllable at a related scale as sustaining 
economic possibility Harkes et al.[10]. Controlling 
mineralization has been studied by estimating the 
reaction with transport, for example, changing 
injection strategies or injection speeds, operating the 
concentrations of reactant, expanding the number of 
actions, or governing the spreading of active bacteria 
[De Muynck et al.[11]; Harkes et al.[10]; Whiffin et 
al.[4], Mohammad et al.[12]. Furthermore, it has been 
stated that the forms and sizes of crystals shaped are 
influenced by the number and shape (planktonic or 

http://doi.org/10.29194/NJES.23030225
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A B S T R A C T

This study investigates the performance of olive seeds as a reactive medium in the permeable reac-
tive barrier (PRB) for removing of copper from a simulated contaminated groundwater. The effect of 
different parameters such as contact time, initial pH of the solution, agitation speed, initial copper 
concentration, and sorbent dosage was studied in batch experiments. The best values of these param-
eters that achieved the maximum removal percent (99%) of copper were 70 min, 5.5, 250 rpm, 10 
mg/l, and 0.8 g/50 ml, respectively. The leaching test indicated that the dissolution of copper-bear-
ing olive seeds is very low. A two-dimensional groundwater numerical model was developed under 
equilibrium condition to evaluate the performance of two configurations of PRBs namely contin-
uous (C-PRB) and funnel and gate (FG-PRB). The results of batch experiments, leaching test, and 
2D numerical model proved that the olive seeds barrier was efficient in the restriction of contami-
nant plume and both configurations of PRBs can be used successfully to treat copper-contaminated 
groundwater with operation time equal to 170 and 100 d for C-PRB and FG-PRB, respectively. 

Keywords: Olive seeds; Copper; Permeable reactive barrier; Groundwater

1. Introduction

The contamination of groundwater by organic and 
inorganic compounds has been considered since the 
industrial revolution. Groundwater(water found beneath 
the surface of the ground and seeped down from the sur-
face by migrating through the soil matrix and spaces in 
geologic formations) is generally more reliable for use 
than surface water [1]. Heavy metals including copper do 
not undergo biological decomposition and can accumu-
late in living organisms then interfering with the natural 
functioning of ecosystems [2]. The most common technol-
ogy used for remediation of groundwater has been ex-situ 
pump-and-treat system. This system extract groundwater 
to the surface then treats it through different approaches 

such as adsorption and either re-introduce the treated 
water to the subsurface or discharge it to a storm drain. 
This technique is difficult, costly, and ineffective most of 
the time in removing enough contamination to restore 
the groundwater to drinking water standards in accept-
able time frames. Accordingly, permeable reactive barri-
ers (PRBs) technology was the alternative method used to 
remediate groundwater contaminated with different types 
of contaminants. It is found to be more cost-effective than 
a pump and treat and has been a demonstrated potential 
to diminish the spread of contaminants [3]. PRB tech-
nology may be installed as a continuous reactive barrier 
(C-PRB) or as a funnel-and-gate system (FG-PRB). Due to 
the fact that one of the most important stages of designing 
a PRB is choosing appropriate filler for the barrier, many 
research centers are searching for new reactive materials 
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ABSTRACT 

 
Various chemical soil improvement techniques are currently used in practice, many of which have adverse 

environmental effects. The goal of the paper is to study the influence of microorganisms in improving the properties 

of silty sandy soils. 

In this study, microbial calcite cementation is achieved using the common soil microorganism Bacillus Pasteurii and 

cementation reagent containing urea and calcium chloride. While a number of significant factors can affect the 

success of the microbial treatment, this study focuses on the effects of specimen preparation technique. 

Specimens through the test program are prepared in molds, the model consists of aluminum molds (two types; rigid 

and contact ones), soils are mixed with bacteria then compacted in the molds, and the molds are then placed into a 

reactor tank which is filled with a cementation medium. Treated specimens are tested in an unconfined compression 

condition. The results show that the unconfined compression condition in rigid mold samples have increased from 

14kPa in untreated samples to 64.8kPa and increased in contact mold samples from 14kPa in untreated ones to 

21.1kPa in treated sample. 

 

Keywords: bacteria, soil, biotreatment, cementation, biogrouting, cementing agent, Bacillus Pasteurii. 

 

 
1 INTRODUCTION  
 

Microbial Geotechnology is a new branch of 

geotechnical engineering that deals with the 

applications of microbiological methods to geological 

materials used in engineering. The aim of these 

applications is to improve the mechanical properties of 

soil so that it will be more suitable for construction or 

environmental purposes. Two notable applications, 

bioclogging and biocementation, have been explored. 

Bioclogging is the production of pore-filling materials 

through microbial to reduce the porosity and hydraulic 

conductivity of soil. Biocementation is the generation 

of particle-binding materials through microbial 

processes in situ so that the shear strength of soil can be 

increased. Microbiologically Induced Calcite 

Precipitation (MICP) technique has also shown 

encouraging uses in other construction application, i.e. 

enhance the strength of concrete, increase concrete 

durability (De Muynck et al. 2008 and Achal et al., 

2011) and brick durability (Sarda et al. 2009). The chief 

suitable microorganisms for soil bioclogging or 

biocementation are facultative anaerobic and 

microaerophilic bacteria, although anaerobic 

fermenting bacteria, anaerobic respiring bacteria, and 

obligate aerobic bacteria may also be suitable to be 

used in geotechnical engineering.  

2 MICROBIAL CALCITE CEMENTATION 

Cementation and bioclogging in soil induced by the 

highly urease enzyme active gram-positive bacteria 

Bacillus Pasteurii endospore forming is studied. The 

main nutrient solution which is necessary for 

reproduction and growth of bacteria provided as a 

solution in the bacteria culture, as well as the chemical 

composites that are required for soil cementation and 

bioclogging, contains NaHCO3, NH4Cl, CaCl2, urea, 

and a nutrient broth. Bacillus Pasteurii consumes urea 

as an energy basis under favorable environmental 

conditions producing carbon dioxide (CO2) and 

ammonia (NH3). These reactions will tend to increase 

the pH in the proximal environment. The reaction that 

stimulates the enzyme of the bacteria from urea 

hydrogenation occur inside the bacteria cell. This 

chemical reaction may be described by the following 

equation (Sarda et al., 2009):  
 

NH2+CO+NH2 + H2O → 2NH3 + CO2         (1)                                                

Concurrently, hydration of urea involves two 

reactions, the presence of water being necessary to 

complete these reactions. The first reaction involves 

converting the ammonia to ammonium (NH4
+) and the 

second involves converting carbon dioxide to carbonic 

acid (HCO3
-), as described in Equations (2) and (3), 
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Abstract 

This work presented a batch and kinetic study on the possibility of using concrete demolition wastes grafted with 3-

aminopropyltriethoxysilane (APTES) as a reactive material in a Permeable reactive barrier PRB technology to remediate the 

ciprofloxacin (CPX) contaminated groundwater followed by evaluating the performance of this barrier by simulating the 

remediation process using two-dimensional aquifer model by COMSOL Multiphysics 3.5a program. To make this work more 

realistic, real groundwater was used in addition to distilled water in preparing the CPX contaminated groundwater. Several 

parameters that influence the sorption process were studied to achieve the highest removal percent such as contact time, pH, 

and sorbent dosage. Langmuir and Freundlich isotherm models were used to depict sorption data, moreover, the pseudo-first-

order and pseudo-second-order models were applied in the kinetic study. The best values of the parameters that achieved the 

highest removal percent (93%), as confirmed by the batch experiments, were time=120min, pH=7, and dosage=1.5g/50mL. In 

addition, the two-dimensional aquifer model shows that the CPX propagation was restricted by a reactive barrier.  

Keword:concrete demolition wastes; ciprofloxacin; Reactive barrier; Contaminant transport; Modeling. 

1. Introduction 

      Within a few decades of their discovery, 

antibiotics had become environmental contaminants of 

concern [1]. Many studies confirmed that these 

contaminants are permanent and mobile in a sufficient 

amount that they can move from wastewater and liquid 

agricultural waste to uncontaminated water, and their 

potential to endanger the human, animal, and 

environment for risk, so it considered as one of the 

most dangerous threats of our modern age [2,3]. 

Quinolones are considered one of the most important 

synthetic antibacterial agents used in human and 

veterinary medicines that the CPX belongs to which. 

These agents are effective against pathogenic bacterial 

species, which selectively prohibit the fabrication of 

bacterial DNA. The spread of manure and its slurry on 

agricultural lands, or direct sedimentation by grazing 

livestock, led to the possibility of secreting quantities 

of these medicines as origin compounds or metabolites 

and entering the environment and reaching the 

groundwater [4]. One of the techniques that may be 

used to eliminate CPX from aqueous solutions is the 

adsorption process. It proved to be an engaging and 

efficient process because of its cost-effective nature 

and easiness of operation [5]. Due to the 

characteristics of CPX such as difficulty to remove or 

biodegrade from the aqueous solutions, there is limited 

reported information on the adsorption behaviours of 

ciprofloxacin. Therefore, the treatment of 

contaminated water and groundwater with this 

antibiotic has become an urgent process [6,7]. There 

are many methods used for remediation of 

contaminated groundwater, the most common one in 

terms of low cost and effectiveness is permeable 

reactive barrier (PRB) technology. It may be installed 

in two configurations called continuous (C-PRB) and 

funnel-and-gate (FG-PRB) permeable reactive barrier 

[8].  Design of PRB includes many steps, the selecting 

of the filler or reactive medium is considered one of 

the important steps, that should be cost-effective, 

efficient in the containment of contaminants, and 

convenient with the underground environment so that 

no adverse chemical reactions occur, nor should it 

represent as a potential source of pollutants through 

itself [9]. In most cities of the world, there are a lot of 

construction and demolition processes as a result of 

population growth and urban development that 

produce large quantities of construction and 

Egyptian Journal of Chemistry 
http://ejchem.journals.ekb.eg/ 

 

686 
 

 



Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

3rd International Conference on Engineering Sciences

IOP Conf. Series: Materials Science and Engineering 671 (2020) 012097

IOP Publishing

doi:10.1088/1757-899X/671/1/012097

1

 
 
 
 
 
 

Numerical analysis of nonhomogeneous and nonprismatic 

members under generalised loadings 

Adel A Al-Azzawi1 and  Hiba Emad2 

 
1Assist Prof, College of Engineering, Al-Nahrain University, Baghdad, Iraq 
2Lecturer, College of Engineering, Al-Nahrain University, Baghdad, Iraq 

E-Mail: 1dr_adel_azzawi@yahoo.com  
 

Abstract. This research studied the problem of varying depth and varying elastic properties along 

flexural member lengths subjected to generalised loading, with such members considered to be 

nonhomogeneous and non-prismatic. The differential equation for classical thin beams was thus 

derived and the finite differences used in solving this equation. Fortran programs were written to solve 

the problem in finite differences, and three-dimensional elements were used to simulate or model the 

beams in finite element ABAQUS software. A parametric study of the influence of beam width, depth, 

load nature, and boundary conditions on deformations and internal forces was thus accomplished. The 

maximum variation in deformations seen between this study and previous studies was 8%. The 

deflection of the non-prismatic beam was reduced by 31% when the ratio of the beam moment of 

inertia at different sections increased by up to three times, while, the moment capacity and the right 

end support shear capacity were increased by 78% and 50%, respectively. 

 

 

1. Introduction 

Non-prismatic members are used in cases that require reduced weight and additional section 

efficiency. Non-prismatic beams are thus used in various building structures and bridges,  with  

applications increasing depending on structural engineering technique improvement. Such members 

may include hybrid materials along their lengths, and in such cases the members are assumed to be 

nonhomogeneous. 

 Eisenberger [1] derived the exact stiffness matrix for the non-prismatic beam in 1985 and solved 

various examples for beams with different loading and end conditions. In 1995 Al-Gahthi and Khan 

[2] derived the exact  solution for non-prismatic flexural members with cross sections with linear and 

parabolic profiles. The obtained solution was derived in terms of the beam section variables and 

properties with different end conditions. Further research was then done to obtain the stiffness matrix 

for the non-prismatic beam element, based on direct integration of the governing differential equations 

by researchers such as Tena-Colunga [3] in 1996.  

 The issue of obtaining a closed form solution for members such as beams with variable sections 

along their span was investigated by Yavari et al. [4,5] and Yavari and Sarkani [6]. The Maculay 

theory has been used by Yavari et al. [5] in 2001 to simulate the singularities in the obtained solutions 

for both deep and thin beams, for example.  

 Biondi and Caddemi, [7] investigated the integration problem of the constant or uniform cross 

section Euler-Bernoulli beam governed by equations with discontinuities in 2005. The discontinuities 

in beams were simulated as bending stiffness singularities by using superimposition of compatible 

formulas onto a constant one-dimensional domain. 
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A state-of-the-art review on reinforced concrete slabs 
strengthened by frp sheets under monotonic,impact and 
repeated loading
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1 Department of Civil Engineering, College of Engineering, Al-Nahrain University, 

Baghdad, Iraq 

ashahadhameeed91@gmail.com,bdr_adel_azzawi@yahoo.com 

Abstract. Composites made of fiber-reinforced polymer (FRP) have gained popularity as new 

high-performance material for concrete buildings in now days. The advantages of FRP composites 

include high strength, lightweight, and corrosion resistance. This paper's primary objective is to 

assess the affect of FRP strips on the strengthening and repair of plain and reinforced concrete 

slabs. under the monotonic, impact, and repeated loading. According to studies' observations, 

applying FRP strips to RC slabs significantly affects the final load and deflection. The number and 

positioning of FRP sheets improve the performance of slabs. The failure load magnitude of 

strengthened slabs would increase as slab thickness, concrete compressive strength, and sheet 

thickness increase.The ultimate load capacity was increased by (27-52%), depending on the FRP 

strengthening strategy used. GFRP sheets could be employed for improving or enhancing the 

impact strength of concrete structures. Externally attached GFRP sheets gave good resistance for 

reinforced concrete slabs against typical explosive blast. 

Keywords: FRP sheet, RC slab, repeated loading, monotonic loading, impact loading. 

1.  Introduction 
Buildings with cracked concrete have become one of the most urgent needs that need to be treated before 

they become a problem. Some concrete structures developed in recent years are unsuitable for carrying 

service loads. Poor maintenance, an increase within the allowable load limit, inadequate reinforcing, 

excessive deflections, structural damages, or steel corrosion, which causes cracks, have all contributed to 

this inadequate load-carrying capability. In recent years, the amount of money spent on retrofitting 

existing structures has overtaken the amount spent on building new structures, owing to the use of 

traditional construction techniques [1]. Using FRP for reinforcement and retrofitting in the worst-case 

loading conditions such as cyclic loads, concrete can be strengthened and retrofitted by 

rehabilitation/treatment changes to structural parts (such as foundations, columns, beams, and slabs) [2]. 

FRP is more interesting to the civil engineering sector because of its various benefits. They come in a 
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ABSTRACT 
The analysis of rigid pavements is a complex mission for many reasons. First, the loading 

conditions include the repetition of parts of the applied loads (cyclic loads), which produce fatigue 

in the pavement materials. Additionally, the climatic conditions reveal an important role in the 

performance of the pavement since the expansion or contraction induced by temperature 

differences may significantly change the supporting conditions of the pavement. There is an extra 

difficulty because the pavement structure is made of completely different materials, such as 

concrete, steel, and soil, with problems related to their interfaces like contact or friction. Because 

of the problem's difficulty, the finite element simulation is the best technique incorporated in the 

analysis of rigid pavements. The ABAQUS software was used to conduct the response of 

previously tested specimens under different loading conditions. Good agreement between the 

laboratory and finite element results was observed. The maximum differences between 

experimental and finite element outcomes in terms of ultimate loads and ultimate deflection for 

rigid pavements under monotonic loading are 6% and 8%, respectively, and 10% and 18% 

respectively for the repeated load. 

Keywords: rigid pavements, fiber concrete, finite element 
 

 بالألياف تحت التحميل الديناميكي لتبليط الخرساني المسلح المقوىتحليل العناصر المحدودة غير الخطية ل
   

 د. احمد فرحان التميمي
 باحث

 كلية الهندسة جامعة النهرين

 د.عادل عبد الامير العزاوي
 استاذ

 كلية الهندسة جامعة النهرين
 

 هديل محمود شاكر
 باحث

 جامعة النهرين كلية الهندسة

 

 الخلاصة
يعتبر تحليل الأرصفة الصلبة مهمة معقدة لأسباب عديدة. أولاً ، تشمل ظروف التحميل تكرار أجزاء من الأحمال المطبقة (الأحمال 
الدورية) ، والتي تؤدي إلى إجهاد مواد الرصف. بالإضافة إلى ذلك ، تكشف الظروف المناخية عن دور مهم في أداء الرصيف 
حيث أن التمدد أو الانكماش الناجم عن اختلاف درجات الحرارة قد يغير بشكل كبير الظروف الداعمة للرصيف. هناك صعوبة 
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1. Introduction 
 

Three major expenses exist in casting concrete slabs 

which are concrete, reinforcement, and formwork (Gorkem 

and Husem 2013). These are considered throughout the 

process of design, especially through the initial planning 

stages. Formworks consumed about 40% to 60% of the total 

cost which has the greatest influence on the overall cost of 

the floor system (Abdul-Wahab and Khalil 2000). Previous 

experimental studies were conducted to find new types of 

lightweight slabs by considering these conditions. One type 

of reduction is done by providing a slab with Hollow Block 

(Al-Azzawi and Al-Asdi 2017). This type of slab depends 

on modifying the shape of the solid slab by increasing the 

moment of inertia therefore the ultimate and cracking 

moment capacities are increased. Another system for 

reducing the production cost through reduction in materials 

weight. In the present study, the two types of reduction in 

weight for the structure are done through using lightweight 

aggregate (LWA) and Styorpor Block Slab (SBS). Many 

researchers around the world focus on studying concrete 

slabs such as Chung et al. (2018), Zhang et al. (2020), 

Wang (2021), Sarkis et al. (2022), and Zhang et al. (2022). 
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The following are studies focused on voided slabs. 

Olawale and Ayodele (2014) tested waffle and solid slab 

specimens. Allawi (2014) carried out experimental tests on 

the one-way voided slab to investigate the structural 

behavior of reinforced concrete slabs containing cavities. 

Al-Azzawi and Abed (2016) investigated experimentally 

the behavior of reinforced concrete slabs with hollow cores 

under varying study parameters. The experimental part 

included testing 8 slab specimens of solid and hollow-core 

models with (2.05 m) length, (0.6 m) width, and (25 cm) 

thickness under two monotonic line loads. Also, Al-Azzawi 

and Abed (2017) investigated the same problem 

numerically through finite elements. Al-Azzawi and Al-

Asdi (2017) conducted an experimental study to explain the 

general behavior of hollow block slabs when the reduction 

in weight range forms (23.3% - 29.1 %). Al-Azzawi and 

Abdul Al-Aziz (2017) studied the behavior of hollow core 

lightweight aggregate slabs experimentally and numerically 

using the finite element method (ANSYS computer 

program). Al-Gasham et al. (2019) carried out an 

experimental investigation to assess the effect of voids’ size 

on the structural behavior of one-way slabs. Al-Gasham et 
al. (2021) used 3D nonlinear finite element analyses (FEA) 

through the ABAQUS program to study the effect of 

openings on voided slabs’ structural behaviors. 

The flexural performance of a composite slab 

constructed of precast concrete with steel and CRS 

reinforcement was explored by Al-Fakher et al. (2021). Six 

precast slabs (solid, hollow without CRS, hollow with 2, 3, 

 
 
 

Behavior of lightweight aggregate concrete voided slabs 
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Abstract.  Reducing the self-weight of reinforced concrete structures problem is discussed in this paper by using two types of 

self-weight reduction, the first is by using lightweight coarse aggregate (crushed brick) and the second is by using styropor 

block. Experimental and Numerical studies are conducted on (LWAC) lightweight aggregate reinforced concrete slabs, having 

styropor blocks with various sizes of blocks and the ratio of shear span to the effective depth (a/d). The experimental part 

included testing eleven lightweight concrete one-way simply supported slabs, comprising three as reference slabs (solid slabs) 

and eight as styropor block slabs (SBS) with a total reduction in cross-sectional area of (43.3% and 49.7%) were considered. The 

holes were formed by placing styropor at the ineffective concrete zones in resisting the tensile stresses. The length, width, and 

thickness of specimen dimensions were 1.1 m, 0.6 m, and 0.12 m respectively, except one specimen had a depth of 85 mm 

(which has a cross-sectional area equal to styropor block slab with a weight reduction of 49.7%). Two shear spans to effective 

depth ratios (a/d) of (3.125) for load case (A) and (a/d) of (2) for load case (B), (two-line monotonic loads) are considered. The 

test results showed under loading cases A and B (using minimum shear reinforcement and the reduction in cross-sectional area 

of styropor block slab by 29.1%) caused an increase in strength capacity by 60.4% and 54.6 % compared to the lightweight 

reference slab. Also, the best percentage of reduction in cross-sectional area is found to be 49.7%. Numerically, the computer 

program named (ANSYS) was used to study the behavior of these reinforced concrete slabs by using the finite element method. 

The results show acceptable agreement with the experimental test results. The average difference between experimental and 

numerical results is found to be (11.06%) in ultimate strength and (5.33%) in ultimate deflection. 
 
Keywords:  lightweight aggregate concrete; monotonic load; one-way slab; structural behavior; styropor block 
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Finite element analysis of RC beams strengthened with near-
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Abstract. This study's primary objective is to investigate the pure torsional behavior of reinforced 

concrete beams with inadequate resistance to applied loads. The beam needs to be strengthened with 

a simple and effective technique, the near-surface mounted. This paper was conducted to check the 

validity and accuracy of experimental results. This numerical study included testing three specimens; 

one was control beams, while the remaining were strengthened beams with two configurations with 

NSM closed and U-stirrups steel stirrups and longitudinal NSM bars. Each beam has three variables: 

Remove NSM longitudinal bars, use concrete's compressive strength (20,60) MPa, and Strengthen 

with NSM GFRP and CFRP bars. All beams have a cross-section (300x300 mm), and the length of 

the beam was constant (2100 mm). The numerical analysis showed close results to those obtained 

from the experimental work. This convergence was evident in failure and ultimate torque patterns 

and mechanisms. The ultimate torque increased when strengthening with four faces of NSM closed 

stirrups and three faces of NSM stirrups (U-shape) at a spacing of 130mm. On the other hand, The 

increase in compressive strength leads to an increase in the ultimate torque. Lowering compressive 

strength leads to more ductile behavior with lower ultimate torque. Removing the additional 

longitudinal reinforcement has a minor effect on behavior. The type of bars, steel, CFRP, and GFRP, 

have a marginal impact on the behavior with more ductile behavior for the steel reinforcement bar 

beams. 

Keywords: pure torsion, RC beams, Finite Element Analysis, steel bars, ABAQUS, GFRP, CFRP. 

1.  Introduction 
Strengthening structures using external reinforcement attached to the relevant face is not new. Near-surface 

mounted reinforcement (NSM) was invented for plate bonding with FRPs. According to the approach, rods 

made mostly of CFRP are glued in the sawed concrete cover grooves. The technique was created in Sweden 

in the 1940s7, albeit at the time, steel bars were used instead of FRP. Currently, this technique involves 

using quadratic rods made of CFRP composites, which are subsequently joined together using either an 

epoxy or a cementitious bonding agent [1]. Many concrete structures are subjected to a primarily applied 

torque, including bridge components, horizontally curved members, eccentrically loaded beams, spandrel 

beams, and spiral staircases. Due to the increased applied loading, structural damage or deterioration of 
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Response of two-way reinforced concrete voided slabs 
enhanced by steel fibers and GFRP sheets under monotonic 

loading 
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Abstract.  Various efforts have been made to reduce the weight of concrete slabs while preserving their flexural 
strength. This will result in reducing deflection and allows the utilization of longer spans. The top zone of the slab 
requires concrete to create the compression block for flexural strength, and the tension zone needs concrete to join 
with reinforcing for flexural strength. Also, the top and bottom slab faces must be linked to transmit stresses. Voided 
slab systems were and are still used to make long-span slab buildings lighter. Eight slab specimens of (1000*1000 
mm2) were cast and tested as two-way simply supported slabs in this research. The tested specimens consist of one 
solid slab and seven voided slabs with the following variables (type of slab solid and voided), thickness of slab (100 
and 125 mm), presence of steel fibers (0% and 1%), and the number of GFRP layers). The voids in slabs were made 
using high-density polystyrene of dimensions (200*200*50 mm) with a central hole of dimensions (50*50*50 mm) 
at the ineffective concrete zones to give a reduction in weight by (34% to 38%). The slabs were tested as simply 
supported slabs under partial uniform loading. The results of specimens subjected to monotonic loading show that the 
combined strengthening by steel fibers and GFRP sheets of the concrete specimen (V-125-2GF-1%) shows the least 
deflection, deflection (4.6 mm), good ultimate loading capacity (192 MPa), large stiffness at cracking and at ultimate 
(57 and 41.74) respectively, more ductility (1.44), and high energy absorption (1344.83 kN.mm); so it’s the best 
specimen that can be used as a voided slab under this type of loading. 
 

Keywords:   flexural behavior; monotonic loading; SSC; two-way voided slab; weight reduction 

 
 
1. Introduction 

 
The member used in the construction of floors, roofs, and bridge decks is known as a reinforced 

concrete slab. A building's floor system may consist of precast components, ribbed slabs, or in-situ 
solid slabs. Slabs may span in one or two directions and be supported by concrete or steel beams, 
walls, or the structure's columns directly (Alfeehan et al. 2017, Al-Azzawi and Abed 2017, Al- Al-
Gasham et al. 2019, Yaagoob and Harba 2020, Al-Fakher et al. 2021, Al- Al-Gasham et al. 2021, 
Al-Azzawi and Shallal 2021, Pawar et al. 2022 ). 

The slab, which consumes the most concrete quantity generally, is a major structural 
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a b s t r a c t

Punching shear is the most important problem in flat slabs, which usually requires strengthening for
safety reasons. One of the most popular strengthening methods is the employment of shear reinforce-
ment. Also, in order to reduce the self-weight of slabs, lightweight aggregate concrete as well as the bub-
ble deck technology were used in this research. To study the influence of shear reinforcement type on
lightweight aggregate voided slab behavior under punching shear, three slabs having the same geomet-
rical and mechanical properties, with different shear reinforcement type (hook, inclined bar and stud)
were cast and prepared for testing. As well as a control specimen with no shear reinforcement was used
for comparison reason. The results showed that the inclined shear reinforcement has the most positive
influence on slab behavior, between the three types of reinforcement that were adopted in the experi-
mental work.
� 2020 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

In a reinforced concrete structure, the span between columns is
the main design limitation employed in the building slab systems.
To design a larger slab between columns, peripheral beams and/or
very thick slabs are required. This will lead to increase the weight
of the structure because of requirement for larger amounts of used
concrete (Singh and Saini, 2018). The bubble deck technology is the
key for solving such construction problems. This technology uses
spheres made of recycled industrial plastic to create air voids while
providing strength through arch action. It is an attempt for utilizing
the positive aspects of concrete slab construction while minimizing
the negative attributes of solid slabs by lightening the self-weight of
the structure (Chung et al., 2018). Also, lightweight aggregate
concrete can be used to produce lighter weight structures.

The most dangerous areas of two-way solid and voided slabs
are the slab–column connection area and zones where concen-

trated loads act (Habibi et al., 2014). The concentrated shear force
and the large amount of shear stresses in this area cause punching
of the concrete slab (Acciai et al., 2016, Sprince et al., 2014;
Caratelli et al., 2016). Voided slabs design procedures are more
conservative than solid slabs to punching shear failure because of
the presence of voids which lead to insufficient cross section area
of concrete that was remaining to withstand the shear stresses that
generated within this region. Furthermore, lightweight concrete in
general shows properties that are weaker than the normal weight
concrete. In such cases, shear reinforcement may be enhance the
punching shear capacity for the concrete slab (Vainiunas et al.,
2015). The punching area of voided slab also can be reinforced with
shear reinforcement. In such techniques the shear reinforcement
must be provided in the ribs (Valivonis et al., 2017).

Many experimental investigations were conducted earlier on
voided slab. But, there is no available research study on the behav-
ior of lightweight concrete voided slab has been carried out yet.

2. Experimental work

A full scale flat slab system with dimensions of (7.5*7.5) m and
supported on columns only, represents the prototype in this
research. The zero-moment axes of the selected prototype lies
approximately at (0.22 L) from the column axis. The punching
shear specimen in this research represent the column strip with
scale of 1/3 which exposed to punching shear due to column with
square cross section. The column has scaled dimension equals to

https://doi.org/10.1016/j.jksues.2020.01.001
1018-3639/� 2020 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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a b s t r a c t

This study investigated the flexural performance of steel fibre beams reinforced with smooth and
deformed reinforcement, both experimentally and numerically. As part of the experimental investigation,
five full-scale reinforced concrete beams were constructed with plain and steel fibre concrete and were
tested under 4-point flexural monotonic loading. The amount of fibre and the condition of the rebar were
the main parameters studied. The test’s outcome built up a numerical model to simulate the actual per-
formance of the reinforced concrete beams under tested loading. Afterward, a parametric study was con-
ducted to get a better understanding of the behaviour of the steel fibre concrete beams. The experimental
results show that the cracking load was not affected by the steel reinforcement conditions, whether
smooth or deformed. Moreover, 9% of the ultimate deflection was caused by tension stiffening and 3%
due to the steel fibre content in steel fibre concrete beams. Finally, the concrete compressive strength
was found to have less of an effect on the ultimate deflection than the ultimate load.
� 2020 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Generally, steel fibre (SF) is used to enhance the mechanical
performance and crack propagation resistance of the concrete
because SF has inherently superior material properties. The steel
fibre concrete matrix had a good performance, in terms of tensile
strength, flexural strength and relaxation (Al-Ghamdy et al.,
1993; Gao et al., 1997, Thomas and Ramaswamy, 2007). However,
it was observed that steel fibre addition had only a minor influence
on the compressive strength (Fanella and Naaman, 1985;
Sivakumar and Santhanam, 2007; Zarrin and Khoshnoud, 2016a,
Zarrin and Khoshnoud, 2016b; Najigivi et al., 2017). The workabil-
ity and stiffness of the steel fibre concrete matrix decreases with
the amount of steel fibre increases (Altun et al., 2007; Özcan
et al., 2009). An extensive amount of studies have been conducted
on fibre-reinforced concrete members to gain a fundamental
understanding and characterization of the overall behaviour. There
are still more studies needed to investigate, in particular, nonlinear

tension stiffening behaviour of steel fibre concrete members,
which is necessary for the design considerations. Romualdi and
Mandel (1964) conducted an experimental investigation into the
wire spacing affect on the concrete aspects, particularly in terms
of tensile stress, and they determined the wire spacing-tensile
cracking strength relationship of the steel fibre concrete members.
The steel fibre addition shows significant enhancement of the rein-
forced concrete members, with relation to carrying the moment
capacity, resisting fatigue loads, crack widths and creep compared
to other types of fibre (Kormeling and Shah, 1980). Additionally, it
was noted that the composite matrix restored the load and crack
resistance capacity of the damaged members (Tan et al., 1994;
Ashour et al., 2000), and led to significant influences on the crack
number and crack width (Vandewalle, 2000). Behbahani et al.
(2012) tested experimentally eight full-scale RC beams to study
the effect of the different amounts of steel fibre on flexural beha-
viour. This study focused on beams with four point loads and sim-
ply supported boundary conditions. Based on the tests conducted,
it was determined that the effect of steel fibre on flexural beha-
viour for beams with high compressive strength C50 is more obvi-
ous than beams with low concrete compressive strength, C30. This
was confirmed by the excellent embedding of the constraints
between the steel fibre and the concrete.

The stress transfer mechanisms in the tension side of the con-
crete through the cracks show that a notable stress sharing mech-
anism in normal concrete can transfer directly over main steel bars

https://doi.org/10.1016/j.jksues.2020.03.002
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a b s t r a c t

This paper presents the effect of non-uniform reinforcement ratio along the beam length on the flexural
behaviour experimentally and numerically. Within the experiment, four reinforced concrete beams each
had a different reinforcement ratio. However, three of four beams had a similar reinforcement ratio in the
constant moment zone (0.012). Cracking load, load carrying and deflection were monitored through the
test. A nonlinear finite element software was implemented to simulate the experimental behaviour.
Followed up by a parametric study. It was found that, in reinforced concrete beams, the tension stiffening
depends on the concrete area in the tension zone not the reinforcement ratio. FEA predicts the reinforced
concrete beams behaviour within a good agreement. Finally, the findings show that, determining variable
amount of reinforcement ratio along the beam length will not sacrifice the flexural behaviour, but it will
reduce the quantity of the steel reinforcement and the overall cost.

� 2020 THE AUTHORS. Published by Elsevier BV on behalf of Faculty of Engineering, Ain Shams Uni-
versity. This is an open access article under the CCBY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Nowadays, a huge number of structures are exposed to degra-
dation due to overloading, environmental conditions (hot in sum-
mer and cold in winter), natural hazards and loss of tension
stiffening with time. Therefore, retrofitting these structures has
become a very important issue. Previously, the techniques utilized
included section enlargement, bonded steel plate strengthening,
ferro-cement, external post-tensioning techniques and fibre rein-
forced polymer (FRP) wrapping [1–4]. Some of these techniques
had limitations, however, such as the cost of materials and mainte-
nance, reduction in headroom, and hindrances in implementation.
Thus, FRP is considered the most commonly used and relatively
easy installation material developed for strengthening reinforced
concrete members. It was believed that the FRP strengthening acts
as an additional tensile reinforcement, which leads to increase in
the load carrying capacity and ductility [5–9].

According to Vlassis et al. 2008 [10], there should be an upper
limit for the additional reinforcement that should be used to pre-
vent the brittle failure of beams.

Ductility is an important issue that engineers consider in
design. Reinforcement ratio, concrete compressive strength, shear
links spacing are the main parameters that affect the ductility
[11–14].

Both the ACI Committee 318-19 [15] Code and Eurocode 2
(2011) [16] have a limitation to the maximum reinforcement ratio
that should be used in order to avoid a sudden collapse. The effect
of tensile reinforcement ratio on the behaviour of high strength
concrete beams was investigated experimentally by Hadi and Elba-
sha (2007) [17]. They found that beams’ ductility increased with
the increase in both compressive strength and reinforcement ratio.
Moreover, Qi et al. (2017) [18] studied experimentally the effect of
reinforcement ratio and steel fibre on the flexural behaviour of
reinforced concrete beams and found that the effect of the rein-
forcement ratio on the stiffness and carrying capacity was more
than that of the steel fibre. In general, the word lap-splice is sug-
gested to identify the overlapping two lengths of equal bar diame-
ters, then connecting them by welding or steel wires to form one
segment. For the structural engineer, the most important factor
in bars lap-splicing is the length of overlapping. However, the lim-
itations on this length may change depending on steel bar diame-
ter and the location of splicing in structural members. The
overlapping length and the permitted locations of splicing are sub-
ject to different building code requirements. Most local building
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1 Introduction

In recent years, the concept of reinforcing soil underneath foundations has become 
more interesting [1-6]. As the number of appropriate construction sites becomes scarcer, and the 
demand for poor soil as a base material grows, the use of geogrid reinforcement has become broadly 
acknowledged [7-9]. The word “reinforced soil” refers to any soil mass whose shear strength has been 
increased by the addition of resisting parts, such as bars, strips, tubes, grids, or sheets [10]. Different 
geotechnical engineering applications required reinforcement to increase the performance of the soils. 
Some scientists have investigated the advantages of soil strengthening in both experimental and 
theoretical studies [1-6, 11, 12]. During the last decades, several studies have used laboratory model 
experiments to assess the geogrid-reinforced soil behavior beneath the load of footing [5, 8, 13-17], 
numerical simulation [16-18], and field experiments [19]. 

To enhance bearing capacity and minimize expected shallow foundations settlement, both 
horizontal and vertical reinforcements are included [20]. Geogrids can be an appropriate and low-cost 
method of increasing bearing or load carrying capacity and decreasing settlements in soils. The 
increase in soil shear strength which is usually observed with reinforced soil represents a result of 
displacement of the corresponding soil- strengthening.  

Yahia et al. (2016) assess the bearing or load carrying capacity and the deflection of a strip 
footing lying on sand has poorly graded particles with geogrid reinforcement [20]. This study found that 
the geogrids improved the curve of the load-settlement for the footing by up to three times the strains 
at the failure of un-reinforcement sand; in this manner the footing may undergo more elastic 
settlements before failing with geogrids. In experiments on geogrid strengthened foundations, Abu-
Farsakh et al. (2008) and Gill et al. (2013) found that to enhance the bearing capacity ratio, the 
optimum number of strengthened strata was 3 or 4, and the actual strengthening depth was 1.25 – 2.5 
times the width of the foundation [19, 21]. 

Several scientists have investigated the load carrying or bearing capacity of foundations on 
strengthened sandy soils in the laboratory [14]. Many aspects, like soil geogrid interface interaction, 
the number of strengthened strata, strengthening spacing, and the depth of the first strengthening 
stratum, may impact the behavior of geo-synthetic-reinforced foundations [22]. 

Abstract

The soil in Iraq has a low load carrying or bearing capacity and high 
deflections or settlement because of the applied loads. The use of 
strip footing as a foundation to support different kinds of heavy 
structures has become necessary nowadays through solving such 
problems by using geogrid. This soil improvement technique is widely 
used all over the world. In this paper, the bearing capacity and 
settlements were calculated using finite elements and analytical 
models for strip footing resting on different kinds of soil. The study 
parameters are footing rigidity, the number of layers in a geogrid, the 
dimension of geogrid, and spacing of geogrid layers. According to the 
findings, the geogrid improved the bearing ability of the footing and 
reduced settlement. The optimum geogrid dimension was three times 
the footing width, and three geogrid layers were optimum. The 
changing in footing rigidity also affects the stress and settlement 
behavior.
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The thermal behavior of hollow steel structural members due to the temperature increase
has not been investigated and discussed in many design codes. This work presents a study
of the hollow and solid steel beams’ carrying capacity under elevated temperatures. The
material properties of such beams decline under the temperature expected to increase
the moments on the beams. The finite difference technique is selected first to analyze the
problem. The solved problems cover beams under concentrated point load levels with dif-
ferent end conditions such as cantilever, pin roller, and both ends fixed. The beam response
(deflection, bending moment, and normal force) is examined. The finite element analysis
was conducted using the DIANA FEA software to study the same problem incorporating
material and geometric nonlinearities. It was found that both finite difference and finite
element analysis solved the problem accurately when the temperature was under 500◦C.
It was also found that when the temperature was applied to the beam bottom face the
deflection was smaller than when the temperature was applied to the side faces only and
the whole section.

Keywords: hollow beams, finite difference analysis, finite element analysis, thermal
loading, boundary conditions.

1. Introduction

Steel is a very strong construction material widely used in the construction of
major structural elements. The use of steel as one of the most prevalant construc-
tion materials is due to its excellent mechanical properties such as higher ducti-
lity, higher modulus of elasticity, and higher tensile and compressive strength.
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1. Introduction

Natural aggregate concrete is widely used in cast 

structural members (Daud 2015, Daud 2018). Nowadays, 

recycled aggregate incorporation in concrete is a recent 

development in the use of various types of waste materials 

in concrete production (de Brito and Saikia 2013, Al-

Azzawi and Al-Azzawi 2020, Al-Azzawi et al. 2020). The 

rigid Polyvinyl chloride (PVC) has been used effectively in 

different applications and generates huge waste material. It 

is important to dispose of this waste material by reusing it 

in the concrete composition. This application may save 

energy and reduce the demand for primary mineral 

resources. Therefore the reuse of plastic waste material in 

concrete is considered the best environmental alternative 

method to reduce environmental pollution and safeguarding 

natural resources (Alamgir and Ahsan 2007). Hollow-core 

slab HCS is defined as slab-made precast, pre-stressed one 

with longitudinal voids developed in the length of the slab 

to decrease weight and cost. The voids may be used to 

insert electrical or mechanical runs. 

A longer span length of HCS is used and reaches up to 

(18 m) without inserting supporting members. Precast pre-

stressed HCS is used in bridges and longer span slabs under 

heavy loads. Precast pre-stressed HCS are members with 

maximum structural efficiency when high-strength concrete 
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is used. The HCS slab requires lesser material consumption 

(Stephen 2013).

Abramski et al. (2010) analyzed and studied the shear 

capacity of two-way hollow core slabs (HCS). Thirteen full-

scale specimens and identical nonlinear finite element (FE) 

computations were made to show that the strength of shear 

of a two-way HCS is at fifty percent of the strength of shear 

of the solid slab. The stiffness of a two-way HCS should be 

determined like they are specified for a solid slab. The 

specimen and the nonlinear FE computations for this study 

have demonstrated that it is correct to calculate the internal 

forces of a two-way HCS in the same way like they are 

determined for a solid slab. 

Rahman et al. (2012) prestressed precast hollow core 

slabs (PPHCS) were used. The design of those construction 

units is founded on the ultimate load-carrying capacity of 

those members. Full-scale load tests were demonstrated on 

PPHCS with varying (a/d) ratio, which was loaded to 

achieve the ultimate capacity of those slabs. A total of 

fifteen samples have 500 and 250 cm in span and 3 varying 

depths, 20, 25, and 30 cm were tested using a 4-point load 

test. The slabs were reinforced with conventional 

prestressing strands. And the number of prestressing strands 

was increased with the depth of the slab. It was noted that 

the failure mode of the slabs was changed from pure flexure 

to flexure-shear mode for slabs with a depth bigger than 20 

cm. If the slab thickness is enlarged, the web shear cracking 

strength of PPHCS is decreased. A transition from flexure-

shear to shear failure as a function of a/d was observed. The 

analysis of the experimental outcomes displayed that the 

existing ACI code equations underestimated the flexure-

Behavior of reinforced sustainable concrete hollow-core slabs
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Abstract.  This study aims to trace the response of twelve one-way sustainable concrete hollow-core slabs made by reducing 

cement content and using replacement of coarse aggregate by plastic aggregate. The trial mixes comprise the 25, 50, 75, and 

100% replacement of natural coarse aggregate. The compressive strength of the resulting lightweight concrete with full 

replacement of coarse aggregate by plastic aggregate was 28 MPa. These slabs are considered to have a reduced dead weight 

due to using lightweight aggregate and due to reducing cross-section through using voids. The samples are tested under two 

verticals line loads. Several parameters are varied in this study such as; nature of coarse aggregate (natural or recycled), slab line 

load location, the shape of the core, core diameter, flexural reinforcement ratio, and thickness of the slab. Strain gauges are used 

in the present study to measure the strain of steel in each slab. The test samples were fourteen one-way reinforced concrete slabs. 

The slab’s dimensions are (1000 mm), (600 mm), (200 mm), (length, width, and thickness). The change in the shape of the core 

from circular to square and the use of (100 mm) side length led to reducing the weight by about (46%). The cracking and 

ultimate strength is reduced by about (5%-6%) respectively. With similar values of deflection. The mode of failure will remain 

flexural. It is recognized that when the thickness of the slab changed from (200 mm to 175 mm) the result shows a reduction in 

cracking and ultimate strength by about (6% and 7%) respectively.

Keywords:  hollow core slabs; recycled aggregate; PVC plastic aggregate; reinforced concrete; experimental tests; steel 

reinforcement
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Abstract 

The problems of soil-structure interaction involve different members or different 

materials behave together under applied loading. In the case of concrete pavement 

resting on soil under traffic loading, both concrete and soil will deform. Rigid 

Pavements are made of Portland Cement Concrete (PCC). It serves out two aims, to 

maintain a durable surface with comfortable driving for vehicles. The second purpose 

is to decrease the stresses on the layers of pavement beneath the surface such as 

subbase and subgrade. Concrete is considered a weak material in resisting tensile 

stresses. Therefore, when low tensile stresses are applied, rigid pavement begins to 

crack effortlessly. In concrete pavement, the usage of different kinds of fiber 

reinforcement could be an effective technique to improve these properties. Numerous 

kinds of fibers are utilized in the concrete pavement to behave as an alternative to 

ordinary reinforcement. They may differ in material like steel or plastic and could be 

in many shapes, and dimensions. The addition of fibers is during the mixing when the 

concrete is still fresh. The incorporation of different sorts of fibers could be a 

significant step in diminishing the cracks and achieving a higher performance of 

concrete. Two kinds of fibers or even more than two can be combined to achieve a 

mixture that produces profits for each type of fiber in this composite. In this paper, an 

intensive review was made to demonstrate the forms of distresses that could happen 

in concrete (rigid) pavement and the impact of incorporating different kinds of fibers 

into the concrete to enhance the concrete ability to eliminate or even delay the 

process of failure. 

1. Introduction  
The pavement may be defined as a relatively stable layer constructed above the natural soil 

for suitable distribution of wheel load and provides support to the wearing surface [1]. In 

history, the pavements have been divided into two types; flexible and rigid pavements 

depending on the way of transferring loads to the foundation soil. For flexible pavements, 

there is a gradual stiffness that increases from the foundation soil to the wearing way, which 

leads to high stress on the soil because the load is decadent over a relatively small area. On 

the contrary, in rigid pavements, the stresses on the soil are smaller because the stiffness of 

the road base is bigger than that of the soil. The main advantages of using Portland Cement 
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1. Introduction

Concrete is a building material widely used in 

construction projects all over the world. The production of 

raw materials such as cement and aggregates which used to 

produce concrete is considered as a major concern 

environmental problems. The emission of CO2 during the 

production of cement and the waste results from 

construction process and demolition are examples of such 

problems. Concrete that used lower cement content through 

using pozzolanic materials such as silica fume or 

metakaolin to replace cement with or without recycled 

aggregate is considered as a sustainable concrete. The 

problem of lap splicing of steel bars is a common 

construction issue which is used in concrete structures to 

overcome the continuous reinforcement bars requirements 

for long concrete elements. Other reasons for using lap 

splicing are sometimes referred to transportation limitation 

or designer reinforcement detailing. Lap spliced length and 

number of permissible lap spliced bars limitations 

recognized in codes must be discussed and studied. 

The bars surface nature mentioned in codes focused on 

using deformed bars only in order to achieve the required 

bond between lap spliced bars and concrete which is an 

impotent issue. For flexural members, their strength 

depends on different physical parameters such as concrete
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strength in compression, steel reinforcement yield strength, 
beam dimensions and amount of reinforcement ratio. The 
result of these parameters will be the member stiffness. If 
the members are supported on spans larger than (12 m), the 
lap spliced technique is selected to reinforce the longer span 

members, however this technique should be carried out in 
accordance to the international design codes. The American 
Concrete Institute 318 (2014) has recommended the overlap 
splice with the minimum length of 40 multiplied by 
nominal diameter of bar (db). Knowing that, the reinforcing 
steel bars splice length must be longer than the development 

length in compression reinforcement in case of compression 
member (ldc). While it should be longer than the 
development length in tension reinforcement in case of 
tension member. The Canadian Standard CSAA23.3 (2004) 
suggests an equation for the bond strength prediction which 
is similar to the ACI one. In 2000, Esfahani suggested an 

equation for the ductility criteria of spliced high strength 
concrete members subjected to monotonic loading as 
previous equations are applicable to normal concrete.
Esfahani and Kianoush (2005) investigated the effect of 
web reinforcement quantity or ratio continuously provided 
along the spliced bars on the flexural member ductility. 

They concluded that the bond strength and ductility are 
increased with increasing web reinforcement quantity. But 
the increase in the splice length (ld), does not affect the 
bond of spliced bars for high strength members.

Allam (2013) investigated the external strengthening of 

flexural members having short lap splice length for flexural 

tensile bars. Six members with identical dimensions and 

steel ratio were used in the laboratory specimens. Two 

reference members were tested. The first member was 

Behavior of tension lap spliced sustainable concrete flexural members
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Abstract.  The use of spliced reinforcing bars in sustainable concrete members to manage inadequate bars length is a common 

practical issue which is may be due to some limitations. The lap splicing means two bars overlapped in parallel with specified 

length called the splice length in order to provide the required bond between the two bars. The bond between sustainable 

concrete and spliced steel bars is another important issue. The normal strength sustainable concrete specimens of sizes 

1700×150×150 mm with tension reinforcement lap spliced were selected according to testing device length limitations. These 

members were designed to fail in flexure in order to investigate the lap spliced tension bars effect. The selected lap spliced 

tension bars were of 10 mm size with smooth and deformed surfaces in order to investigate the surface nature accompanied with 

the splice nature. The sustainable concrete mechanical properties and mix workability were also studied. This study reveals that 

the effect of number of spliced bars on the response of beams reinforced with smooth bars is found to be more obvious than 

deformed one. Finite element modeling in three dimensions was carried out for the tested beams using ABAQUS software. A 

parametric study is carried out using finite elements on considering the following parameters, concrete compressive strength, 

load type and opening in cross section (hollow section) for weight reduction purposes.The laboratory and numerical results show 

good agreements in terms of ultimate load and deflection with an average difference of 10% and 15% in ultimate load and 

deflection respectively.

Keywords:  sustainable concrete; beams; experimental test; finite element analysis; lap-spliced
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Abstract. This research studied the problem of varying depth and varying elastic properties along 

flexural member lengths subjected to generalised loading, with such members considered to be 

nonhomogeneous and non-prismatic. The differential equation for classical thin beams was thus 

derived and the finite differences used in solving this equation. Fortran programs were written to solve 

the problem in finite differences, and three-dimensional elements were used to simulate or model the 

beams in finite element ABAQUS software. A parametric study of the influence of beam width, depth, 

load nature, and boundary conditions on deformations and internal forces was thus accomplished. The 

maximum variation in deformations seen between this study and previous studies was 8%. The 

deflection of the non-prismatic beam was reduced by 31% when the ratio of the beam moment of 

inertia at different sections increased by up to three times, while, the moment capacity and the right 

end support shear capacity were increased by 78% and 50%, respectively. 

 

 

1. Introduction 
Non-prismatic members are used in cases that require reduced weight and additional section 

efficiency. Non-prismatic beams are thus used in various building structures and bridges,  with  

applications increasing depending on structural engineering technique improvement. Such members 

may include hybrid materials along their lengths, and in such cases the members are assumed to be 

nonhomogeneous. 

 Eisenberger [1] derived the exact stiffness matrix for the non-prismatic beam in 1985 and solved 

various examples for beams with different loading and end conditions. In 1995 Al-Gahthi and Khan 

[2] derived the exact  solution for non-prismatic flexural members with cross sections with linear and 

parabolic profiles. The obtained solution was derived in terms of the beam section variables and 

properties with different end conditions. Further research was then done to obtain the stiffness matrix 

for the non-prismatic beam element, based on direct integration of the governing differential equations 

by researchers such as Tena-Colunga [3] in 1996.  

 The issue of obtaining a closed form solution for members such as beams with variable sections 

along their span was investigated by Yavari et al. [4,5] and Yavari and Sarkani [6]. The Maculay 

theory has been used by Yavari et al. [5] in 2001 to simulate the singularities in the obtained solutions 

for both deep and thin beams, for example.  

 Biondi and Caddemi, [7] investigated the integration problem of the constant or uniform cross 

section Euler-Bernoulli beam governed by equations with discontinuities in 2005. The discontinuities 

in beams were simulated as bending stiffness singularities by using superimposition of compatible 

formulas onto a constant one-dimensional domain. 
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Abstract. The engineering properties inspection of green concrete resulted from using 

Metakaolin to replace cement and crushed tiles as waste coarse aggregates is the main aim in 

this work study. Different concrete mixtures were prepared in order to obtain 30 MPa target 

strength for concrete in compression. The crushed tile as waste aggregates is used to substitute 

crushed gravel as natural aggregate with ratios of 0 to 100% in the concrete mixtures and the 

mixture properties were inspected. It is revealed that employing Metakaolin in the replacement 

of cement and crushed tile to substitute a ratio of crushed gravel affects all concrete properties 

such as; elastic modulus, tensile strength, and compressive strength. The difference relies on the 

percentages of Metakaolin and aggregate substituted. The optimum percentages for both 

Metakaolin and waste aggregate were found to be 20% and 25% respectively which can be used 

to produce green concrete with acceptable properties and solve a very important environmental 

problem. The ACI 318 code equations for estimating the spilt cylinder and modulus of elasticity 

are used and it is revealed that these equations give overestimated values for green concrete 

having waste aggregate with percentage exceeding 25%.  

1. Introduction 
Concrete is a structural material utilized in the construction of many buildings and infrastructure [1]. 

The used waste material in the production of concrete may be engaged through cement or aggregate 

replacement, filler material or strengthening fibres. Cement as a construction material is considered to 

be a pollutant to our environment because of its production cycle. The waste material can have 

environmental advantages though using it to replace coarse or fine aggregate or to replace cement [2, 

3]. Due to the large consumption of cement in construction projects in Iraq, the reduction in cement 

quantities used in concrete mixes is very important case. From the standpoint of lowering cement, there 

are many benefits attached to utilize waste or recycled materials as pozzolans. Concrete made from 

waste materials that are environmentally friendly and having lower cement content is called as “Green 

concrete”.  Green concrete is a sustainable concrete used in the construction of many structures due to 

lower required maintenance, higher energy saving and lower CO2 emissions. In the year 1998, this 

concrete was made first in Denmark by Dr.WG [2,4].Old concrete building wastes, glass wastes, 

recycled materials, crushed brick, and tiles can be used in concrete as waste aggregate. The purpose of 

green concrete is to lower the atmosphere pollution as a result of cement production which is used in 

concrete. And also, to remove environmental wastes through the reuse of waste materials. 

The literature on green concrete focused on the investigations of aggregate replacement and cement 

replacement. Meyer and Baxter (1997, 1998), investigated the concrete production containing glass 

aggregate and Metakaolin. The studies revealed that the weight and compressive strength are reduced 

with mounting the amount of waste aggregate in the mix due to reduced adhesion with it which is maybe 
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Under Monotonic load 

Basma W. Jasim1 and Adel A. Al-Azzawi1 

1Al Nahrain University, Baghdad, Iraq 
 

Abstract. This study illustrates the numerical investigations of the performance of steel fiber 
reinforced concrete tapered deep beams under static loading nature. Three simply supported 
specimens (two tapered members and the last is prismatic one) were selected from the experimental 
work of previous study carried by the authors. The selected specimens included a member having 
steel fiber and without vertical and horizontal reinforcement and another member having steel 
fibers without horizontal reinforcement. The third selected specimen having vertical and horizontal 
reinforcement and excluding steel fibers. On the other hand three other parametric studies were 
adopted using the FEA. Finite element analysis software (ABAQUS) investigate the effect of steel 
fiber ratio, a/d ratio and type of loading. On the other hand, three other parametric studies are 
adopted using finite element analysis (FEA). ABAQUS software was used to investigate the effect 
of steel fiber ratio, a/d ratio and type of loading. 

1. Introduction 
Tapered  beams has been arisen in the first half  of  the 20th century, these type of beams are often used in 
continuous  and simply supported bridges in midrise Buildings, continuous bridges and metro train pier 
cap.  The American Concrete Institute AC1318M-11 [1] does not include specifications for tapered deep 
beams.  Three simply supported steel fiber reinforced concrete tapered deep beams tested earlier by the 
authors of this study [2] were modelled using nonlinear finite elements. A model considering the plastic 
damage in concrete developed earlier by BS EN 1992-1-1:2004 ((BS) 2004) was considered [3]. The 
stress -strain relationship for concrete in (tension) was assumed to consist of a linear ascending section 
with slope equal to the modulus of elasticity of concrete (E) and exponential descending part [4].To ensure 
the simulation compatibility against experimental data, additional components is to be adopted to simulate 
reinforced concrete. For example, the steel reinforcement bar response represented by the Bauschinger 
effect which is used in the modelling, the reinforcing bars exhibit an elastic-plastic bilinear kinematic 
hardening model. The selected model adequately accounts for the Bauschinger effect. The Menegotto-
Pinto [5] model was used to simulate the steel response. Validation of the simulation models will be made 
and a comparison of results against the experimental results is carried out. Numerical parametric studies 
will be adopted to investigate the effect of variations in compressive strength, steel fiber content and a/d 
ratio. 

2. Description of the Previous Experimental Study 
The dimensions, loads and boundary conditions of the specimens that were tested in the experimental 
program carried by the authors [2] were also used for the finite element models [Figure (1)]. All the 
specimens have a total length L = 1100 mm. The effective span for all specimens was L = 900 mm and the 
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Abstract 

Rigid pavement is a type of pavement structure that is made of cement concrete. It is designed to 

provide a strong surface for transportation infrastructure, including roads, highways, airports, 

and industrial facilities. Rigid pavements are known for their ability to distribute loads from 

vehicles and other sources of weight evenly across the surface, which helps to prevent cracking 

and deformation. 

Rigid pavements are commonly used in areas with heavy traffic, where the surface must be able 

to withstand heavy loads and frequent use. They also require minimal maintenance over their 

lifespan, making them a cost-effective option for transportation infrastructure. 

This paper looks at how tandem axle (160 KN) and tridem axle (240 KN) are affected on a 

double rigid pavement tied together with dowel bars. This is done after the slab thickness has 

been determined based on the properties of the concrete mixture and the subgrade.   

As a result of the study, it can be concluded that when the compressive strength of the pavement 

slab increases from 30 to 35 MPa, the thickness of the rigid pavement slab decreases by (15 mm) 

when all other design factors remain constant. Also, there was an increase of 35 % in the rigid 

pavement slab deflection when the axle load went from tandem to tridem. The stress increased 

by 36% and 37% for 30 MPa and 35 MPa concrete slab strengths when the axle load was 

changed from tandem to tridem axles, respectively. Also, if the compressive strength is increased 

from 30 to 35 MPa, the stress rises by 10% and 11% for tandem and tridem axles, respectively.   

 

Keywords: Subgrade soil, Soil Properties, Concrete properties, Concrete, Rigid Pavements. 
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Abstract. The building industry relies heavily on concrete as a building material. Because of its valuable qualities, it is 

considered an essential raw material. Cement is the most crucial ingredient in making concrete, but it also produces a lot 

of greenhouse gases throughout the manufacturing process. Mineral additive materials like Zeolite can replace some 

virgin cement to reduce carbon dioxide emissions. By filling the pores and decreasing the concrete's porosity and 

permeability, these materials increase the concrete's durability and strength without negatively impacting the concrete's 

other desirable properties. This article aimed to provide a comprehensive overview of natural Zeolite's construction 

applications. The structural, types, chemical, and physical properties of natural zeolites were investigated, as well as their 

use in concrete production as pozzolans, durability enhancement materials, and energy applications materials. By 

critically analyzing previous researchers, this study aims to understand better how adding zeolites affects concrete's 

strength and durability. The research presents an experimental study utilizing Jordanian natural Zeolite with cement 

replacement percentages of 5%, 10%, and 15%, with the outcomes compared against reference concrete. The study 

findings demonstrate significant enhancements in compressive strength due to the inclusion of Jordanian natural Zeolite. 

Specifically, it manifested notable increases of 100.7%, 117%, and 56% for replacement percentages of 5%, 10%, and 

15% over a 7-day curing period, and 14%, 20%, and 5% over a 28-day duration, when contrasted with conventional 

concrete formulations. Moreover, the inclusion of Zeolite engendered a notable reduction in water absorption, exhibiting 

decreases of 50%, 55%, and 60% compared to the reference concrete mix. 

Keywords. mechanistic features, durable qualities, Pure Zeolite from Jordan, the concrete. 
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Abstract. Efficient supplementary materials flourish the structural performance and 
sustainability of reinforced concrete structures. Steel fiber is one of these materials that have
significant influence on enhancing tensile and flexural strengths and ductility of high strength 
reinforced concrete columns. This paper presents a review study on the structural performance 
of steel fiber reinforced concrete columns. The studied case was related to the columns that
subjected to concentric or eccentric compression loads or combined compression loads and 
cyclic lateral loads. The current survey is divided into two branches; the first is related to fibreless 
HSC columns, while the other is specialized by SFRHSC ones. In addition to the prime actuator 
(steel fiber content), the investigated parameters were included concrete strength, transverse 
reinforcement properties, and axial load ratio. The results of this investigation showed that the 
positive influence of adding steel fiber on improving the flexural strength, fatigue life and 
resistance, delaying spalling failure of the exterior concrete shell and outward buckling of the 
longitudinal steel reinforcing bars. The optimum volume fraction of steel fiber used is 0.5% to 

Keywords: Steel-fiber reinforced concrete, fibreless concrete columns, high strength concrete 
reinforcement, moment resisting columns, cyclic loading on 

columns, concrete columns ductility, concrete compressive strength.

1. Introduction
Till nowadays normal strength concrete is frequently used in columns of low-rise buildings.
Nevertheless, high strength concrete has proved to be indispensable for high rise buildings. Besides,
the high strength concrete has become the optimum choice for columns in bridges and the piled deep 
foundation [1].

In general, high strength concrete surpasses its conventional predecessor; the normal strength 
concrete, in terms of the principal strength respect after hardening (i.e., compression, tension, shear, 
splitting and rupture), in addition to the elasticity modules. The main purpose behind using high 
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1.Introduction 
Reinforced concrete (RC) columns are the main 
structural elements in most infrastructural systems. 
High-strength concrete (HSC) columns have recently 
been used to improve the mechanical and durability 
performances of RC columns. However, a low 
confinement effect was detected [1] and a brittle 
failure of concrete columns was observed [2]. To 
overcome these problems, steel fibers were included 
in a mixture of HSC columns. Much experimental 
research has investigated the influence of the addition 
of steel fiber to HSC columns. Some research works 
have inspected the performance of steel-fiber HSC 
columns under concentric and eccentric compression 
loads [1 6]. 
 
The experimental results concluded the effect of the 
addition of steel fiber on arresting concrete cover 
spalling and increasing the ultimate load and ductility 
of the corresponding columns. 
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The test results showed that the inclusion of steel 
fiber improved the ductility of HSC columns by 
altering the descending portion of the stress-strain 
curves. 
 
As well, the deformability of HSC columns was 
developed by increasing both the strain at peak stress 
and the ultimate compressive strain at failure. The 
positive effect of steel fibers was observed through 
the experimental tests by bridging action across 
microcracks in the concrete mixture which was 
eliminated the cracks and reduced the crack opening 
[7]. Based on that, this study is to examine the 
structural behavior of non-fibered and fiber-
reinforced HSC columns. This paper presents an 
experimental testing of circular medium-scale HSC 
columns under concentric compressive loading. 
 
As the concrete cover spalling is observed for the 

is confined by internal transverse reinforcement, the 
idea of this work is to include the steel fibers on the 
outer shell of HSC columns. Therefore, the 
experimental work included some columns with steel 
fibers provided on the outer shell of RC columns 

Research Article 

Abstract  
The inclusion of steel fibers has been widely used in column members due to its effectiveness in enhancing strength, 
ductility, and delaying concrete cover spalling failure. Reinforced concrete columns are recently included steel fibers to 
enhance their structural performance and control the strain in concrete. In this study, partially-fibered and fully-fibered 
high-strength concrete (HSC) columns were investigated and compared to non-fibered HSC columns. The partially-
fibered columns were examined here to eliminate the extra use of steel fibers through the confined core of the columns. 

internal reinforcement details. The columns were tested under concentric axial loads. The results were analyzed in terms 
of improvement in the ultimate load, displacement ductility, and energy absorption. The test results determined the impact 
of using steel fibers in enhancing the axial ultimate load capacities of HSC columns between 14% to 80% of that in non-
fibered columns and controlling the concrete cover spalling failure. As well, the test results showed that the increase in 
steel fiber content improved both the ductility displacement index by 29% to 66% of that in the non-fibered column and 
the energy absorption index by 1.5 to 3.2 of that in the non-fibered column. 
 

Keywords 
Steel fiber, High-strength concrete, Columns, Axial compression, Ultimate load, Failure. 



 
 

  

 

Numerical Study on Flexural Behavior of Concrete Beams Strengthened with Fiber 
Reinforced Cementitious Matrix Considering Different Concrete Compressive Strength 
and Steel Reinforcement Ratio 

 

  
 

 

 

Concrete structures retrofitted with fiber reinforced cementitious matrix (FRCM) have become 
widespread due to their mechanical and durability performances. However, the behavior of FRCM -
strengthened RC members under service loads is still a concern, and more efforts need to be done. In 
this study, a nonlinear three-dimensional finite element (FE) model has been developed to study the 
performance of reinforced concrete (RC) beams strengthened by (FRCM).  The model was validated 
against the experimental results gathered from six beams tested under three-points bending. 
Consequently, the primary numerically studied parameters were longitudinal steel reinforcement ratio 
and concrete compressive strength. A cohesive damage parameters were investigated to represent the 
experimental results. Also, the theoretical flexural capacity of strengthened beams based on ACI-549.4R 
code was evaluated based on the numerical method results. As a conclusion, the numerical results are in 
a very good agreement with the experimental ones regarding yielding load, ultimate load, and failure 
mode. In addition, the developed models from parametric studies concluded the insignificant effect of 
concrete compressive strength on increasing the ultimate capacity of strengthened beam. However, the 
steel reinforcement ratio has a major impact on enhancing the ultimate capacity of strengthened beams.  

 

 
 Concrete modulu of elasticity  Nominal flexural strength at  section 

 Specified compressive strength of concret  Steel flexural strength at  section 
 Conceret tensile strength  Extreme fiber concret compressive stress 
 Fiber flexural strength at  section  Extreme fiber concret compressive strain 

During the last decade, FRCM composite material was 
developed with almost the same advantages of FRP 
strengthening technique such as high strength to weight 
ratio, corrosion resistant, and ease of implementation in 
addition to that to overcome some of the FRP drawbacks 
specially those related to fire resistance or installing on 
wet surfaces issue [1-2]. The other physical benefits of 
FRCM strengthening system are good reversibility and 
good vapor permeability in addition to consider the 

 

*Corresponding Author Institutional Email:  (Z. R. 
Aljazaeri) 

matrices not toxic material like the epoxy that utlized in 
FRPs technique [3-5].  

On behalf of that, many experimental studies have 
been investigated the structural and durability 
performances of FRCM material as a strengthening or a 
repairing system for infrastructural members and 
compared with structures strengthened with FRP. The 
experimental works concluded the effectiveness of the 
FRCM material in increasing the ultimate flexural or 
shear loads of reinforced concrete (RC) beams/slabs and 
masonry walls (references of different aspects)[6-10]. 
Also, the FRCM material was used to improve the 
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a b s t r a c t

Tensile related cracking for asphalt mixtures is one of the major distresses for asphaltic pavements. Many
of the pavements distortions were a straight and non-straight wards results for heterogeneity of values of
the stiffness in the local produced hot asphalt mixes. This research concentrates on constructing an arti-
ficial neural network (ANN) to define the influence of natures and dosages of the additives, temperature,
and time of loading on the stiffness. This study provides an (ANN) model to estimate the stiffness of hot
mix asphalt (HMA). The analysis was showed that a good relationship there is a good representation
between the actual and predicted values with a coefficient of determination of 88.6%.
� 2021 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the 3rd International Con-
ference on Materials Engineering & Science.

1. Introduction

Finding tensile strength is the most prominent obstacle facing
the design process for asphalt roads [1]. Estimation of the charac-
teristics of the materials used in the production of local asphalt
mixtures is important for predicting the future behavior of the
asphalt pavement. Therefore, there is an urgent need to find a test-
ing method that gives a comprehensive impression of the total
studied samples, and since the aseptic samples are large and diffi-
cult to deal with in terms of treatment and configuration, as well as
the variation that may occur in the data results, it became very
important to consider that a careful testing methodology is chosen
that takes into account all the considerations that mentioned.
Therefore, this study and previous studies that accomplished were
used by many researchers to choose the Bending Beam Rheometer
(BBR) test that used to test the samples asphalt binder as a reliable
alternative for testing asphalt mixtures according to AASHTO T313/
ASTM D6648 [2–5].

This study aims to present a specific analysis technique that
needed to construct a statically model that may describe an engi-
neering phenomenon with its random variables like flexural stiff-
ness. Artificial neural network (ANN) approaches used to assess
the stiffness of HMA, and present the asphalt stiffness in correla-
tion with various considerations. ANN considered one of the most

important branched in artificial inelegance with higher accuracy
than traditional modelling methods [6,7].

Recently, numerous researches have been used the effective
approach by utilizing the ANN techniques to comprehended com-
plications that may be facing pavement engineering [8,9]. ANN
techniques widely been the most usually used artificial intelligence
(AI) methods in transportation fields since the latter’s inception in
the last four decades [10]. ANN has been broadly utilized to expect
compound parameters in various topics in different engineering
applications. Moreover it broadly professionally utilized in the
pavements field for data prediction which is challenging for
records acquirement without extensive investigates otherwise
models development [11,12]. The deflections data assembled from
the falling-weight shaft for the BBR have usefulness to evaluation
the mixtures modulus (i.e. the creep stiffness) by training a simple
NN as has previous research done. This work is considered a nov-
elwork because of its use of a testing method could be adopted
by such transportation agency and the correlation of the experme-
ntal results obtained from the BBR with artificial intelligence.

2. The adopted materials and testing procedure

In this research, and corresponding to the Iraq specification
(SCRB), two aggregate gradation were taking on to fabricate a
Superpave gyratory compactor (SGC) specimens as revealed in
Fig. 1, denoted as coarse mixtures and fine mixtures. The asphalt
cement used was brought from Al-Dowrah refinery with penetra-

https://doi.org/10.1016/j.matpr.2020.12.583
2214-7853/� 2021 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the 3rd International Conference on Materials Engineering & Science.

⇑ Corresponding author.
E-mail address: mohammed.assi@ced.nahrainuniv.edu.iq (M.A. Abed).

Materials Today: Proceedings xxx (xxxx) xxx

Contents lists available at ScienceDirect

Materials Today: Proceedings

journal homepage: www.elsevier .com/locate /matpr

Please cite this article as: M.A. Abed, Zahir Noori M. Taki and A.H. Abed, Artificial neural network modeling of the modified hot mix asphalt stiffness using
Bending Beam Rheometer, Materials Today: Proceedings, https://doi.org/10.1016/j.matpr.2020.12.583





























 

 



 

 

 

 



 

 

 



Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

2nd International Conference for Civil Engineering Science (ICCES 2021)
Journal of Physics: Conference Series 1895 (2021) 012050

IOP Publishing
doi:10.1088/1742-6596/1895/1/012050

1

 

A state of the art review of fiberless and steel fiber reinforced 

high strength concrete columns behavior under various 

loadings 

Hussein K Al-Qabbani1, Zena R Aljazaeri2 and Laith K Al-Hadithy3 

1 Graduated Student, Department of Civil Engineering, Al-Nahrain University, Baghdad, Iraq.  

Hussein.qabbani@gmail.com 
2 Structural Engineering, Faculty Member, Department of Civil Engineering, Al-Nahrain 

University, Baghdad, Iraq. 

zracnb@mst.edu 
3 Structural Engineering, Faculty Member, Department of Civil Engineering, Al-Nahrain 

University, Baghdad, Iraq. 

Laith.al-hadithy@eng.nahrainuniv.edu 

 

Abstract. Efficient supplementary materials flourish the structural performance and 

sustainability of reinforced concrete structures. Steel fiber is one of these materials that have 

significant influence on enhancing tensile and flexural strengths and ductility of high strength 

reinforced concrete columns. This paper presents a review study on the structural performance 

of steel fiber reinforced concrete columns. The studied case was related to the columns that 

subjected to concentric or eccentric compression loads or combined compression loads and 

cyclic lateral loads. The current survey is divided into two branches; the first is related to fibreless 

HSC columns, while the other is specialized by SFRHSC ones. In addition to the prime actuator 

(steel fiber content), the investigated parameters were included concrete strength, transverse 

reinforcement properties, and axial load ratio. The results of this investigation showed that the 

positive influence of adding steel fiber on improving the flexural strength, fatigue life and 

resistance, delaying spalling failure of the exterior concrete shell and outward buckling of the 

longitudinal steel reinforcing bars. The optimum volume fraction of steel fiber used is 0.5% to 

2% (by weight) and when 2% of steel fibers are introduced into the concrete mix, the columns’ 

cover didn’t spall away. 

Keywords: Steel-fiber reinforced concrete, fibreless concrete columns, high strength concrete 

columns, columns’ transvers reinforcement, moment resisting columns, cyclic loading on 

columns, concrete columns ductility, concrete compressive strength. 

 

1. Introduction 

Till nowadays normal strength concrete is frequently used in columns of low-rise buildings. 

Nevertheless, high strength concrete has proved to be indispensable for high rise buildings. Besides, 

the high strength concrete has become the optimum choice for columns in bridges and the piled deep 

foundation [1]. 

In general, high strength concrete surpasses its conventional predecessor; the normal strength 

concrete, in terms of the principal strength respect after hardening (i.e., compression, tension, shear, 

splitting and rupture), in addition to the elasticity modules. The main purpose behind using high 
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Abstract. Folded plates have attracted profound interest in recent years because of their 

economic advantages and architectural appearance. In particular, their basic structural response 

is indeed logical enough, explicit and simple although its required numerical computation 

procedure is, in a little bit, boring. This type of structures have gained increasing popularity 

and offers more advantages than more complex structures, such as cylindrical shells, arches 

and right folded plate frames. Similarly, the thin-walled cellular bridge decks can be treated as 

a multi-folded plates structure. This study produces an overall review of the historical 

development of the most popular methods utilized for analysis the folded plate structures 

which are offered with their applications and how these methods are developed gradually. Four 

common methods are chosen in this paper to show their highlights of references particularizing 

in analysis of the above mentioned types of structure; the folded plate elasticity method 

(FPEM), finite element method (FEM), finite strip method (FSM) and spline finite strip 

method (SFSM). This investigation covers the elastic behavior, and the experimental 

researches on the elastic reaction of folded plate structures. 

 

1. Introduction 

Folded plates, as a structural shape, first appeared fortuitously in central Europe in about 1929 and the 

first design method of the folded plate was published in 1930 by G. Ehlers and H. Craemer [1]. Then it 

was brought to the United States of America immediately after the second world war where it quickly 

became commonplace and was admitted as a new style of construction due to its capability of erection, 

confirmed implementation and its structural clearness in both analysis and design. Due to the increase 

in the use of computer programs in recent years and the great development of those programs and their 

diversity, which performs structural analysis of various types of buildings and engineering structures, 

It has become necessary for the engineer to choose the appropriate program for the structure to be 

analyzed so as to ensure accurate results in a less time and cost in addition to facilitating the input data 

and the identification of outgoing data so clearly that the designer can sense that data and know to 

what extent it is logical and true to reality. 

2. Definition of Folded Plate Structures 

Folded plates are flat plate assemblies connected together rigidly over their edges in a manner that the 

structural system is able of holding loads without the need for extra supporting beams along ridge 

edges. Some of them have constant thicknesses and the other ones have variable thicknesses according 

to the nature of the structure and the applied loads as shown in figure1. The application of folded 
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1- Introduction 

The development of appropriate assessment, analysis, and retrofit methodologies for masonry buildings in seismic zones has 

sparked considerable attention due to its vulnerability to collapse during the earthquake. Unreinforced masonry structures 

represent a considerable percentage of existing structures all around the world, and in order to avoid life safety hazards and 

property damage, these structures must be assessed and strengthened by structural engineers.  

The fracture of mortar joints, as well as the cracking and crushing of masonry units, play a substantial role in the failure of 

unreinforced masonry buildings subjected to lateral loads by Kelly 2010. 

Many of these constructions are constructed in seismically active locations. However, in order to design, repair, and retrofit 

these structures. Which has been an engineering concern for many decades. It is necessary to be able to assess their lateral 

load-carrying capability and ductility by Lotfi and Benson ASCE. The large number and variety of these buildings as well 

as the nature of masonry and the way in which its assembly was done makes it even harder for researchers to deal with it.  

The paper is divided into seven sections according to the collected studies and their objectives. 

 

2- Studying the horizontal bending of unreinforced clay brick masonry:  

2.1- C.R. Willis, M.C. Griffith
 
and S.J. Lawrence (2004), studied the behavior of unreinforced brick masonry (URM) sections 

when subjected to horizontal bending. They developed a mathematical model to predict the first crack as well as ultimate and post-

ultimate strengths. Firstly, they establish their models’ accuracies by comparing them to the data from the conducted experiments. 

Their resulting expressions represented a major improvement over the current expressions for being dimensionally correct as well 

as explicitly accounting for unit strength, mortar and the contribution of shear strength from compressive stress and friction to bed 

joint. Additionally, they found that the perception gained into the overall behavior of the bed joints when undergo torsion also the 

flexural mechanisms of perpend joints as well as brick units may as well be used in the analysis of the walls that subjected to two-

way bending, in which the same mechanisms, combined with perpend joint torsion and bed joint flexure, contribute to the overall 

behavior of the wall. With reference to fig. 2-2 they explained that in pure horizontal flexural actions, where the walls undergo a 

horizontal bending, two main failure scenarios are possible, that depends on the relative strengths of the constituents of the masonry 

assemblage.  

Which is referred to as stepped and line failures as shown in fig.2-1. For those walls where the strength of the mortar bond is 

relatively stronger than the brick unit strength, vertical crack through the brick units and perpend joints will tend to occur which is 

referred to as line failure, as compared to stepped failure in which the propagation of a crack starts at perpend joint and then along 

half a bed joint. 

in practice, and because of the material variability (brick units, mortar, and their bond) the mode of failure will be 

combination where all three mechanisms involved. 

 

Figure 2-1: Crack patterns (a) Line crack (b) stepped crack [Willis et al., 2004] 
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Abstract. The prime objective of this research is to investigate and evaluate the profound enhancement in performance of 
modified push-out segments, simulating the steel-concrete-steel sandwich construction, when the two ends each through 
depth stud are welded as a replacement of threaded-tightened technique. Three push-out segments each comprising a 
concrete slab sandwiched between two steel tubes and interconnected by stud along the whole thickness of the concrete slab 
and welded to both steel tubes, were examined to be more compatible than the  standard test in representing the double-skin 
beams. The segments were tested under the effects of changing the shear connectors cross-sectional areas, and the ultimate 
shear resistance, associated slip, shear stiffness, and the energy absorbability were determined. Afterward, a comparison in 
the upto failure performance  and values of the three specified mechanical properties is made, from which the privilege of 
the welding technique of the two stud ends, over the competitive threaded-tightened technique has been verified.  

INTRODUCTION  

General Statement and Review 

Double skin composite (DSC) construction or Steel-concrete-steel sandwich (SCSS) construction is a quite new 
and innovative system of construction, consisting of plain concrete layer sandwiched between two steel plates and 
interconnected by divers types of shear connectors. The system is used in submerged tube tunnels, nuclear structures, 
bridge decks, gas and liquid containment structures, offshore and onshore structures, shear walls in buildings, and 
military shelters. The actual benefits of this system are that the two external steel plates act both as permanent formwork 
and as primary reinforcement, in addition to being impermeable, blast and impact resistant membranes. The full depth 
stud connectors transfer normal and shearing forces between the concrete and steel plates and act as transverse shear 
reinforcement. The major phenomenon of partial interaction between the steel and concrete interfaces is the “relative 
slip” characterized by the shear load versus slip relationship. 

In this study, the behavior of the through-depth two-end welded studs connector will be studied taking into 
consideration the effects of varying the shear connectors cross sectional area. Afterward, a  comparison will be made 
between the behavior of  the trough-depth two-end welded stud shear connectors (adopted in this study) and the 
through-depth threaded studs shear connectors connected to the steel by nuts (conducted by Al-Sa’ady [7],[8]) in 
modified push-out test (POT). 

The early improvements on SCSS constructions were begun in 1999 by  Bowerman et al. [1] who perceived that 
the buildability of the system would be mutated if the connectors are welded to the both steel plate (Bi-steel plate). 
Eventually, they published design recommendations. Clubley and Xiao [2] in 1999 also, discussed the shear strength 
and deformation capacity of the Bi-Steel unit subjected to push out loading. They conducted a numerical modelling of 
the Bi-steel panels, proposed a preliminary design formula for Bi-steel plate shear strength, and concluded that Bi-
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Effects of Internal Embedded Composite Steel 
Frame on Reinforced Concrete Walls Behavior 
Seismically Excited out-of-Plane, Experimental 

Study 
F. Y. Al-Ghalibi, and Laith K. Al-Hadithy 

Abstract—  In the modern era, especially after middle of 19th century, the utility of concrete walls became widespread as a type of structural engineer-

ing applications. Various wall types and many construction methods involve building construction. Generally, structural walls can be classified according 
to load sources and directions. Building behavior can be improved with many engineering advantages that achieved using reinforced concrete walls as 
structural elements. Reinforced concrete walls increase the building stiffness, strength, ductility, seismic energy dissipation, plastic collapse resistance, 
and minimize seismic risk by changing the building failure mode. The current investigation deals, experimentally, with the nonlinear dynamic response of 
reinforced concrete walls including opening effects and role of internal embedded steel frame. 

Eight flanged-section framing wall prototypes was experimentally subjected to seismic excitations to prepare a comparative study of composite 
embedded steel frame influence and opening effects. Experimental results showed that using internal embedded steel frame significantly improved the 
performance of reinforced concrete walls, for example the displacements of composite walls decreased by an average of 15.85% as compared with non-
composite reinforced concrete walls, the velocities decreased by an average of 32.87%, the acceleration dropped by an average of 56.09%, and the 
concrete strain dwindled by an average of 50.88%. Also, the study introduced the effects of wall openings by percent increasing of the displacement of 
52.44% if the wall contains an opening in the first story, while the percent increase of 60.92% if the wall contains an opening in the second story, and the 
percent increase will be 62.63% if the wall contains an opening in the first and the second story.

Key words— Embedded steel frame, seismic excitation, reinforced concrete walls, out-of-plane excitation, opening effects. 

——————————      —————————— 

1 INTRODUCTION

Every year, building structures around the world are frequent-
ly hit by earthquakes causing several damages which may be 
loaded to collapse. The dynamic load can be defined as a load 
that its value varies with time. Therefore, the loads, displace-
ments, and many other parameters can be represented math-
ematically as functions with time. The study of structural re-
sponses resulting from these dynamic forces is called structure 
dynamics. When the loads are applied in a very slow manner, 
the forces are considered static and independent on time. The 
loads are considered cyclic when applied with high frequency, 
whereas they are considered repeated loads when applied 
with low frequency. 

The earthquake releases an energy which is generated 
by a sudden and random movement of earth segments (plate 
tectonics). The energy is released because of ground vibration 
whose amplitude is reduced with rupture distance. In addi-
tion, the earth vibration generates large random inertia forces 
that should be carried by the structural components safely.  

Generally, the collapsed seismic force level depends 
on the nature of the region where the construction is to 
be built. 

———————————————
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 Structure geographic location plays a major role in 
seismic analysis and design of structures since the global 
seismicity is influenced by the earthquake hypocenter and 
plate tectonics nature. 

An earthquake occurs if earth tectonic plate shifts and 
the mass of earth materials move with plates undergo inter-
face stresses. The aim of the seismic design is to ensure that 
the structural elements are adequate to resist the released dy-
namic forces and to keep the structure to certain damage near 
the collapse. Depending on such failure criteria, the structure 
seismic designer can keep the people who occupy the dam-
aged structure in a safe state. The engineering solution 
to reduce the lateral vibration is by providing viscous damp-
ers installed under the structural elements. Such devices ab-
sorb ground vibrations and minimize the earthquake-released 
energy. Another active way to absorb earthquake energy is to 
attach tuned mass dampers which disperse the released ener-
gy direction away from the structure energy, and the effects of 
damper mass motion will render structure risk motion a vani-
ty. 

The composite walls can be constructed using several 
methods which can be listed as follows: 
1- Composite walls with fully embedded steel sections. 
2- Composite walls with partially embedded steel sections. 
3- Composite walls with internal encased bracings. 
4- Composite walls using external steel plates. 
5- Composite walls using FRP sheets. 
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Abstract 

Double skin composite (DSC) construction or Steel/concrete/steel 

sandwich construction (SCSS) is an innovative and relatively new form of 

composite construction that can be used in submerged tube tunnels, 

bridges deck, nuclear structures, liquid and gas containment structures, 

offshore and onshore structures, military shelters, and shear walls in 

buildings. The system consists of a plain concrete core sandwiched 

between two steel plates interconnected together by various types of 

mechanical shear connectors. The DSC construction perceives 

advantages that the external steel plates act as both formwork and 

primary reinforcement, and also as impermeable, blast and impact 

resistant membranes. The major duty of the shear connectors is to 

withstand longitudinal shear force and beam/slab separation, while in the 

bi-steel type where shear connectors are friction welded at both their two 

ends to two parallel steel plates, the longitudinal and transverse shear 

force, as well as plate buckling are resisted. The present paper highlights 

the previous prime researches concerning the subjects of SCSS 

composite construction, specifically on the conducted tests (push-out 

tests, tensile, direct shear tests, and bending tests) in which the 

components of partial interaction (uplift and slip forces) are resisted by 

various types of shear connectors. 

Keywords: Steel-Concrete-Steel, Push-out Test, Double Shear Connectors, Bi-

Steel Plate 

طعل الشد ع الدفع الخارجيطل ل لق  أألأداء الراتب وأأداء الكَل  ثنائية القشرة بأأنواع    وق 

 ورقة عرض  –متباينة من روابط القص  
 ليث خالد الحديث ،  زينب حسام الزهاوي 

 الخلاصة: 

أأحد   SCSSفولاذ  -خرسانة  -ة فولاذ ات الس ندويجي  أأو المش يد   DSCبة ثنائية القشرة دات المرك  تعتبر المش ي  

رضيات أأ  ،لأنفاق الأنبوبيةس تخدام في اة للا  ش  دات المركبة المرل الأنواع المبتكرة والتشكيلات المعاصرة للمش ي  

أألملاجئ   ،ة المحاذية للسواحلت المائي  نشأ  لم أأ  ،الغازات وأأ ت الحاوية للسوائل أألمنشأ   ،أألمنشأ ت النووية، الجسور

اء محشو  نشائية من ل  العالية. تتكون تلك المنظومة الا   دران المقاومة للقص في المبانيوالج ،الحربية ة  باب خرسانية صم 

تلك  روابط قص ميكانيكة متعددة الانواع. تحق ق  بوساطة داخليا   ارتباطا    صفيحتين فولاذيتين مرتبطتين معا  بين

س تثنائية اهمها قيام الصفيحتين المنظومة الا   الفولاذيتين الخارحيتين بوظيفتين اساس يتين احدهما  نشائية المركبة مزايا ا 

ورالحاجز الأصّ  المقاوم  على قيامها بدل  علاوة   ،دائم وهي قالب   يدي ةس والاخرى تشي انشائية وهي التسليح الرئي

ا بخصوص روابط القص  المباشرة. للعصف غير المباشر وللصدمات  نشائية المركبة ثنائية  أألا   في هذه المنظومة -أأم 

ن   - لطبقات الفولاذيةا ضافة الى  ا   -ا ن  فا   لاذيتين القشريتين لذاا تكون ملحومة الطرفين في كلتا الصفيحتين الفوفا 

عممودي مة قوى القص الطولية ومقاومة الانفصال الو قيامها بالوضيفتين الرئيس تين لروابط القص التقليدية وهما مقا

ا تقوم أأيضا  بمقاومة قوى القص  المس تعرضة عل أألاسطح   -بين الفولاذ والخرسانة على امتداد الاسطح البيني ة ن  فا 

سليط الاضواء على الابحاث تقوم المقالة العلمية الحالية بت  نبعاج.فيحتين الفولاذيتين من الا  واس ناد الص البيني ة 
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                       Abstract: Since the turn of the century, numerous articles have been published with analysis of 

semi-rigid connections in steel structures. This paper offers a comprehensive survey of major 

recently published research work dealing with the behaviour of semi-rigid beam-column 

connections under various configurations of fasteners and welding lines under both monotonic 

and cyclic loads. The review has two main respects: the first is the moment versus curvature 

behaviours of semi-rigid steel connections, while the second involves finite element analysis of 

such connections under monotonic and cyclic loads. The main conclusions concerning the 

dynamic behaviours of semi-rigid steel connections emerge with regard to the vital influence of 

beam-column connections on the global seismic performance of steel frame structures. 

Developing semi-rigidity should thus be considered an effective way to achieve the required 

performance. 

 

 

1. Introduction 

       An uncountable number of structures are now made of steel expressing the enormous possibilities that 

this material offers. Some of justifications for the choice of steel to build a structure or its elements, 

include its high strength to volume ratio, its reliability, and its ability to adapt to almost any 

architectural form, offering a wide range of possible applications, these are supported further by the 

availability of a large number of standardised parts.  

Owing to their high ductility and energy dissipation abilities, semi-rigid steel connections have     been 

favoured in recent moment-resisting steel frames exposed to gravitational monotonic loading 

alongside lateral or vertical cyclic excitations. Adequate design of members' end-to-end connections 

is thus required to allow these steel structures to perform well in sustaining such loads. Yet the 

conventional analysis of steel framed structures supposes one of the two well-known idealised 

extremities: the rigid joint or pinned joint hypotheses. However, currently prevalent steel frame 

connections are most likely to display semi-rigid responses, contributing significantly to overall 

member stress distribution. In general, steel structures can be formed from any combinations of  simple 

or composite pieces joined together in a design that adequately resists forces and moments together. 
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Abstract. Composite steel-concrete constructions with demountable (bolted) have the prime 

privilege of the capability to be untied and taken to pieces, furthermore, they remain suitable 

for tying again to assemble efficient composite structures. Long-term behavior and durability 

issues may need replacement of concrete slabs or their parts through maintenance of composite 

bridge decks. It is a complicated procedure and requires a lot of time in case of the popular 

traditional welded head stud. Dismantling and replacement of concrete slabs can be effortless 

by using bolted shear connectors. It is also so important for the sustainability stand point owing 

to remove of the structure at its life time end easily. Construction by using demountable shear 

connectors permits the development of faster erection methods. During casting of the 

reinforced concrete slab bolts can be embedded in it. Then, on site, they are assembled to the 

predrilled top flange of the steel section of the composite member. For certain application, 

composite structures with demountable shear connectors can prove their competition 

economically for their faster erection and lower life cycle costs. The present paper provides a 

comprehensive overview of most recent published research on composite steel-concrete 

systems in which the two partial interaction components (slip and uplift resistances) are 

furnished by demountable shear connectors. It also describes, in detail, properties of the main 

types of shear connection demount abilities innovated so far. 

 

 

 

1. Introduction 

Very limited published work on the behavior of bolted demountable headed stud shear connectors 

has been met in literature in comparison with traditional welded studs shear connectors. Some 

types of demountable shear connectors shown in Figure 1, were investigated in only nine research 

papers [1], [2], [3], [4], [5], [6], [7], [8], [9]. They are classified according to types defined in 

Figure 1, with their high lights and outcomes being presented in chronological order through the 

subsections coming later on.  
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Abstract. In an active procedure to reduce waste glass streams and contribute to recycling, it is proposed to be used in the 

concrete industry. This study presents a method for reusing waste glass as a partial substitute for fine aggregate. A total of 

36 glass concrete cubes (constant in their mix proportions for cement, fine and coarse aggregates) were produced by 

replacing fine aggregate with waste glass in compensating proportions of 0, 5, 10, 15, 20, and 25%. Sizes of the recycled 

glass particles used as fine aggregate varied within its lower/finer (0.3-1.18 mm) range to attain glass-containing mixes, 

maintaining the efficient level of workability suitable for structural concrete in practice. Concrete compressive strength and 

water absorption were obtained by testing the cubes according to British standards. Experimental results showed that the 

compressive strength of glass concrete gradually decreases, at a slight rate, with an increase in the waste glass content. 

Meanwhile, the dry density of glass concrete favorably decreased compared to the control specimens by an average of 1-

10%. Using waste glass in concrete decreased water absorption by 25 %. Furthermore, the appearance of the glass concrete 

has been improved. The study concluded that waste glass could be satisfactorily used as fine aggregate to give the concrete 

acceptable strength characteristics and lowered density without harming its workability, provided that the replacement is 

kept content to particle sizes below 1.18 mm. 

Keywords: Waste glass, construction field, replacement, recycling, compressive strength. 

INTRODUCTION 

In our lives, glass is widely used through manufactured products, including bottles, glassware, and vacuum tubes. 

Glass is a typical material for recycling because of its role in energy saving. The behavior of concrete with waste glass 

was investigated by Gautam et al. [1]. Their experimental results showed that replacing 40% of the fine aggregate 

with waste glass did not change the concrete strength. In an investigation [2], waste glass was partially used to replace 

the cement and fine aggregate in concrete. The fraction of glass powder passing through IS 150 μm sieve was used as 

a partial replacement for cement (5%-25%), while the fraction passing through the size of 4.75 mm sieve was used as 

a partial substitute for fine aggregate by a ratio ranging between 10 and 70%. The investigation results showed that 

the waste glass could be successfully used separately as a partial substitute for cement and fine aggregate. It was also 

concluded [2] that the concrete strength with waste glass was more than that of the conventional reference concrete 

for all examined mixing ratios. In another study [3], different replacing ratios for waste glass were carried out 

experimentally. That work consisted of casting and testing thirty specimens with and without waste glass. The study 

found that the 28-day compressive strength increased to a maximum value at 12% replacement and increased 

workability and decreased water absorption.  

Al-Deen et al. [4] concluded that using waste glass as a partial replacement of sand in different proportions led to 

reductions in compressive strength, unit weight, and the cost of concrete. Because of the lack of incoherence between 

concrete mixture components and glass breakage due to the weak bond between the glass and cement particles. Abdul 

Kadir et al. [5], the cement was replaced by waste glass which reduced the density of concrete and thus produced 
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1.Introduction 
Reinforced concrete (RC) columns are the main 

structural elements in most infrastructural systems. 

High-strength concrete (HSC) columns have recently 

been used to improve the mechanical and durability 

performances of RC columns. However, a low 

confinement effect was detected [1] and a brittle 

failure of concrete columns was observed [2]. To 

overcome these problems, steel fibers were included 

in a mixture of HSC columns. Much experimental 

research has investigated the influence of the addition 

of steel fiber to HSC columns. Some research works 

have inspected the performance of steel-fiber HSC 

columns under concentric and eccentric compression 

loads [1−6]. 

 

The experimental results concluded the effect of the 

addition of steel fiber on arresting concrete cover 

spalling and increasing the ultimate load and ductility 

of the corresponding columns. 
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The test results showed that the inclusion of steel 

fiber improved the ductility of HSC columns by 

altering the descending portion of the stress-strain 

curves. 

 

As well, the deformability of HSC columns was 

developed by increasing both the strain at peak stress 

and the ultimate compressive strain at failure. The 

positive effect of steel fibers was observed through 

the experimental tests by bridging action across 

microcracks in the concrete mixture which was 

eliminated the cracks and reduced the crack opening 

[7]. Based on that, this study is to examine the 

structural behavior of non-fibered and fiber-

reinforced HSC columns. This paper presents an 

experimental testing of circular medium-scale HSC 

columns under concentric compressive loading. 

 

As the concrete cover spalling is observed for the 

outer columns’ shell where the inside columns’ core 

is confined by internal transverse reinforcement, the 

idea of this work is to include the steel fibers on the 

outer shell of HSC columns. Therefore, the 

experimental work included some columns with steel 

fibers provided on the outer shell of RC columns 

Research Article 

Abstract  
The inclusion of steel fibers has been widely used in column members due to its effectiveness in enhancing strength, 

ductility, and delaying concrete cover spalling failure. Reinforced concrete columns are recently included steel fibers to 

enhance their structural performance and control the strain in concrete. In this study, partially-fibered and fully-fibered 

high-strength concrete (HSC) columns were investigated and compared to non-fibered HSC columns. The partially-

fibered columns were examined here to eliminate the extra use of steel fibers through the confined core of the columns. 

The experimental work included different study parameters: percentage of steel fiber content, columns’ length, and 

internal reinforcement details. The columns were tested under concentric axial loads. The results were analyzed in terms 

of improvement in the ultimate load, displacement ductility, and energy absorption. The test results determined the impact 

of using steel fibers in enhancing the axial ultimate load capacities of HSC columns between 14% to 80% of that in non-

fibered columns and controlling the concrete cover spalling failure. As well, the test results showed that the increase in 

steel fiber content improved both the ductility displacement index by 29% to 66% of that in the non-fibered column and 

the energy absorption index by 1.5 to 3.2 of that in the non-fibered column. 

 

Keywords 
Steel fiber, High-strength concrete, Columns, Axial compression, Ultimate load, Failure. 
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1 Introduction 

 
Of the most important issues that have been attracting great attention worldwide, are the 

strengthening, retrofitting, durability, and maintains of structures. Reinforced concrete (RC) structures 
frequently need to be strengthened or repaired because of various factors such as changing usage, 
adhering to outdated norms when designing the structure, altering design principles when designing a 
structure's capacity, aging or deteriorating materials caused by environmental factors, construction 
errors, or material damage from excessive loading [1]. The trend of extending the service life of existing 
structures has also been influenced by the decrease in government funding for new construction [2]. 
The absence of preventative measures like preventive maintenance along with regular inspections 
actually made the problem worse and created a need for strengthening, restoration, and maybe 
complete demolition of the damaged building. In the previous decades, strengthening and retrofitting of 
reinforced concrete construction was almost based on utilizing carbon fiber reinforced polymer owing to 
two considerable advantages; its simple application and low weight. However, their extremely 
unfavourite brittle failure has made the benefiting from the polymer tensile properties impracticable [3,4]. 
Furthermore, the debonding phenomenon (between CFRP laminates and the attaching concrete 
surfaces) represents a dangerous mode of failure anticipating collapse caused by Sudden breaking 
down of the force transfer mechanism [5]. 

Researchers like (Vladimir et. al.) thought about high-performance concrete as an alternative to 
strengthening because of its typical properties, such as high resistance, tensile strength, and fire 
resistance, and they were able to obtain good results [6–11]. Where flexural capacity of RC beams can 
be increased by using externally bonded HPFRCCs. It prompted the researchers to strengthen using 
an HPFRCC Laminates approach [12]. Bending behavior of HPFRCC influenced by its tensile ductility 
was performed by many studies [13,14]. Multiple micro-cracks were formed at the end of beam due to 

 
Abstract 
This paper presents a strengthening technique using a high-
performance fiber-reinforced cement-based composite (HPFRCC) 
mixture. To evaluate the performance of this approach, two types of 
concrete mixtures were used one high performance (HP) and other high 
strength (HS) in strengthening process and compared to strengthening 
using CFRP laminate. The results showed that the strengthening was in 
the proportions (42 %, 58.03 %, 74.32 %) for (Beam strengthened with 
high strength mixture (Mhs), Beam strengthened with CFRP laminate 
(Mcfrp), Beam strengthened with HPFRCC mixture (Mhp), respectively, 
Where the strengthening improved the bending capacity for beam (Mhp) 
to a greater extent of the other types and it reduced the appearance of 
cracks in the beam when loading until occur failure. As appeared failure 
modes in all elements were due to rupture in the flexure region and crush 
in the compression region. In addition, ductility index of the strengthened 
beams was acceptable and energy absorption of the strengthened 
samples high if compared to the reference beam Therefore, it can be 
said that this technology may provide a safer alternative for flexural 
strengthening of RC beams. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Keywords: 
 
Flexural behavior;  
Reinforced concrete beams;    
strengthening of R.C. beams;  
high-performance concrete 
mixture; 
high strength mixture;  
CFRP laminate; 
 
 
Notation: 
RC: Reinforcement concrete.  
CFRP: Carbon fiber-reinforced 
polymers. 
SCC: Self-Compact Concrete. 
HPC: High Performance 
Concrete. 
HSC: High strength Concrete. 
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ABSTRACT 
The present study was conducted drinking water treatment plant located in districts 
which is (Al-Rusafa) in Baghdad city. The study aims to assess the water quality 
produced from the above plant using various water quality indices. Twelve physical 
and chemical parameters have been tested which are pH, turbidity, electrical 
conductivity, calcium, magnesium, chloride, total hardness, alkalinity, sulfate, sodium 
and total dissolved solids. Five different approaches and methodologies of water 
quality indices were applied to get the level of pollution during a period of nine 
months, starting from November 2021 until July 2022.The values WAV WQI for water 
treatment pant indicate that the water quality was good. Also, the results of the MNE 
WQI showed that water treatment plant produced clean water, but Al-Rusafa 
treatment plant in April, the water was very clean. The values of (weighted method) 
indicated that the water quality for water treatment plant was good. It was found that 
water treatment plant studied gives excellent quality using based on values of CCME 
and BCWQI indices. It is found that the values of all chemical and physical 
parameters are within Iraqi standards. Finally, in the present study, many statistical 
equation were found for the purpose of calculating the water quality index for water 
treatment plant studied with a proper coefficient of determinations. 

KEYWORDS 
Water Quality Indices, WAV WQI, water treatment plants, CCME, BCWQI. 
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INTRODUCTION 
Water is a valuable natural resource that we utilize for drinking and a variety of 

other reasons in our daily lives. [1]. Safe drinking water is essential for human health 
around the world; as a universal solvent, water is a primary source of protection 
against contamination and illness, according to the World Health Organization (WHO) 
Water-borne diseases account for 80% of all diseases, and drinking water in many 
countries does not satisfy WHO criteria [2], with 3.1 percent of deaths attributed to the 
unclean and poor quality of water. [3]. Water pollution occurs when unwanted 
contaminants enter water, altering its quality and posing a threat to the environment 
and human health. [4]. Some drinking water supplies have been contaminated with 
germs, viruses, heavy metals, and salts as a result of insufficient treatment and 
management of waste industrial outputs. [5] Diseases such as cholera, dysentery, and 
typhoid are caused by a lack of safe drinking water and proper sanitation measures, 
and millions of lives are lost each year in impoverished countries [6]. Water is required 
not only for metabolic systems in the human body, but also for other activities related 
with human life, such as distilled water for laboratories, medical factories, minerals in 
drinking water, industries, agricultural, aquatic cultures, and other similar activities [7]. 
The WQI can be defined as a mathematical tool transforming large quantities of data 
obtained from physical and chemical properties of water into a single number 
representing the level of water quality (Bharti and Katyal, 2011) [14]. Water quality is 
determined by its physical, chemical, and biological characteristics. Before using 
water for different intended uses, such as potable, agricultural, recreational, and 
industrial water utilizations, it is vital to determine the water's quality. It's critical to 
establish water quality metrics in order to assess the condition, quality, and level of 
contamination of surface water. Processing related data is necessary, and 
professionals should be shown the outcomes. Using water quality indicators is one of 
the simplest ways to evaluate current water quality conditions [10]. A need for all living 
things as a result, "no water, no life" is correct [9]. As a result, the goal of water 
treatment is to deliver water that is as close to pure as possible. Depending on the 
source of water, the degree of contamination, and the desired water quality, this 
treatment may be traditional or advanced. All water treatment plants in Iraq are 
conventional, and they strive to remove suspended and pathogenic contaminants. 
Sedimentation and filtering with coagulant assistance are employed to remove 
suspended and colloidal particles in these traditional plants, and chlorine is used to kill 
pathogens. After the water had went through the treatment process, multiple tests 
were carried out to measure its parameters and compare them to standards in order 
to assess its quality and determine whether it fulfilled the requisite criteria. Physical, 
chemical, and biological factors are all tested in this water. 

The Tigris river is Baghdad's primary source of drinking water; yet, in recent years, 
there has been a rise in wastewater and direct Tigris river discharge. Furthermore, the 
presence of antibiotics in drinking water, in addition to other contaminants, was 
discovered [8], As a result, one of the most important resources is water.The research 
on green ecological agriculture management is of great significance to the 
development of ecological agriculture and the solution of various drawbacks and 
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INTRODUCTION 
Water is a valuable natural resource that we utilize for drinking and a variety of 

other reasons in our daily lives. [1]. Safe drinking water is essential for human health 
around the world; as a universal solvent, water is a primary source of protection 
against contamination and illness, according to the World Health Organization (WHO) 
Water-borne diseases account for 80% of all diseases, and drinking water in many 
countries does not satisfy WHO criteria [2], with 3.1 percent of deaths attributed to the 
unclean and poor quality of water. [3]. Water pollution occurs when unwanted 
contaminants enter water, altering its quality and posing a threat to the environment 
and human health. [4]. Some drinking water supplies have been contaminated with 
germs, viruses, heavy metals, and salts as a result of insufficient treatment and 
management of waste industrial outputs. [5] Diseases such as cholera, dysentery, and 
typhoid are caused by a lack of safe drinking water and proper sanitation measures, 
and millions of lives are lost each year in impoverished countries [6]. Water is required 
not only for metabolic systems in the human body, but also for other activities related 
with human life, such as distilled water for laboratories, medical factories, minerals in 
drinking water, industries, agricultural, aquatic cultures, and other similar activities [7]. 
The WQI can be defined as a mathematical tool transforming large quantities of data 
obtained from physical and chemical properties of water into a single number 
representing the level of water quality (Bharti and Katyal, 2011) [14]. Water quality is 
determined by its physical, chemical, and biological characteristics. Before using 
water for different intended uses, such as potable, agricultural, recreational, and 
industrial water utilizations, it is vital to determine the water's quality. It's critical to 
establish water quality metrics in order to assess the condition, quality, and level of 
contamination of surface water. Processing related data is necessary, and 
professionals should be shown the outcomes. Using water quality indicators is one of 
the simplest ways to evaluate current water quality conditions [10]. A need for all living 
things as a result, "no water, no life" is correct [9]. As a result, the goal of water 
treatment is to deliver water that is as close to pure as possible. Depending on the 
source of water, the degree of contamination, and the desired water quality, this 
treatment may be traditional or advanced. All water treatment plants in Iraq are 
conventional, and they strive to remove suspended and pathogenic contaminants. 
Sedimentation and filtering with coagulant assistance are employed to remove 
suspended and colloidal particles in these traditional plants, and chlorine is used to kill 
pathogens. After the water had went through the treatment process, multiple tests 
were carried out to measure its parameters and compare them to standards in order 
to assess its quality and determine whether it fulfilled the requisite criteria. Physical, 
chemical, and biological factors are all tested in this water. 

The Tigris river is Baghdad's primary source of drinking water; yet, in recent years, 
there has been a rise in wastewater and direct Tigris river discharge. Furthermore, the 
presence of antibiotics in drinking water, in addition to other contaminants, was 
discovered [8], As a result, one of the most important resources is water.The research 
on green ecological agriculture management is of great significance to the 
development of ecological agriculture and the solution of various drawbacks and 

https://doi.org/10.17993/3ctecno.2023.v12n1e43.176-189

crises brought by modern agriculture. However, in the current e-commerce sales, the 
safety and quality of agricultural products cannot be presented to customers. Based 
on this, in our research, we build an information-based digital management platform, 
which includes developed languages, frameworks and database. In the digital 
information management platform, we track and monitor the agricultural product 
information of green ecological agriculture in Northeast China throughout the whole 
process, so as to ensure the safety and quality of the agricultural products during the 
sale of the agricultural products on the e-commerce platform. In addition, we also 
discussed the economic benefits of this digital information platform for green 
ecological agriculture. 

CONSTRUCTION OF INFORMATION DIGITAL 
MANAGEMENT PLATFORM 

In order to better understand the situation of green ecological agriculture in 
Northeast China, this chapter mainly introduces the development languages, 
development frameworks and tools used in the electronic platform of agricultural 
products, and gives a brief introduction to them according to the situation of green 
ecological agriculture in Northeast China. The advantages and reasons for selection 
are analyzed one by one. These theories or tools include: languages, frameworks, 
and databases. 

It is necessary to continually studying the water quality, because it is greatly affects 
human health. For the purpose of evaluating the level of drinking water quality in the 
city of Baghdad, more than one water quality index has been used and selected plant 
on the Rusafa side, which is: AL-Rusafa. 

STUDY AREA AND METHODS 
The present study was conducted to evaluate the treatment efficiency of water 

treatment plant in the city of Baghdad on the Rusafa side which is :( AL-Rusafa) using 
five indices of water quality. The source of raw water of these plant is the Tigris river. 

Samples of drinking water were collected from plant studied for the period from 
November 2021 to July 2022. Twelve parameters were used for calculating the water 
quality index. These parameters are: pH, turbidity, electrical conductivity, calcium, 
magnesium, chloride, total hardness, alkalinity, sulfate, sodium and total dissolved 
solids. The Iraqi recommended Guidelines for drinking water specifications are 
presented in Table 1. 

1. MEASUREMENT OF WATER QUALITY INDEX  
The most general characteristic of the present study is the use of several water 

quality indices in order to ascertain the level of pollution in sone water treatment plant 
in the Baghdad city Al- Rusafa side.The water quality indices used in the present 
study are as follows: 
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1.1. WEIGH AVERAGE METHOD WAV (WQI) 
The WQI index can be determined by the following steps [11]: 

1) In this method each parameter has been given a relative weight (Wi). 

2) Computing the quality rating scale (qi) for each parameter by using the following 
equation: 

 qi=(Ci/Si)100 (1) 

Where: 

qi= quality rating scale 

Ci= concentration of each parameter in each water sample in (mg/L). 

Si=Iraqi drinking water standards for each chemical parameter. 

3) Computing the sub index of each parameter by using the following equation: 

 SIi=Wi×qi (2) 

Where 

SIi= is the sub index of each parameter 

 WQI = ∑ SIi (3) 

1.2. THE MINISTRY AND ENVIRONMENT METHOD MNE WQI 
The second water quality index is the method which is adopted by Ministry of 

Nature and Environment (MNE) of Mongolia [12]. In this method the number of 
parameters has been taken into account and all the parameters have the same 
weight. The selected parameters included (Ca+2, Mg+2, TH, Cl-, Na+, SO4-2, Alk, 
Fe+3 and TDS). 

 WQI = ∑(Ci/Si)/n (4) 

Where:  

n= is the number of parameters 

1.3. WATER QUALITY INDEX  
In order to calculate the Water Quality Index, the following steps were used:  

Weighting: The word weighting implies relative significance of each of the factor in 
the overall water quality and it depends on the permissible level in drinking water as 
suggested by Iraqi standard. Factors which have higher permissible limits are less 
harmful and have low weightings [13]. 

 Wi = K/Sn (1) 

Wi - Unit weight of chemical factor, K - constant of proportionality and is given as: 

 K=1/(1/Vs1+1/Vs2+ ………+1/Vsn) (2) 
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1.1. WEIGH AVERAGE METHOD WAV (WQI) 
The WQI index can be determined by the following steps [11]: 

1) In this method each parameter has been given a relative weight (Wi). 

2) Computing the quality rating scale (qi) for each parameter by using the following 
equation: 

 qi=(Ci/Si)100 (1) 
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qi= quality rating scale 

Ci= concentration of each parameter in each water sample in (mg/L). 
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Nature and Environment (MNE) of Mongolia [12]. In this method the number of 
parameters has been taken into account and all the parameters have the same 
weight. The selected parameters included (Ca+2, Mg+2, TH, Cl-, Na+, SO4-2, Alk, 
Fe+3 and TDS). 

 WQI = ∑(Ci/Si)/n (4) 

Where:  

n= is the number of parameters 

1.3. WATER QUALITY INDEX  
In order to calculate the Water Quality Index, the following steps were used:  

Weighting: The word weighting implies relative significance of each of the factor in 
the overall water quality and it depends on the permissible level in drinking water as 
suggested by Iraqi standard. Factors which have higher permissible limits are less 
harmful and have low weightings [13]. 

 Wi = K/Sn (1) 

Wi - Unit weight of chemical factor, K - constant of proportionality and is given as: 

 K=1/(1/Vs1+1/Vs2+ ………+1/Vsn) (2) 
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Vsi - standard value of ith parameter 

Rating scale: Each chemical factor has been assigned a water quality rating to 
calculate WQI. 

 Qi = 100 [(Va-Vi)/ (Vs-Vi) (3)  

Where, 

Qi = Water quality for each parameter (i)  

Va - average of measured values in the water sample for three months at one place 

Vs - Standard value of ith parameter 

Vi - ideal value for pure water (0 for all parameters except pH) 

The above equation becomes:  

 Qi=100(Va/Vs) (4)  

For pH: The ideal value = 7.0; Max. Permissible value = 8.5,  

 QpH = 100 [(Va-7.0)/ (8.5-7.0)] 

 WQIi=Qi*Wi (5) 

 Water Quality Index (WQI) = [Σ QiWi)/ΣWi ] (6) 

ΣWi = total unit weight of all chemical factors. 

1.4. THE CCME WQI INDEX: 
In the present study CCME WQI was used to calculate the water quality. This index 

can be determined as follows: 

The F1 is called Scope which represents the percentage of variables that do not 
meet their objectives at least once during the interval under consideration (“failed 
variables”), relative to the total number of variables measured: 

F1=[(Number of failed variables)/(Total number of variables)]*100 

F2 is called Frequency which represents the percentage of failed tests : 

F2=[(Number of failed tests)/(Total number of tests)]*100 

F3 is called Amplitude, which represents the deviations of the failed tests from their 
objectives. It is determined as follows: 

The term “Excursion” represents the number of times that certain concentration is 
different from the objective. When the value of the test is less than the objective, 
Excursion is given by: 

 Excursion=[(Failed Test value)/Objective]-1 

When test value is greater than the objective, Excursion is given by: 

 Excursion=[Objective/(Failed Test value)]-1 
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The sum of exertions of individual tests divided by the total number of tests is called 
normalized sum of excursions (nse) and is computed as follows: 

  

F3 is a function of nse and is given by: 

  

Finally CCME WQI is calculated as follows: 

  

The water quality is ranked according to CCME WQI as stated in Table(Bharti and 
Katyal, 2011) 

1.5. BRITISH COLUMBIA WATER QUALITY INDEX (BCWQI). 
This index was developed by the Canadian Ministry of Environ-ment as an 

increasing index. For water quality evaluation, where water quality parameters are 
measured and their violation is determined by comparison with a predefined limit. The 
BCWQI makes possible the classification on the basis of all existing measurement 
parameters(15). The formula is expressed as: 

 0.5 

  

Where: F1 (scope) = number of the non-succeeded varia-bles to the total number 
of the variables; F2 (frequency) = number of the unsuccessful tests to the total 
number of tests. 

  

  

Where: NF = number of the failed variables, TNV = total number of variables, NFT 
= number of the failed test; TNT = total number of the tests. 

In the BCWQI formula 1.453 is the constant used to give confidence to the scale 
index number from 0 to 100. The degree of the confidence in the BCWQI depends on 
the repeated sampling procedure [POONAM 2013]. 

nse = [
∑n

i=1 Excursion
Failed Test value ] − 1

F3 = [ nse
0.01 + 0.01nse ] − 1

CCMEWQI = 100 −
F2

1 + F2
2 + F2

3

1.732

BCWQI = [ F2
1 + F2

2

1.453 ]

F1 =
NF

TNV
*100

F2 =
NFT
TNT

*100
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The sum of exertions of individual tests divided by the total number of tests is called 
normalized sum of excursions (nse) and is computed as follows: 

  

F3 is a function of nse and is given by: 

  

Finally CCME WQI is calculated as follows: 

  

The water quality is ranked according to CCME WQI as stated in Table(Bharti and 
Katyal, 2011) 

1.5. BRITISH COLUMBIA WATER QUALITY INDEX (BCWQI). 
This index was developed by the Canadian Ministry of Environ-ment as an 

increasing index. For water quality evaluation, where water quality parameters are 
measured and their violation is determined by comparison with a predefined limit. The 
BCWQI makes possible the classification on the basis of all existing measurement 
parameters(15). The formula is expressed as: 

 0.5 

  

Where: F1 (scope) = number of the non-succeeded varia-bles to the total number 
of the variables; F2 (frequency) = number of the unsuccessful tests to the total 
number of tests. 

  

  

Where: NF = number of the failed variables, TNV = total number of variables, NFT 
= number of the failed test; TNT = total number of the tests. 

In the BCWQI formula 1.453 is the constant used to give confidence to the scale 
index number from 0 to 100. The degree of the confidence in the BCWQI depends on 
the repeated sampling procedure [POONAM 2013]. 

nse = [
∑n

i=1 Excursion
Failed Test value ] − 1

F3 = [ nse
0.01 + 0.01nse ] − 1

CCMEWQI = 100 −
F2

1 + F2
2 + F2
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BCWQI = [ F2
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2

1.453 ]

F1 =
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TNV
*100

F2 =
NFT
TNT

*100
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In order to calculate the WQI, the Iraqi drinking water standard values 
corresponding to the measured parameters were used, as shown in Table 1. 

Table 1. Iraqi drinking water standards [17],[18],[19],[20],[21],[22],[23] 

Table 2. Water quality classification based on WAV method 

Table 3. Water quality classification based on MNE method 

Iraqi standardunitparameter

6.5-8.5-pH

125-200mg/LAlkalinity

500mg/LTotal Hardness as CaCO3

100mg/LMagnesium (Mg+2)

150mg/LCalcium (Ca+2)

200mg/LSodium (Na+)

350mg/LChloride (Cl-)

400mg/LSulphate SO4-2

5NTUTurbidity

2000µs/cmConductivity

1000mg/LTDS

Water QualityWQI 
value

Excellent0-25

Good water26-50

Poor water51-75

Very poor water76-100

Water unsuitable for drinking>100

Water QualityWQI value

Very clean≤0.3

clean0.31-0.89

Slightly polluted0.9-2.49

Moderately polluted2.5-3.99

Heavily polluted4-5.99

Dirty water≥6.0
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Table 4. Water quality index scale 

Table 5. The water quality is ranked according to CCME and BCWQI WQI as stated. 

RESULTS AND ANALYSIS 
The values of WAV WQI index of water treatment pant are between (29.91-36.98) 

for treated water, and those results showed that indicators of treated water of water 
treatment plant studied were good, while the highest value was (36.98) in January due 
to the high concentration of Cl- and Mg+2. Also, the results showed that the values of 
the MNE WQI of water treatment plant studied are between (0.298-0.35) for the 
treated water and all the values indicated that the treated water is clean, but gives 
very clean according to MNE method classification in June month, while the highest 
value was (0.35) in January due to the high concentration of Cl- and Mg+2. The 
values of index of (weighted method) ranged between (33.19-48.44) for the treated 
water. The results showed that all index values of treated water of water treatment 
plant studied were good, according to WQI method classification. The highest value 
found was(48.44) in July, due to the high concentration of TH,Ph and Na. The 
obtained value of the Canadian index was (99.99) for the treated water for all months 
studied, and the such value indicates that the treated water is excellent according to 
CCME method classification. Also, the value of the British index was (100) for the 
treated water for all months studied, and such value indicates that the treated water is 
excellent according to BCWQI method classification. The statistical program which is 
called STATISTICA,version (25) was used concluding statistical equations of water 
quality index in terms of time for all plant studied. The coefficient of determination (R2) 
is calculated to find the degree of credibility of the equations obtained, which is as 
follows of Al-Rusafa Water Treatment Plant as show in the figer. 

WQI Description

0-25 Excellent

26-50 Good

51-75 Moderately polluted

76-100 severely polluted

>100 unfit for human consumption

RanksCWQI Categories

Excellent95-100

Good80-94

Fair65-79

Marginal45-64
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Table 4. Water quality index scale 

Table 5. The water quality is ranked according to CCME and BCWQI WQI as stated. 

RESULTS AND ANALYSIS 
The values of WAV WQI index of water treatment pant are between (29.91-36.98) 

for treated water, and those results showed that indicators of treated water of water 
treatment plant studied were good, while the highest value was (36.98) in January due 
to the high concentration of Cl- and Mg+2. Also, the results showed that the values of 
the MNE WQI of water treatment plant studied are between (0.298-0.35) for the 
treated water and all the values indicated that the treated water is clean, but gives 
very clean according to MNE method classification in June month, while the highest 
value was (0.35) in January due to the high concentration of Cl- and Mg+2. The 
values of index of (weighted method) ranged between (33.19-48.44) for the treated 
water. The results showed that all index values of treated water of water treatment 
plant studied were good, according to WQI method classification. The highest value 
found was(48.44) in July, due to the high concentration of TH,Ph and Na. The 
obtained value of the Canadian index was (99.99) for the treated water for all months 
studied, and the such value indicates that the treated water is excellent according to 
CCME method classification. Also, the value of the British index was (100) for the 
treated water for all months studied, and such value indicates that the treated water is 
excellent according to BCWQI method classification. The statistical program which is 
called STATISTICA,version (25) was used concluding statistical equations of water 
quality index in terms of time for all plant studied. The coefficient of determination (R2) 
is calculated to find the degree of credibility of the equations obtained, which is as 
follows of Al-Rusafa Water Treatment Plant as show in the figer. 

WQI Description
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51-75 Moderately polluted

76-100 severely polluted

>100 unfit for human consumption

RanksCWQI Categories

Excellent95-100

Good80-94
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Marginal45-64

https://doi.org/10.17993/3ctecno.2023.v12n1e43.176-189

In which, WAV is,and t is in( month).The cofficent of determination R2 is equal to 
0.855.  

 WAV=42.45-5.18 t +0.71 (t) 2 -0.03 (t)3 (1) 

In which, MNE is,and t is in( month).The cofficent of determination R2 is equal to 
0.801. 

 MNE=40.08-4.47 t +0.67 (t) 2 -0.03 (t)3 (2) 

In which, WQI is,and t is in( month).The cofficent of determination R2 is equal to 
0.709. 

 WQI=47.8-9.02 t +2.03 (t) 2 -0.11 (t)3 (3) 

 
Figure. 1. Statistical Relationship of WAV Index and Time for Al-Rusafa Water Treatment 

Plant.

 
Figure 2. Statistical Relationship of MNE Index and Time for Al-Rusafa Water Treatment 

Plant. 
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Figure 3. Statistical Relationship of WQI Index and Time for Al-Rusafa Water Treatment Plant. 

In which, CCME is,and t is in( month)of all Water Treatment Plant: 

 CCME=0*t+99.99 (4) 

In which, BCWQI is,and t is in( month)of all Water Treatment Plant: 

 BCWQI=0*t+100 (5) 

Figure 4. Statistical Relationship of CCME Index and Time for Al-Rusafa Water Treatment 
Plant 
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In which, CCME is,and t is in( month)of all Water Treatment Plant: 

 CCME=0*t+99.99 (4) 

In which, BCWQI is,and t is in( month)of all Water Treatment Plant: 

 BCWQI=0*t+100 (5) 
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Plant 
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Figure 5. Statistical Relationship of BCWQI Index and Time for Al-Rusafa Water Treatment 

Plant.  

CONCLUSIONS 
The results showed that the treated water quality from the water treatment plant 

studies was good according to the WAV classification. All values of MNE index for 
treated water from all water treatment plant studied showed that the water is clean but 
in April, the water quality was very clean according to MNE method classification. All 
values of WQI for treated water produced from water treatment plant showed that 
treated water is good water WQI method classification. The results showed that the 
water quality for treated water was excellent according to the CCME classification. 
Finally the results showed excellent water quality can be obtained for treated water 
based on the BCWQI classification.  

Table 6. Average monthly test results for treated water produced from Al-Rusafa WTP.(16) 

Value in testunitParameter

Jul 
2022

Jun 
2022

May 
2022

Apr 
2022

Mar 
2022

Feb 
2022

Jan 
2022

Dec 
2021

Nov 
2021

2.01.81.50.91.11.11.71.92.8NTUTurbidity

264254257258299325331301312mg·dm-3 TH

7.987.947.897.877.887.97.817.877.88-PH

471458496456516556585558589mg·dm-3TDS

141139139148152153148141144mg·dm-3alk

625564536167736871mg·dm-3 Cl-

242322232832332931mg·dm-3Mg2+

0.070.050.060.040.050.030.040.040.11mg·dm-3Fe2+
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Table 7. Water quality indices for Al-Rusafa WTP  
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 Improving the operational performance of wastewater treatment plants 

can be effectively approached by means of model simulation. GPS-X 

model was used in this study. Calibration and validation of the model were 

carried out, with various sensitive parameters subject to modification, 

with results found within the prescribed parameters for R and RMSE. 

Sensitivity analysis then indicated that the most important factor for 

reducing nitrogen and phosphorous concentrations was the readily 

biodegradable fraction; thus, the IR, RAS ratio, DO, and WAS flows were 

reduced from 3% to 1%, from 100 to 20%, from 3.5 to 2 mg/L, and from 

3,500 to 1,000 m3/d, respectively, producing an optimization that saved 

688.4 Kw.h in energy and gave a sludge reduction of 32%. These results 

showed that an IR percentage of 3% is not appropriate. Decreased rbCOD 

thus necessitates a chemical upgrade, which was implemented in this case 

by means of adding an external carbon source, represented by acetic acid, 

propionic acid, methanol, and glycerol, with good results. These additions 

led to improvements in terms of reduced TN and TP by suitable ratios. 

The best external carbon source was thus determined to be methanol, 

while glycerol was less effective than the others. The process of pre-

denitrification was compared with the post-denitrification process by 

means of the addition of methanol as an external carbon source, which 

gave good results for the reduction of TN in the post-denitrification 

process, by up to 80%; however, the effect on other pollutants was to 

increase concentrations. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

During this era, climate change and global warming negatively effects on many sectors, such as hydrological 

cycle [1], particularly temperature rates [2], [3], irrigation field [4], ground water [5] and wastewater treatment 

plant [6]. Therefore, using computerized modeling at wastewater treatment plant and other sectors has high 

attraction [7], [8]. Wastewater treatment plants (WWTPs) play a major role in maintaining aquatic 

environments by reducing pollutants within acceptable limits [9]. The activated sludge process (ASP) is one 

of the most widely used processes globally, and it is thus indispensable for removing pollutants in wastewater. 

However, activated sludge is a complex system, with long time scales and multivariate structures within the 

internal process kinetics of reactors [10]. Even experienced engineers and operators of wastewater treatment 

plants are thus limited in terms of making effective improvements to such plants, as any amendments take a 

long time to produce results, preventing ongoing tweaks. Fortunately, some excellent models have been 
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developed to simulate wastewater treatment plants, which simulate most of the complex biological processes,   

However, the GPS-X model is considered by many to be the superior model, as it offers a highly advanced 

graphical interface that facilitates the establishment of a plant design and clearly explains the results. GPS-X 

simulation has thus been used in many improvements, upgrades, designs, and studies for wastewater treatment 

plants [11].  improved nitrogen removal in an A2/O system using a GPS-X model [12]. Also, improved 

Tehran's sewer treatment plant using a GPS-X model; after calibration and verification of the model, the 

results were very good, and the study recommended the adoption of such models more widely in the future. 

  

In these models, such calibration and verification processes are necessary to produce realistic results. To 

perfectly mimic the work of the plant and to calibrate it, the rates of the reactions must be adjusted using 

accurate kinetic properties, while the quantities of materials produced and consumed inside the reactor must 

be determined by means of the stoichiometric measurement of the relevant reactions. The kinetics and 

stoichiometric measurements in the titration and verification process must thus be considered in order to 

analyse the microbial transformation process during the removal of organic matter and nutrients. In addition, 

during a simulation process using a GPS-X model, many hypothetical values may affect the output values as 

compared with the real values, and these must thus be modified, with the model then recalibrated and the 

WWTP simulated. Before adjustments are made to the default values however, assessment of the many 

factors must be done, as some are more sensitive and others less sensitive to change, and factors that do not 

affect simulation results may be safely left alone [13]. 

One of the most widespread activated sludge systems is A2/O. Standard efficiencies of removing COD, TP, 

and TN in the A2/O system are approximately 91, 56, and 48%, respectively. Based on this, the efficiency 

of handling phosphorus and nitrogen is lower in these systems, suggesting that improvements are required. 

In general, the molar concentration, sludge age, dissolved oxygen, and internal recycling are the most 

sensitive parameters with respect to nitrogen and phosphorous [14]. 

In Karbala’s wastewater, the concentrations of phosphorous and nitrogen are often outside of the required 

parameters, due to a lack of concentration of rbCOD; this indicates that improvements to the plant are required 

to reduce the concentrations of these nutrients to within the required parameters. This study thus aimed to 

determine the most important critical parameters affecting the performance of the relevant A2/O system within 

the GPS-X model in order to implement the improvement processes required; the aim was to reduce nitrogen 

and phosphorous concentrations by adding an external carbon 

.2. Materials and methods 

2.1 Karbala WWTP 

This study was conducted in relation to the Karbala Sewage Treatment Plant, a plant located about 

100 km to the south of the Iraqi capital Baghdad; its coordinates are 32.525590°N and 44.074909°E. Karbala 

sewage treatment plant uses conventional activated sludge technology, with nutrient removal by means of an 

A2/O system. The Karbala WWTP operates as shown in the data provided in Table 1, with five treatment 

stages as shown in Figure 1. The first stage (preliminary treatment) includes coarse and fine screening and a 

grit and oil removal chamber. The second stage is the primary treatment stage, and this is carried out by means 

of primary sedimentation basins. The third stage includes secondary treatment, including the removal of 

nutrients, and it thus includes anaerobic, anoxic, oxic, and final clarifier tanks. The fourth stage includes 

tertiary treatment by means of chemical disinfection through a chlorination tank, while the fifth stage includes 

sludge treatment. In this last stage, the plant thus utilises the following units: gravity thickener, mechanical 

thickener, anaerobic digester, and drying beds. 

 

Table 1. The parameters of the Karbala WWTP. 

Parameter Value 

Flowrate 60,000 m3/d 

V. anaerobic reactor 8736 m3 

V. anoxic reactor 14112 m3 

V. aeration reactor 54054 m3 

Surface area for primary sedimentation  3216 m2 

Surface area for final clarifier 6432 m2 

V. anaerobic digester 13600 m3 

http://www.gkyj-aes-20963246.com/
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Surface area for gravity thickener 400 m2 

Surface area for mechanical  thickener 60 m2 

Volume chlorination tank 3000 m3 

Surface area for drying bed 50,000 m2 

Dissolved Oxygen 2-3 mg/L 

Mixed liquor suspended solids 2000-4000 

SLR 3.6 kg mlss/m2h 

HLR 15.5 m3/m2d 

WAS 3000-4000 m3/d 

RAS 50000-60000 m3/d 

F/M 0.16 

IR 3 

SVI 85 mL/g 

 

 
Figure 1. Karbala WWTP 

 

2.2 GPS-X Model Calibration and Validation 

As most pollutants remain constant throughout the year, with only a slight discrepancy, the autumn and winter 

seasons were adopted as calibration data, and spring and summer sets were used as validation. The model was 

thus first calibrated, and then verified based on those results not entered during calibration. After obtaining a 

close match between the model's output and reality, the remaining disparity was statistically examined by 

means of the root mean square error (RMSE), and correlation coefficient (R) equations 1 and 2 [5]. 

𝑅 =
(𝐶𝑂 − 𝐶𝑂)(𝐶𝑃 − 𝐶𝑃)

𝜎𝐶𝑂
𝜎𝐶𝑃

                                                                                                                    (1) 

 

RMSE =
(CO − CP)2

CO   CP

                                                                                                                              (2) 

where Co is the actual data, is the modeled data, is the average of actual data, is the average of modeled data, 

and σ is the standard deviation over the full dataset. These statistical criteria reasonable limits are 1 ≥ R > 0.8 

and 0 ≤ RMSE < 1.5. Figure 5 depicts the schematic processes for systematic model calibration and validation 

as used in this investigation [5]. 
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Figure 2. procedure calibration and validation 

 

 

2.3 Sensitivity analysis 

After the model was calibrated and validated, those sensitive parameters that had a positive or negative impact 

on the work of the plant were identified. To determine the most sensitive values with respect to the 

performance of the plant the simulation outputs were monitored while the values of various parameters were 

manipulated. The sensitivity of a plant’s work may also be affected by operational factors; thus, after the 

construction of the Karbala sewage treatment plant within the GPS-X model, the default values for kinetic 

and stoichiometric parameters were used. The results were outside the required limits, so all sensitive 

parameters were then modified, and sensitivity analysis was applied to develop an understanding of the extent 

to which these parameters affect the fate and behaviour of pollutants inside the plant [15]. 

 

2.4 Research Framework and Process Optimisation 

The research technique is the most significant aspect of any study, as this explains the complete strategy for 

reaching its goals. Figure 6 shows the research framework applied in the current study. The improvement 

processes applied in this research were used in two scenarios: the first implied operational improvement by 

manipulating the operational factors of the plant and the other referenced chemical upgrading by adding an 

external carbon source. 
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Figure 3. study framework 

3. Results and discussion 

3.1 Karbala sewage treatment plant performance 

Evaluation of the performance efficiency of the Karbala sewage treatment plant was done based on the 

percentage of pollutants removed from the plant. After the removal of the relevant percentage of pollutants, 

concentrations within the required parameters should remain. After the collection of all sample data and 

averaging over the full year of the wastewater influent and effluent, the plant efficiency, as shown in Table 4, 

was obtained based on Equation 1, the efficiency Table 2. was obtained. 

𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝐶𝑖𝑛 − 𝐶𝑒𝑓𝑓

𝐶𝑖𝑛
× 100%                                                                              (3) 

Where: % = Removal efficiency, Cin = Concentration of pollutant in the influent (mg/L). Ceff = 

Concentration of pollutant in the effluent (mg/L). 

 

Table 2. Summary of Karbala WWTP treatment efficiency 

Parameter Inlet, mg/l Outlet, mg/l Efficiency (%) 

COD 255 26 90 

BOD5 150 10 93 

rbCOD 50 0 100 

TSS 181 14 92 

TN 45 34 24 

NO3 0 32 - 

NH4
+ 18 0.2 98 

TP 9 5.8 35 

PO4-P 4.5 3.5 22 

H2S 35 0.3 99 

Oil & grease 45 3 93 

DO 0 3.5 - 

SO4 850 860 - 
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the organic matter (COD and BOD) was removed excellently, with efficiency of removal of over than 90%. 

Microorganisms, particularly heterotrophic bacteria, were seen to contribute to the elimination of organic 

matter, where the required dissolved oxygen concentrations were available and adequate mixing inside the 

reactor, which allows decomposition of these compounds and their transformation into fixed substances, exists 

[16]. Good removal within the secondary sedimentation basins was seen in terms of suspended solids (TSS), 

wit efficiency reaching more than 90%. A very low concentration of rbCOD was also observed in the 

wastewater of Karbala city, however, which affected the removal of nutrients [17] .with the percentages of 

removal of nitrogen and phosphorous reaching only 24 and 35%, respectively. The removal of nitrogen and 

phosphorous may also be reflected in the high levels of dissolved oxygen concentrations returned with IR and 

RAS flows [18]. Due to the nature of the gypsum soil and the high levels of groundwater in Karbala city, large 

quantities of sulphate enter the network through percolation, which contributes to the increase of such 

concentrations. Karbala sewage treatment plant, as an A2/O system, cannot remove sulphates, instead 

contributing to the elimination of hydrogen sulphide gas by means of aeration, mixing, and sorption, factors 

that facilitate the removal of hydrogen sulphide in the plant by more than 98% [15]. The nitrification process 

as observed in the Karbala sewage treatment plant works extremely well, however, with ammonia oxidised at 

a rate of over 95%; however, the denitrification process in the Karbala sewage treatment plant does not work 

well due to a lack of suitable organic substrate. Fat removal is excellent, with the gravel, sand, and fat removal 

unit working very well. 

 

3.2 Model Calibration for Karbala WWTP 

When using simulation systems to help shorten the time for improvement works, it is necessary to ensure that 

laboratory tests, calibration, and verification are carried out in a such way as to ensure that the model’s outputs 

are as close as possible to those seen in reality. In this study, the model was calibrated using the average results 

for effluent through the Karbala sewage treatment plant in the autumn and winter seasons, being then validated 

using the spring and summer season data. The model was run utilising default data initially, which produced 

results that diverged significantly from the actual values [19]. Some necessary parameters that significantly 

affected these results were thus modified as shown in Tables 5 and 6. The results of these change were 

generally good as compared with the predicted and actual results, as shown in Figure 7; however, it was 

observed that the TSS results of less than 5 mg/L were less reflective of reality. Several sensitive parameters 

were then modified in GPS-X Model of the secondary sedimentation basin, with the feeding point from the 

bottom modified from the default 1 m to the real value of 4.3 m, and the maximum vesilind settling velocity 

changed from 410 m/d to 358 m/d, as these two parameters were more sensitive and dimensional than other 

operational parameters. It was also noted that the concentrations of COD and BOD were higher than in reality, 

causing certain sensitive parameters to be changed as referred to in Tables 5 and 6 to ensure these 

concentrations were reduced appropriately. Phosphates were also, by default, higher than the real values; thus, 

adjustments to Phosphorus Fractions were made to ensure the predicted results were better fitted to the real 

ones. The default nitrate concentrations were, in contrast, much lower than in reality, a situation amended by 

adjusting sensitive parameters related to the kinetics of ammonia and nitrates, with Nitrogen Fractions and 

Active Heterotrophic Biomass being the key factors permitting fitting of the predicted nitrate concentration 

value to reality. 
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Table 3. GPS-X Input stoichiometry parameters (default & adjustment) based on GPS-X influent advisor 

 Influent Stoichiometry Composition GPS-X 

Default 

Calibration Validation 

Classification 

Parameter 

Parameter Unit autumn and 

winter average 

spring and 

summer 

average 

Influent 

Fractions 

ivt gVSS/gTSS 0.75 0.71 0.70 

icv gCOD/gVSS 1.8 1.51 1.53 

Organic 

Fractions 

XBA - 0 0.051 0.048 

XBH - 0 0.054 0.055 

Xi - 0.13 0.011 0.012 

Si - 0.05 0.017 0.018 

SS - 0.2 0.019 0.021 

Nitrogen 

Fractions 

Snh - 0.9 0.61 0.62 

nSi gN/gCOD 0.05 0.05 0.05 

nXi gN/gCOD 0.05 0.001 0.001 

Phosphorus 

Fractions 

pSi gP/gCOD 0.01 0.05 0.05 

pXi gP/gCOD 0.01 0.05 0.05 

Table 4. The stoichiometry and kinetic parameters of the A2/O GPS-X default and adjusted models are   

similar for calibration and validation results. 

Influent Stoichiometry Composition GPS-X 

Default 

Calibration Validation 

Classification 

Parameter 

Parameter Unit autumn and 

winter 

average 

  spring 

and 

summer 

average 

Physical 

 

v m3 1000 54054   54054 

d m 4 6   6 

Model Stoichiometry Parameters 

Active 

Heterotrophic 

Biomass 

YH gCOD/gCOD 0.666 0.19   0.2 

UH gCOD/gCOD 0.08 0.08   0.08 

Active 

Autotrophic 

Biomass 

YH gCOD/gCOD 0.18 0.21   0.21 

UH gCOD/gCOD 0.08 0.069   0.069 

Kinetic Parameters 

Active 

Heterotrophic 

Biomass 

µ max,H 

 

1/d 3.2 0.76   0.78 

bh 1/d 0.62 0.48   0.5 

Active 

Autotrophic 

Biomass 

µ max,A 

KNH 

1/d 

mgN/L 

0.9 

0.7 

0.95 

0.5 

  0.95 

0.5 

Hydrolysis kh 1/d 3 5   5 

 Kx 

 

gCOD/gCOD 0.1 0.03   0.03 
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Figure 4. The calibration of the actual, the predicted, and default values 

 

3.3 Model validation for Karbala WWTP 

The next task after calibration process was the validation process, which requires the results to be as close as 

possible to the actual values of relevant results not included in the calibration process. It was noted that 

changing some kinetic and stoichiometry parameters did not significantly affect the results 8, and a small 

discrepancy between calibration and verification was seen due to moderate concentration of pollutants 

throughout the year. The process of calibration and validation, after adjusting the most sensitive parameters, 

produced results within the required RMSE and R ranges, however, Table 5. 

 

 
 

Figure 5. The validation of the actual, the predicted, and default values 
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Table 5. R and RMSE values after adjustment for calibration and validation 

Parameter 

R-value for 

autumn and 

winter average 

RMSE value for autumn 

and winter average 

R-value for spring and 

summer average 

RMSE value for 

spring and 

summer average 

TSS 0.84 0.011 0.87 0.011 

BOD 0.87 0.082 0.88 0.072 

COD 0.89 0.021 0.9 0.17 

NH4
+-N 0.9 0.022 0.86 0.021 

NO2
--N 0.84 0.027 0.85 0.026 

NO3
--N 0.83 0.138 0.82 0.136 

PO4-P 0.87 0.011 0.86 0.012 

 

3.4 Sensitivity analysis 

Conventional activated sludge systems are affected by several sensitive factors, the most important of which 

were identified using the calibration and validation process discussed. Some parameters in the GPS-X 

Model did not affect the results of calibration and validation, while other parameters affected these only 

slightly; the study thus focused on the most sensitive parameters for analysis, in order to determine the 

extent of their impact on improvement and upgrading processes [6]. 

 Figure 9 shows the effect of dissolved oxygen concentration on the effluent of the plant. With an increase in 

the concentration of dissolved oxygen, the concentrations of COD and BOD decreased due to the oxidation 

of organic materials inside the cell and their transformation into stabilisers [20]. However, when the 

dissolved oxygen increased, the production of nitrates increased due to the resulting nitrification process and 

endogenous respiration [21]. It was observed that when the dissolved oxygen concentration reached 1.5 

mg/L, this offered effective treatment for the given organic substrate and ammonia levels. It was also 

observed, based on analysing the sensitivity of the model with respect to dissolved oxygen, that after a 

concentration of 2 mg/L is reached, no benefit accrues from in increasing the concentration. 

The main food source for phosphorous bacteria is rbCOD, which is also a food source and an electron donor 

for nitrate reduction. 

 

 
Figure 6. Effect of dissolved oxygen concentration on pollutants at the effluent plant 
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The effects of removing phosphates and nitrates with respect to this compound may lead to an imbalance in 

the removal of these nutrients, and this parameter is very sensitive to the removal of nutrients [22]. In the 

sewage water of Karbala, the levels of this pollutant are low, and it may thus not help remove nutrients. Adding 

or increasing rbCOD concentrations may affect BOD and COD concentrations at the outlet of the plant. Figure 

10 shows that the higher the rbCOD concentration, the greater the efficiency of phosphate removal and the 

more extensive the improvement of the nitrification and denitrification processes. Where natural 

concentrations of rbCOD are very low, however, an external carbon source must be added to improve the 

nutrient removal processes, as in the Karbala sewage treatment plant. 

 

 
 

Figure 7. Effect of the readily biodegradable fraction on pollutants at the effluent plant 

 

Predicting sewage influent flow is critical from many perspectives, including the economic, environmental, 

and social standpoints. Forecasting influent flow at sewage treatment plants (WWTPs) is beneficial to the 

development of both the operators and the facility itself. Operators can run the plant more efficiently based 

on reliable forecasts projected in advance, which could allow them to improve sewage planning and 

management at various levels within the watershed [23]. Figure 11 shows the effect of discharge on the output 

of the plant. As discharge increases, the hydraulic load and the organic load on the reactors of the plant both 

increase, which negatively affects the treatment processes and thus increases concentrations of BOD, COD, 

and TSS in the treated wastewater. for the Karbala sewage treatment plant, however, even if discharge reaches 

150,000 m3/d, the BOD, COD, and TSS concentrations do not exceed the Iraqi limits. It may, however, be 

possible to adjust the mass balance promptly based on observed discharge quantity and quality, which may 

reduce the concentrations of pollutants in the treated wastewater. It was further observed an increase in 

discharge increased the efficiency of phosphate removal. Phosphate removal depends on the acetate presence 

of rbCOD fermentation, and for such fermentation, retention times of 0.25 to 1.0 h are generally sufficient 

[24]. warned against employing excessive anaerobic contact times due to the risk of secondary phosphorus 

release, that is, phosphorus release unrelated to acetate uptake. Bacteria do not store polyhydroxy butyrate 

(PHB) for further oxidation in the aerobic zone when such secondary releases occur, and phosphorus uptake 

and storage both require energy, as provided by polyhydroxy butyrate. In the Karbala sewage treatment plant, 

the contact time in the anaerobic basin is currently in excess of 3 hours, which allows secondary release of 

phosphorous to occur, decreasing the efficiency of phosphate removal. However, nitrates are affected only 

very slightly when the discharge increases. 
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Figure 8. Effect of flowrate on pollutants at the effluent plant 

 

Figure 8 shows the effect of RAS on the concentration of pollutants in the treated wastewater. A very slight 

effect was observed in pollutant concentrations even when the RAS ratio ranged from 20 to 100%. This 

makes it preferable to use the lowest percentage possible, so as to not waste energy and to increase MLSS 

concentrations in the aeration tank. Phosphates are affected by the return of sludge, however, as this flow 

may contain concentrations of dissolved oxygen and nitrates that affect phosphate removal efficiency [25]. 

The concentrations of TSS increase very slightly with an increase of RAS, due to the increase of SLR in the 

secondary sedimentation basin, while the concentrations of COD, BOD, and TN in the treated water 

improve when the percentage of RAS increases. 

 

 
Figure 9. Effect of RAS on pollutants at the effluent plant 

 

Examining the internal recycling process involved assessing the nitrogen mass balance in the plant. Every 

biochemical process in the plant requires a donor electron and an acceptor electron. In the process of 

denitrification, rbCOD is the donor electron and nitrate is the acceptor electron [26]. Due to the lack of rbCOD 

in the sewage of the city of Karbala, however, it is useless to return large quantities from the aeration basin to 
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the anoxic basin. As Figure 13 shows, pollutants are not affected even by IRs three times greater than the 

influent discharge to the plant, though these pumps consume very high rates of energy and require 

maintenance. In addition to the large accumulation of nitrates in the anoxic basin, when nitrate concentrations 

increase in the system, three negative effects occur. The first effect is that when the wastewater exits with 

WAS into the anaerobic digester basin, it transforms the treatment system from anaerobic conditions to anoxic 

conditions. In terms of the second effect, when the nitrates are returned to the phosphorous removal basin with 

RAS, anoxic conditions thus also occur in this basin. Finally, the third effect is the excess accumulation of 

nitrates in the anoxic basin, which may cause inhibition of nitrate-reducing bacteria [24], [27]. 

 

 
 

Figure 10. Effect of IR on pollutants at the effluent plant 

 

Removing the excess sludge is necessary to reduce the concentrations of MLSS in the aeration tank in such a 

way as to ensure that the pollutants are treated effectively. The removal of sludge from the system affects the 

removal of nitrogen while improving the phosphate removal process, in addition to affecting the organic 

substrate With an increase in WAS, the concentrations of COD, BOD, and TN increased slightly in the treated 

wastewater, due to the decrease in biomass concentrations that contribute to the decomposition of organic 

matter and nutrients. An increase in discharge brought on a slight decrease in the TSS concentration, due to 

the decrease in solid loading rate in the sedimentation basin, and a slight decrease was also observed in 

phosphate concentrations, as phosphates are biologically removed alongside sludge that might be used in 

building the metabolic processes of cells [28]. 
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Figure 11. Effect of WAS on pollutants at the effluent plant 

 

3.5 Chemical upgrades 

3.5.1 System Upgrade using Pre-denitrification 

Enhanced supplies of dissolved inorganic nitrogen and phosphorus, which drive the growth of aquatic primary 

producers, have been linked to increased eutrophication in estuarine ecosystems [29]. The major nitrogen 

forms connected with human impacts are nitrate and ammonium, and in light of the current eutrophication 

crisis, understanding which type of nitrogen is preferentially digested by phytoplankton in nature and how the 

two nitrogen groups interact is critical. Some studies have shown that nitrate and phosphate concentrations, 

even when relatively small, allow algae and phytoplankton to grow in large quantities [30]. Therefore, 

reducing the concentrations of these should contribute to reducing the prevalence of harmful plants and algae 

in water sources. In this study, four external carbon sources were added to find determine the effects on 

reducing nutrients in wastewater, to improve the denitrification process and reduce phosphate concentrations 

within the examined system. These compounds were acetic acid, propionic acid, methanol, and glycerol, and 

these materials were all added after the initial sedimentation basin and before the phosphorous removal basin 

figure 12. 

 
 

Figure 12. Upgrading Karbala sewage treatment plant by adding an external carbon source 
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The results, as shown in Table 6, suggest that the best removal of nitrates and total nitrogen is observed when 

methanol is added, giving total nitrogen concentrations of less than 10 mg/L. However, the best removal of 

phosphate occurred when adding propionic acid. Glycerol was the weakest external carbon source with respect 

to removing nutrients, though it did not raise the concentrations of BOD and COD when added as much as 

the other options. 

 

Table 6. Simulation results after adding an external carbon source 

Parameter Actual Outlet,  

mg/L 

Acetic acid 

mg/L 

Propionic acid 

mg/L 

Methanol 

mg/L 

Glycerol 

mg/L 

COD 26 23 27 28 16 

BOD5 10 4.7 6 8 3 

TSS 14 1.7 1.8 1.7 1.4 

TP 5.8 1.3 1.2 1.33 3.6 

NO3 32 11.5 9 7.8 23 

TN 34 13.56 11 9.7 24 

PO4-P 3.5 0.33 0.11 0.33 2.8 

 

 

 

3.5.2 System Upgrade using Post-denitrification 

Biological nutrient removal (BNR) is a term that refers to the removal of both P and N. The majority of 

BNR WWTPs use a pre-anoxic layout, in which the anoxic zone is positioned with regard to the flowrate of 

the aeration basin. As denitrification depends on ammonia oxidation in the aerobic zone, substantial mixed 

liquor recycle (MLR) rates are required in the anoxic zone to provide a suitable nitrate source [31]. While 

high specific denitrification rates (SDNRs) can be achieved using this arrangement, MLR pumping has 

several drawbacks, including greater energy costs, the return of dissolved oxygen (DO) from aerobic 

processes, and dilution of influent carbon. The most important issue is that the pre-denitrification process 

cannot reach the required nitrate reduction levels, never taking concentrations below 5 mg/L [32]. As the 

anoxic tank positioned downstream of the aerobic nitrifying tank can produce an effluent with less than 3 

mg/L, post-anoxic denitrification eliminates the need for MLR pumping [33]. The Karbala sewage treatment 

plant should thus be upgraded by placing the post-anoxic basin after the aeration basin, Figure 13.

 
Figure 13. Upgrading Karbala sewage treatment plant by adding an external carbon source (post-anoxic 

tank).  
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When operating the system in the post-denitrification process, methanol should be added as the best external 

carbon source, Table 7. 

 

Table 7. Results Compression of the model when adding methanol to the post and pre- denitrification 

process 

Parameter Actual Outlet,  

mg/L 

Pre-denitrification  

by Methanol addition 

mg/L 

Post-denitrification  

by Methanol addition 

mg/L 

COD 26 28 65 

BOD5 10 8 35 

TSS 14 1.7 1.6 

TP 5.8 1.33 2 

NO3 32 7.8 4.7 

TN 34 9.7 7 

PO4-P 3.5 0.33 1 

 

Nitrogen removal is excellent when the denitrification processes are post-anoxic. The improvement ratios of 

nitrate for pre- and post-denitrification were 75 and 85%, respectively; however, the latter caused an 

increase in COD and BOD concentrations, which is problematic. 

 

 

4. Conclusions 

The process of regulating operational and physical parameters for sewage treatment is essential, as adjusting 

the IR, WAS, RAS, and DO all contribute to improving energy consumption and the reduction of the resulting 

sludge. rbCOD may be considered the most influential parameter with respect to the removal of nitrogen and 

phosphorous, as it is the best source of carbon for building cells that contribute to the removal of nitrogen and 

phosphorous. Chemical upgrading thus contributes to a significant reduction in nitrates and phosphates based 

on adding an external carbon source to the system to support this. Acetic acid, propionic acid, methanol, and 

glycerol were all used as external carbon sources in this study, with methanol identified as the best among 

these sources. The post-denitrification process was also found to be better than the pre-denitrification process  

in terms of removing nitrates; however, it was less effective for other pollutants. It is thus desirable to conduct 

a study in the future to investigate the production of an internal carbon source in the Karbala sewage treatment 
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Abstract 
The erosion of soil is the most influential factor contributing to the creation of sinkholes in urban areas. 
Soil degradation often takes place due to failures in sewer pipelines, when water flows from and to 
the adjacent soil through pipes defects. Soil deficiency surrounding faulty stormwater sewer pipes has 
been attributed to various reasons, including water infiltration and exfiltration volume or discharge, 
crack size, relative density, water heads, and the number of cracks. This paper focuses on the effect of 
using tiny gravel media as a protective layer to reduce the processes of soil erosion due to the faults 
in the wastewater system, which is done by means of a comparison of erosion mechanisms observed 
when using a protective tiny gravel layer and without. A local sandy soil was used, obtained from the 
neighbourhoods near the city centre in the Karbala governorate. Sixteen tests, separated into two 
groups, were performed to identify the differences in outcome between the two statuses, with a 
matrix of various influential factors to which erosion has been attributed used across the experiments. 
The outcomes demonstrated that using a tiny gravel layer as a protective bedding layer has an 
excellent effect on impeding soil erosion processes and, in particular, tremendous efficiency in 
reducing cavity formation of up to 95.4%. Furthermore, the findings showed an 18.25 times decrease 
in the total eroded soil, while the settlement of soil surface showed a 26.35 times decrease, allowing 
higher internal stability and reduced sewer pipe path deformation. 
Key words: tiny gravel , infiltration/exfiltration , stormwater sewer, cavitation, bedding efficiency. 

 

1. Introduction 
The formation of sinkholes is a major factor in soil failure, and sinkholes in urban areas offer huge risks 
to human life, including the potential for fatalities [13, 14, 27]. Several researchers [11, 20, 37] have 
noted the formation of sinkholes due to defects in sewer pipes causing internal erosion of soil, leading 
to serious damage to infrastructure as well as the aforementioned threat to human life. Furthermore, 
internal erosion of soil around sewer pipelines has been identified as a driver of the generation of 
underground voids [8, 12, 13]. Both structural and operational conditions of infrastructure, as defined 
by Chughtai at.al (2008) are thus exposed to this deterioration due to the formation of sinkholes [6]. 
Variation in climate over cities leads to varying water flow rate in their sewage systems, which can place 
extreme loads on defective pipes, increasing the possibility of the generation of cavities and inducing 
high settlement levels [3, 15, 18, 25, 26, 29, 31–34]. Soil erosion cavities across sewer pipes may also 



 
 
 
 
 
 

lead to further failure of the pipe as a consequence of a lack of soil support [2, 7, 32, 35]. Such events 
have been noted in Guatemala, in Ottawa, and in many other places around the world [4, 5, 17, 39]. 

In that situation, the relationship between the grain size of the bedding materials and the defect size 
can be considered the main influencing factor for the erosion process. Rogers at (1986), suggested a 
relationship between bedding grain size to leak width (B/D85) and the soil erosion rate, where B is the 
sewer pipe crack width and D85 is the sieve size through which 85% of particles pass within the bedding 
soil sample. This study showed that the critical flow of soil through a leaky pipe begins when the defect 
width reaches 2.5D85 to 4.9D85[36], and similar results were found by Mukunoki [27]. Ghulam at (2018), 
used laboratory apparatus to investigate the effect of particle size and leak width impact on the erosion 
of local sandy soil and subbase type (D), showing that the eroded soil increased as the D70/B ratio 
declined. In general, the eroded soil reaches an eroded soil collection device quickly and continuously 
through leaks when the ratio of D70/B is less than 0.17 A model study to investigate the mechanisms of 
soil degradation induced by drainage pipe deficiency water infiltration was also created in [12].  

The mechanisms for soil particle migration to various types of sewer pipe beddings, as specified by 
British Standards (1987), was examined by Fenner (1991) [10]; the findings of his study suggested the 
utilisation of bedding class-F (Flatbed) in preference to bedding of class-S (sewer pipe surrounded by 
granular material), as shown in Fig. 1. The potential methods for reducing the existence of sinkholes 
based on soil settlement and ground loss suggested are thus to improve the internal stability of 
embedment materials to impede the erosion process (Sato and Kuwano, 2008) [37]; to detect cavity 
generation at an earlier stage by utilising geophysical techniques such as ground-penetrating radar 
(GPR) (El-Qady et al., 2005)[9]; or to avoid the occurrence or development of sewer pipe cracks. The 
first of these is often the most appropriate solution, as it reduces extra costs [19].  

Pipe embedment and backfill products thus play a significant function in the migration of soils 
particles into faulty sewer pipes from a geotechnical point of view; an adequate balance of characteristics 
is thus sought to enhance the resistance of these bedding materials to internal erosion. An analysis of 
Australian sewer bedding material specifications revealed a lack of awareness of the importance of 
particle size distribution (PSD) in determining the susceptibility to erosion among those materials, 
however [41, 42].  

Bedding material classification and descriptions have been studied by several researchers [1, 2, 22], 
with most such studies seeking to identify the effects of bedding thickness by applying analytical 
methods. Abolmaali derived a non-linear formula for soil erosion based on the finite-eliminate method 
(FEM) using Abaqus software [1], while Guo studied the erosion process for soils used as bedding 
materials by applying numerical model analysis to predict the rate of erosion for the soils [14]. Within 
that study, particle shape factor, particle size, void ratio, and submerged repose angle were identified as 
key soil properties and the groundwater table was the major function. Karoui investigated the subsidence 
of granular material (silica sand) under two water flux conditions, cyclic and continuous; his study 
outcomes revealed that a sequence of fast water supply and drainage cycles created quicker failure than 
slow water supply and drainage cycles [23]. Backfill materials have also been determined to play a 
crucial role in  the total amount of soil subsidence and surface settlement [29, 32]. Basim et al. further 
noted that, throughout the rainy season, water rises rapidly in the sewer pipe system, which leads to 
pipes operating under fully loaded conditions, thus accelerating cavity formation due to the increment 
of water volume quantities seeping through any cracks in sewer pipes, and consequently, increasing the 
infiltration water volume combined with the eroded soil accumulating inside the pipe through defects 
[16, 26, 30, 35]. 
 
The current study aimed to identify the efficiency of using tiny gravel as a protective layer, and a small 
scale ground model experimental method was utilised to increase understanding of the impact of using 
such a protective gravel layer on the various mechanisms of soil erosion and subsidence. Image 
correlation using Particles Image Velocimetry (PIV) was employed to perform continuous observation 
of any soil subsidence. 



 
 
 
 
 
 

 
2. Testing materials 
The soil consisted of local materials derived from areas close to Kerbala city centre in the Karbala 
governorate. The soil samples were sieved to determine the soil grain size using a standard analysis 
method (Astm, 2007, Astm D-422). The soil size graduation is plotted in Fig. 2, with further details 
shown in Table 1. According to the Unified Soil Classification System (ASTM D 2487-17), the resulting 
soil is described as sandy soil with poor graduation (SP). The soil permeability was also examined per 
ASTM D-1556. 

The tiny gravel used in this study was intended as a protective layer of granular media to improve 
the soil resistance to erosion and subsidence, as shown in Plate 1. The properties of this gravel are 
presented in Table 2, and the particle size gradient per ASTM specifications is shown in Fig. 3.  

 
Figure 2: Particle size distribution of experimental sandy soil 

 
Table 1: Experimental sandy soil properties 

Property ASTM Designation Value 
Specific gravity ASTM’D854-14 2.60 
Coefficient of Gradation’’ 
Cc’= D30

2/D60’D10 
ASTM’D2487-11 0.88 

Coefficient of Uniformity’ 
‘Cu’= D60/D10 

ASTM’D2487-11 3.18 

Plastic Limit (P.L) ASTM D4318-05 14% 
Liquid Limit (L.L) ASTM D4318-05 18% 
Plasticity Index (P.I) 
P.I = L.L - P.L 

ASTM D4318-05 4% 

D75 - 0.571’mm 
Optimum water content - 8.56% 
Soil permeability’ ASTM’D’-1556-03 0.00021’m/s 
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Figure 1: Sewer bedding class (S) and (F) 
British Standards 1987. 

 



 
 
 
 
 
 

 
 
 
 

 
Figure 3: Particle size distribution of experimental tiny gravel  

Table 2: Experimental tiny gravel properties 

Property ASTM Designation Value 
Specific gravity ASTM D 3854-214 2.85 
Coefficient of Gradation 
Cc= D30/D60D10 

ASTM D 2487-11 2.56 
 

Coefficient of Uniformity 
Cu= D60/D10 

ASTM D 2487-11 1.03 
 

D75 - 6.84 mm 
 

3. Experimental apparatus 
The current study’s test apparatus was designed to overcome the disadvantages of the previous models, 

based on a review of the testing models and apparatus used by previous researchers [12, 19, 21, 24, 28, 
37, 38]; it was thus built as big as possible to provide better simulation of real soil cavities’ formation 
and subsidence. The model is illustrated in Fig. 4 and Plate 2. The apparatus was composed of a soil 
compartment, a gathering unit to collect the eroded soil, water inflow and outflow control valves, and 
some variable steel weights. The entire soil container had dimensions of 800 x 100 x 490 mm. Both the 
front and back walls were of 10 mm strengthened glass with steel framing, to allow observation of the 
development process of cavity formation through translucent walls. At the base of the soil chamber, five 
interchangeable erosion soil collection units were placed to facilitate changing the numbers of cracks 
and crack sizes, simulating various pipe defects near the crown. The water volume in each cycle could 
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Plate 1: Tiny gravel used in experimental test 



 
 
 
 
 
 

be changed by adjusting the supply valve, and a rubber strip and an O-ring were placed between the soil 
chamber base and eroded soil collection units to prevent leakage from the connections. At the lower end 
of the soil gathering unit, a drainage valve was fixed that opened when discharge was required and 
closed during water supply.  

By adjusting the steel loads placed at the top of a timber beam, the actual weight of soil was imitated 
for various depths of sewer pipe. A high stiff plastic pipe of a 2 mm radius was used to move water from 
the source tank to the valve, and for each particular water head, the water flow rate was calibrated and 
the volume over time measured. 

 

 
Plate 2: Image of the experimental apparatus. 

 

Figure 4: Schematic diagram of the apparatus  

 
4. Experimental methodology and procedure. 
The eroded soil collection unit with 8- and 6-mm replaceable crack width and 55 mm length was placed 
at the base of the soil chamber and held in place with screws, with the top surface of the collection unit 
and the bottom of the soil compartment at the same level. The defect length was placed in a direction 
parallel to the glass walls, then the tiny gravel layer was placed at the desired thickness and compacted 
by tamping. The soil was then added to the soil compartment as 70 mm layers that were then compacted 
to 75 or 85% relative density, depending on the test to be performed. Two water heads were utilised (1.7 



 
 
 
 
 
 

and 2.0 m), and dry ,4%, and 8% soil initial moisture contents were investigated. Appropriate steel loads 
were set on a timber beam fixed on the soil upper surface to represent 1.5 m of soil depth over the sewer 
pipe. 

The model was left for 12 to 18 hours in each case to decrease implied creep impact before 0.9 or 0.3 
litres of water was applied to the soil model through the crack, depending on the test. The drainage plug 
was removed after 3.5 min, permitting water and any eroded soil to flow out of the collection unit. The 
water supply and drainage process together created a cycle, and this was replicated fourteen times per 
test. Each cycle, the eroded soil was collected, dried, weighted, and then sieved. The Particles Image 
Velocimetry (PIV) was captured based on image correlation using a built in MATLAB software 
function, and this was utilised for continuous observation of the soil vertical displacement. 

Nikon D5300 DSLR cameras were used with 23.6 x 15.6 mm complementary metal oxide 
semiconductor (CMOS) sensors and an image resolution of 6000 x 4000 pixels. To avoid relative 
movement between the lens and the target, which can occur in automatic mode due to auto focusing, the 
camera and lens were operated in manual mode; further, to avoid the reflection of nearby objects on the 
glass walls of the apparatus, which could disturb the images and hamper the correlation process, black 
covers were used behind the camera [40], which was initially placed in close vicinity to the target; 
however, as this created perspective distortion in the images [40], the maximum possible distance of 1.5 
m was selected. 

 
5. Outcomes and discussion. 
According to the Iraqi general standards for the implementation and installation of sewer pipe systems, 
utilisation of granular media as embedment materials is recommended. Consequently, it is essential to 
investigate the effects of such granular particles on erosion and subsidence processes. In this study, tiny 
gravel was used as a protective layer above pipe cracks, rather than as an entirely embedded material, 
in order to identify the effectiveness of utilising a granular media as a protection layer for pipelines in 
sewage systems. Various tests were thus performed in different conditions, with two cracks widths of 6 
and 8 mm, two water pressures of 1.7, and 2.0 metres, initial moisture content varying between dry, 4%, 
and 8%, relative density of 75% and 85%, also two water fluxes, 0.3 and 0.9 L. Cases with one, two, 
and three cracks were also investigated. 

Fig. 5 reveals that employing the small gravel media had huge impacts on the cumulative erosion 
soil weight, and the overall cavitation process. The results show a decrease in eroded mass volume of 
18.25 times for a single crack on using the tiny gravel layer, and a similar influence was noted even in 
the multi-crack case, with the reductions being 25.84 times and 30.62 times for two or three defects 
respectively, as displayed in Fig. 6. Based on observations that no cavity formation or high subsidence 
occurred either in single or in the multi-cracks cases, the tiny gravel appears to  offer protection based 
on its effect as a filter, preventing the soil particles from flowing along with the water seeping into the 
defective pipe. 

  
 

Figure 5: Cumulative eroded mass with and without gravel layer in various test cycles 
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A)N=1 

B) N=4 

 
 

Figure 6: Eroded soil mass with and without gravel layer in different cycles for 
multi crack statuses. 

It was also highly notable that the decrease in the erosion in cases of two and three cracks with 
spacing equal to 55 mm, which had the highest probability of cavity creation as mentioned in the 
preceding figure, showed only small values of eroded mass due to the behaviour of the tiny gravel layer 
restricting cavity formation by reducing the motion of the particles. This state also registered the least 
subsidence, as shown in Plate 3. Thus, the possibility of cavity generation and soil surface settlement is 
noticeably decreased when the separating distance is increased, with no necessity for additional 
examinations for these cases. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Experiments with two different defect widths (6 and 8 mm) and inflow volumes (0.3 and 0.9 L) were 
conducted to assess the performance of a tiny gravel layer with regard to different crack sizes and various 
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water fluxes. The volume of eroded soil during the test cycles is shown in Figures 7 and 8, and the results 
reveal a significant decrease in soil erosion by 22.15 times for both crack sizes. The decrease in defect 
width from 8 mm to 6 mm without the gravel protective layer reduced erosion by 38%, while this effect 
was increased to 71% with the gravel layer. The overall decline in erosion based on adding the protective 
layer was 28.75 times for an 8 mm crack, supporting the restriction on negative behaviours in embedded 
soil around sewer pipes caused by screening using a tiny gravel layer. 

 

 

     

 Figure 7: Cumulative eroded 
mass with and without gravel 
protect layer during tests for 
different leak widths. Iwc=0%, 
and V=0.3L.  

 

 
Figure 8: The relationship between water volume and total eroded soil at water volume 0.9L 

 

Furthermore, the soil final layer vertical subsidence was decreased by 26.35 times, with total 
subsidence reduced from 13.7 mm without the protection layer to 0.52 mm with such a layer, as shown 
in Plate 4. Fig. 9 further reveals a decrease of 23.4 times water volume in the 0.9 litre case.  

It was clear that increasing crack width and water quantity in the exfiltration/infiltration cycle did 
not have a significant impact on the erosion process and cavity formation; the general behaviour of the 
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soil was also similar in terms of increasing the cumulative amount of eroded soil in cases with and 
without gravel layer. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

Two various water head experiments were performed to increase confidence in the performance of 
the tiny gravel layer, and another additional experiment at 75% relative density was conducted. The 
experimental results of these tests are shown in Figures 9 and 10. The results revealed that when the 
water head increased, the amount of erosion was correspondingly increased. In addition, when a 
comparison was made to examine whether utilising the protective layer was efficient and successful, a 
high difference in measured total eroded soil was observed, with a reduction of 5,491gm in the second 
case. This implies that the efficiency of erosion reduction can reach up to 95.4%. 

 

 
Figure 9: Total cumulative eroded soil through various cycle tests in 2.0 metre water head with 

and without gravel protection layer 

Similarly, the high impact of using a gravel protective layer was also seen in the lower density state, 
with total eroded soil volumes declining from 10,333.8 to 285.6 gm, equivalent to a 36.2 times 
reduction. Further, the soil with the protection layer did not fail and the soil erosion resistance 
continued until the end of the test, which was not the case without a gravel layer, as shown in Fig. 
10. 
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Figure 10: Total eroded soil at the end of 14 cycles with 75% density during the 

experimental test. 

In general, the outcomes of the tests indicated a high impact of using a protective tiny gravel layer. 
Overall, the use of a gravel layer decreased the erosion of soil by at least 18.25 times, generating an 
efficiency of 95.4%. This confirms that the use of this procedure leads to an increase in the resistance 
of soil to cavity formation and subsidence. 

 
6. Conclusion 

● The results showed that the cumulative amount of eroded soil reduction was 18.25 times greater 
with a gravel layer than without. 

● The overall decrease in soil surface settlement was 26.35 times. 
● The total effectiveness of the employing a tiny gravel protection layer was 95.4% in all cases, 

including different heads; various defect widths; one, two, or three cracks; and even with 
varying relative densities. 

● Due to the high efficiency of utilisation of a gravel protective layer with regard to impeding 
both subsidence and erosion process, as shown in this study, this capability of reducing soil 
erosion should control deformation of sewer pipe paths where it is utilised. 
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ABSTRACT. 

Internal degradation induced in the metropolitan areas by leakage of sewers. As the 

resistance to erosion depends on the distribution of soil particles and the water pressure in 

sewer pipes, it is worthwhile to research the impact of water pressure on the soil erosion 

resistance of embedded pipes. This study aims to find  physical model tests which 

simulating erosion and sinkhole development due to cyclic leakage in an experimental 

ground model through defect sewers. Proposed parameters like cyclic leaks through pipe 

crashes, eroded soil properties, initiation cavity, and evolution up until sinkhole failure were 

studied. During this process, the ground settlement monitored with Paricle:Image 

Velocimetry  (PIV). Also,  soils with various classification were utilized to identify the total 

subsidence for the different soil types. Five various water pressures were used:i.e., 

0.8,1.1,1.4,1.7, and 2.0 meter,(7.85, 10.79, 13.73, 16.76, and 19.61 Kpa), respectively, and  

local sandy soil, local loamy soil, and local clayey soil also were used. The results showed 

that two parameters influence soil failure,noticebliy:- the first is water pressure which has a 

direct proportion to erosion and subsidence, where the increment of total eroded soil of 2.0 

m water head reached 3.95 times 0.8 m head , and the second is soil types which showed 

that the clayey soil is highly sensitive and suffering more from subsidence rather than 

erosion on the contrary of other soil types. 
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INTRODUCTION;  

Urban sinkholes around faulty sewer pipes because of soil erosion are frequently reported and have become 

a major urban problem issue [1,5,8,12,16]. Recent reports indicated that in Japan there  are…, 3000-4000 

accidents in road sinkholes occur annually, because of the deterioration of sewage piping, in Japan alone[3]. 

Such disasters cause significant economic damage, societal inconvenience, environmental effects, and often 

human deaths. Detailed reporting on these events is extremely rare, though, because the primary concern of the 

competent authority is to return the utilities and roads more quickly to minimize public discomfort. Table 1, which 

based on the official reports, demonstrates the descriptions of a few sinkhole incidents triggered by faulty sewer 

pipes, it is shows that the most critical parameters (l.e.,the type of the soil, details of the sewage pipe, groundwater 

level, conditions of weather, pipe defect, the geometry of the sinking hole, etc.) are uncertain and the news only 

characterized the event in general. Consequently, the mechanism of erosion and the main parameters influencing 

soil erosion by sewer pipes faulty are not yet clearly understood, where large number of matters have not been 

clarified[13]. 
Indiketiya and other researchers presented three approaches to minimize these events and one of the cost-

effective geotechnical technological solutions is to enhance soil erosion resistivity surrounding the sewage 

pipes[10,11,20,28]. A plate of the cross-section, of a standard sewer trench for the main two bedding types, is 

displayed as shown in Fig (1). The soil in the embedding and filling of trenches surrounding the sewer pipe cracks 

are eroding and entering to the pipeline by groundwater penetration and exfiltration of the sewer as stated by[20], 

Which begin to create a void in the soil structure. These voids expanded throughout the rainfall cycles and 

continuous exfiltration. Eventually, it leads to cavity formation. After a while, the arch roof of the cavity will not be 

able to withstand  the excessive load on it, causing soil failure and land sliding. In several studies, the association 

between soil properties and the risk of internal erosion that deficient sewers have been studied[8,14,24–26]. 

 

 

 

 

 

 

 

 

 

 

For geotechnical engineering, backfill materials, and pipe embedding play a vital role in soil migration 

caused by pipe defects, and the precise balance of their properties will increase their internal erosion resistance. 

Figure (1) : Bedding main two types 
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Examining the Australian sewer bedding content specifications[29] reveals explicitly a lack of knowledge 

regarding the value of particle size distribution for the erodibility of these products. Besides, the backfill materials 

play the same crucial role in identifying the total amount of soil subsidence and surface settlement[17]. 

Table (1): Some examples for sinkholes  induced by defective   sewers 

Date Location Cause of tragedy Sinkhole size Damage Reference 

12/2016 San 

 

 

Defective sewer 3.6 m deep 1 killed [19] 

    2 injured  
12/2016 Fraser, 

 

Broken sewer line (12′  

       

 

100 m long, 33 m 

 

Over US$78 

   

 

 

[4] 

5/2016 San 

 

A broken brick sewer 

        

4 m long, 1.5 m 

    

– [30] 

9/2015 Fremont, 

 

Broken old  vitrified clay 

       

    

2.5 m deep, 3 m 

     

US$30,000 [2] 
9/2002 Tuscan, 

Arizona 

Old sewer pipe 42″ in  

diameter 

2 sinkholes US$7.7 

million 

[6] 

 

Sato et al., and Indiketiya Performed several experimental tests on a ground model to identify the effect of  

water head on the time of cavity formation has findings proved that there no large impact for this factor on cavity 

formation speed[10,11]. Basim et al. stated that through the rainy season the water rises rapidly in the sewer pipe 

system, which leads to making the pipe under a fully loaded condition, thus will help to accelerate the cavity 

formation due to the increment of water volume quantities that seepage through the cracks in the sewer pipe and 

consequently, increasing the infiltration water volume combined with the eroded soil inside the pipe through 

defects[9,18,21–23]. 

 Furthermore, Gholam et al. 2018 reported that the increase in water flow discharge leads to raising the rate 

of erosion faster. Also, his study indicated that the eroded soil reaches the eroded soil collection device quickly 

and continuously through the leak when the ratio of D70/B is less than 0.17, where B equal to the crack width and 

D70 the size of sieve that 70% of the soil sample passing through by weight. On the other hand, his study not gate 

a sufficient focus on the water head influence on the amount of eroded soil and their gradation[7]. The aim of this 

study to evaluate the water pressure influence on total amount of eroded soil and subsidence by utilizing Particle 

Image Velocimetry in  Matlab 2019 function. Main aim of the present study to achieves an comprehensive  

understanding of erosion mechanisms for various soil types, which take a limited focus by the erosion studies. 

 

1. EXPERIMENTAL WORK.   

 1.1 TEST APPARATUS and MATERIALS. 

The present study presents a  physical ground model apparatus to identify the study aim, the experimental 

model contains a soil chamber with dimensions of (70X49X10)mm, as the ( length X height X width). And soil 

collecting unit is attached to the bottom of the chamber can be shown in Plate (1). A local sandy, loamy sand, 

and clayey soils were brought from Kerbala Governorate. Also,(7.85, 10.79, 13.73, 16.76, and 19.61) kPa. Of 

water pressure was utilized, which was provided by a variable head water tank . Table (2) and Fig. (3), show the 

soil specification and particle size distribution according to (ASTM- D 422 Standard soil analysis test method). 

Furthermore, two digital single lens reflex cameras (DSLR) were placed 1500 mm approximately, away from the 
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soil chamber. Holding the camera near to the target creates a distortion of perspective in captured pictures, as 

recommended by Thielicke and Stamhuis[27]. A fixed distance of 1500 mm has therefore been selected. This 

study was based on a Nikon D5300 DSLR camera and selected  23.6 mm x 15.6 mm, CMOS (metal-oxide-

semiconductive supplementary), with 6000 x 4000-pixel image resolution (image resolution).The apparatus 

diagram shown in Fig (2) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2) : Schematic diagram of the testing apparatus used in experiments.  

 

 

 

Plate (1): Testing ground model 
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Figure (3): Used soil types according ASTM-D422 Particles Size Distribution. 

Table 2: Soil specification according to ASTM D2487-11, ASTM D 2487-17, and ASTM D854-14 

Specifications Soil type 
2.60 Specific gravity Local Sandy soil 
0.88 . 60/D230Coefficient of Gradation  Cc = D

10D 
3.18 10/D60Coefficient of Uniformity Cu = D 

0.571 mm 75D 
8.6% Optimum water content 
2.55 Specific gravity Local Loamy Sand soil 

 

 

 

 

 

 

1.22 . 60/D230Coefficient of Gradation  Cc = D

10D 
4.21 10/D60Coefficient of Uniformity Cu = D 

0.425 mm 75D 
8.4% Optimum water content 

2.45 Specific gravity Local Clayey soil 
0.883 . 60/D230Coefficient of Gradation  Cc = D

10D 
24.23 10/D60Coefficient of Uniformity Cu = D 

0.052 mm 75D 
15% Optimum water content 
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2.1 Experiment Work procedure 

The eroded soil collection units of a 6 mm crack width and 55 mm length was placed at the base of the soil 

chamber and fastened by screws. To keep the soil from spilling out during the soil adding and compacting 

process into the soil compartment, icing sugar was put in the erosion soil collection units. This substance 

breaks down when water streams into the soil compartment. Steel loads were set on the timber beam that 

was fixed on the soil upper surface to reenact 1 m of soil profundity over the sewer pipe. To decreases the 

implied creep impact, the model was lifted for 12-18 hours. After that, a 0.3 liter of water was applied to the 

soil model through the crack. Furthermore, after a 3.5 minute, the drainage plug released, and the eroded soil 

was collected, dried, weighed then sieved individually. An image took before and after the cycle of 

exfiltration/infiltration for purposes of  PIVlab analysis, and every two consecutive frames analyzed separately 

to evaluate the soil particles' vertical displacement. 

3.RESULTS AND DISCUSSION 

Throughout the present study, the total eroded soil and subsidence were under continuously observing 

and monitoring, the results of soil subsidence of the different cycles number against the head pressure are 

plotted in Fig (4). Moreover, Fig (5) shows the influence on the accumulative amounts of the eroded soil due 

to the water pressure variation. The results suggest that the increment of water head at the manholes leads 

to the quickening the process of soil erosion, which could create a cavity more quickly.  Fig (4) demonstrated 

that eroded soil total quantities increased by 1.033,1.74,2.9, and 3.95 times as compared with 0.8 m head for 

the increase of pressure of the water 1.1,1.4,1.7, and 2.0 m respectively. This results agree with study of [13]. 

 

 

Figure (4):  The soil eroded amount against cycles of the test throughout various water head. 
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Figure (5):  Accumulative erosion soil mass in different cycles of local sandy Kerbala soil. 

The impact of the ratio between the soil physical proprieties(permeability and density of soil) to water 

pressure (ℓ. K2/P) on the overall amount of eroded sandy soil is drawn in Fig (6). It was observed that the 

variations in water pressure have a meaningful influence on soil erosion mechanisms, where the voids will 

form more quickly when the soil was in the same permeability and relative density. Also, the cumulative 

eroded soil content was increasingly rising while this percentage becomes equivalent to or below 0.3.This 

effect of hydraulic properties of soil agree with the outcomes of [15]. 

 

Figure (06) :   Relationship of the total eroded mass of local sandy soil  types with  (𝜌𝜌.𝐾𝐾2 / 𝑃𝑃) 

The relationship of soil subsidence observed and plotted in Fig (7) during the test cycles against the 

variations of soil types. The outcomes indicate that clayey soil takes the highest subsidence by 3.5 times 

higher than sandy soil, which in turn less than the loamy sand soil by 1.28 times, the reason behind that is due 

to the losses of shear strength and structural failure of the saturated clayey soil on the contrary of sandy soil 

which the subsidence was due to the expanded of the cavity formation.  
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Figure (7):  Total subsidence for different type of soils throughout cycles test. 

 

Figure (8):  Accumulative soil subsidence for various head pressure of  various soil types. 

Although the clayey soil has the biggest subsidence among other soil types, it was observed that the clayey 

soil was the smallest soil affected by the variation of the water pressure. Where the outcomes reveal that the 

loamy sand soil increment was 4 percent, and the clayey soil increment was 3.5 percent, while the sandy soil 

raised by 5% when the pressure of water was increased from 1.7 to 2.0 m, as illustrated in Fig (8) which 

represented the amount of subsidence against various water pressure with different types of soil. 
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Figure 9: Different layer subsidence of various soil types. 

Fig (9), shows that the highest effect of the water pressure variation acted on the deeper layer, or the 

nearest layer to the pipe defect, that in turn means that the smallest vertical displacement appears in the 

farthest soil layer, or by another word the ground surface. Furthermore, the findings revealed that the surface 

layer was lower than the nearest layer to the crack by 21% for sandy soil, while the clayey settlement was 

decreased by 32% from the first layer. The Plate (2) shows the schematic diagram of the soil chamber and 

the distribution of layers in it. 
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Figure (10):  Total cumulated soil for different cycles recorded during the experimental test. 

Moreover, the outcomes show that the higher accumulative eroded soil was the sandy soil with 24 times 

more than the clayey soil, which in turn lower the loamy soil by 14.3 times, the results were in good agreement 

with Karpf study [14], as demonstrated in Fig (10).  

CONCLUSIONS 

 The following conclusions are taken from the results analysis of the present study: 

• The pressure of water in the sewer pipes has significant effects on the amount of soil entered into 

the sewer pipe, where the total volume of collected erosion soil is directly proportional to the water 

head. The results revealed that the increment of the total eroded soil reached 3.95 times with a 

water head of 2.0 m than of 0.8 m. 

• Different soil types are suffering from different types of failure, where the sandy soil fails by cavity 

formation and expansion and the clayey soil failure represented by high settlement(settlement for 

clayey soil 2.93 times more than loamy sand soil, while this soil has the smallest amount of eroded 

soil with 24 times lower than sandy soil). 

• It was found that when the water pressure is more than one 1.1  the sandy soil will be more prone 

to erosion. Also, soil particles of bigger sizes have a higher portion in that cycle that was at the 

beginning of voids creation than that of fine particle size. 
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Abstract: An experimental study was investigated to evaluate the removal efficiency of methylene blue (MB) dye from wastewater by using 

new adsorbent from truffle peels. Since raw truffle peels has low removal capacity so a new truffle peels activated adsorbent having 

hydrochloric acid groups was produced by activation using hydrochloric acid (5 M). In the present study, batch mode was conducted with 

different number of conditions such as pH, attach time, adsorbents dose and initial M.B concentration. According to the results, the removal 

efficiency of MB dye was 96.7% under the optimal conditions such as contact time was 60 min, pH of 6, the best initial MB dye concentration 
-1was10 mg l  and adsorbent dosage of 0.5 g. In addition, the optimal conditions of these parameters were used for Langmuir and Freundlich 

-1isotherm investigations. In adsorption process, which revealed that the higher adsorption capacity (qe) of MB dye was equal to 4.67 mg g . All 

results which indicated that TPAC can be effectively employed for MB dye removal on larger scale.
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Methylene Blue Removal with New Adsorbent Derived from Truffle Peels

Water forms are a basis source for the permanence of 

life; however, the water resources are suffering from the 

industrial and domestic discharge (Rezakazemi and 

Shirazian 2019). The presences of dyes in the aquatic life is 

one of the topic significant environmental problems. 

Methylene blue (MB) dye which is considered as the more 

spread used dying raw in special sources (Mahmoud et al 

2019). Different treatment techniques have been developed 

in order to contaminants extraction from wastewater. Due to 

simplicity of the experimental setup, high efficiency and no 

special apparatus is needed, the most extensively used 

technique chosen; adsorption (Ma et al 2019).

Many types of adsorbents such as activated carbon, 

zeolites and resins are used to remove the dyes, nutrients, and 

other contaminants from wastewater and the generality 

utilized is the activated carbon. Due to high cost of adsorbents 

mentioned above that leads to investigate a new cost-effective 

adsorbent, highly efficient and environmentally friendly from 

agriculture or industrial by-products (Mahmoud et al 2019). 

The present study will investigate the performance of the 

removal of MB dye onto truffle peels activated carbon (TPAC) 

under optimal condition such as the effect of pH, contact time, 

MB concentration and TPAC dosage. The equilibrium data will 

be analyzed using the Langmuir and Freundlich isotherm 

model will be evaluated. Table 1 shows the important previous 

studies on methylene blue removal from wastewater.

MATERIAL AND METHODS

The truffle peel (TP) as high effectively biomasses were 

collected from the products as waste. Chemicals such as MB 

dyes and other used chemicals such as hydrochloric acid 

(HCL) and sodium hydroxide (NaOH) for activation and 

functionalized of ACs were purchased from the scientific 

bureaus in Iraqi commercial markets. To pH calculation of 

samples, pH meter type (5011A, Ezodo, (Japan) model was 

used. Shaker type high-speed orbital (Daihan Lab tech 

(Korea). Memmert air oven type, (DZF, 2060) and the 

microwave muffle furnace, type Pyro 260 were used. The 

concentration of dye solutions was measured by using a 

double beam 6800 UV-visible spectrophotometer type 

JENWAY (In the department of Environmental Engineering at 

the Babylon University, Iraq).

Preparation of the Truffle peels activated carbon: An 

adsorbent is a porous nature with the ability to hold adsorbate 

particles onto its surface (Katheresan et al 2018). The 

production of activated carbon from truffle peels (TP) 

involved two steps: soaking and combined of carbonization 

and activation of peels. In the soaking step, the truffle peels 

were collected, cut into small pieces and cleaned with hot 

filtered water, then dried in an electrical oven at a 105°C for 

two hours (Khanday et al 2017). During this step, HCL (5M) (1 

g of peels impregnate in 2 ml of 5M of HCL) was added it 

carefully into the vessel including the peels at 25°C and an 

impregnation time of twenty-four hours and after then dry in 

an oven at a 120°C for one hour. The second step for the 

preparation, the peels were putted on a mineral dish and 

display to an average temperature of 500°C for one hour 

(Ballav et al 2018). After one hour of carbonization time, 



Researches Adsorbent Objectives or 
results

Hameed and 
Ahmad (2009)

Garlic peel (GP) Efficient and high 
removal of MB dye

Subramaniam and 
Ponnusamy (2015)

Novel adsorbent from a 
cashew nut shell

Good agreement 
between the 
experimental and 
predicted value

Mahmoodi et al 
(2018)

Mesoporous activated 
carbons from different 
agricultural peels, 
including kiwi peel (KP), 
cucumber peel (CP), 
and potato peel (PP)

Produced ACs 
eliminate dyes from 
wastewater 
systems

Akköz et al (2019) Prepared biomaterial 
from hawthorn kernel 
(HK) 

produced is ACs 
efficient for the 
removing MB dye

Table 1. Important works on methylene blue dye removal from 
waste water

Qe = 
(Co-Ce)*V

W
(1)

R(%) = 
(Co-Ce)*100

Co
(2)

      Fig. 1. Schematic diagram of preparation steps of TPAC

Fig. 2. Schematic diagram of butch procedure

washed with distilled boiling water until the wanted value of 

pH was obtained (6.5), and the product was dried in an 

electric oven at 120 °C in order to remove any unwanted 

moisture within the particles. Thereafter, the peels were 

grinded by using a manual grinder into fine particles size and 

sieved through stainless steel sieve (sieve No. 300 and 600) 

to get powdered activated carbon of TP. In order to get rid of 

any unwanted ash minutes and any moisture within the 

particles, the powdered activated carbon of TPAC was 

washed with filtered water and dried in an electric oven at 

100°C respectively. Finally, it placed in glass containers to be 

used in the experiments of water and wastewater treatment, 

sample of TPAC is shown in the Figure 1.

Batch adsorption experiments: Batch mode was studied to 

discuss the isotherm and efficiency of Methylene Blue (MB) 

and removal onto the TPAC adsorbents, using synthetic 

aqueous solution as shown in Fig.2. The stock solution of MB 

dye was prepared from dissolved amount of MB in 1000 ml of 

distilled water (50 mg l  to 500 mg l ) and all experiments -1 -1

were achieved at room temperature, Figure 2 shows the 

schematic diagram of butch procedure. The determination of 

the amount of the concentration of MB remaining in solution 

at  max = 653 nm. The amount of MB adsorbed per unit λ

mass and dye removal efficiency were estimated using the 

following expression given in equation 1 and 2:

Where qe (mg g ) indicate the equilibrium adsorption -1

capacity of MB adsorbed per gram of the TPAC, C0 and Ce 

(mg l ) the initial and equilibrium MB concentrations -1

respectively, V the volume of the MB solution (L), and W the 

TPAC mass (g).

RESULTS AND DISCUSSION

Parameters Affecting the Adsorption Procedure

Effect of pH and contact time: The most significant 

parameter in batch experiments is pH since the adsorbent 

surface charge strongly affects the surface charge of the 

adsorbent. The different value of pH (4, 6, 7, 8 and 10) was 

adjusted by HCl and NaOH at the adsorbent dose (0.5) mg l , -1

fix mixing speed (250 rpm), with initial MB concentration (10) 

mg l  of, for a certain agitation time (20, 40, 60, 80 and 100 -1

min) to reach the equilibrium point. On the other hand, the 

effect of attach period on the adsorption was studied by 

adsorbent mentioned above as shown in the same Figures. 

In the beginning, the percentage of removal was significantly 

increased with an increase in contact time then reaching an 

equilibrium point and it starts to decline. It is clear that the 

sorption rate was rapid at the initial stage and gradually 

remains constant (i.e. the equilibrium time). According to the 

results, the optimum removal of MB dye was 96.7% under 

conditions of pH 6 and equilibrium time was 60 min (Fig. 3).

Effect of adsorbents dosage: The adsorption of Methylene 

Blue (MB) by different masses of the TPAC (0.1, 0.2, 0.3, 0.4 

and 0.5 g) was studied as a function of contact time. 

Determining the optimum dosage at equilibration time and is 

critical for determination of the adsorption capacity and the 



(3)qe= 
Qo b Ce

(1 +  b Ce)

(4)Rl=
1

(1 + b co)

influencing factors (Fig. 4). The higher dose provides an 

increase in the available surface areas that were introduced 

by increasing the number of adsorbent particles, resulting in 

more adsorbate ions being removed by increasing weight of 

adsorbent (Narges et al 2017).

Effect of initial concentration: The effect of initial 

concentration can be carried out by prepare adsorbent-

adsorbate solution with fixed adsorbent dose and different 

initial adsorbate concentration for different time intervals and 

shaken until equilibrium and the percentage of removal of 

adsorbate is highly dependent on the initial amount of 

adsorbate concentration. The effect of the initial concentration 

factor depends on the immediate relation between the 

concentration of the contaminants and the available binding 

sites on an adsorbent surface. Generally, the percentage of 

dye removal decreases with an increase in the initial dye 

concentration, which may be due to the saturation of 

adsorption sites on the adsorbent surface (Selvaraju and 

Bakar 2017).  The present batch tests were carried out with 

various MB dye concentrations (10, 20 and 30 mg l ) at -1

optimum other parameters that previously measured (Fig. 5).

Equilibrium models: Adsorption process is usually studied 

through graphs known as adsorption isotherm that is defined 

as the relationship between the quantity of adsorbate per unit 

of adsorbent qe and its equilibrium solution concentration Ce 

in constant temperature, moreover, the quantity adsorbed is 

always represent by the mass of the adsorbent to allow 

comparison of different materials (Arshad et al 2016). 

Several adsorption isotherm models including Langmuir and 

Freundlich, were used to fit the experimental data. The 

isotherm was represented by the linear plot of specific 

adsorption (Celqe) against the equilibrium concentration 

(Ce) Figure 6.

Langmuir isotherm model: Langmuir model relates the 

coverage of molecules on a solid surface to concentration of 

a medium above the solid surface at a fixed temperature 

(Stjepanović et al 2019). The Langmuir equation is state as 

flowing:  

Where Ce is the equilibrium concentration of the 

adsorbate (mg l ), qe is the amount of adsorbate adsorbed -1

per unit mass of adsorbent (mgg ), Qo and b are the -1

Langmuir constants related to the adsorption capacity and 

the rate of adsorption, respectively.

The essential characteristics of the Langmuir isotherm 

can be expressed in terms of a dimensionless equilibrium 

parameter (RL) (Pirsaheb et al 2016), which is defined by:

Fig. 3. Removal efficiency of MB adsorption as a function of 
PH and Contact Time, (Co=10 mg/L, pH=6, Temp. 
=25±1°C, S=250 rpm)

Fig. 4. Removal efficiency of MB adsorption as a function of 
-1adsorbent dose, (Co= 10 mgl , pH=6, Time= 60 min, 

Temp. =25±1°C, S=250 rpm)

Fig. 5. Removal efficiency of MB adsorption as a function of 
initial concentration, (dosage=0.5 g, pH=6, Temp. 
=25±1°C, S=250 rpm)

Fig. 6. Experimental isotherm fitting to MB dye adsorption data



Where b is the Langmuir constant, and Co is the highest 

dye concentration (mg l ).The value of RL indicates the type -1

of the isotherm to be unfavorable (RL > 1), linear (RL = 1), 

favorable (0 < RL < 1) and irreversible (RL = 0). Langmuir 

isotherm takes into account the monolayer adsorption of 

adsorbate molecules onto homogeneous surface of 

adsorbent without any interaction between the adsorbed 

molecules (Rashid et al 2017).

Freundlich adsorption isotherm: This empirical equation 

is very useful and it consider non ideal adsorption on 

heterogeneity surface because it accurately describes much 

adsorption data, and is stated as follows: The Freundlich 

isotherm, on the other hand, assumes

qe = KCe    (5)1/n 

and can be linearized as follows:

log qe = log K +(1/n) log Ce              (6)

Where the qe is the amount of adsorbate adsorbed per unit 

mass of adsorbent (mgg ), Ce is the equilibrium -1

concentration of the solute remaining in solution (mg l ), K -1

and n are the Freundlich constants with giving an indication of 

how favorable the adsorption process. The slope of 1/n 

ranging between 0 and 1 is a measure of the adsorption 

intensity or surface heterogeneity, becoming more 

heterogeneous as its value gets closer to zero (Rashid et al 

2017). The amount of MB that adsorbed per unit mass of 

TPAC (mg g ) can be obtained from equation (1), while -1

Langmuir isotherm can obtain from plot Ce via Ce/qe in the 

experimental data, were fitted to Eq.1 (Fig. 6 and Table 2), a 

high R2 value of 0.9921.

Langmuir model was found on Eq.3 (Fig. 7 and Table 2) 

to fit the adsorption data of MB quite well with R2 = 0.9028 

and amount of MB that adsorbed onto TPAC. Regarding to 

Freundlich isotherm model, was particularly well with R2 = 

0.8794 fitted to Eq.5 (Fig.7 and Table 2) which describe the 

multilayer formation of M.B on the heterogeneous surfaces of 

the TPAC. The n value for M.B was generally >1 and ranged 

3.786, indicating favorable adsorption. Higher n value implies 

stronger interaction between TPAC adsorbent and MB dye.

Fig. 7. Langmuir isotherm model fitting to MB dye adsorption 
data

 Langmuir constants

Adsorbents -1Q  (mg g )o

-1
b (mg l ) RL 2R

Truffle peels 
activated carbon 
(TAC)

5.57413 1.07105 0.03018 0.9028

Table 2. Adsorption isotherm constants for MB adsorption 
on to GAC and TAC

Freundlich constants

Adsorbents -1K (mg g ) 1/n 2R

Truffle Peels 
Activated 
Carbon (TAC)

2.8707 0.2641 0.8794

Fig. 8. Freundlich isotherm model fitting to MB dye 
adsorption data

CONCLUSIONS

In this research work, the Truffle peels activated carbon 

was found highly effective for the color removal of MB dyes 

from water samples. The investigated dyes were eliminated 

from aquatic solutions with optimum condition. The Langmuir 

isotherm model was better than Freundlich isotherm model. 

With regarding of future researchers, should further 

investigate combined adsorbents instead of stand-alone 

adsorbents. It has already been established that truffle peels 

activated carbons are exceptional bioadsorbents sorbents, 

so, in order to further improve dye removal with combined 

adsorbents. In addition, future researchers should conduct 

more studies on this area to cover the existing gaps and 

make improvements on the adsorption method as well as the 

choice of adsorbent.
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Abstract  
This study was conducted to study the spatial and temporal physicochemical properties of the 
Tigris river within Baghdad city by selecting five stations for eight months from January to August 
2022. The study showed an increase in TDS values at stations of the upstream part (Baghdad Park) 
of the study area to the downstream (Tuwaitha) it is recorded of TDS concentrations of (1154 and 
403) ppm respectively, and it is noted that those values increase compared to the values of the wet 
months. The variation in cations and anions values due to multiple sources of pollution like 
(sewage discharge, agriculture activities and industrial wastes). The mean concentration values of 
NO3 varied between (5.52±0.702) ppm at Baghdad Park station and (1.25±0.76) ppm in Tuwaitha 
station. The Concentrations of TDS were more than Iraqi standards recommended values for 
drinking-water quality except in January, February, and Mach in Baghdad Park, Medical City, 
Ahrar Bridge respectively. 
The results of the Simple Correlation Coefficient (r) indicated that there is a positive and 
significant linear relationship between the average positive ions (Na+, K+, Ca2+ and Mg2+) with 
the average electrical conductivity values (micro-siemens cm-1) and with all factors. The 
relationship between the indicators of negative ion concentrations (Cl-, NO3-, PO43- and SO42-) 
for all stations used in the present study was evaluated through the studied time periods (Y) with 
electrical conductivity (EC) using the Least Square Analysis technique. The results showed that 
there was a positive and significant correlation at the probability level 5% and the coefficient of 
determination was ranged between 96.4% for chloride ion. 
Key word: Temporal, Spatial, Variation, Tuwaitha, Tigris river.   
1. Introduction  
Iraq is an arid country at least in the central and southern parts. The water problems, poor 
management, technical problem, real demand for water has rapidly increased over the past few 
years and this has resulted in water scarcity in many parts of Iraq. On the other hand, the prevalence 
of drought conditions caused by climatic changes. (Nada, 2022). 
Natural water has different types and quantities of contaminants depending on the location, season, 
and other variables. Geology, climate, geography, biological processes, and land use are a few of 
these variables. Physical characteristics such as water temperature, turbidity, and total hardness of 
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the river water can be good indicators for determining pollution. Similarly, chemical 
characteristics (electrical conductivity, pH, concentrations of K+, Na+, Cl-, and NO3- etc.) 
represent key parameters in monitoring and identifying pollution in river water (Chapman, 2003). 
Microbiological contamination is also an important factor with regard to the treatment 
requirements and safe recycling of effluents in river waters (Basílico and Faggi, 2015). The Tigris 
river is the only source for potable water supplies, fish consumption and farming, agricultural 
water supply, and also used for navigation, recreation, and industries in Baghdad. Hence, and 
according to the recommendations of the World Health Organization (WHO, 2002), it’s very 
important to keep monitoring and evaluating the river water quality by conducting frequent 
ecological, biological, and physic-chemical assessments and examination of water supplies.  
Many physical-chemical and Hydrogeological studies of the Tigris river have been    conducted 
on Baghdad city (Al-Bayatti, 2012: Al-Ani et al, 2014: Falih, 2016: Ewaid et al, 2018: Al-Ani, 
2019). To utilize and protect water resources (Tigris river) it's necessary to study the temporal, 
special physicochemical parameters of (pH), electrical conductivity (EC), total dissolved solids 
(TDS), total hardness (TH), major anion concentrations, in order to assess water quality of river 
water. The aim of the present study was to assess the temporal and spatial physic-chemical water 
quality parameters of Tigris river water in the selected sites within Baghdad city. 
The aim of this study that evaluation the special, temporal variations of physicochemical properties 
and their correlation between all parameters. 
1.1 Site Description  
The study area is located at (latitudes 44 34 13.9 - 44.20 801 N and longitudes 33 08 32.8 -33 
25705E). The length, width of Tigris river in the study area is about, 58.5 km and 190-500m 
respectively. The region is characterized by a semi-arid climate, The maximum of temperature, 
potential evaporation and annual rainfall is about 380C, 254mm mm/year and 24mm respectively. 
Geologically, the study area is relatively simple represented by the Quaternary deposits 
(Pleistocene), (Jassim and Goff, 2006). 
2. Methodology  
2.1 Water sampling 
Monthly samples were collected, at January, February, March, April, May, Jun, July, August at 
2022. Water samples were taken for five locations from the Tigris river within Baghdad city, The 
first sampling site was selected in Baghdad park, while the last sampling site was selected in the 
Tuwaitha area (Figure. 1). The sample were placed in high-density 1.5 L polyethylene sampling 
bottles to be washed with distilled water to transport to the laboratory. In the field, network 
monitoring stations were chosen to determine the spatial, temporal of physical-chemical properties 
in the study area. The data of these five water quality sampling stations consist of water quality 
parameters. The chosen parameters are given below: electrical conductivity (EC), total dissolved 
solids (TDS), Sulfate (SO4), total hardness (T.H), sodium (Na), potassium (K), calcium (Ca), 
magnesium (Mg), chloride (Cl), Bicarbonate (HCO3) nitrate (NO3) and Heavy metals (Cd, Zn, 
Pb). the name of water samples in the study area as presented in Table 1. 
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                                                   Figure 1. Map of study area (Google earth).  
                  Table 1. Name, symbol, and coordinates of stations in the studied area. 

Station Name Symbol E-latitude N-longitude Elevation (m) 

Baghdad Park S1 33.437794 44.342155 32 
Medical city S2 33.343982 44.373703 29 
Ahrar Bridge S3 33.331368 44.394853 30 
Dora station S4 33.262522 44.505834 29 
Tuwaitha  S5 33.220951 44.342354 28 

 
2.2 Analytical methods 
The analytical methods used for the water samples varied according to the parameters of interest. 
All field and laboratory determinations have been carried out in accordance with standard methods 
(APHA 2012). All bottles transported to the laboratory in the Department of Chemistry, water 
research ministry of Science and Technology, for analysis. Most of water quality parameters are 
expressed in milligrams per liter (mg L-1), except EC which is in (μS cm-1). Several analysis 
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methods used Table 2. 
 

Table 2. Instruments, devices used to chemical analysis of Tigris river. 

Variables Method 
Cl-, Ca2+, Mg2+, HCO3, T.H Titration method (APHA,2012) 

Na+, K+ Flame photometer (APHA,2012) 
SO4, NO3 Spector-photometer (APHA,2012) 
Cd, Zn, Pb Atomic absorption (APHA,2012) 

pH pH-meter 
EC EC-meter 
TDS Weight method (APHA,2012) 

 
3.Results and Discussion 
The spatial and temporal values of physicochemical parameters and total ion concentrations in 
several sample sites along the Tigris River within Baghdad city have been studied (Baghdad Park, 
Medical City, Ahrar Bridge, Dora, and Tuwaitha) the stations studied Table 3 and 4. 
 
3.1 Spatial variation 
The highest values of pH in water samples of studied area are 8.05 at (Ahrar bridge station) 
whereas the lowest values of pH are 7.13 at (Baghdad Park station). there is clear variation in pH 
values due to the affects the rate of chemical weathering and many other chemical processes 
(White 2013). The mean of EC and TDS in Tigris river within Baghdad city ranged from 
(809±62.5) to (1083±75.0) µs/cm, and from (518±40.0) to (694±48.0) mg/L, respectively (Figure 
2). Generally, the highest mean values of Ca2+, Mg2+, Na+ and K+ in water samples of studied 
area are (66.7±1.53, 37.8±0.870, 136±6.98 and 11.48±0.264) at Tuwaitha station whereas the 
lowest values of Ca2+, Mg2+, Na+ and K+ are (49.1±1.21, 27.8±0.86, 103±6.35 and 7.14±10.15) 
at Baghdad Park station respectively. For anions. The highest mean values of Cl-, and SO42- in 
water samples of studied area are (89.9±5.87 and 261.8±17.8) at Tuwaitha station whereas the 
lowest mean values of Cl-, and SO42- are (81.6±5.19 and 174.4± 11.5) at Baghdad Park 
respectively. The change in the levels of the cations and anions may result from a variety of 
sources, including sewage discharge, agricultural activities, and industrial pollutants. Mean 
concentration values of NO3- varied between (5.52±0.702) ppm in Baghdad Park and (1.25±0.76) 
ppm in Tuwaitha station.  
 
 
 
 
 



J. Nig. Soc. Phys. Sci. 4 (2) (2022) 
 

 
591  
 
 

© 2022 Journal of the Nigerian Society of Physical Sciences. 
All rights reserved 

 

Table 3.  Mean + SD and Rang values of physic-chemical characteristics of the Tigris river for the 
five stations in Baghdad. 

Parameter      ----------------------------------------- Site ------------------------------------------------------ 
Baghdad Park Medical City Ahrar Bridge  Dora Tuwaitha 

EC  
uSsm-

1 

Range 475-1374 
(809±62.5) 

591-1453 
(872±64.8) 

597-1485 
(895±66.0) 

624-1524 
(927±66.3) 

738-1803 
(1083±75.0) Mean+SD 

pH Range 7.13-7.78 
(7.45±0.048) 

7.19-7.79 
(7.44±0.046) 

7.16-8.05 
(7.35±0.041) 

7.17-7.95 
(7.35±0.042) 

7.14-7.78 
(7.45±0.052) Mean+SD 

TDS 
mgL-1 

Range 304-879 
(518±40.0) 

378-930 
(558±41.5) 

382-950 
(573±42.3) 

399-975 
(594±42.2) 

472-1154 
(694±48.0) Mean+SD 

TH Range 249-354 
(295±6.93) 

256-360 
(299±6.57) 

274-390 
(304±6.78) 

285-439 
(314±6.10) 

340-473 
(326±7.50) Mean+SD 

Na 
mgL-1 

Range 70-162 
(103±6.35) 

87-180 
(112±6.98) 

88-172 
(114±6.60) 

92-176 
(118±6.64) 

109-192 
(136±6.98) 

Mean+SD 

K 
mgL-1 

Range 7.14-10.15 
(8.46±0.208) 

7.36-10.34 
(8.71±0.204) 

7.87-11.19 
(9.36±0.225) 

8.18-12.37 
(10.07±0.291) 

9.76-13.59 
(11.48±0.264) 

Mean+SD 

Ca 
mgL-1 

Range 41.5-59.0 
(49.1±1.21) 

42.7-59.0 
(50.5±1.15) 

45.7-65.0 
(54.4±1.31) 

47.5-71.8 
(58.4±1.69) 

56.7-78.9 
(66.7±1.53) 

Mean+SD 

Mg 
mgL-1 

Range 23.5-33.4 
(27.8±0.684) 

24.2-34.0 
(28.7±0.670) 

25.9-36.8 
(30.8±0.741) 

26.9-40.7 
(33.1±0.959) 

32.1-44.7 
(37.8±0.870) 

Mean+SD 

Cl 
mgL-1 

Range 55-125 
(81.6±5.19) 

58-122 
(82.9±5.13) 

62-130 
(88.8±5.45) 

58-131 
(86.2±5.54) 

60-139 
(89.9±5.87) 

Mean+SD 

SO4 
mgL-1 

Range 102-252 
(174.4±11.5) 

104-255 
(177.1±11.6) 

112-267 
(188.0±12.1) 

131-325 
(224.8±14.85) 

150-385 
(261.8±17.8) 

Mean+SD 

NO3 
mgL-1 

Range 2.03-9.91 
(5.52±0.702) 

2.54-12.0 
(6.87±0.877) 

2.98-15.4 
(7.82±1.07) 

3.46-16.43 
(8.97±1.20) 

3.69-17.93 
(9.23±1.25) 

Mean+SD 

Cd 
mgL-1 

Range 0.010-0.019 
(0.017±0.001) 

0.017-0.035 
(0.020±0.001) 

0.0140.041 
(0.022±0.002) 

0.015-0.045 
(0.024±0.002) 

0.012-0.053 
(0.030±0.003) 

Mean+SD 

Cu 
mgL-1 

Range 0.002-0.066 
(0.040±0.003) 

0.045-0.076 
(0.042±0.003) 

0.029-0.088 
(0.048±0.004) 

0.032-0.097 
(0.052±0.004) 

0.068-0.115 
(0.063±0.004) 

Mean+SD 

Pb 
mgL-1 

Range 0.041-0.123 
(0.067±0.005) 

0.059-0.141 
(0.082±0.005) 

0.054-0.163 
(0.088±0.007) 

0.060-0.179 
(0.095±0.007) 

0.170-0.213 
(0.137±0.009) 
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Figure 2. Highest, lowest values of EC, TDS values in the study area 

The mean values of Cd, Cu, and Pb in the analyzed samples varied between (0.040±0.003 to 
0.063±0.003), (0.040±0.003 to 0.063±0.004), (0.067±0.005 to 0.137±0.009) respectively. 
The highest range of EC were recorded in Tuwaitha station were (738-1083) with mean of 
(1083±75.0) while the lowest range were recorded in Baghdad Park were (475-1474) with mean 
of (809±62.2). the Changes in conductivity can reflect changes in other chemical parameter such 
as cations, anions, TDS, and biological water properties (Welch et al. 2001). 
The concentrations of the major cations in the water samples in the study area are of the order: 
Na+> Ca2+> Mg2+> K+, whereas the anions have the order of: SO42-> Cl-. The general water 
types are CaSO4 in all studied samples. The variation in cations and anions values in the study 
may be due to multiple sources like sewage discharge, agriculture activities and industrial wastes), 
In the present study, the TDS values were ranged from (304 to 879) ppm in Baghdad Park station 
and from (472 to 1154) ppm at Tuwaitha station. However, (TDS) values are fluctuated in different 
sites. The fluctuation of electrical conductivity and TDS at study area are possibly due to many 
factors such as storm water runoff that discharged from farms. Increased value of TDS was 
observed in Tuwaitha station due to the presence of various pollutants in river which may be due 
to wastewater disposal from Rysutumia wastewater treatment plant. The relation of spatial 
variations of total hardness, Ca2+, and Mg2+ contents in Baghdad Park and Tuwaitha samples in 
the study area were differ in the level of water hardness. This due to the vary significantly due to 
geological conditions, climate, sewage discharge from Al-Rystumiah wastewater treatment plant 
and human activities.  
 
3.2 Temporal Variation  
The pH variation was ranged between (7.13-7.34) with mean of (7.24±0.026) in January 2022 and 
from (7.59 to 8.05) with mean of (7.79±0.043) in in August. the highly value of pH was recorded 
in August and low water pH was recorded in January. The high range values of EC and TDS 



J. Nig. Soc. Phys. Sci. 4 (2) (2022) 
 

 
593  
 
 

© 2022 Journal of the Nigerian Society of Physical Sciences. 
All rights reserved 

 

recorded were (1201-1803) with mean of (1451±49.3) and (769-1154) with mean of (903±31.5) 
in August respectively. While the lower values of EC and TDS were recorded on January with 
values of (475-771) and (304-493) respectively. The highest range values of Ca2+, Mg2+, Na+ 
and K+ in water samples of studied area are (53.5-78.9, 30.3-44.7, 142-192 and 9.21-13.6) on 
August month, whereas the lowest values of Ca2+, Mg2+, Na+ and K+ are (41.5-61.1, 23.5-34.6, 
70-114 and 7.14-10.5) were recorded on January month, respectively. For anions the highest range 
values of Cl-, and SO42- in water samples of studied area are (114-139) and (210-385) on August 
month whereas the lowest range values of Cl-, and SO42- are (55-63) and (102-187) on January 
month respectively. The variation in cations and anions values in all studied months may be due 
to storm water runoff and multiple sources of pollution pile (sewage discharge, agriculture 
activities and industrial wastes), the mean concentration values of NO3 varied between 
(3.30±0.702) ppm in January month and (13±4.11) ppm in August month.  
The mean values of Cd, Cu, and Pb in the analyzed samples varied between (0.018±0.006 to 
0.37±0.012), (0.040±0.013 to 0.072±0.023), (0.078±0.027 to 0.137±0.043) respectively. 
Table 4. Mean +SD and Rang concentrations of values of physic-chemical characteristics of 

the Tigris river. 
Parameter    --------------------------------------------------------- Month --------------------------------------------------

--------- 
January Februar

y 
March April May June July August 

EC  
uSs
m1 

Range 475-771 
623±27.
6 

617-
1004 
706±37.
1 

632-993 
737±30.
5 

655-
1025 
824±32.
9 

715-
1073 
861±30.
3 

907-
1221 
1007±31
.7 

1009-
1467 
1133±39.
8 

1201-
1803 
1451±49
.3 

Mean+
SD 

pH Range 7.13-734 
7.24±0.0
26 

7.22-
7.52 
734±0.0
35 

7.26-
7.61 
7.43±0.0
38 

7.14-
7.42 
7.22±0.0
29 

7.19-
7.56 
7.41±0.0
36 

7.28-
7.61 
7.45±0.0
38 

7.36-7.65 
7.49±0.0
34 

7.59-
8.05 
7.79±0.0
43 

Mean+
SD 

TDS 
mgL-

1 

Range 304-493 
398±17.
6 

395-643 
430±23.
8 

404-636 
454±19.
6 

418-656 
513±21.
1 

458-687 
536±19.
4 

580-781 
629±20.
2 

646-939 
701±25.5 

769-
1154 
903±31.
5 

Mean+
SD 

TH 
mgL-

1 

Range 249-367 
296±12.
4 

257-379 
305±12.
8 

266-392 
316±13.
2 

281-415 
334±14.
1 

284-418 
337±13.
9 

293-432 
349±14.
2 

303-447 
361±14.9 

321-473 
382±15.
8 

Mean+
SD 

Na 
mgL-

1 

Range 70-114 
91.9±29.
1 

79-128 
90.0±28
.5 

88-107 
97.1±30.
7 

89-134 
108±34.
1 

93-151 
122±38.
6 

103-168 
118±37.
3 

125-151 
137±43.3 

142-192 
169±53.
6 

Mean+
SD 

K 
mgL-

Range 7.14-
10.5 

7.39-
10.9 

7.63-
11.3 

8.09-
11.9 

8.15-
12.0 

8.42-
12.4 

8.69-12.8 
10.3±3.2

9.21-
13.6 Mean+

SD 
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1 8.48±2.6
8 

8.77±2.
77 

9.06±2.8
7 

9.60±3.0
4 

9.69±3.0
6 

10.0±3.1
7 

7 11.0±3.4
7 

Ca 
mgL-

1 

Range 41.5-
61.1 
49.3±15.
6 

42.9-
63.2 
50.9±16
.1 

44.3-
65.3 
52.6±16.
6 

46.9-
69.2 
55.7±17.
6 

47.3-
69.7 
56.2±17.
8 

48.9-
72.0 
58.1±18.
4 

50.5-74.5 
60.1±19.
0 

53.5-
78.9 
63.6±20.
1 

Mean+
SD 

Mg 
mgL-

1 

Range 23.5-
34.6 
27.9±8.8
2 

24.3-
35.8 
28.9±9.
12 

25.1-
37.0 
29.8±9.4
3 

26.6-
39.2 
31.6±9.9
9 

26.8-
39.5 
31.9±10.
1 

27.7-
40.8 
32.9±10.
4 

28.6-42.2 
34.0±10.
8 

30.3-
44.7 
36.1±11.
4 

Mean+
SD 

Cl 
mgL-

1 

Range 55-63 
59.9±18.
9 

63-76 
69.1±21
.9 

67-79 
73.4±23.
2 

73-89 
79.9±25.
3 

68-78 
74.2±23.
5 

87-105 
95.3±30.
1 

100-118 
110±34.7 

114-139 
125±39.
5 

Mean+
SD 

SO4 
mgL-

1 

Range 102-187 
132±41.
7 

113-207 
146±46.
3 

132-242 
171±54.
0 

148-272 
192±60.
6 

184-338 
238±75.
0 

189-347 
245±77.
3 

190-349 
246±77.8 

210-385 
272±86.
0 

Mean+
SD 

NO3 
mgL-

1 

Range 2.03-
4.61 
3.30±1.0
4 

2.39-
5.00 
3.70±1.
17 

2.87-
6.18 
4.32±1.3
7 

3.79-
6.64 
5.34±1.6
9 

5.41-
11.6 
8.32±2.6
3 

7.62-
16.6 
11.6±3.6
6 

7.85-16.1 
12.4±3.9
1 

8.06-
17.9 
13.0±4.1
1 

Mean+
SD 

Cd 
mgL-

1 

Range 0.010-
.038 
0.018±.0
06 

0.012-
.040 
.020±.0
06 

0.012-
.041 
.021±.00
7 

0.013-
.042 
.022±.00
7 

0.012-
.026 
.020±.00
6 

0.013-
.028 
.021±.00
7 

.017-.031 

.024±.00
8 

.025-

.053 

.037±.01
2 

Mean+
SD 

Cu 
mgL-

1 

Range .022-
.068 
.040±.01
3 

.025-

.065 

.042±.0
13 

.026-

.067 

.043±.01
4 

.028-

.068 

.044±.01
4 

0.031-
0.058 
.046±.01
6 

0.033-
0.060 
.048±.01
5 

0.032-
0.067 
0.050±0.
016 

0.031-
0.115 
.072±.02
3 

Mean+
SD 

Pb 
mgL-

1 

Range .041-
.170 
.078±.02
5 

.047-

.180 

.048±.0
27 

.049-

.183 

.087±.02
7 

.052-

.189 

.089±.02
8 

.058-

.126 

.087±.02
8 

.061-

.113 

.089±.02
8 

.068-.124 

.098±.03
1 

.098-

.213 

.137±.04
3 

Mean+
SD 

 
The present study recorded significant changes in the values of cations and anions in studied 
months, decreasing of values may be due to dilution process by rainwater. 
Depend on TDS values the water can be classified into four types: Type I, if the TDS (0-100) mg/l 
(Fresh water), (1000-10000) mg/l (Brackish water), (10000-100.000) mg/l (Saline water) and 
(100000) mg/l (brine water) (Todd, 2007), therefore, all samples are freshwater to Brackish water. 
The Concentrations of TDS were exceeded IQS recommended values for drinking-water quality 
except in January, February, and Mach in Baghdad Park, Medical city, Ahrar bridge respectively. 
The results of the Simple Correlation Coefficient (r) indicated that there is a positive and 
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significant linear relationship between the average positive ions (Na+, K+, Ca2+ and Mg2+) with 
the average electrical conductivity values (micro-siemens cm-1) and with water quality 
parameters. The influential study included (months, stations and both sites) influencing at the level 
of 5% confidence (Figure 3). The results showed that the values of electrical conductivity, which 
is one of the important indicators in water pollution and determining its uses for various purposes, 
was more closely associated with the highest (r) values with the annual average of the 
concentrations of ions like sodium, potassium, calcium, and magnesium. 
These results showed that the influence of these indicators on each other and there is a strong 
relationship between them, which is of great importance in predicting the concentrations of 
polluting positive elements according to changes in the independent factor [EC (independent 
factor)]. The highest correlation (r = 0.954) was associated with electrical conductivity with the 
concentration of sodium ions, followed by the average concentration of potassium ions    (r = 
0.942) for all study stations and through the different time periods of the study.  
The lowest value of the correlation of positive ions with electrical conductivity was with the 
average concentration of magnesium and calcium ions (r = 0.935 and r = 0.934), respectively the 
correlation strength relationship (r) for the above indicators with (EC) can be arranged as follows: 
(Na>K>Mg>Ca). The results of these correlations are consistent with the results of the study 
shown in the results of the statistical analysis table 5, where it was shown that the concentration 
and effect of sodium and potassium ions in the saline effect were higher than the two-charged ions 
represented by calcium and magnesium, and that the predominant salts are sodium chloride salts.  
Some studies indicated the existence of such a relationship between the absolute pollutant content 
of the indicators of concentration of positive ions and electrical conductivity (Uwidia Ita Erebho, 
2022) and (Huang et al., 2015). (Mahmut Cetin et al., 2020) found the highest significant 
correlation (r = 0.960) between the concentration of sodium in groundwater with (EC), while the 
value of (r = 0.500) for calcium concentration with electrical conductivity (EC). 
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Figure 3: The Relationship between cation concentrations EC (µS m-1). 
The relationship between the indicators of negative ion concentrations (Cl-, NO3-, PO43- and 
SO42-) for all stations used in this study before and after the downstream was evaluated through 
the studied time periods (Y) with electrical conductivity (EC) using the Least Square Analysis 
technique. The results showed that there was a positive and significant correlation at the probability 
level of 5% and the correlation coefficient that ranged between 96.4% for chloride, 83.7% for 
nitrate, 83.2% for phosphate, as well as 78.4% for sulfate between conductivity electrical and these 
indicators (Figure 4). The indicators of pollution increased by negative ions of chloride, nitrate, 
phosphate, and sulfate released from these stations and their impact on the increase in the salinity 
of the waters of the Tigris river. Chloride gave the most relative increase in the electrical 
conductivity index, and this is due to the dominance of the chloride ion in water absolutes, which 
led to an increase in the response of its effect on water salinity. This is consistent with what was 
confirmed by (Hector Peinado et al., 2012) in his study of the relationship between chloride 
concentration and electrical conductivity. The simple linear model was more practical in 
describing the relationship for a range of values corresponding to the electrical conductivity (EC 
ds.m-1) ranged between (0.15 – 95) Chloride (0.5 - 900) meq l-1 and in a linear relationship (Linear 
[Cl-] = 9.222 EC). Also, the results of the regression analysis indicated that the lowest efficiency 
(R2 x 100) was for sulfate ion (SO42-) with electrical conductivity (EC), and this is consistent 
with the results of the analysis of variance for this indicator in this study and that the absolutes of 
this station are from the sulfate ion is few compared to the rest of the negative ions studied. Liner 
correlation coefficient of examined water quality parameter in the study area Table 5 and Figure 
5. 
 

  
Figure (4): Correlation between negative ions and electrical conductivity. 
 
Table (5). Liner correlation coefficient of examined water quality parameter in the study area. 
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Variable Relationship R2 Liner correlation model 
Na+ With Cl- Positive 0.8663 Na=1.1206Cl+20.50 
Na+ and K+ Positive 0.9207 K=0.0298Na+6.12 

Na+ with Ca2+ Positive 0.9125 Ca=0.1722Na+35.74 
Cl- with K+ Positive 0.921 K=0.0359Cl+6.52 

Ca2+ with SO4 Positive 0.9186 Ca=0.0889SO4+37.59 
Ca2+ with K+ Positive 0.998 Ca=5.989K+0.143 
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Figure 5.  Simple Correlation Coefficient (r) between some chemical parameter of Tigris 

river in the study area. 
4. Conclusions  
This study examined the temporal and spatial variations in water quality parameters of the Tigris 
river within the city of Baghdad. The findings demonstrated that there   is a distinct spatial and 
temporal variation in the cations and anions in the examined  water samples as a result of the 
dilution process, residence time, local geological structure, and the transport factors of sediments 
(sand, mud, and silt), which are transported by rainfall. On the other hand, it was found that the 
Ca-HCO3 water type is the dominating hadrochemical facies in all locations in the study area. 
Differences  in physicochemical parameters are happened due to human activity and geochemical 
processes. The total TDS levels in all of the water samples were higher than the IQS's 
recommended levels for drinking water quality, with the exception of January, February, and 
March months in the station of Baghdad Park, Medical City, Ahrar bridge respectively.  
5. References  
 Al-Ani, 2019.Multivariate analysis for Evaluation the water quality of Tigris river within Baghdad 
city in Iraq. Iraqi Journal of Agricultural Sciences –1029:50(1):332-341. 
Al-Ani, R.R.; A.M.J., Al-Obaidy; and R.M., Badri 2014. Assessment of water quality in the 



J. Nig. Soc. Phys. Sci. 4 (2) (2022) 
 

 
599  
 
 

© 2022 Journal of the Nigerian Society of Physical Sciences. 
All rights reserved 

 

selected sites on the Tigris River, BaghdadIraq. International Journal of Advanced Research, 2(5): 
1125-1131. 
Al-Bayatti, K.K.; K.H., Al-rajy; and S.H., Al-Nuaemy 2012. Bacteriological and physicochemical 
studies on Tigris River Near the water purification stations within Baghdad province. Journal of 
Environmental and Public Health, ID 695253. 
APHA, American Public Health association, American Water Works Association (AWWA) and 
Water Environmental Federation (WEF), 2012; Standard Methods for the Examination of Water 
and Wastewater, 22nd Edition, pp:9993. 
Basílico G, de Cabo L, and Faggi A (2015) Phytoremediation of water and wastewater: on-site and 
full-scale applications. In: Ansari AA et al (ed) Phytoremediation-management of environmental 
contaminants Volume 2, 1st edn. Springer; Cham, pp 51–60. 
Chapman D (2003) Water Quality Assessments: A guide to the use of biota, sediments, and water 
in environmental monitoring. E&FN Spon, London. 
Ewaid, S.H.; S.A., Abed, and S.A., Kadhum 2018. Prediction the Tigris River water quality within 
Baghdad, Iraq by using water quality index and regression analysis. Environmental Technology & 
Innovation, 11:390. 
Falih, H.A. and Rashid, K.A. (2016). Study of some physical and chemical properties of the Tigris 
River in the city of Baghdad. Ass. Univ. Bull. Res., 19(1):31-42. 
Héctor Peinado-Guevara, Carlos Green-Ruíz, Jaime Herrera-Barrientos, Oscar Escolero-Fuentes, 
Omar Delgado-Rodríguez, Salvador Belmonte-Jiménez, and María Ladrón de Guevara. 2012. 
Relationship between chloride concentration and electrical conductivity in groundwater and its 
estimation from vertical electrical soundings (VESs) in Guasave, Sinaloa, Mexico. Cien. Inv. Agr. 
39(1):229-239. 
Jassim, S. Z., and Goff, J. C., 2006. Geology of Iraq. Dolin Prague and Moravian 
Museum.Brno.341. 
Li, D., Huang, D., Guo, C., Guo, X., 2015. Multivariate statistical analysis of temporal–spatial 
variations in water quality of a constructed wetland purification system in a typical park in Beijing, 
China. Environ Monit Assess, DOI 10.1007/s10661-014-4219-2, 187:4219. 
Mahmut Cetin , Muhammet said Gölpınar and Muge Erkan Can. 2020. Deriving Mathematical 
Relationships Between Electrical Conductivity and Concentrations of Some Minerals in 
Groundwater: A Case Study in the Mediterranean Region of Turkey. International Journal of 
Innovative Approaches in Agricultural Research 4(3):318-327. 
Nada, K.B., Salman, M.S., Harpy, A.F., Ajeena, A.R., and Falih, A.H., 2022. Stable isotopes and 
hydrochemical parameter as indicators of AL-Razzaza Lake water interaction with groundwater 
surrounding / Karbala Governorate- Iraq. Iraqi Journal of Agricultural Sciences. Vol. 53, 
No.298/A. 
Uwidia Ita Erebho. 2022. Relationship Between Electrical Conductivity and Some Mineral 
Composition of Benin Rivers. Pak. J. sci. ind. Res. Ser. A: Physic sci. 65A (2) 104-111. 
Welch, E., Jacoby, J., May, C., & Bilby, R. (2001). Stream Quality. In R. Naiman (Ed.), River 
ecology and management: Lessons from the Pacific coastal ecoregion. (pp. 69-85). New York, 



J. Nig. Soc. Phys. Sci. 4 (2) (2022) 
 

 
600  
 
 

© 2022 Journal of the Nigerian Society of Physical Sciences. 
All rights reserved 

 

NY: Springer Science & Business Media. 
White, W. M. (2013). Geochemistry. John Wiley & Sons. 
World Health Organization (2002) Drinking Water Guidelines; Bacteriological Parameters.  
Geneva 5, 2. 



Journal of Engineering Science and Technology 
Vol. 15, No. 3 (2020) 1622 - 1638 
© School of Engineering, Taylor’s University 
 

1622 

SEEDS-BASED ACTIVATED CARBON FOR  
COPPER REMOVAL FROM GROUNDWATER   

NASSRIN J. AL-MANSORIA, JABBAR H. AL-BAIDHANI,  
MARYAM JAWAD AL-BAKRIC* 

Department of Environmental Engineering, College of Engineering, University of 
Babylon, Babylon, 51001, Iraq 

*Corresponding Author: mm893505@gmail.com  
 
 
 
 
 
 
 
 
 
 

Abstract 

The current study investigates the possibility of preparing of cost-effective activated 
carbon from seeds that collected from local agricultural wastes. In this 
investigation, date palm seeds (DPCAC), peach seeds (PSAC), and apricot seeds 
(ASAC) were used to prepare activated carbon, which was used as a permeable 
reactive barrier (PRB) to remove copper (Cu+2) from contaminated groundwater. 
Activated carbon has been prepared from these seeds using chemical activation 
method (using drenching agent, such as phosphoric acid (H3PO4)). The effect of 
different parameters such as the contact time, initial pH of the solution, agitation 
speed, initial copper concentration, and sorbent dosage was studied in batch 
experiments. The best removal of copper (95.54% for DPSAC, 88.64% for PSAC 
and 94.0% for ASAC) was obtained at contact time of 100 min for DPSAC and 80 
min for both PSAC and ASAC,  pH of 6, agitation speed 250 rpm, and sorbent 
dosage of 3 g/100 ml. The sorption data for Cu+2 ions, obtained by batch 
experiments, have been subjected to the Langmuir and Freundlich isotherm models. 
The results showed that Langmuir model provided the best description of sorption 
of Cu+2 onto DPSAC, PSAC and ASAC. COMSOL Multiphysics 3.5a software, 
based on finite element method, was used for solving of partial differential 
equations that describe the transformation of copper in the one–dimensional (1D) 
under equilibrium conditions. The predicted results (COMSOL solution) and 
experimental results showed that the PRB restricts the movement of ions of copper. 
However, predicted and experimental results proved that DPSAC has high affinity 
for copper ions in comparison with both PSAC and ASAC. Finally, a good 
agreement between the predicted and experimental results has been noticed because 
the root-mean squared error (RMSE) less than 0.1%, which proves the effectiveness 
of these tools in description of copper transportation.  

Keywords: Activated carbon, Apricot seeds, Copper, Date palm seeds, 
Groundwater, Migration, Peach seeds, Permeable reactive barrier. 

  

mailto:mm893505@gmail.com


Seeds-Based Activated Carbon for Copper Removal from Groundwater        1623 

 
 
Journal of Engineering Science and Technology               June 2020, Vol. 15(3) 

 

1. Introduction 
Groundwater pollution represents a big challenge for many countries, especially for 
those countries who use it as a source for drinking or irrigation purposes [1]. 
Groundwater pollution is usually occurred because of the polluted seepage  from  the 
polluted areas [1]. Although the planet of Earth faces serious pollution problems, such 
as the huge production of solid wastes and soil pollution [2-9], water pollution is one 
of the most challenges problems due to the limited amount of this element in the 
ecosystem of this planet [10-12]. Although there are11.4 × 109 km3 of water in the 
ecosystem of the earth planet [13], very minor amount (≤2.5%) of this vast amount is 
fresh water [14-18]. Unfortunately, this minor amount of fresh water is not 
completely available for humankind as the majority of fresh water is captured in 
glaciers, snow cover, and groundwater leaving about 1% of the fresh water available 
for drinking purposes [19-24].  

In addition, the available amount of fresh water, nowadays, is subjected to an 
increasing pollution process due to the increasing global population and industrial 
growth [25]. Therefore, some forecasting studies confirmed that within the next 
few decades more than 50% of the world’s population would not have enough 
drinking water [26-30]. Heavy metals is one of the most problematic forms of 
water pollution, which could be resulted from various industrial activities, such 
as mining operation, electroplating, oil processing plants and petrochemical 
industries [22, 31]. Phenomenon of heavy metal pollution is a predominant 
problem in the groundwater due to the abundant occurrence of heavy metals in 
the earth’s crust. 

Groundwater is defined as water found beneath the surface of the ground and 
seeped down from the surface by migrating through the spaces in geologic formations 
[32]. To control water pollution, different treatment methods, monitoring and sensing 
technologies, and management plans were developed [33-38].  

According to the literature, the pump-and-treat technique was the most commonly 
used technology for treatment of polluted groundwater [39]. However, this technique 
is expensive, difficult to be operated and maintained, and time-consuming. In 
addition, trapping of contaminant mass in the pumping system results in the failure 
of pumps. Thus, permeable reactive barrier (PRB) technology has recently brought a 
big deal of attention as an effective alternative for treatment of groundwater [39].  

For example, Faisal and Ahmed [40] developed  a permeable reactive barrier, 
made from Kerbala’s sand (KS) and waste foundry sand (WFS) (in equal ratio), to 
remove copper from shallow aquifers water in batch experiments. The obtained 
results indicated that this PRB has achieved a complete copper removal. Additionally, 
it has been found that the Langmuir model well represents the sorption process of 
copper on the PRB.  

Fronczyk, et al. [41] investigated the ability of natural and engineered limestone 
PRB for the removal of copper from groundwater. Batch experiments were carried 
out at sorbent mass of 0.5 g, and 50 mL of contaminated solutions at different pH 
values. The results of this study indicated that the removal of copper using this type 
of PRB is very sensitive to the pH level, and the best removal efficiency, 94%, could 
be achieved at alkaline media (pH > 6.3). Gholami, et al. [42] investigated the 
possibility of using encapsulated magnesium peroxide (MgO2) nanoparticles as PRB 
for removal of the hydrocarbon compounds, toluene and naphthalene, from 
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groundwater in the continuous flow model. The obtained results indicated that 
toluene was metabolized slower than naphthalene by 10 days. Additionally, the 
results of this study indicated that 100% removal efficiency could be achieved in 
biotic conditions, while the presence of abiotic conditions decreased the removal of 
toluene to 36%. 

In this context, the present study aims to prepare cost-effective activated carbon 
from agricultural wastes (seeds); namely date palm seeds (DPSAC), peach seeds 
(PSAC) and apricot seeds (ASAC). The prepared activated carbon will be used as 
PRB to remediate copper from polluted groundwater. It is noteworthy to highlight 
that the activated carbon has been used as a media for PRB, in the current study, 
because  it has been demonstrated to be a powerful adsorbent for the elimination of 
extensive diversity of organic and inorganic contaminants from water and 
wastewater [43]. Additionally, activated carbon could be prepared through low-
cost and simple processes [43].  

2. Experimental Work 

2.1.  Materials and methods 
Plant seeds, which have been collected from agricultural wastes, were initially 
cleaned and cut into small pieces (about 2 mm in both length and width). Then, these 
pieces were dried using an electrical oven at temperature 105 °C for two hours, and 
grinded using a household blender. The production of activated carbon from the 
mentioned seeds was carried out in the following stages: drenching, and 
carbonization and activation. Initially, the sliced seeds were placed in 1 L glass 
containers, and then phosphoric acid (1M) was decanted carefully into the 
containers at ratio of 4 ml of acid/2 g of seeds [44].  

The solution was left for 24 hours at temperature of 25 °C. it is must be 
highlighted that both zinc chloride and phosphoric acids are used in the 
preparation of activated carbon, but the phosphoric acid is relatively safer than 
zinc chloride [45]. At the end of the 24 hours period, the drenched sliced of seeds 
were left in air for 24 hours, then it was dried using an oven at temperature 120 
°C for two hour [44].  

In the second step, the sliced seeds was carbonized by placing it on a metallic 
oven tray and heated at temperature of 500 °C for 60 min [46]. Then, the sliced 
seeds were washed with distilled water until pH of 7 was reached; then dried, 
using an electric oven, at temperature 120 °C for 60 min to remove moisture. The 
sliced seeds were grinded and sieved through 75 μm – 600 µm to get powdered 
activated carbon that will be used latter in the treatment of groundwater [44, 46]. 
Figure 1 shows plant seeds, used in this study, and the produced activated carbon. 

Sandy soil, with grain size of 75 μm - 1 mm, was used as an aquifer. While the 
required concentration of copper was achieved by adding the required amount of 
Cu(NO3)2 salt, made by BDH-England, into the water samples. 
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(a) DPS. 

 
(b) PS. 

 
(c) AS. 

Fig. 1. (1) Seeds before cutting and drying, (2) After drying,  
(3) Powdered in organic state, (4) After soaking, (5) Powdered activated 

carbon of DPS, PS and AS. 

2.2. Batch experiments  
The batch experiments, 3 sets for each experiment, were carried out at the 
conditions below. These experiments were carried out at different contact times 
(ranging from 20 to 40, 60, 80, 100 and 120 min). All experiments were carried out 
at the laboratory of environmental engineering at the University of Babylon. The 
following values were chosen according to the literature [39, 41, 47]. 

• The temperature was set to 25oC to perform sorption isotherms.  
• Contact time of 20, 40, 60, 80, 100 and 120 min 
• pH values of 2, 4, 6, and 8. 
• Sorbent dosages of 0.1, 0.25, 0.50, 1, 2, 3, 4 and 5 g activated carbon per 

each 100 ml were. 
• Initial concentrations of copper ranging from 50 to 100, 150, 200 and 250 mg/L. 
• Agitation speeds of 50, 100, 150, 200, and 250 rpm. 
Batch experiments were carried out using five 250 ml flasks containing 100 ml 

of polluted water and 3 g activated carbon for concentration of copper.  The flasks 
were firmly closed and shaken, using shaker incubator, for different times (20, 40, 
60, 80, 100 and 120 min) [48]. The removal of copper was measured by taking 20 
ml of solution, at intervals of 5, 10, 15, 20 and 25 hours, and filtered on filter papers 
(Teknik No.1.). The residual copper, in the filtrate, was measured using atomic 
absorption spectrophotometer (AAS). While the amount of copper held in the 
activated carbon (qe) was calculated as follows [48]: 

𝑞𝑞𝑒𝑒 = (𝐶𝐶𝑜𝑜 − 𝐶𝐶𝑒𝑒) 𝑉𝑉
𝑚𝑚

                                                                                                  (1) 

where Co and Ce are initial and balance contaminant concentration in solution 
(mg/L), V is the size of solution in the flask (L), and m is the mass of adsorbent 
(activated carbon) (g) [49]. Langmuir model (Eq. 2) and Freundlich model (Eq. 3) 
were used for the description of sorption data. Langmiur and Freundlich models 
were calculated by graphing the qe against of the Ce at constant temperature.  
Langmiur and Freundlich models are expressed by the following equations [50]: 
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 𝑞𝑞𝑒𝑒 = 𝑎𝑎𝑎𝑎𝑐𝑐𝑒𝑒
1+𝑏𝑏𝑐𝑐𝑒𝑒

                                                                                                             (2) 

𝑞𝑞𝑒𝑒 = 𝐾𝐾𝐹𝐹𝑐𝑐𝑒𝑒
1 𝑛𝑛�                                                                                                          (3) 

where a is the maximum adsorption (mg/g), b is a constant (l/mg), KF is the 
coefficient of Freundlich sorption (mg/g), and n is an empirical coefficient. 

It is noteworthy to mention that Langmuir model and Freundlich isotherms 
models have been used in this study as they provide accurate description for the 
adsorption method [50].  

2.3.  Column tests 
Figure 2 shows arrangement of the adsorption media that used in the present study. 
A Perspex column having height and diameter of 80 and 5 cm, respectively. The 
column is supplied with seven testing ports (valves) distributed at the 12 cm (port 
1), 24 cm (port 2), 36 cm (port 3), 42 cm (port 4), 48 cm (port 5), 60 cm (port 6), 
70 cm (port 7) from the bottom of the column. These valves are made from 
stainless-steel. Sampling process was carried out at the specified periods from these 
valves using syringe that inserted into the centre of the column. 

 
Fig. 2. Schematic diagram of the laboratory-scale column. 

A 36 cm soil layer, in a dry condition, was placed in the bottom of the column. 
Then, activated carbon layer, 6 cm in height, was place on the top of the soil layer 
followed by a 180 cm soil layer. The copper solution was pumped into the column 
from the storage reservoir at constant head flow. The pumping process was also 
controlled using a flowmeter and three controlling valves. The influence of flow 
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rate was investigated at two values, namely 5 and 10 ml/min. Removal of copper 
was monitored, along the column length, by collecting samples of the testing ports 
at intervals of 5, 10, 15, 20 and 25 hours. 

Additionally, a tracer test was performed to calculate the coefficient of 
longitudinal dispersion(𝐷𝐷𝐿𝐿) for both sandy soil and activated carbon. The tracer test 
was performed by pumping saline solution, 1 g of NaCl dissolved in 1.0 L distilled 
water, continuously into the column at different flow rates (5, 10 and 15 mL/min). 
Electrical conductivity was measured with time, as an indicator of salt 
concentration, using a conductivity meter installed at port 7. Value of  𝐷𝐷𝐿𝐿  was 
calculated using the following formula [51]: 

𝐷𝐷𝐿𝐿 = 1
8
�(𝑧𝑧𝑜𝑜−𝑉𝑉𝑡𝑡0.16)

(𝑡𝑡0.16)0.5 − (𝑧𝑧𝑜𝑜−𝑉𝑉𝑡𝑡0.84)
(𝑡𝑡0.84)0.5 �

2
                                                                           (4) 

where V is the average pore velocity of seepage, 𝑡𝑡0.16 and 𝑡𝑡0.84 are the required time 
to reach C/Co = 0.16 and 0.8, respectively. 

3.  Results and Discussion 

3.1. Batch experiments 

3.1.1. Influence of contact time and pH value 
The influence of contact time of the removal of copper has been investigated at 
different periods. Figure 3 shows the influence of contact time and pH value on the 
removal of copper. These experiments were carried out using 3g of DPSAC, PSAC 
and ASAC (per each 100 ml of copper solution at 25ºC).This figure indicated that 
the adsorption rate has significantly increased with the increase of the contact time, 
until it reaches the equilibrium time (= 100 min for DPSAC and 80 min for PSAC 
and ASAC). This could be attributed to the fact that the majority of adsorption sits 
on the surface of the sorbent are occupied by the copper ions during the early stage 
of treatment, which in turn decreases the adsorption rate due to formation of 
repulsive forces between the metals on the solid surfaces and in the liquid phase 
[52]. Additionally, it can be seen from Fig. 3 that neutral level of pH is favourable 
for the removal of copper. The reduction the removal of copper in the acidic and 
alkaline environments could be explained by the competition between copper ions 
and protons, 𝑂𝑂𝑂𝑂−, and 𝐻𝐻2 for the available adsorption sites. It is obvious from Fig. 
3 that the higher removal efficiency of copper was attained at pH of 6. 

(a) (b) (c) 

Fig. 3. Removal of copper by (a) DPSAC  
(b) PSAC (c) ASAC as a function of contact time and pH. 
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3.1.2. Influence of sorbent dosage 
The influence of sorbent dosage on the removal of copper was investigated by 
changing the added quantity of activated carbon from 0.1 to 5 g per 100 mL of 
solution. Figure 4 shows that increasing the activated carbon dosage from 0.1 to 3 
g, at initial copper concentration of 50 mg/L, has significantly enhanced the 
removal efficiency.  This enhancement is attributed to the increase of the number 
of adsorption sits that are readily available for copper removal [52]. 

(a) (b) (c) 

Fig. 4. The influence of (a) DPSAC, (b) PSAC and  
ASAC dosages on elimination efficiencies of Copper. 

3.1.3. Influence of initial concentration of copper 
Figure 5 proves that the removal efficiency of copper is inversely proportional to 
the initial concentration of copper. It shows that when the initial concentration of 
copper increased from 50 to 250 mg/L, the removal efficiency decreased from 
95.54% to 82.84% for DPSAC 88.64% to 75.71% for PSAC, and 94.0% to 
56.01% for ASAC, respectively. This could be attributed to the fact that, at low 
initial concentration, the number of adsorption sites was enough to remove the 
majority of copper ions. While at higher concentration, the adsorption sits will 
not be enough to removal the high number of coper  ions, which decreases the 
removal efficiency [53].   

 

(a)  
 

(b)  
 

(c) 

Fig. 5. Influence of copper concentration on the removal  
efficiency by (a) DPSAC, (b) PSAC and (c) ASAC as adsorbents. 
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3.1.4 . Influence of agitation speed 
The influence of agitation speed on the removal of copper from water has been 
investigated by carrying out several tests at different agitation speed, ranging 
from 0 to 50, 100, 150, 200, and 250 rpm. The obtained results, Fig. 6, indicated 
that when the agitation speed increased from 0 to 250 rpm, the removal of copper 
has been increased from 60.15 %, 35.69% and 57.05% to 95.52%, 88.86% and 
94% for DPSAC, PSAC and ASAC, respectively. This could be explained by the 
fact that increasing the agitation speed improves the diffusion of copper towards 
the surface of the absorption medium (activated carbon) that increases the contact 
between the binding sites and the copper ions, which enhances the removal 
efficiency [54]. 

3.2.  Sorption isotherms 
The parameters that give the higher removal efficiency of copper by activated 
carbon were pH of 6, agitation speed of 250 rpm, activated carbon dosage of 3 
g/100ml, and an contact time of 100 min for DPSAC and 60 min for both PSAC 
and ASAC (the best contact time obtained from the experimental work). The results 
of the sorption experiment were fitted with the previously described linearized 
forms of Langmuir and freundlich models. The fitted limits and coefficient of 
determination (R2) for Langmuir and freundlich models are represented in Table 1. 
In comparison with the other models, Langmuir model provided the highest 
correction for sorption of copper on activated carbon; it also showed a good ability 
to describe the process of copper sorption on activated carbon (governs the 
migration of copper in one-dimensional column). 

Table 1. Parameters of Langmuir and Freundlich  
models for sorption of copper onto activated carbon. 

Adsorbent 
Langmuir constants Freundlich constants 

a(mg/g) b(l/mg) R2 a(mg/g) b(l/mg) R2 

PDPAC 8.475 0.108 0.9935 1.264 0.496 0.9305 

PPAC 9.524 0.036 0.9904 0.569 0.613 0.9597 

APAC 4.950 0.087 0.9933 0.402 0.402 0.9665 

   
 (a)  (b)  (c) 

Fig. 6. Influence of agitation speed on the removal of  
copper by (a) DPSAC, (b) PSAC and (c) ASAC as adsorbents. 
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3.3.  Sorption isotherms 
Table 2 presents the results of the measurement of DL at different flow rates (V), 
which was calculated as follows: 

DL = 35.046 V + 0.0262       for soil                R2 = 0.9998                           (4) 

DL = 7.8397 V + 0.0125       for DPSAC         R2 = 0.9119                                   (5) 

DL = 5.198 V + 0.0064         for PSAC            R2 = 0.9121                                  (6) 

DL = 10.467 V + 0.0128       for ASAC            R2 = 0.997                                   (7) 

These equations could be summarized by the following general form: 

𝐷𝐷𝐿𝐿 = 𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚ℎ + 𝜏𝜏 𝐷𝐷𝑜𝑜                                                                                                  (8) 

Where  𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚ℎ is the coefficient of mechanical dispersion and 𝐷𝐷𝑜𝑜 is the coefficient 
of effective molecular diffusion. 

Table 2. Measured values of the longitudinal  
dispersion coefficient DL as a function of flow rate. 

Flowrate (ml/min) 5 10 15 
PDPAC V (cm/s) 0.0131 0.0262 0.0393 

DL (cm2/s) 0.1336 0.181 0.339 
αL (cm) 7.8397 

PPAC V (cm/s) 0.013 0.0262 0.0393 
DL (cm2/s) 0.0862 0.1181 0.223 
αL (cm) 5.198 

APAC V (cm/s) 0.0122 0.0244 0.0367 
DL (cm2/s) 0.1446 0.26 0.401 
αL (cm) 10.467 

Sandy soil V (cm/s) 0.0119 0.0238 0.0357 
DL (cm2/s) 0.4399 0.867 1.274 
αL (cm) 35.046 

3.4. Modeling application 
Advection dispersion process is the cause of copper migration in a porous medium, 
so that the one-dimensional system of copper migration in the porous media can be 
represented by the following equations. 

𝐷𝐷𝑧𝑧
𝜕𝜕2𝐶𝐶𝐶𝐶𝑢𝑢
𝜕𝜕𝑧𝑧2

− 𝑉𝑉𝑧𝑧
𝜕𝜕 𝐶𝐶𝐶𝐶𝑢𝑢
𝜕𝜕𝜕𝜕

= 𝜕𝜕 𝐶𝐶𝐶𝐶𝑢𝑢
𝜕𝜕𝜕𝜕

+ 𝜌𝜌𝑏𝑏
𝑛𝑛
𝜕𝜕(𝑞𝑞)
𝜕𝜕𝜕𝜕

                                                                      (9) 

where CCu = copper mass concentration in water, Vz = speed of flow, Dz = 
coefficient of longitudinal dispersion in the z direction, ρb = bulk density of dry 
adsorbing material, and q = copper concentration on solid, the subsequent term (q).  
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For verification of model, parameters and constants related to the soil and 
activated carbon were evaluated either through laboratory tests and through 
approximation from relevant literature data [39, 47] (Table 3). 

Table 3. Parameters, constants, boundary and initial conditions  
used in the transport modeling of copper in pilot plant column. 

Item Location Type/Value 

Aquifer 
characteristics 

Sandy 
soil 

Porosity (nA) = 0.44 

Sandy soil depth before PRB(cm) = 36 
Sandy soil depth after PRB (cm) = 32 
Longitudinal dispersivity (αL, cm) = 
35.046  
Bulk density (g/cm3) = 1.47415 

DPSAC, 
PSAC, 
and 
ASAC  

Porosity (nB) = 0.41, 0.40 and 0.40 

Barrier bed depth (cm) = 6 

Longitudinal dispersivity (αL, cm) = 
7.8397, 5.198 and 10.467 
Bulk density (g/cm3) = 0.55988, 0.67688, 
0.64513 

Initial condition The initial concentration of Cu+2  (mg/L) = 0 

Boundary 
conditions 

Concentration of Cu+2 at distance =0 (mg/L) = 50 

Advection flux (𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

) at  distance =60 cm = 0 

Figure 7 shows the normalized concentration lines of copper in the soil, which 
were determined using the COMSOL software. These values were calculated with 
and without the presence of permeable reactive barrier at a flow rate of 5 mL/min 
after 5, 10, 15, 20 and 25 hours. This figure demonstrates the potential role of the 
permeable reactive barrier in hindering the spreading of copper ions, where it can 
be seen that the change in copper concentration after 0.4 m from the bottom of the 
column became very slow.  

A comparison between the theoretical (COMSOL solution) and experimental 
results for copper concentrations at 5, 10, 15, 20 and 25 hours and flow rate of 5 
ml/min along the test column are shown in Fig. 8. It can be obviously noticed, from 
this figure, that the predicted and experimental results are highly agreed. 
Additionally, the root-mean squared error (RMSE) was used as a statistical tool to 
discovery the grade of contract between these results [55]. The calculated RMSE 
was less than 0.1%, which confirms the agreement between the predicted and 
experimental results. 

Finally, it is noteworthy to mention that the obtained results from the current 
study are in a good agreement with the previous studies, such as the study of 
Chamanchi, et al. [56] and  El-Said, et al. [57]. 
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Fig. 7. The normalized concentrations of copper 
as a function of the distance from the bottom of the column in  

(a) DPSAC, (b) PSAC and (c) ASAC. 

  
 

   
Fig. 8. Comparison between predicted (COMSOL solution) and 

experimental results for copper concentrations on (a) DPSAC, (b) 
PSAC and (c) ASAC at two values of flow rates. 

 
 
 

(a) (a) (b) 

(b) (c) (c) 

(a) (a) (b) 

(b) (c) (c) 
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4. Conclusions 
The current study attempted to investigate the possibility of preparing of cost-
effective activated carbon from seeds, namely date palm seeds, peach seeds, and 
apricot seeds. The results of the experiments evidenced the following facts: 

• Removal of copper using activated carbon is positively influenced by increasing 
the contact time, agitation speed and dosage of activated carbon. However, it is 
negatively influenced by increasing the copper concentration. 

• Neutral pH level is very favourable for copper removal by activated carbon. 
• Sorption process of copper on the DPSAC, PSAC and ASAC could be efficiently 

described by Langmuir isotherm model.  
• Generally, the experimental results proved that the activated carbon that prepared 

from wasted seeds is a cost-effective and efficient media for the removal of 
copper from contaminated groundwater. 

Nomenclatures 
a the capability of maximum adsorption (mg/g) 
b the constant (l/mg) 
C/Co normalized concentration 
Ce balance concentration, mg/L 
Co initial concentration of Cu+2, mg/L 
DL the Coefficient of longitudinal dispersion t, m2/sec 
Dmesh the coefficient of mechanical dispersion, m2/sec 
Do the coefficient of effective molecular diffusion, m2/sec 
Dz dispersion coefficient in the direction z, m2/sec 
KF the coefficient of Freundlich sorption (mg/g)  
m mass of activated carbon in the flask, g 
n porosity 
qe quantity of solute eliminated from solution, mg/kg 
R2 constant of determination 
V size of solution in the flask, L 
Vz 
𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚ℎ 
𝐷𝐷𝑜𝑜  

speed of flow in the direction z, m/sec 
The coefficient of mechanical dispersion.  
Coefficient of effective molecular diffusion 

  
Greek Symbols 
τ Tortuosity factor 
αL longitudinal dispersivity, cm 
ρb bulk density, g/cm3 
 
Abbreviations 
RMSE 
AS 

Root-mean squared error 
apricot seeds 

ASAC activated carbon from apricot seeds 
Cu+2 copper 
1D One-dimensional 
DPS date palm seeds 
DPSAC activated carbon from date palm seeds 
PRB Permeable reactive barrier 
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PS peach seeds 
PSAC activated carbon from peach seeds 
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Abstract 
The rapid sand downflow filter is widely used in water treatment plants. On the 
other hand, this filter has some drawbacks included the significant development of 
the head loss via the filter media because most of the rejected particles are removed 
by the upper layers. As well, the filter particles are redistributed during the 
backwash process causing the settling of fine particles on the upper part of the filter 
media, and this needs to increase the number of backwash processes. For these 
reasons, the cost of the produced water increases. The aim of the present study is to 
explore the possibility of using the upflow sand filter (UF-Filter) as a good 
alternative to the downflow sand filter (DF-Filter). To achieve the aims of the 
present study, a comparison was made between the performance of both filters 
through simultaneous experiments under different operating conditions. These 
conditions included changing of the filtering velocity from 5 m/h to 10 m/h and the 
initial water turbidity with a range of (10 – 200) NTU.  The sand media with sizes of 
(0.6 - 1mm) and with 63 cm of depth was used. Experimental results show that the 
turbidity removal efficiency of the DF-Filter is of about 1.1 times that of the UF-
Filter. On the other hand, the UF-Filter has higher turbidity removal efficiency than 
the DF-Filter by about 1.1 times when the initial turbidity of the influent water is 
greater than 150 NTU and the filtration velocity is equal to 10 m/hr. These 
differences in the removal efficiency between both filters can be considered as few 
values. The average filtration efficiency of the UF-Filter operated with the filtration 
velocity of 5 and 7.5 m/h is higher than that of the DF-Filter operated with the 
filtration velocity of 7.5 and 10 m/h, respectively under the same operating 
conditions. The filtration efficiency of both filters increases when the backwash was 
carried out before each experimental process instead of replacing the filter media. 
Also, the head loss of the DF-Filter is significantly increased due to redistribution of 
the sand media taking place during the backwash cycle, while the head loss of the 
UF-Filter is not affected. The head loss of the UF-filter at the end of each 
experimental run is less than that of the DF-Filter by about (18.18 % - 45.31 %) 
when the filter medium is replaced and this range is increased to about (53.31 % - 
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62.34 %) when the backwash is performed prior to the start of the experimental 
work. Thus, the decrease in head loss leads to an increase in the filter running time 
and decrease the number of backwash process. 

Keywords: upflow filter, rapid sand filter, head loss, filtration rate, water turbidity treatment  

1. Introduction 
A lot of the water turbidity is removed by a sequence of processes which are coagulation, 

flocculation, and sedimentation. As well as, further removal of the suspended particles is obtained 

by the filtration process to get pure waters within the standard specifications of  the public health 

[1, 2]. 

Rapid downflow sand filter extensively used in the treatment of water. The range of its 

effective sizes (ES) and its uniformity coefficients (UC) are of (0.45 - 0.7) mm and (1.3 - 1.7) mm, 

respectively [3]. As the water flows through a granular filter bed, the suspended particles attach to 

the granules of the filtering media causing clogging of some pores, reducing the size of pores 

channels, and rising the head loss of the filter. If the head loss exceeds the critical value or the 

filtration quality reaches below the permitted value during filtration, the filter stops serving and 

the backwashing process begins. Backwashing basically involves reversing and raising the water 

flow through the filter to clean the filter from the contaminants that accumulate in the filter media, 

and this requires a substantial volume of washing water up to 10% of the filtered water amount 

[4]. This type of filter has some drawbacks. The major drawback is the reduction of the operating 

duration of the filter, thereby increase the number of washing processes. As most of the water 

impurities are removed close to the upper part of the sand layer leaving most of the filter thickness 

unused, the filter pores are early clogged, especially at the high water turbidity levels [5, 6]. Also, 

the stratification that occurs in the sand layer during the backwash process, makes the fine 

particles of sand settled on the upper face of the sand layer and reducing the size of pores of this 

face. Accordingly, the head loss dramatically   increases during the operation of the filter,  which 

leads to the need for further repeated backwash processes [7, 8]. 

The common solution to overcome this problem is of using a dual-media rapid filter that 

consists of an anthracite layer settled over a sand layer [9, 10] . So, the direction of flow moves 

from a coarse layer to a fine layer. Hence, the head loss development is delayed and the duration 

of filter run is increased if the suitable sizes are chosen for both media layers. However, anthracite 

is not always readily available, it is not the most economical option in certain cases. This is 

particularly right in the many of developing states, and in the rural regions around the world.  
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Most of the global and local studies focus on the rapid downflow filters (DF-Filters), but 

there is still some lack of studies of the rapid upflow filters. Furthermore, there are no local studies 

of rapid upflow filters (UF-Filters). So, further researchs on the granular upflow filter is important 

to solve particular problems in the water treatment. 

The use of UF-filters which can be considered as a better alternative to DF-Filters to 

improve the performance of the filtration processes in terms of the development of head loss and 

filter operating time that is a goal of the study as well as saving energy, and reducing effort and 

cost in the water treatment. Unlike DF-Filter, the important feature of filtering water flowing from 

coarser to finer gradient is guaranteed in the UF-Filter even after the backwash, which it can 

achieve a consistent distribution of captured particles over the entire depth of filter, a significant 

storage capacity of solids in the coarse gradient, a longer run period and a lower head loss [11]. 

The authors [12] showed that the effect of gravity on the direct filtering process gave higher initial 

efficiency for the DF-Filter than the UF-Filter. [13] improved the ripening process using ETSFW 

(Extended Terminal Sub-Fluidized Wash) technique with cationic polymer in washing water for 

the DF-Filter and  the UF-Filter. Nevertheless, the head loss increases during the ripening of the 

DF-Filter and this leads to increase the removal of the prevailing surface resulting in shorter run 

ultimately. On the contrary, the UF filter has a less head loss development and a long filter run. 

This idea helps to make the up-flow filter more acceptable. Therefore, this study is conducted to 

compare the performance of both the upward and downward filters. Since the filtration rate and 

the initial water turbidity mainly affect the granular filtration process [10], their effects on the two 

filters are investigated in the present study.  

2. Materials and Methods 
 In the present study, a pilot plant that consists of two columns of filters, the upflow and the 

downflow filters, was designed and constructed to study simultaneously the filtration efficiency of 

each filter type under different operating conditions. The schematic diagram of the pilot plant used 

is shown in Figure 1. 

2.1 Pilot plant components 
1. Feeding tank of Synthetic Turbid Water: Two polyethylene plastic tanks are installed in 

the experimental running unit, the volume of the first and second tanks are 1000 L and 500 L, 

respectively. The first tank is placed on the ground as shown in Figure 1, while the second tank is 
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placed 4 m above the ground level to achieve the constant head required for water flow. Tanks are 

filled with turbid water and they are used as storage and feed tanks of the turbid water for the pilot 

units. A submersible pump was used inside each tank to recirculate turbid water to keep it 

homogeneous along the tank. In addition, water is supplied from the first feeding tank to the 

second one via a feed pump.  Thereafter, the turbid water is supplied from elevated tank to the 

pilot plant by gravity. 

 

Figure 1. Schematic diagram of the pilot filtration units used 
 

2. Flow meters: The flow meters are installed on the feeding pipes of each filter to measure 

the flow rate of turbid water. 

3. Pipes and valves of the pilot plant: The polypropylene type pipes (PPR) of 12mm diameter 

are used to deliver synthetic turbid water between tanks and the pilot plant filters. Valves have 

been utilized in the pilot plant to perform various services including maintaining and controlling 

the flow rate passing through the flow meters towards filtration columns and collecting samples 

of filtered water. 
4. Columns of filtration: Two columns were designed and installed to run in two parallel 

patterns which are downflow and upflow directions as shown in the Figure 1. The filtration 
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columns were made of PVC material of 150 cm high and 10 cm in diameter. A perforated disc 

made of stainless steel placed at the bottom of filtration columns to support the media of the 

filter, and distribute the backwash water and the influent turbid water. The perforated disc that is 

of 0.1 cm thickness has holes of 0.2cm diameter uniformly distributed over its entire area. In 

order to measure the head loss that occurs due to filtration of turbid water throughout the filter 

media, two transparencies plastic tube each of 10mm diameter are installed on the inlet and 

outlet of each filter column. 

2.2 Filter Media 
The materials of the filter media used in the current study is of uniform sand with size 

gradations of (0.6 – 1) mm, effective size of 0.63 mm, and uniformity coefficient of 1.29. The 

sand is placed on the top of the gravel layer. The filtration media layer is of 63 cm height for all 

filters utilized. The sand is carefully washed with water to remove impurities, dirt, and salts before 

placing it in the filter columns. The gravel layer is of 10cm depth, and its particles size ranges 

between 2.5mm and 6.5mm. The gravel is used as a support layer located directly under the filter 

media to prevent particles of the filter media from clogging the underdrain orifice. Also, the gravel 

layer permits the turbid water to easily flow from the underdrain orifice during upflow and 

backwash processes [14]. 

3. Results and Discussion 
Twenty-one experimental runs were carried out to study in removing of the water turbidity and 

reducing of the head loss. In the present study, the average efficiency of water treatment was 

assessed for turbidity in each filtration cycle. The effluent turbidity of the DF-Filter and the UF-

Filter were measured each hour during running of the pilot plant. The running time of each filter 

was about 11 hours of every run. Synthetic raw water was used instead than river water in order to 

carry out a wide range of water turbidity which had been required in experimental tests with more 

controlled method.  The overall range of the turbidity of synthetic raw water varies between 10 

NTU and 200 NTU. Filtration velocities that have been studied were 5, 7.5, and 10 m / h. The 

pressure drop (head loss) was recorded for both filters by the piezometers at the first hour and the 

end time of each run. The filtering media is replaced before each operation to maintain the same 

conditions and get an accurate comparison of the results for different cases of each run. Except of 
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the runs NO.9 and NO. 16, the backwashing of the filtration media was carried out before filters 

run to observe the changes taking place. 

3.1 Experimental Study Results 
Both filters were tested under the same operational conditions which are the influent water turbidity, the 

running time, and the filtration rate. Average initial turbidities of (10, 20, 40, 70, 100, 150 and 200 NTU) 

were used in the runs Nos. (1, 2, 3, 4, 5, 6, and 7), in the runs Nos. (8, 9,10, 11, 12, 13, and 14), and in the 

runs Nos. (15, 16, 17, 18, 19, 20, and 21) respectively. The experimental operations were divided into three 

groups as follows: 

3.1.1 First group (Run NO. 1 – Run NO. 7) 

The results of the first group of experiments under the filtration velocity of 5 m/h show that the 

DF-Filter gives slightly higher removal efficiency rate than that of the UF-Filter for each run as presented 

in Figure 2. The reason of this is due to gravity effect on the removal efficiency of particles for downflow 

direction via sedimentation mechanism which leads to increase the capture of particles by the DF-Filter and 

this is in a good agreement with the study of [15]. The highest turbidity removal rate of the DF-Filter and 

the UF-Filter are 87.37 % and 83.07 %, respectively for run NO. 4 and the lowest turbidity removal rate are 

77.43 % and 69.98 %, respectively for run NO. 1. The values of turbidity removal of the DF-Filter are of 

about (1.11, 1.19, 1.08, 1.05, 1.09, 1.1, and 1.07) times that of the UF-Filter for run Nos. 1, 2, 3, 4, 5, 6, and 

7, respectively by an average value of 1.1 times. Thus, these differences in the removal efficiency of water 

turbidity of both filters can be considered as few values. 

3.1.2 Second group (Run NO. 8 – Run NO. 14) 

In this runs, the filtration velocity of 7.5 m/h is utilized. It is found that the average removal efficiency 

of the DF-Filter is higher than that of the UF-Filter under the same conditions, except under the initial 

turbidity level of 200 NTU, the average removal efficiency of water turbidity of both filters is significantly 

close  to each other as shown in Figure 2. The maximum average removal efficiency of water turbidity of 

the DF-Filter and the UF-Filter is 77.69 % and 72.88 %, respectively for the run NO. 11, and the minimum 

average removal efficiency is 58.27 % and 56.5 %, respectively for the run NO. 14. The removal efficiency 

rate of turbidity of the DF-Filter is about (1.1, 1.1, 1.1, 1.07, 1.1, 1.07, and 1.03) times that of the UF-Filter 

for runs Nos. 8, 9, 10, 11, 12, 13, and 14, respectively by an average value of 1.08 times, and they can be 

considered as few values. 
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3.1.3 Third group (Run NO. 15 – Run NO. 21) 

The filtration velocity of 10 m/h is used in each run. It is found that the DF-Filter has higher removal 

efficiency rate of water turbidity than the UF-Filter when the average values of the initial turbidity are 10, 

20, 40, 70 NTU. Also, the results show that the removal efficiency rate of water turbidity of the DF-Filter is 

approximately close to the UF-Filter under the initial turbidity of 100 NTU, but the UF-Filter has a removal 

efficiency rate of turbidity greater than that of  the DF-Filter when the values of water turbidity are 150 and 

200 NTU as presented in Figure 2. It is also found that the maximum average filtration efficiency of the 

DF-Filter and the UF-Filter is 68.97 % and 62.22 %, respectively for run NO.16 and the minimum average 

filtration efficiency of the DF-Filter is 44.82 % for run NO. 21, whereas the minimum average filtration 

efficiency of the UF-Filter is 46.72 % for run NO.15. Also, the average removal efficiency of water 

turbidity of the DF-Filter is about (1.23, 1.11, 1.11, 1.14, and 1.04) times that of the UF-Filter of runs Nos. 

15, 16, 17, 18, and 19, respectively by an average of 1.13 times. On the other hand, the average removal 

efficiency of water turbidity of the UF-Filter is about (1.09, 1.08) times that of the DF-Filter of runs Nos. 

20 and 21, respectively by an average of 1.1 times. This may be due to the high filtration rate and the 

increase of influent turbidity that leads to an increase in the amount of suspended particles that flow into 

the two filtration columns and reduce the retention time  pf each filter, So the chances of the particles 

capture reduce in the granule bed by the mechanism of particles removal especially the sedimentation 

mechanism that  differs between the DF-Filter and the UF-Filter and this is in a good agreement  with the 

study of [16]. Consequently, the filtration efficiency of the DF-Filter decreases due to the decreasing of the 

effect of the particle’s removal mechanism by the gravitational sedimentation, while the filtration 

efficiency of the UF-Filter increases due to the increasing of the effect of the filtration depth, and this is in 

a good agreement with the study of [13]. Thus, the removal efficiency of water turbidity of the UF-Filter is 

greater than that of the DF-Filter for runs Nos. 20 and 21. 
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Figure 2. The relation between the average turbidity removal efficiency and the average initial 

turbidity of both filters of groups Nos. 1, 2 and 3 at under three filtration rates and a running 

time of 11 h. 

3.2 Effects of the Filtration Rate 
the effect of filtration velocity on the average filtration efficiency and the total head loss 

for DF-Filter and UF-Filter is presented in Figure 2 and Figure 3, respectively. Average removal 

efficiency and total head loss are usually calculated at the end of each experimental run. 

Generally, it is found that the increasing of the filtration rate leads to decrease the efficiency of 

filtration process (i.e. effluent turbidity increased) and increase the head loss of both types of 

filters. At the higher filtration velocities, the more amount of suspended particles flow to the 

filtration bed, and the contact time of suspended particles with the media grains decreases. Hence, 

some of these particles get out with the effluent water without any filtration mechanism such as 

interception, collision, and sedimentation. Therefore, the quality of the effluent water decreases 

and this result meets the data reported by [16]. On the other hand, increasing of the flow rate 

increases the collision between the suspended particles and the filter grains, it also increases fluid 

shearing force on captured particles, so particulate detachment can occur when the adhesive force 

between the suspended particles and the filter grains is less than the shear force. Thus, the effluent 

turbidity increases, and this is in a good agreement with the study of [13]. 
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In the second group, the average removal efficiency of turbidity is less than that of the first 

group by (7.49, 10.88, 11.85, 9.67, 9.74, 16.07 and 20.75) % with an average of 12.35 % for the 

DF-Filter and by (6.23, 3.72, 12.71, 10.19, 9.99, 12.82 and 17.41) % with an average of 10.44 % 

for the UF-Filter in runs Nos. 8, 9, 10, 11, 12, 13, and 14, respectively. In the third group, the 

average removal efficiency of turbidity is also less than that of the second group by (12.25, 5.11, 

10.38, 9.48, 12.68, 17.03 and 13.45) % with an average of 11.48 % for the DF-Filter and by 

(17.04, 5.32, 9.53, 13.09, 8.22, 7.94 and 7.82) % with an average of 9.85 % for the UF-Filter in 

runs Nos. 15, 16, 17, 18, 19, 20, and 21, respectively. Therefore, the removal efficiency of 

turbidity of the DF-Filter is affected by the increasing of the filtration rate more than that of the 

UF-Filter.  

Under the same influent turbidity, it is also found that the average filtration efficiency of 

water turbidity of the UF-Filter under the filtration velocity of 5 and 7.5 m/h is higher than that of 

the DF-Filter under the filtration velocity of 7.5 and 10 m/h, respectively. On the other hand, the 

average removal efficiency of water turbidity of the UF-Filter of runs Nos. 9 and 16 under initial 

turbidity of 20 NTU is slightly less than that of the DF-Filter because the filter media was not 

replaced in both filters before starting a new run. As well as the backwash process redistributes the 

particles of the filter media and makes the settling of fine particles on the top zone of the filter 

media layer. Thus, the average removal efficiency of water turbidity of both filters increases as 

presented in Figure 2.   

The results shown in Figure 3 reveals that the increasing of the filtration rate leads to 

increase the head loss of both filters and this in turns leads to decrease the running time of each 

filter. In the second group, the head loss is greater than that of the first group by (42.9, 58.4, 38.3, 

37.1, 34.9, 32.3, and 31.0) % with an average of 39.3 % for the DF-Filter and by (18.5, 20.7, 28.6, 

31.0, 29.8, 28.0, and 29.6) % with an average of 26.6 % for the UF-Filter in runs Nos. 8, 9, 10, 11, 

12, 13, and, 14, respectively. In the third group, the head loss is also greater than that of the 

second group by (23.4, 15.4, 13.0, 17.3, 20.3, 21.7, and 19.3) % with an average of 18.6 % for the 

DF-Filter and by (22.9, 31.0, 31.4, 23.6, 19.0, 19.4, and 16.9) % with an average of 23.4 % for the 

UF-Filter in runs Nos. 15, 16, 17, 18, 19, 20, and 21, respectively.  

It can also be seen that the head loss of the DF-Filter increased significantly when the 

backwash was performed before the starting of the experimental run in runs Nos. 9, 16 due to 

stratification of the sand media that takes place during the backwash cycle. The fine sand grains 
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settle on the top zone of the filter media layer, so the porosity of the top zone of the filter media 

layer reduces and this leads to get a high removal efficiency of turbidity in top layer of the DF-

Filter. Hence, the head loss of the DF-Filter increases and this is agreed  with  the conclusion 

found by [17]. On the other hand, it is found that there is no noticeable effect of the head loss of 

the UF-Filter because this filter maintains the gradient of the media grains from coarse to fine 

even after backwashing and this is consistent with the study results of [13]. It can be concluded that 

if the backwash is carried out before each filtration process in the present study, the values of the 

filtration efficiency of both filters and the head loss of the DF-Filter increase while the head loss 

of the UF-Filter is not affected. 

 

Figure 3 The relation between the total head loss and the average initial turbidity  

of both filters of groups Nos. 1, 2 and 3 under three filtration rates and the running time of 11 h. 

 

3.3 The effect of the flow direction on the head loss 
Based on the data collected from experimental work it can be concluded that the development 

of head loss of the UF-filter (i.e. pressure drop through filter media) is slower than that of the DF-

Filter as shown in Table 1, 2, and Table 3. In particular, the head loss of the DF-Filter significantly 

occurs because most of the suspended particles of the turbid water do not penetrate the filter media 

deeply, while the head loss of the UF-Filter slowly occurs due to the efficient diffusion of these 
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particles within the depth of the filter media. Hence, the decrease of the head loss leads to an 

increase in the running time of the filter and this is compatible with the results obtained by [18]. 

Table 1. The head loss development of both filters for the first group under the filtration rate of 5 

m/h and the running time of 11 h. 

Run NO. 

initial 

Turbidity 

average (NTU) 

time (h) 

DF-Filter UF-Filter The 

difference 

at the end 

of the run 

% 

development 

head loss 

(cm) 

development 

head loss  

(cm) 

1 10 (1 - 11) 28 - 28 21 - 22 21.43 

2 20 (1 - 11) 29 - 32 21 - 23 28.13 

3 40 (1 - 11) 31 - 37 22 - 25 32.43 

4 70 (1 - 11) 33 - 39 23 - 29 25.64 

5 100 (1 - 11) 34 - 41 26 - 33 19.51 

6 150 (1 - 11) 36 - 44 27 - 36 18.18 

7 200 (1 - 11) 37 - 49 28 - 38 22.45 

 

Table 2. The head loss development of both filters for the second group under the filtration rate of 
7.5 m/h and the running time of 11 h.  

Run NO. 

initial 

Turbidity 

average (NTU) 

time (h) 

DF-Filter UF-Filter The 

difference 

at the end 

of the run 

% 

development 

head loss  

(cm) 

development 

head loss  

(cm) 

8 10 (1 - 11) 41 - 49 26 - 27 44.90 

9 20 (1 - 11) 48 - 77 27 - 29 62.34 

10 40 (1 - 11) 42 - 60 27 - 35 41.67 

11 70 (1 - 11) 47 - 62 32 - 42 32.26 

12 100 (1 - 11) 48 - 63 34 - 47 25.40 
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13 150 (1 - 11) 50 - 65 35 - 50 23.08 

14 200 (1 - 11) 51 - 71 38 - 54 23.94 

 

Table 3. The head loss development of both filters for the third group under the filtration rate of 
10 m/h and the running time of 11 h. 

Run NO. 

initial 

Turbidity 

average (NTU) 

time (h) 

DF-Filter UF-Filter The 

difference 

at the end 

of the run 

% 

development 

head loss  

(cm) 

development 

head loss  

(cm) 

15 10 (1 - 11) 52 - 64 33 - 35 45.31 

16 20 (1 - 11) 65 - 91 37 - 42 53.85 

17 40 (1 - 11) 54 - 69 36 - 51 26.09 

18 70 (1 - 11) 58 - 75 43 - 55 26.67 

19 100 (1 - 11) 60 - 79 45 - 58 26.58 

20 150 (1 - 11) 63 - 83 47 - 62 25.30 

21 200 (1 - 11) 65 - 88 51 - 65 26.14 

 

3.4 Effect of Influent Turbidity Concentration 
The analysis of results show that the increasing of an average initial turbidity leads to increase 

the turbidity of effluent water. On the other hand, it is also found that the average filtration 

efficiency increases with increasing of the turbidity of influent water up to 70 NTU, but it 

decreases under the turbidity of influent water of 100, 150, and 200 NTU. This may be attributed 

to the aggravation of the detachment of the accumulated deposits on the surface of the media 

grains, and this detachment considerably depends on the increase of the amount of influent 

turbidity. Therefore, the average filtration efficiency reduces at a high initial turbidity as shown in 

Figure 2. When the initial turbidity was increased, the head loss increased for both filters at the 

same operating conditions in all groups as shown in Figure 3. Thus, the high turbidity of the 

effluent water or the high head loss of the filter will decrease the filter runtime. These conclusions 

are in a well agreement with the results concluded by [19, 20]. 
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Conclusions 

The conclusions of the present study are drawn below: 

1. Under the filtration velocities, 5, 7.5, and 10 m/hr, the maximum average efficiency of 

turbidity removal of the DF-Filter is 87.37%, 77.69%, and 68.97%, respectively, and of the 

UF-Filter is 83.07%, 72.88%, and 62.22%, respectively. 

2. It was concluded that the removal efficiency of water turbidity of the DF-Filter is about 1.1 

times that of the UF-Filter. On the other hand, the UF-Filter has the turbidity removal 

efficiency greater than the DF-Filter by 1.1 times under the values of the initial turbidity 

greater than 150 NTU and the filtration velocity of 10 m/h. these differences in the 

removal efficiency of water turbidity of both filters can be considered as few values. 

3. Under the filtration velocity of 7.5 m/h, the filtration efficiency value of turbidity of the 

DF-Filter and the UF-Filter decreases by about 12.35% and 10.44 %, respectively than 

their values under the filtration velocity of 5 m/h.  Also, under the filtration velocity of 10 

m/h, the filtration efficiency value of turbidity of the DF-Filter and the UF-Filter decreases 

by about 11.48 % and 9.85 %, respectively than their values under the filtration velocity of 

7.5 m/h. This indicates that the DF-Filter was more affected by increasing the velocity of 

filtration. 

4. Under the same operating conditions, the average filtration efficiency of turbidity of the 

UF-Filter under the filtration velocity of 5 and 7.5 m/h is higher than that of the DF-Filter 

under the filtration velocity of 7.5 and 10 m/h, respectively.  

5. It could be concluded that under the same operational conditions, if the backwash is carried 

out before each filtration process in the present study, the values of the filtration efficiency 

of both filters and the head loss of the DF-Filter increase, while the head loss of the UF-

Filter is not affected. 

6. The head loss of the UF-filter at the end of each experimental run is less than that of the 

DF-Filter by about (18.18 % - 45.31 %) when the filter media is replaced and this range is 

increased to about (53.31 % - 62.34 %) when the backwash is performed prior to the start 
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of the experimental work. Thus, the decrease in head loss leads to an increase in the filter 

running time and decrease the number of backwash process. 

7. It is found that the average filtration efficiency increases with the increasing of the 

turbidity of influent water up to 70 NTU, but it decreases under the turbidity of influent 

water of 100, 150, and 200 NTU. 
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Abstract 

Predictions for the future indicate that climate change may worsen the water problem in Iraq. 

The impact of climate change on water supplies, the environment, and the economy, particularly 

the agricultural sector, is one of the region's most significant challenges. This paper analyzes the 

impact of climate change on water parameters, and the implications for station operation and 

performance.  

The data was taken from the Al- Qadisiya water treatment plant in Baghdad city for 2022. This 

research is the only one that discusses the design of water treatment plants using the GPS-X to 

design and simulate the plants and show the effect of climate change on plant operation. The 

results of evaluating the operational performance of water treatment plants indicate that the 

concentrations of all contaminants in the effluent water have consistently followed the 

established Iraqi standards in all scenarios. Some consequences of these variables (pH, turbidity, 

TDS, color, alkalinity, and hardness). 

The modeling and simulation of the water treatment plant, conducted using GPS-X, confirmed 

an acceptable level of performance characterized by a high degree of efficiency. The model was 

subjected to three scenarios, which showed that the concentrations of the pollutant parameters in 

the treated water stayed within the allowed limits. 

Keywords: Water Treatment, Climate Change, GPS_x, Plants, Simulation. 

Introduction 

The two primary goals of water treatment plants are to remove contaminants that are harmful to 

health and to eliminate contaminants that give water an unpleasant appearance, taste, or odor. 

Since many harmful toxins cannot be seen, smelled, or tasted, early water treatment operations 

http://www.wildlife-biodiversity.com/
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focused on enhancing the water's appearance or consumer appeal, as many harmful toxins are 

odorless, tasteless, and invisible. (Dey et al., 2021) 

An evaluation of the performance of a water treatment plant can be used to improve the way it 

works. The drinking water treatment process involves the elimination of contaminants and the 

deactivation of potentially harmful microorganisms present in untreated water, resulting in the 

manufacture of water that is sufficiently clean for human consumption and free from any 

possible health risks in both the immediate and longer term. Various methods are used to remove 

contaminants, including physical treatments like settling and filtering, chemical procedures like 

coagulation and disinfection, and slow sand filtration. In the context of municipal drinking water 

treatment, several treatments are implemented globally, considering factors like the season, the 

presence of pollutants, and the specific compounds found in the untreated water.(Wang et al., 

2011) 

Water resources have had significant impacts from climate change, population expansion, and 

heightened human activity. These factors provide major challenges for organizations responsible 

for providing drinking water, particularly in developing nations. The effect of climate change is 

causing alterations in the quantity and caliber of water resources available to both human 

populations and ecological systems globally.(Bates et al., n.d.) 

 The effect of climate change is causing alterations in the quantity and caliber of water resources 

available to both human populations and ecological systems globally. The rise of risks and 

expenses for individuals, ecosystems, agricultural practices, energy generation, industrial 

operations, recreational activities, and the natural surroundings is visible. A water treatment 

facility's primary function is to ensure the provision of potable water to the public while 

eliminating any detrimental substances present in either a dissolved or suspended state. The 

removal of harmful chemicals is of greatest importance. The assessment of the operational 

efficiency of a water treatment facility has the potential to enhance its functionality.  (Baruth et 

al., 2005)   

Climate and water have close relationships on Earth. Involved in a large-scale exchange of mass 

and heat between the atmosphere, ocean, and land surface, water influences and is affected by 

climate. Every change in the climatic system affects the hydrologic system. The possible effects 
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on water sources have received a lot of attention, but it is important to recognize the changes in 

water quality that are also present. The mobility and dilution of pollutants may be impacted by 

predicted variations in precipitation and temperature, as well as by changes in river flow. Higher 

water temperatures will change the speed of chemical reactions and when combined with a drop 

in water quality, the ecological status of freshwater.  (Andrade et al., 2018)   

Climate change is not the only factor affecting water quality. Within the context of global 

change, the evolution of land use, deforestation, urbanization, and the carrying out of 

waterproofing measures in some regions may also contribute to the decline in water quality. 

However, it is frequently observed that urban, industrial, and agricultural human activities are 

primarily responsible for water pollution. as a result of these actions, the effect of climate change 

on surface water quality may cause deterioration. When the reduction of point source pollution 

occurs in several nations, climate change effects may lead to a rise in diffuse pollution. This 

increase may be due to various factors, such as urban or agricultural runoff, even if wastewater 

treatment facilities operate at their maximum capacity. (Bates et al., n.d.). 

In this paper, using the GPS-x program to design and simulated the water treatment plants. 

Numerous domestic and international researchers investigated the capability of the GPS-X 

program to model and simulate any wastewater and water treatment system component or entire 

facility to achieve their research objectives(hatch, 2022). After calculating the complete sample 

results, plant data was utilized to construct and calibrate GPS-X models. Additionally, the 

current facility utilizes the GPS-X to increase capacity, operational efficiency, and effluent 

quality. They discovered that the calibrated model produces exact results that closely resemble 

the actual outcomes of the program (Mhashhash et al., 2018) .  Simulations were done under 

various scenarios to examine the effects of related operational variables on the plant's capacity 

and performance regarding ultimate effluent quality. We can control the flow and any parameter 

that needs to change by the input section in the simulation. 

Area of Study and data 

These papers take data from the AL Qadisiya water treatment station in the Karkh region. Al-

Qadisiya station is a surface station located in the Karkh region with an area of about (48000 

m2). The station serves the Al-Qadisiya area with drinking water and has a purification capacity 
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of roughly 100,000 m3/day, making up about 8% of all the stations in Baghdad's purification 

capacity. Provide clear water to this region. The capacity of this station is divided into two 

branches; an old project with a capacity of about (149760 m3) was created, and A new project 

with a capacity of about (86400 m3) since 1976, the data taken from 1/1/2022 to 31/12/2022.  

 Numerous variables must be considered when selecting the optimal water treatment procedures 

for a specific water source. Several considerations must be considered, including the quantity of 

water requiring purification, the availability of suitable facilities, suitable operators and 

administrators, and the total number of consumers involved.  (Clark et al., 2012) figure 1 show 

the location of AL Qadisiya plants by Google map.   

 

Figure 1: Al-Qadisiya water treatment plants (Google map) 

 

 

 

 

 

 

Figure (1): location of al-Qadisiya water treatment plants( by use google map) 

The optimal water treatment plants consist of, (Coagulation, flocculation, sedimentation, 

filtration, and disinfection). During the coagulation and flocculation processes, the electrostatic 

charge of unsettled solids is neutralized or decreased. This process sets up the van der Waals 

force of attraction, leading to the gathering of particles by adding the chemical dosage, such as 

alum (Abbasi et al., 2021).Furthermore, During the flocculation stage, physical processes 

transform the tiny floc particles created by the rapid mix into larger floc aggregates; the 

clustering rate is determined by the velocity at which the particles collide, Additional chemicals 

might be applied to enhance the settling or filtering properties of the coagulated material. 
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Anionic polymers are frequently employed to speed up the development of excellent flocs for 

settling; they can also increase the flocs' strength, weight, and density.  

Separated and resolved clusters that have undergone flocculation and coagulation in water as part 

of the process under consideration. The flocs cluster and gather as refuse at the sedimentation 

tank's bottom. As the flocs settle to the bottom of the sedimentation tank, the effluent water is 

discharged through the tank's upper collecting basins.  (Abbasi et al., 2021)  the last step of water 

treatment is filtration and disinfection, Sand filtration is a widely used technique for purifying 

drinkable water, specifically targeting removing relatively large suspended particles. Water 

treatment often employs two primary categories of sand filters: rapid sand filters (RF) and slow 

sand filters (SF).  (Al-Ansari, 2013)  the figure2 show the treatment process. 

 

Figure (2): water treatment process 

Some of the data that collected from the station are (the volume of tanks and the number of 

tanks, Ph, turbidity, alkalinity, total dissolved solids and total suspended solids) to get the best 

result of effluent water that matches Iraqi standards. Three scenarios were applied in the water 
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plane to show the effect of climate change on the plant operation by changing the number of 

tanks and parameters.  

Table 1: some parameter uses in simulation 

Parameter Value 

Temperature 14.75 C 

Turbidity 19 NTU 

Alkalinity 195.75mg/l 

Hardness as CaCO3 294.75  mg/l 

Calcium as Ca 70.5 mg/l 

Chloride as CL 59.75 mg/l 

Magnesium as Mg 25.25mg/l 

pH 7.8 

Color Hazen <5 

Total dissolve solids 549.75mg/l 

Suspended solids 36mg/l 

Nitrite as NO2 0.0043mg/l 

Nitrate as NO3 0.8525mg/l 

Different simulation software for water and wastewater treatment facilities, such as SIMBA, 

GPS-X, AQUASIM, Bio Win, STOAT, FOR, and WEST, promote these models. Simulation and 

modelling tools evaluate process methods, optimize designs, and conduct cost analyses. The 

GPS-X is the best software program to design and simulate the water treatment plan. In addition, 

it is the first version used for water treatment. (Al-Ansari, 2013) The GPS-X program is 

generally regarded as a useful software tool for evaluating the preliminary design of water and 
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wastewater treatment plants (WTPs). Moreover, this software assists in explaining the efficacy of 

the plant in different situations. A conclusion may be made that validating development plans is 

a complex task.  (The Greenhouse Gas-Induced Climate Change Over the Indian Subcontinent 

as Projected by General Circu, n.d.)   

GPS X is a modular, multipurpose modelling environment for simulating municipal wastewater 

treatment plants. Enables investigating the complex interactions between various units’ processes 

in the plant interactively and dynamically. The GPS-X program is generally regarded as a useful 

software tool for evaluating the preliminary design of wastewater treatment plants (WTPs). 

Moreover, this software assists in explaining the efficacy of the plant in different situations. The 

water treatment facilities of Al Qadisiya include two flocculation tanks, six sedimentation tanks 

with two branches, and eight filtration tanks. Figure 3 shows the layout of the water treatment 

facility as determined by the program, where scenario 1 (average flow) and scenario 2 

(maximum flow) use the same number of tanks but differing parameter values. In addition, use 

half as many containers in scenario three's minimum flow. This scenario is used to control the 

impact of climate change on water sources by decreasing or increasing the flow rate and the 

amount of polluted particles.     
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Figure(3): layout of water treatment by GPS-X 

  Figure 4 describes the water treatment unit used in GPS-X. This unit displays the quantity of 

water that passes through each unit and the necessary parameters (TSS, TDS, HRT for each tank, 

turbidity, color, TSS removal, pH, and hardness). 

 

 

 

 

 

 

Figure(4): treatment unit 

 

Martial and methods 

Climate change is not the only determinant impacting water quality, Incorporated within the 

framework of global change, the process of land use evolution, deforestation, urban expansion, 

and the implementation of waterproofing measures in some areas may also play a role in the 

deterioration of water quality.  (Kundzewicz, 2008)  According to previous research, there is 

much uncertainty about the predicted changes in precipitation and temperature over the period to 

come. According to estimates, the average global temperature increased by 0.8 C over the past 

century due to greenhouse gas emissions. In addition, scientists have determined that recent 

years have been the hottest in the past century. Due to the increase in global temperature in 

recent years, there has been non-uniformity in precipitation changes.  (Guchi, 2015)  description 
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of changes includes temperature, precipitation, sea level, river flow, soil moisture, groundwater 

evaporation, and cryospheric features. The water cycle accelerates with time, as seen by growing 

evaporation and precipitation rates.  (Ahmed et al., 2020)  The two factors that effects on the 

climate change:  

Temperature  

The first thing to remember is that temperature (generally) significantly impacts nearly all 

physical-chemical equilibriums and biological responses. Evaporation and complexation are a 

few examples of water-related changes or actions that will be accelerated by raising water 

temperature. This widespread occurrence generates concentration. The quality of the water is 

greatly impacted by temperature changes and changes in the amount of dissolved compounds in 

the water. The concentration of some pollutants is reduced due to low water velocity (nutrient 

uptake and adsorption by aquatic plants, complexation of heavy metals on suspended particles, 

and settling). (Murdoch et al., 2000)  

Increasing air temperatures affect the timing and seasonality of snowfall and discharge, resulting 

in more precipitation during the winter. As opposed to snow, melting occurs earlier in the winter 

and spring. These modifications will likely affect the magnitude and timing of seasonal peak 

flows, including shifting spring runoff peak periods forward and decreasing summer low flows. 

Air temperature increases impact water quality, including biogeochemical cycling, primary 

production, solubility, reaction rates, and bacteria survival. (Amanullah et al..,2020)  

Increases in water temperature impede the capacity of surface waters to store oxygen, which may 

reduce the productivity of streams already affected by biological oxygen demand (BOD). The 

duration and intensity of stratification significantly affect seasonal changes in surface water 

quality.  (Xia et al., 2015)   

Precipitation:  

Researchers have discovered a significant positive correlation between river nutrient loading and 

elevated volumes of nutrients originating from outside sources. Warmer temperatures would 

accelerate soil processes, such as the decomposition of organic matter, increasing nutrient 
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concentrations in rivers. Due to stream soil erosion, more frequent and intense rainfall events 

will also result in greater concentrations of suspended particles. When stream flow is reduced, 

there is less capacity for dilution, which results in higher nutrient concentrations entering 

reservoirs from point pollution sources. The effect of climate change on streamflow, lake levels, 

and groundwater recharge is primarily determined by precipitation.  (Ling et al., 2013)   

Results 

Analyses of raw and treated water samples were conducted to determine the efficacy of this 

facility in treating and removing pollutant components from water. This model uses actual 

station data that has been calibrated to approximate the actual situation as possible. Then, 

compare the results with the water standard to ensure the station's performance and determine 

how much these WTP plans can be reliable. 

Changes in flow rate and the concentration of polluted particulate in water result from climate 

change for plants. The station data will be divided into four seasons to show the impact of 

changes in climate on the water parameter and the WTP planet. The outcome of this scenario is 

displayed below. After calibration and adjustment, the parameter and chemical dose make the 

program's results more accurate than the actual data figure 4 show the different between actual 

and simulated parameter that indicted the simulation data more effaced that actual. As a result, it 

conforms to Iraqi water standards. The figure 5 clarify that a simulation model's efficiency for 

removing total dissolved solid, NO2, NO3, and conductivity is more effective than actual plans.  

 

Figure (5): different between actual and simulated date 
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In scenario one for winter season, the river's discharge will increase, as a result increasing 

pollution particles. the increase in water discharge rate significantly impacted water quality. 

During the heavy rainfall, the concentrations of metals, certain organic compounds, faecal 

coliform bacteria, and nitrates increased. In addition, floods can cause the displacement of 

pollutants between polluted soils and sediments, And the soil erosion brought on by flooding 

brings a significant amount of nutrients, pathogens, and pollutants into the aquatic environment. 

The figure 6 shows the relationship between parameter and time, the figure showed that the 

parameter changes constantly with the change of time and change in season. the result in this 

scenario matches the Iraq standard and global requirement for water treatment, allowing this 

scenario to be used in all water station cases. It illustrates the relationship between total 

suspended solids and time. Consequently, the variation in the quantity of TSS is considered with 

the variation in simulation duration. This analysis specifies the time but also considers the 

effluent flow in relationship to the treatment procedure duration. The time calculation is based on 

the population of Al Qadisiya in 2022 based on the data. For instance, the relationship between 

the duration of the procedure and the quantity of solids is illustrated. Consequently, the 

modelling results indicated that increasing the simulation duration increased the removal of TSS, 

so the overall efficiency of the treatment system also increased.  

 

 

Figure (6): relationship between treated parameter and time 
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From simulation of water plants, the hydraulic retention time for flocculation unit is (39.1 -

87.71) min for both parts.  the typical range for HRT in flocculation is 20-60 minutes, depending 

on the qualities of the raw water, and the temperature of the water. (Xia et al., 2015) 

Furthermore, the HRT for the sedimentation tank from the simulation is about (5-10 hours) for 

each tank to get the best result for settling all suspended particles, that not removal by 

flocculation process. otherwise, The HRT requirement for a sedimentation tank is between 4 and 

9 hours in the summer and autumn. Even though the facility retains large quantities of sludge 

that must be handled, this standard improves the removal process's efficacy.  Low levels of 

dissolved oxygen in the water during a dry season may have contributed to the rising temperature 

observed by the researchers. Additionally, higher alkalinity during the summer is believed to 

accelerate the decomposition rate.  (Ling et al., 2013)  

the figure 7 show the different between for season, the flow in autumn is the highest value 

compared with another season. It can conclude from the graph below that the highest possible 

concentration of a parameter under warm conditions will impact the growth of aquatic 

vegetation. However, heated water can eliminate adjacent plant life and pathogens. 

 

Figure (7): flow in different season 

Figure 8 clarifies the difference in total dissolved solids, and total alkalinity for each season. It 

shows that the total dissolved solid increases in summer and spring when water temperature 

increases. Low levels of dissolved solids in the water during a dry season may have contributed 
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to the researchers' observation of an increased temperature. Additionally, elevated alkalinity 

during the summer is believed to accelerate the decomposition rate. The decrease in turbidity 

following the monsoon season occurs more significantly at higher levels of suspended particles 

than at higher levels of total dissolved solids in ponds or the discharge of organic from 

residences or local effluents.  

F

Figure (8): alkalinity and TDS in four seasons 

The other two scenarios can be used to represent the impact of climate change on the operation 

of plants during different seasons. The difference between the three scenarios is the parameter 

and number of basins after calibrating and validation of the parameter to assure the reliability of 

this model. It concludes that climate change affects water by altering the discharge and quantity 

of Polluted particles in unfiltered water. This simulation can be used to achieve the best water 

treatment results. It can use this simulation in average, maximum, and minimum flow. Figure 9 

shows the difference between the three scenarios. The flow rate in scenario two is the highest 

value compared with another scenario, about 94021m3 /day in summer and spring.  
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Figure (9):the flowrate in three scenarios 

Figure 10 represents a meticulous diagram of the entire design of the Al-Qadisiya water 

treatment facility.  

  

Figure (10): flowrate in al-Qadisiya water plants 
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Conclusion 

To protect water, it is necessary to eliminate contaminants sufficiently through water treatment. 

Thus, Al-Qadisiya WTP is one of the Iraqi facilities whose operation needs to be completed. 

Therefore, the design must consider certain parameters in the influent that must be controlled to 

increase the plant's efficacy. The water undergoing treatment at the facility in 2022 satisfies the 

specified requirements for effluent concentrations. This observation suggests that the facility has 

satisfactory operational efficiency. 

There are recommendations for improved performance regarding the design criteria, 

management issues, and operational issues. The excess flow rate must be treated by introducing a 

new idea to improve the plant's organic and suspended solid removal. It can Use GPS-X to solve 

the water problem and use the program with different situations to simulate the water plant with 

different scenarios to get the best simulation result. 

Lastly, monitoring and maintenance should be performed, and the operator responsible for 

maintaining the treatment facility. The frequent maintenance of plant units is essential for 

keeping their function, preventing damage, and ensuring efficient operation. As long as relying 

on a single line is not harming the plant's performance, it is recommended to undertake 

maintenance activities regularly, which will be reduced. 
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ABSTRACT 

The purpose of this paper is to develop an analysis method to solve the free vibration response for a continuous 
system subjected to an initial velocity profile using an initial velocity approximation based on an equivalent impulse load. 
It has been shown that for a single degree of freedom system, the initial velocity can be applied as an impulsive loading 
with a very short duration. The proposed analysis method in this paper is done for a continuous system to show that this 
approximation works not only for a single degree of freedom system, but for a continuous system as well. The assumed 
initial velocity profile is from a case of interest to the authors. The available analytical solution for a continuous system 
such as a simply supported beam subjected to an initial velocity is compared with the finite element solution determined 
from SAP 2000 using the initial velocity approximation. The SAP2000 solution using the proposed approximation showed 
an excellent agreement to the analytical solution. Finally, this method can be used to find the dynamic response of complex 
frames subjected to an initial velocity profile, where the analytical solution for such cases is difficult to find. 
 
Keywords: free vibration, initial velocity, SAP2000, FEM. 
 
1. INTRODUCTION 

In general, the analytical solution of a 
structural frame subjected to an initial 
velocityprofiledoesnotexist.Thisproblemisabitesote
ricandthusisnotcovered in traditional structural 
dynamics texts [1,2,3,4]. For that purpose, this 
paper provides a solution for a structural frame 
subjected to an initial velocity profile using a 
distributed impulse load in SAP2000. 

SAP2000 is a finite element program 
commonly used by structural engineers [8]. 
Unfortunately, there is no direct way to find the 
dynamic response for a structure subjected to an 
initial velocity profile within this program. 
Therefore, the initial velocity profile has to be 
converted to an impulse load. 

According to the authors in Reference [5], 
for a single degree of freedom system, animpulsive 
loading could be applied as an initial velocity. 
When this is done an accurate result has been 
achieved for a very small ratio of the load duration 
time to the natural period of the system. In this 
work, we will convert the initial velocity profile of 
a continuous system such as a simply supported 
beam into a distributed impulse load using 
SAP2000 and verify the results with the available 
analytical solution. 

The analytical solution for a continuous 
system such as a simply supported beam subjected 
to an initial velocity profile is available in 
References [1, 2, 3, 4]. Once the results have been 
confirmed against the available analytical solution, 
the proposed method will be used to find the 
response of a structural frame subjected to an 
initial velocity profile. 

2. METHODS 
 
2.1 Initial velocity approximation 

Consider a single degree of freedom 
system subjected to a forcing function F(t) with a 
mass of m and a linear spring with stiffness k 
where damping is ignored as shown in Figure-
1.The well-known equation of motion for the 
system shown in Figure-1 is given by [1,2,3,4]: 
 

)(tFkuum                                    (1) 
 

 
 

Figure-1. Single degree of freedom system. 
 

It has been shown by the authors in 
Reference [5] that an impulsive loading could be 
applied as an initial velocity. Equation (1) is 
rearranged as: 

m

ku

m

tF
u 
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                                            (2) 
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1. Introduction 
 

The use of high-strength concrete (HSC) in buildings 

and transportation industry has increased in worldwide 

popularity. HSC has the advantages over normal-strength 

concrete (NSC) in strength and durability (Myers, 2008). 

HSC offers reduction in section size for columns when used 

in high-rise buildings. This gives a strong motivation to 

examine the current ACI 318 (2014) provisions for nominal 

strength calculations for HSC columns because they are 

developed based on NSC columns tests (Bae and Bayrak 

2013, ACI 441.1R 2018). Several researchers conducted 

tests to study the behavior of HSC columns reported that the 

axial and flexural strengths of HSC columns could be over 

predicted by the current ACI 318 (2014) rectangular stress 

block expressions (Wahidi 1995, Ibrahim and MacGregor 

1996, Lloyd and Rangan 1996). While the calculation of 

nominal strength is addressed, the lack of attention to the 

effects on the design strength lead to solutions where 

proposed modifications to strength reduction factors 

minimize the benefits of using high-strength concrete.  

Khadiranaikar and Awati (2012) conducted experimental 

tests of plain concrete columns, reinforced concrete 

members such as eccentrically loaded columns, and beams 

in pure flexure. Based on the test results, stress-block 

parameters for wide range of concrete strength have been 

developed. Yang et al. (2013) proposed a generalized 

equivalent stress block model that works for both light and 

normal weight HSC. The coefficients used in the proposed 

stress block were formulated based on a nonlinear 

regression analysis through an extensive database of test 

data.  
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Recently, Al-Kamal (2019), the author of this paper, 

proposed a triangular stress distribution to calculate the 

flexural strength of high-strength concrete beams. 

Extending this concept, the triangular stress distribution is 

suggested in this paper to calculate the nominal axial and 

flexural strengths of HSC columns.  

The shape of the ascending part of the stress-strain curve 

for HSC remains linear up to a stress closer to peak stress 

than the curve for NSC. Hence a triangular stress 

distribution is better suited for HSC (Wahidi 1995). In this 

research, the triangular stress distribution is studied 

thoroughly and validated using large database consisting of 

150 tested HSC columns with concrete strengths above 55 

MPa (8,000 psi) and up to 130 MPa (18,800 psi). In 

addition, the results obtained by using the triangular stress 

block is compared with the results of recent studies on the 

equivalent rectangular stress block for HSC columns, i.e., 

ACI 318 (2014), CEB-FIP Model Code (2010), NZS 3101 

(2006), CSA A23.3 (2004), EN 1992 (2004), Mertol et al. 

(2008), Bae and Bayrak (2003), Ozbakkaloglu and 

Saatcioglu (2004), Ibrahim and MacGregor (1997), 

Azizinamini et al. (1994). Based on the comparison results, 

a change to the stress block parameters of various codes is 

examined. 

 

 
2. Research significance 
 

The current ACI 318-14 provisions allow an equivalent 

rectangular stress block for calculation of member strength. 

The shape of the stress-strain curve is adjusted by the factor 

β1 to account for the higher strength. Above 55 MPa (8,000 

psi) there is no further change in this value, in part because 

higher strength tests were not available when the limit was 

established. While other design codes and individuals have 

proposed alternative stress block models for calculating 

strength of HSC members, there is no universal agreement  
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Abstract.  The ACI building code is allowing for higher strength reinforcement and concrete compressive strengths. The 

nominal strength of high-strength concrete columns is over predicted by the current ACI 318 rectangular stress block and is 

increasingly unconservative as higher strength materials are used. Calibration of a rectangular stress block to address this 

condition leads to increased computational complexity. A triangular stress block, derived from the general shape of the stress-

strain curve for high-strength concrete, provides a superior solution. The nominal flexural and axial strengths of 150 high-

strength concrete columns tests are calculated using the proposed stress distribution and compared with the predicted strength 

using various design codes and proposals of other researchers. The proposed triangular stress model provides similar level of 

accuracy and conservativeness and is easily incorporated into current codes. 
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1. Introduction 
 

The use of high-strength concrete (HSC), fc'>55 MPa 

(8,000 psi), has become the most widely used and most 

consumable building material in the world in recent years. 

HSC offers reduction in section size, span length, and 

weight of concrete structural elements when used in 

high-rise buildings and bridges. In most design codes, the 

traditional stress block that is developed for normal-strength 

concrete (NSC) is still being used for the design of HSC 

elements. This gives a strong motivation to examine the 

current ACI 318 (2014) provisions for nominal strength 

calculations for HSC members because they are developed 

based on NSC columns tests (Bae and Bayrak 2013, ACI 

441.1R 2018). Several stress block alternatives to calculate 

the strength for high-strength concrete members have been 

proposed; i.e., CEB-FIP Model Code (2010), Mertol et al. 

(2008), NZS 3101 (2006), CSA A23.3 (2004), EN 1992 

(2004), Bae and Bayrak (2003), Ozbakkaloglu and 

Saatcioglu (2004), Ibrahim and MacGregor (1997), 

Azizinamini et al. (1994).  

Recently, some researchers have proposed stress block 

models based on a tested data of HSC beams and columns. 

Khadiranaikar and Awati (2012) have developed stress- 

block parameters for wide range of concrete strength. The 

experimental program includes testing of plain concrete 

columns, reinforced concrete members such as eccentrically 

loaded columns, and beams in pure flexure. A generalized 

equivalent stress block model that works for both light and 

normal weight HSC is proposed by Yang et al. (2013). The 

coefficients used in the proposed stress block were 

formulated based on a nonlinear regression analysis through 

                                                             
Corresponding author, Ph.D. 

E-mail: alkamal20042003@yahoo.com 

 

 

an extensive database of test data.  

Designing of HSC members requires a stress block 

model that best represents the concrete stress-strain 

characteristics. In this research, the stress block model is 

determined from the shape of the stress-strain curve of 

HSC. For the stress-strain relationship of HSC, as the 

concrete strength increases, the strain increases and reaches 

a peak value of 0.003. The shape of the ascending part of 

the relationship becomes more linear and steeper. Similarly, 

the slope of the descending branch becomes steeper. The 

general shape of the stress-strain relationship for HSC is 

similar to a triangle. Hence, a triangular stress distribution 

is better suited for HSC (Wahidi, 1995). Wahidi (1995) used 

the experimental results of nine HSC columns tests to 

compare the triangular stress block and other stress blocks 

with a proposed modified rectangular stress block. The 

triangular stress block was slightly more conservative than 

the modified rectangular stress block. Extending this 

concept, a triangular stress block is suggested in this paper 

to calculate the nominal flexural strength of HSC beams 

possessing a concrete strength above 55 MPa (8,000 psi). 

The results obtained by using the triangular stress block is 

compared with the results by using stress blocks of various 

codes and proposals of researchers. The comparison is done 

by using test results of 52 tested singly reinforced 

high-strength concrete beams having concrete strength 

above 55 MPa (8,000 psi).  

 

 

2. Research significance 
 

The current ACI 318-14 provisions use a rectangular 

stress block for all concrete strength. The shape of the 

stress-strain curve is adjusted by the factor β1 to account for 

the higher strength. Above 55 MPa (8,000 psi) there is no 

further changes in this value. In addition, some design  
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Abstract.  The conventional ACI rectangular stress block is developed on the basis of normal-strength concrete column tests 

and it is still being used for the design of high-strength concrete members. Many research papers found in the literature indicate 

that the nominal strength of high-strength concrete members appears to be over-predicted by the ACI rectangular stress block. 

This is especially true for HSC columns. The general shape of the stress-strain curve of high-strength concrete becomes more 

likely as a triangle. A triangular stress block is, therefore, introduced in this paper. The proposed stress block is verified using a 

database which consists of 52 tested singly reinforced high-strength concrete beams having concrete strength above 55 MPa 

(8,000 psi). In addition, the proposed model is compared with models of various design codes and proposals of researchers 

found in the literature. The nominal flexural strengths computed using the proposed stress block are in a good agreement with 

the tested data as well as with that obtained from design codes models and proposals of researchers. 
 

Keywords:  beams; flexural strength; high-strength concrete; triangular stress block 

 



Al-Nahrain Journal for Engineering Sciences (NJES)          Vol.20 No.5, 2017 pp.1154-1159 
 

Estimating Elastic Buckling Load for an Axially Loaded 
Column Bolted to a Simply Supported Plate using Energy 

Method  
 

Mustafa Kamal Al-Kamal 
Civil Engineering Department, Al-Nahrain University, Baghdad, Iraq 

malkamal@eng.nahrainuniv.edu.iq  
 

Abstract 
This paper deals with the elastic stability of a 

column bolted at its mid-height to a simply 
supported square plate and subjected to a 
concentrated load, using energy method. A 
uniform homogeneous column is assumed to be 
pinned at both ends. From symmetry 
considerations, half of the column is modeled by 
making the plate acting as a torsion spring on the 
column at its mid-height. The column length and 
cross-section, plate dimensions and thickness, and 
the material properties for the column and the 
plate catch the interest of the author. The problem 
is solved by using energy method and ultimately, 
the elastic buckling load is found. The analytical 
elastic buckling load is compared with a 
numerical solution obtained from finite element 
method using SAP2000. The numerical results 
agree with the analytical solution.  The finite 
element model is refined to catch the actual effect 
of the bolted plate on the elastic buckling load. It 
has been found that the elastic buckling load is 
increased due to the increase in the rotational 
stiffness provided from the plate.      
Keywords: Column, Elastic Buckling, Axial 
Load, Energy Method, FEM. 

 
1. Introduction 

Buckling is an important consideration in 
structural design. In some cases, it governs the 
design before the strength criterion does 
especially when the member is slender and 
lightweight [1]. There are two general approaches 
in finding the elastic buckling load: a) the vector 
approach and (b) the energy approach [2,3].  

 Solutions of simple cases of buckling are 
given by Timoshenko and Gere [4]. Wang et al. 
[1] use the vector approach to give exact solutions 
for buckling of various structural members. In 
contrary, some exact solutions for columns with 
variable cross-section are provided in terms of 
Lomel functions by Elishakoff and Pelligrini 
[5,6].  

Atay and Coskun [7] analyze Euler columns 
with a continuous elastic restraint using 
variational iteration method (VIM). However, 
Basbuk et al. [8] use the homotopy analysis 
method (HAM) to find the critical buckling load 
for Euler columns with elastic ends restraints. 

Also, the HAM method was used by Eryilmaz [9] 
to find the buckling load of Euler columns with a 
continuous elastic restraint.      

Sampaio et al. [10] gives the solution for 
buckling behavior of inclined beam-column, 
using energy method. Similarly, the energy 
approach was used by Zdravkovic et al. [11] to 
study the buckling load of a three-segment 
stepped column subjected to an axial load. 
Rychlewska [12] provide numerical solutions for 
axially functionally graded Euler-Bernoulli beam 
for various boundary conditions. In this paper, the 
energy approach is used to find the elastic 
buckling load of a column with both ends pinned 
and bolted to a simply supported plate at its mid-
height. The exact solution from this work is 
compared with the analytical solution provided by 
Wang et al. In addition, a finite element solution 
is performed in this paper to compare the results 
and to study the effect of the bolted plate on the 
buckling load. 

 
2. Problem Definition 

The case studied in this paper is shown in 
Figure (1-a). The column is bolted to a simply 
supported plate at its mid-height. The column 
length is (2L) and the plate is assumed square 
with a dimension (a).  For the purpose of 
simplicity in calculations shown later, the plate 
dimension is assumed equal to (1.2L). The 
column and the plate materials are assumed to be 
the same. The modulus of elasticity of the 
material is (E). The column cross-section is 
shown in Figure (1-b). For the purpose of 
mathematical simplicity, the plate thickness is 
assumed to be the same as the column width (b). 

The problem is simplified by taking advantage 
of symmetry and considering the plate effective in 
the x-direction only and acting as a torsion spring 
at the middle of the column. Therefore, the 
stiffness of the torsion spring is determined by 
shrinking the y-direction of the plate to a width 
equal to the column depth (h) and treats the plate 
as a simply supported beam in the x-direction. 
Based on the above assumption and since the 
thickness of the plate is taken as the column width 
(b), the plate and the column is now having the 
same moment of inertia (I). Note that buckling is 
governed by the weak-axis buckling; therefore, 
the moment of inertia is (hb3/12). To get the 
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1. Introduction 
Progressive collapse is a series of failures 
triggered by the sudden loss of a single or a few 
sustaining parts. When a part of a structure fails, 
the structure must have a backup load-bearing 
path and move the weight that part was 
carrying to other parts. The release of stored 
internal energy as a consequence of the failure 
of a structural member result in an increase in 
the dynamic internal forces exerted by 
surrounding members. 
Following the redistribution of the load 
through a structure, each structural component 
supports a separate set of loads, which includes 
the additional internal forces as well. A local 
failure can occur if any redistributed load 
surpasses the bearing capacity of adjacent 
uninjured components, resulting in another 
local collapse. Such sequential failures have the 
potential to propagate from one element to the 
next, eventually affecting the entire structure 
or a significant piece of the structure 
disproportionately. In most cases, the 

progressive collapse occurs in a couple of 
seconds or less. The concept of disproportionate 
collapse may be included in the definition of 
progressive collapse, which means the final 
failure does not correspond to the events that 
precipitated it in the first instance [1]. The 
United States General Services Administration's 
definition of progressive collapse (GSA) 
[2] as " a situation where a local failure of a 
primary structural component leads to the 
collapse of adjoining members which, in turn, 
leads to additional collapse. Hence, the total 
damage is disproportionate to the original 
cause." 
Nair [3] has also defined the "progressivity" of a 
collapse as a "the ratio of the total collapsed 
area or volume to the area or volume damaged 
or destroyed directly by the triggering event". 
The American Society of Civil Engineer (ASCE) 
[4] defines progressive collapse as "The spread 
of an initial local failure from element to 
element resulting eventually in the collapse of 
an entire structure or a disproportionately large 
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Progressive collapse is a catastrophic partial or complete failure of a structure that 
occurs when a primary structural component or more, such as a column or any vertical 
load-bearing component, is lost or damaged. This loss may be caused by a car accident, 
an airplane crash, a service system explosion, a missile used in a military operation, a 
bomb used in a crime or building destruction, a hurricane, a tornado, or an earthquake, 
as well as other natural disasters. Because of the numerous collapses that have 
happened since the turn of the century, the progressive collapse has become a popular 
research topic. Therefore, numerous international structural codes and standards have 
begun to pay attention to the resistance of facilities to progressive collapse and have 
formulated guidelines to limit this phenomenon. 
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ABSTRACT 

The progressive collapse of reinforced concrete structures occurs when one or more vertical load-
bearing elements are eliminated due to man-made or natural hazards. The building's weight transfers to 
neighboring columns in the structure, causing the failure of adjacent members and, ultimately, the 
failure of a portion or the entire structure. In which the collapsing system continuously searches for 
alternate load paths in order to survive. This study examines progressive collapse in RC structures 
caused by instantaneous column removal. To investigate the collapse, typical columns are removed 
individually and analysis and design are continued. An eight-story reinforced concrete frame structure 
was considered for the study. The software ETABS V20 is used to perform a linear static analysis on a 
model of a regular reinforced concrete (RC) frame structure. Here, three types of column removal cases 
are examined: corner column removal, exterior column removal, and interior column removal. Then, the 
calculation of Demand Capacity Ratio (DCR) for both beams and columns are considered and compared 
to the GSA's acceptance criteria. The obtained DCR values indicate that columns are safe and strong 
enough to resist progressive collapse in all cases, whereas beams for corner column removal case are 
not safe for progressive collapse. 
Keywords: Progressive collapse; Iraq seismic code; DCR values; RC structure; General Services 

Administration (GSA). 
DOI Number: 10.14704/nq.2022.20.10.NQ55183                                                            NeuroQuantology 2022; 20(10): 2074-2092 

1. INTRODUCTION 

 

The term "progressive collapse" can be defined in a straightforward manner as the ultimate failure or 

proportionately large failure of a portion of a structure as a result of the spread of a local failure from 

element to element throughout the structure. This can be thought of as the ultimate failure or 

proportionately large failure of a portion of a structure. The beginning of a progressive collapse may be 

brought on by causes that are manmade, natural, intentional, or unintentional. A progressive collapse 

failure can be caused by a number of different types of disasters, including fires, explosions, 

earthquakes, or anything else that causes large amounts of stress and the failure of a structure's support 

elements. [1- 4] Progressive collapse is a complex dynamic process in which the collapsing system 

redistributes loads to prevent the loss of essential structural members. Beams, columns, and frame 

connections must therefore be designed to accommodate the possible redistribution of large loads. The 

collapse of the World Trade Center towers due to a terrorist attack, the bombing of the Murrah Federal 

Building in Oklahoma City, and the collapse of the Ronan Point building due to a gas explosion are 

notable examples of progressive collapse phenomena. Progressive collapse failures can be better 

prepared for and possibly avoided in the future as a result of studies such as the one presented 
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Al-Kamal, Mustafa Kamal Mahmood, Design For Prestressed Concrete Flexural Members

Against Progressive Collapse, Ph.D., Civil and Ar-

chitectural Engineering Department, May, 2016.

Presented in this work are the possible collapse mechanisms initiated by a precast flex-

ural member dropping on a lower member. The ultimate goal of this research is to develop

design guidelines and advice to prevent progressive collapse in such cases. The problem

is complicated due to the dynamic analyses involved in the dropping, the impact, and the

resulting vibration.

Analytical solutions and numerical solutions were developed to solve three possible

collapse scenarios: perfectly plastic, inelastic, and elastic. These impact scenarios should

provide a reasonable understanding of the dynamic behaviour for the member after impact.

The analytical solution involves using Fourier series and the numerical solution involves a

developed method of converting an initial velocity profile to an impulse load using SAP2000.

The members are from typical parking garages.

The first solutions developed were for the perfectly plastic and elastic impact scenarios

based on assumed initial velocity profiles. The resulting reactions from the impact were

evaluated against ACI provisions. It has been found that a shear failure can be prevented

by providing some shear reinforcement. However, the resulting bending moment is high and

the member is prone to fail under flexure.

The second solutions developed were for perfectly plastic impact based on the pre-

impact velocity profile of the top beam. The post-impact velocity profiles were not assumed.

SAP2000 was used to calculate the post-impact velocity profiles for the upper and lower

beams. The resulting shear and bending moment for the perfectly plastic scenario were

extremely high and caused the member to fail. However, the resulting shear and bending

moment for the case of inelastic impact did not cause failure.

Finally, a simulation of the impact using the finite element analysis COMSOL Multi-

physics program was performed. When simulating impact, the COMSOL documents caution

the user to check conservation of momentum and energy to ensure that the results are reason-

able. Conservation of momentum has been checked and found not to be satisfied. Therefore,

COMSOL Multiphysics is not recommended for this type of analysis.

1
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                       Abstract: Since the turn of the century, numerous articles have been published with analysis of 

semi-rigid connections in steel structures. This paper offers a comprehensive survey of major 

recently published research work dealing with the behaviour of semi-rigid beam-column 

connections under various configurations of fasteners and welding lines under both monotonic 

and cyclic loads. The review has two main respects: the first is the moment versus curvature 

behaviours of semi-rigid steel connections, while the second involves finite element analysis of 

such connections under monotonic and cyclic loads. The main conclusions concerning the 

dynamic behaviours of semi-rigid steel connections emerge with regard to the vital influence of 

beam-column connections on the global seismic performance of steel frame structures. 

Developing semi-rigidity should thus be considered an effective way to achieve the required 

performance. 

 

 

1. Introduction 

       An uncountable number of structures are now made of steel expressing the enormous possibilities that 

this material offers. Some of justifications for the choice of steel to build a structure or its elements, 

include its high strength to volume ratio, its reliability, and its ability to adapt to almost any 

architectural form, offering a wide range of possible applications, these are supported further by the 

availability of a large number of standardised parts.  

Owing to their high ductility and energy dissipation abilities, semi-rigid steel connections have     been 

favoured in recent moment-resisting steel frames exposed to gravitational monotonic loading 

alongside lateral or vertical cyclic excitations. Adequate design of members' end-to-end connections 

is thus required to allow these steel structures to perform well in sustaining such loads. Yet the 

conventional analysis of steel framed structures supposes one of the two well-known idealised 

extremities: the rigid joint or pinned joint hypotheses. However, currently prevalent steel frame 

connections are most likely to display semi-rigid responses, contributing significantly to overall 

member stress distribution. In general, steel structures can be formed from any combinations of  simple 

or composite pieces joined together in a design that adequately resists forces and moments together. 
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Abstract 

This paper deals with the design of a 2-D steel special moment frame vulnerable to high seismic risk using the 
ASCE 7-10 Code equivalent lateral force method (ELF). The equivalent lateral force method uses an approximate 
procedure to find the natural period of the system to get the total base shear before the design. In this paper, the actual 
natural period is computed after designing a 2-D steel special moment frame and the base shear is recalculated accordingly. 
For this purpose, the base shear from ELF is first used to design the 2-D frame according to the drift limitations as per 
ASCE 7-10 Code. The direct analysis method (DAM) of AISC 360 is then used to check the strength of the steel members. 
The new natural period of the 2-D frame is calculated using SAP2000 finite element program. The SAP2000 natural period 
is used to find the new base shear. It has been found that the SAP2000 natural period increases the total base shear by 62%. 
Consequently, a redesign for the steel special moment frame members should be considered to account for the difference in 
the base shear.  

 
Keywords: Steel special moment frame; ELF; base shear; DAM; natural period; SAP2000. 
 
1. INTRODUCTION 

Seismic design requirements are given in 
chapter 12 of the ASCE7-10 Code [1]. For computing 
the base shear of a building using the equivalent 
lateral force method, the code gives an alternative 
way to compute the natural period of the system 
before the design. However, the validity of this 
procedure needs to be checked for structures 
prone to high seismic risks. Therefore, in this 
paper the actual natural period is found to get the 
total base shear for a 2-D steel special moment 
frame (SMF) in high seismic zones. 

Steel special moment frames are often 
used as a part of the seismic-force resisting 
systems in buildings designed to resist 
earthquakes with substantial inelastic energy 
dissipation [2]. Design requirements for steel 
special moment frames can be found in a series 
of U.S. building codes. ASCE 7-10 sets the basic 
load requirements for special moment frames 
with associated lateral drift limits. AISC 360 (see 
Reference [3]) is the main AISC specification 
that provides design and detailing requirements 
for all steel buildings. In addition, AISC 341-05 
(see Reference [4]) gives detailed design 
requirements related to materials, framing 
members, connections, and construction quality 
assurance and quality control.     

It is worth mentioning that the ASCE 7-
10 permits to use three types of analyses to 
determine member design forces and design 
drifts namely: equivalent lateral force, modal 
response spectrum, and seismic response history 
analysis. Equivalent lateral force analysis is the 
simplest procedure; however, it can lead to a 
conservative design [1].  

According to the authors in Reference 

[2], "In many cases, exact analysis will determine 
a substantially longer building period than that 
determined by the approximate methods. As a 
result, substantial reduction in base shear forces 
often can be obtained by calculating building 
periods using the more exact". Therefore, the 
purpose of this work is to calculate the natural 
period for a steel special moment frame after the 
design and check whether this period increases or 
decreases the base shear.  

 
2. PROBLEM DEFINITION  

The SMF is a part of a six story office 
building located in San Jose, CA, USA. Three 
special moment frames (SMFs) are considered 
for the east-west direction of the building. Braced 
frames will be used in the north-south direction. 
For the purpose of this research, only the east-
west direction is considered in the design. The 
middle SMF is designed here in this research. 
The building geometry is shown in Figure -1-. 
The bay width in the east-west direction is 30 ft 
(9.15 m) while it is 40 ft (12.2 m) for the north-
south direction. A typical 13 ft-6 in. (4.15 m) 
floor-to-floor heights is considered. The first 
story height is 17 ft-0 in. (5.2 m).  

The occupancy type is planned to be 
offices with a design load of 50 psf (2.4 kN/m2) 
plus a 20 psf (0.96 kN/m2) allowance for 
partition walls. The design live load is 80 psf 
(3.83 kN/m2) to account for corridors. Live load 
reductions will be considered. The roof has a 
mechanical penthouse with an equipment load of 
120 psf (5.75 kN/m2) and an additional structural 
self-weight equivalent to 40 psf (1.92 kN/m2).  
The location is over the centerline on the north 
edge. The size is assumed to be 20 ft (6.1 m) 
east-west x 10 ft (3.05 m) north-south.  
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ABSTRACT 

The purpose of this paper is to develop an analysis method to solve the free vibration response for a continuous 
system subjected to an initial velocity profile using an initial velocity approximation based on an equivalent impulse load. 
It has been shown that for a single degree of freedom system, the initial velocity can be applied as an impulsive loading 
with a very short duration. The proposed analysis method in this paper is done for a continuous system to show that this 
approximation works not only for a single degree of freedom system, but for a continuous system as well. The assumed 
initial velocity profile is from a case of interest to the authors. The available analytical solution for a continuous system 
such as a simply supported beam subjected to an initial velocity is compared with the finite element solution determined 
from SAP 2000 using the initial velocity approximation. The SAP2000 solution using the proposed approximation showed 
an excellent agreement to the analytical solution. Finally, this method can be used to find the dynamic response of complex 
frames subjected to an initial velocity profile, where the analytical solution for such cases is difficult to find. 
 
Keywords: free vibration, initial velocity, SAP2000, FEM. 
 
1. INTRODUCTION 

In general, the analytical solution of a 
structural frame subjected to an initial 
velocityprofiledoesnotexist.Thisproblemisabitesote
ricandthusisnotcovered in traditional structural 
dynamics texts [1,2,3,4]. For that purpose, this 
paper provides a solution for a structural frame 
subjected to an initial velocity profile using a 
distributed impulse load in SAP2000. 

SAP2000 is a finite element program 
commonly used by structural engineers [8]. 
Unfortunately, there is no direct way to find the 
dynamic response for a structure subjected to an 
initial velocity profile within this program. 
Therefore, the initial velocity profile has to be 
converted to an impulse load. 

According to the authors in Reference [5], 
for a single degree of freedom system, animpulsive 
loading could be applied as an initial velocity. 
When this is done an accurate result has been 
achieved for a very small ratio of the load duration 
time to the natural period of the system. In this 
work, we will convert the initial velocity profile of 
a continuous system such as a simply supported 
beam into a distributed impulse load using 
SAP2000 and verify the results with the available 
analytical solution. 

The analytical solution for a continuous 
system such as a simply supported beam subjected 
to an initial velocity profile is available in 
References [1, 2, 3, 4]. Once the results have been 
confirmed against the available analytical solution, 
the proposed method will be used to find the 
response of a structural frame subjected to an 
initial velocity profile. 

2. METHODS 
 
2.1 Initial velocity approximation 

Consider a single degree of freedom 
system subjected to a forcing function F(t) with a 
mass of m and a linear spring with stiffness k 
where damping is ignored as shown in Figure-
1.The well-known equation of motion for the 
system shown in Figure-1 is given by [1,2,3,4]: 
 

)(tFkuum                                    (1) 
 

 
 

Figure-1. Single degree of freedom system. 
 

It has been shown by the authors in 
Reference [5] that an impulsive loading could be 
applied as an initial velocity. Equation (1) is 
rearranged as: 

m

ku

m

tF
u 

)(
                                            (2) 
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1. Introduction 
 

The use of high-strength concrete (HSC) in buildings 

and transportation industry has increased in worldwide 

popularity. HSC has the advantages over normal-strength 

concrete (NSC) in strength and durability (Myers, 2008). 

HSC offers reduction in section size for columns when used 

in high-rise buildings. This gives a strong motivation to 

examine the current ACI 318 (2014) provisions for nominal 

strength calculations for HSC columns because they are 

developed based on NSC columns tests (Bae and Bayrak 

2013, ACI 441.1R 2018). Several researchers conducted 

tests to study the behavior of HSC columns reported that the 

axial and flexural strengths of HSC columns could be over 

predicted by the current ACI 318 (2014) rectangular stress 

block expressions (Wahidi 1995, Ibrahim and MacGregor 

1996, Lloyd and Rangan 1996). While the calculation of 

nominal strength is addressed, the lack of attention to the 

effects on the design strength lead to solutions where 

proposed modifications to strength reduction factors 

minimize the benefits of using high-strength concrete.  

Khadiranaikar and Awati (2012) conducted experimental 

tests of plain concrete columns, reinforced concrete 

members such as eccentrically loaded columns, and beams 

in pure flexure. Based on the test results, stress-block 

parameters for wide range of concrete strength have been 

developed. Yang et al. (2013) proposed a generalized 

equivalent stress block model that works for both light and 

normal weight HSC. The coefficients used in the proposed 

stress block were formulated based on a nonlinear 

regression analysis through an extensive database of test 

data.  
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Recently, Al-Kamal (2019), the author of this paper, 

proposed a triangular stress distribution to calculate the 

flexural strength of high-strength concrete beams. 

Extending this concept, the triangular stress distribution is 

suggested in this paper to calculate the nominal axial and 

flexural strengths of HSC columns.  

The shape of the ascending part of the stress-strain curve 

for HSC remains linear up to a stress closer to peak stress 

than the curve for NSC. Hence a triangular stress 

distribution is better suited for HSC (Wahidi 1995). In this 

research, the triangular stress distribution is studied 

thoroughly and validated using large database consisting of 

150 tested HSC columns with concrete strengths above 55 

MPa (8,000 psi) and up to 130 MPa (18,800 psi). In 

addition, the results obtained by using the triangular stress 

block is compared with the results of recent studies on the 

equivalent rectangular stress block for HSC columns, i.e., 

ACI 318 (2014), CEB-FIP Model Code (2010), NZS 3101 

(2006), CSA A23.3 (2004), EN 1992 (2004), Mertol et al. 

(2008), Bae and Bayrak (2003), Ozbakkaloglu and 

Saatcioglu (2004), Ibrahim and MacGregor (1997), 

Azizinamini et al. (1994). Based on the comparison results, 

a change to the stress block parameters of various codes is 

examined. 

 

 
2. Research significance 
 

The current ACI 318-14 provisions allow an equivalent 

rectangular stress block for calculation of member strength. 

The shape of the stress-strain curve is adjusted by the factor 

β1 to account for the higher strength. Above 55 MPa (8,000 

psi) there is no further change in this value, in part because 

higher strength tests were not available when the limit was 

established. While other design codes and individuals have 

proposed alternative stress block models for calculating 

strength of HSC members, there is no universal agreement  
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Abstract.  The ACI building code is allowing for higher strength reinforcement and concrete compressive strengths. The 

nominal strength of high-strength concrete columns is over predicted by the current ACI 318 rectangular stress block and is 

increasingly unconservative as higher strength materials are used. Calibration of a rectangular stress block to address this 

condition leads to increased computational complexity. A triangular stress block, derived from the general shape of the stress-

strain curve for high-strength concrete, provides a superior solution. The nominal flexural and axial strengths of 150 high-

strength concrete columns tests are calculated using the proposed stress distribution and compared with the predicted strength 

using various design codes and proposals of other researchers. The proposed triangular stress model provides similar level of 

accuracy and conservativeness and is easily incorporated into current codes. 
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1. Introduction 
 

The use of high-strength concrete (HSC), fc'>55 MPa 

(8,000 psi), has become the most widely used and most 

consumable building material in the world in recent years. 

HSC offers reduction in section size, span length, and 

weight of concrete structural elements when used in 

high-rise buildings and bridges. In most design codes, the 

traditional stress block that is developed for normal-strength 

concrete (NSC) is still being used for the design of HSC 

elements. This gives a strong motivation to examine the 

current ACI 318 (2014) provisions for nominal strength 

calculations for HSC members because they are developed 

based on NSC columns tests (Bae and Bayrak 2013, ACI 

441.1R 2018). Several stress block alternatives to calculate 

the strength for high-strength concrete members have been 

proposed; i.e., CEB-FIP Model Code (2010), Mertol et al. 

(2008), NZS 3101 (2006), CSA A23.3 (2004), EN 1992 

(2004), Bae and Bayrak (2003), Ozbakkaloglu and 

Saatcioglu (2004), Ibrahim and MacGregor (1997), 

Azizinamini et al. (1994).  

Recently, some researchers have proposed stress block 

models based on a tested data of HSC beams and columns. 

Khadiranaikar and Awati (2012) have developed stress- 

block parameters for wide range of concrete strength. The 

experimental program includes testing of plain concrete 

columns, reinforced concrete members such as eccentrically 

loaded columns, and beams in pure flexure. A generalized 

equivalent stress block model that works for both light and 

normal weight HSC is proposed by Yang et al. (2013). The 

coefficients used in the proposed stress block were 

formulated based on a nonlinear regression analysis through 
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an extensive database of test data.  

Designing of HSC members requires a stress block 

model that best represents the concrete stress-strain 

characteristics. In this research, the stress block model is 

determined from the shape of the stress-strain curve of 

HSC. For the stress-strain relationship of HSC, as the 

concrete strength increases, the strain increases and reaches 

a peak value of 0.003. The shape of the ascending part of 

the relationship becomes more linear and steeper. Similarly, 

the slope of the descending branch becomes steeper. The 

general shape of the stress-strain relationship for HSC is 

similar to a triangle. Hence, a triangular stress distribution 

is better suited for HSC (Wahidi, 1995). Wahidi (1995) used 

the experimental results of nine HSC columns tests to 

compare the triangular stress block and other stress blocks 

with a proposed modified rectangular stress block. The 

triangular stress block was slightly more conservative than 

the modified rectangular stress block. Extending this 

concept, a triangular stress block is suggested in this paper 

to calculate the nominal flexural strength of HSC beams 

possessing a concrete strength above 55 MPa (8,000 psi). 

The results obtained by using the triangular stress block is 

compared with the results by using stress blocks of various 

codes and proposals of researchers. The comparison is done 

by using test results of 52 tested singly reinforced 

high-strength concrete beams having concrete strength 

above 55 MPa (8,000 psi).  

 

 

2. Research significance 
 

The current ACI 318-14 provisions use a rectangular 

stress block for all concrete strength. The shape of the 

stress-strain curve is adjusted by the factor β1 to account for 

the higher strength. Above 55 MPa (8,000 psi) there is no 

further changes in this value. In addition, some design  
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Abstract.  The conventional ACI rectangular stress block is developed on the basis of normal-strength concrete column tests 

and it is still being used for the design of high-strength concrete members. Many research papers found in the literature indicate 

that the nominal strength of high-strength concrete members appears to be over-predicted by the ACI rectangular stress block. 

This is especially true for HSC columns. The general shape of the stress-strain curve of high-strength concrete becomes more 

likely as a triangle. A triangular stress block is, therefore, introduced in this paper. The proposed stress block is verified using a 

database which consists of 52 tested singly reinforced high-strength concrete beams having concrete strength above 55 MPa 

(8,000 psi). In addition, the proposed model is compared with models of various design codes and proposals of researchers 

found in the literature. The nominal flexural strengths computed using the proposed stress block are in a good agreement with 

the tested data as well as with that obtained from design codes models and proposals of researchers. 
 

Keywords:  beams; flexural strength; high-strength concrete; triangular stress block 
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Abstract 
This paper deals with the elastic stability of a 

column bolted at its mid-height to a simply 
supported square plate and subjected to a 
concentrated load, using energy method. A 
uniform homogeneous column is assumed to be 
pinned at both ends. From symmetry 
considerations, half of the column is modeled by 
making the plate acting as a torsion spring on the 
column at its mid-height. The column length and 
cross-section, plate dimensions and thickness, and 
the material properties for the column and the 
plate catch the interest of the author. The problem 
is solved by using energy method and ultimately, 
the elastic buckling load is found. The analytical 
elastic buckling load is compared with a 
numerical solution obtained from finite element 
method using SAP2000. The numerical results 
agree with the analytical solution.  The finite 
element model is refined to catch the actual effect 
of the bolted plate on the elastic buckling load. It 
has been found that the elastic buckling load is 
increased due to the increase in the rotational 
stiffness provided from the plate.      
Keywords: Column, Elastic Buckling, Axial 
Load, Energy Method, FEM. 

 
1. Introduction 

Buckling is an important consideration in 
structural design. In some cases, it governs the 
design before the strength criterion does 
especially when the member is slender and 
lightweight [1]. There are two general approaches 
in finding the elastic buckling load: a) the vector 
approach and (b) the energy approach [2,3].  

 Solutions of simple cases of buckling are 
given by Timoshenko and Gere [4]. Wang et al. 
[1] use the vector approach to give exact solutions 
for buckling of various structural members. In 
contrary, some exact solutions for columns with 
variable cross-section are provided in terms of 
Lomel functions by Elishakoff and Pelligrini 
[5,6].  

Atay and Coskun [7] analyze Euler columns 
with a continuous elastic restraint using 
variational iteration method (VIM). However, 
Basbuk et al. [8] use the homotopy analysis 
method (HAM) to find the critical buckling load 
for Euler columns with elastic ends restraints. 

Also, the HAM method was used by Eryilmaz [9] 
to find the buckling load of Euler columns with a 
continuous elastic restraint.      

Sampaio et al. [10] gives the solution for 
buckling behavior of inclined beam-column, 
using energy method. Similarly, the energy 
approach was used by Zdravkovic et al. [11] to 
study the buckling load of a three-segment 
stepped column subjected to an axial load. 
Rychlewska [12] provide numerical solutions for 
axially functionally graded Euler-Bernoulli beam 
for various boundary conditions. In this paper, the 
energy approach is used to find the elastic 
buckling load of a column with both ends pinned 
and bolted to a simply supported plate at its mid-
height. The exact solution from this work is 
compared with the analytical solution provided by 
Wang et al. In addition, a finite element solution 
is performed in this paper to compare the results 
and to study the effect of the bolted plate on the 
buckling load. 

 
2. Problem Definition 

The case studied in this paper is shown in 
Figure (1-a). The column is bolted to a simply 
supported plate at its mid-height. The column 
length is (2L) and the plate is assumed square 
with a dimension (a).  For the purpose of 
simplicity in calculations shown later, the plate 
dimension is assumed equal to (1.2L). The 
column and the plate materials are assumed to be 
the same. The modulus of elasticity of the 
material is (E). The column cross-section is 
shown in Figure (1-b). For the purpose of 
mathematical simplicity, the plate thickness is 
assumed to be the same as the column width (b). 

The problem is simplified by taking advantage 
of symmetry and considering the plate effective in 
the x-direction only and acting as a torsion spring 
at the middle of the column. Therefore, the 
stiffness of the torsion spring is determined by 
shrinking the y-direction of the plate to a width 
equal to the column depth (h) and treats the plate 
as a simply supported beam in the x-direction. 
Based on the above assumption and since the 
thickness of the plate is taken as the column width 
(b), the plate and the column is now having the 
same moment of inertia (I). Note that buckling is 
governed by the weak-axis buckling; therefore, 
the moment of inertia is (hb3/12). To get the 
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1. Introduction 
Progressive collapse is a series of failures 
triggered by the sudden loss of a single or a few 
sustaining parts. When a part of a structure fails, 
the structure must have a backup load-bearing 
path and move the weight that part was 
carrying to other parts. The release of stored 
internal energy as a consequence of the failure 
of a structural member result in an increase in 
the dynamic internal forces exerted by 
surrounding members. 
Following the redistribution of the load 
through a structure, each structural component 
supports a separate set of loads, which includes 
the additional internal forces as well. A local 
failure can occur if any redistributed load 
surpasses the bearing capacity of adjacent 
uninjured components, resulting in another 
local collapse. Such sequential failures have the 
potential to propagate from one element to the 
next, eventually affecting the entire structure 
or a significant piece of the structure 
disproportionately. In most cases, the 

progressive collapse occurs in a couple of 
seconds or less. The concept of disproportionate 
collapse may be included in the definition of 
progressive collapse, which means the final 
failure does not correspond to the events that 
precipitated it in the first instance [1]. The 
United States General Services Administration's 
definition of progressive collapse (GSA) 
[2] as " a situation where a local failure of a 
primary structural component leads to the 
collapse of adjoining members which, in turn, 
leads to additional collapse. Hence, the total 
damage is disproportionate to the original 
cause." 
Nair [3] has also defined the "progressivity" of a 
collapse as a "the ratio of the total collapsed 
area or volume to the area or volume damaged 
or destroyed directly by the triggering event". 
The American Society of Civil Engineer (ASCE) 
[4] defines progressive collapse as "The spread 
of an initial local failure from element to 
element resulting eventually in the collapse of 
an entire structure or a disproportionately large 
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Progressive collapse is a catastrophic partial or complete failure of a structure that 
occurs when a primary structural component or more, such as a column or any vertical 
load-bearing component, is lost or damaged. This loss may be caused by a car accident, 
an airplane crash, a service system explosion, a missile used in a military operation, a 
bomb used in a crime or building destruction, a hurricane, a tornado, or an earthquake, 
as well as other natural disasters. Because of the numerous collapses that have 
happened since the turn of the century, the progressive collapse has become a popular 
research topic. Therefore, numerous international structural codes and standards have 
begun to pay attention to the resistance of facilities to progressive collapse and have 
formulated guidelines to limit this phenomenon. 
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ABSTRACT 

The progressive collapse of reinforced concrete structures occurs when one or more vertical load-
bearing elements are eliminated due to man-made or natural hazards. The building's weight transfers to 
neighboring columns in the structure, causing the failure of adjacent members and, ultimately, the 
failure of a portion or the entire structure. In which the collapsing system continuously searches for 
alternate load paths in order to survive. This study examines progressive collapse in RC structures 
caused by instantaneous column removal. To investigate the collapse, typical columns are removed 
individually and analysis and design are continued. An eight-story reinforced concrete frame structure 
was considered for the study. The software ETABS V20 is used to perform a linear static analysis on a 
model of a regular reinforced concrete (RC) frame structure. Here, three types of column removal cases 
are examined: corner column removal, exterior column removal, and interior column removal. Then, the 
calculation of Demand Capacity Ratio (DCR) for both beams and columns are considered and compared 
to the GSA's acceptance criteria. The obtained DCR values indicate that columns are safe and strong 
enough to resist progressive collapse in all cases, whereas beams for corner column removal case are 
not safe for progressive collapse. 
Keywords: Progressive collapse; Iraq seismic code; DCR values; RC structure; General Services 

Administration (GSA). 
DOI Number: 10.14704/nq.2022.20.10.NQ55183                                                            NeuroQuantology 2022; 20(10): 2074-2092 

1. INTRODUCTION 

 

The term "progressive collapse" can be defined in a straightforward manner as the ultimate failure or 

proportionately large failure of a portion of a structure as a result of the spread of a local failure from 

element to element throughout the structure. This can be thought of as the ultimate failure or 

proportionately large failure of a portion of a structure. The beginning of a progressive collapse may be 

brought on by causes that are manmade, natural, intentional, or unintentional. A progressive collapse 

failure can be caused by a number of different types of disasters, including fires, explosions, 

earthquakes, or anything else that causes large amounts of stress and the failure of a structure's support 

elements. [1- 4] Progressive collapse is a complex dynamic process in which the collapsing system 

redistributes loads to prevent the loss of essential structural members. Beams, columns, and frame 

connections must therefore be designed to accommodate the possible redistribution of large loads. The 

collapse of the World Trade Center towers due to a terrorist attack, the bombing of the Murrah Federal 

Building in Oklahoma City, and the collapse of the Ronan Point building due to a gas explosion are 

notable examples of progressive collapse phenomena. Progressive collapse failures can be better 

prepared for and possibly avoided in the future as a result of studies such as the one presented 
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Al-Kamal, Mustafa Kamal Mahmood, Design For Prestressed Concrete Flexural Members

Against Progressive Collapse, Ph.D., Civil and Ar-

chitectural Engineering Department, May, 2016.

Presented in this work are the possible collapse mechanisms initiated by a precast flex-

ural member dropping on a lower member. The ultimate goal of this research is to develop

design guidelines and advice to prevent progressive collapse in such cases. The problem

is complicated due to the dynamic analyses involved in the dropping, the impact, and the

resulting vibration.

Analytical solutions and numerical solutions were developed to solve three possible

collapse scenarios: perfectly plastic, inelastic, and elastic. These impact scenarios should

provide a reasonable understanding of the dynamic behaviour for the member after impact.

The analytical solution involves using Fourier series and the numerical solution involves a

developed method of converting an initial velocity profile to an impulse load using SAP2000.

The members are from typical parking garages.

The first solutions developed were for the perfectly plastic and elastic impact scenarios

based on assumed initial velocity profiles. The resulting reactions from the impact were

evaluated against ACI provisions. It has been found that a shear failure can be prevented

by providing some shear reinforcement. However, the resulting bending moment is high and

the member is prone to fail under flexure.

The second solutions developed were for perfectly plastic impact based on the pre-

impact velocity profile of the top beam. The post-impact velocity profiles were not assumed.

SAP2000 was used to calculate the post-impact velocity profiles for the upper and lower

beams. The resulting shear and bending moment for the perfectly plastic scenario were

extremely high and caused the member to fail. However, the resulting shear and bending

moment for the case of inelastic impact did not cause failure.

Finally, a simulation of the impact using the finite element analysis COMSOL Multi-

physics program was performed. When simulating impact, the COMSOL documents caution

the user to check conservation of momentum and energy to ensure that the results are reason-

able. Conservation of momentum has been checked and found not to be satisfied. Therefore,

COMSOL Multiphysics is not recommended for this type of analysis.

1
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                       Abstract: Since the turn of the century, numerous articles have been published with analysis of 

semi-rigid connections in steel structures. This paper offers a comprehensive survey of major 

recently published research work dealing with the behaviour of semi-rigid beam-column 

connections under various configurations of fasteners and welding lines under both monotonic 

and cyclic loads. The review has two main respects: the first is the moment versus curvature 

behaviours of semi-rigid steel connections, while the second involves finite element analysis of 

such connections under monotonic and cyclic loads. The main conclusions concerning the 

dynamic behaviours of semi-rigid steel connections emerge with regard to the vital influence of 

beam-column connections on the global seismic performance of steel frame structures. 

Developing semi-rigidity should thus be considered an effective way to achieve the required 

performance. 

 

 

1. Introduction 

       An uncountable number of structures are now made of steel expressing the enormous possibilities that 

this material offers. Some of justifications for the choice of steel to build a structure or its elements, 

include its high strength to volume ratio, its reliability, and its ability to adapt to almost any 

architectural form, offering a wide range of possible applications, these are supported further by the 

availability of a large number of standardised parts.  

Owing to their high ductility and energy dissipation abilities, semi-rigid steel connections have     been 

favoured in recent moment-resisting steel frames exposed to gravitational monotonic loading 

alongside lateral or vertical cyclic excitations. Adequate design of members' end-to-end connections 

is thus required to allow these steel structures to perform well in sustaining such loads. Yet the 

conventional analysis of steel framed structures supposes one of the two well-known idealised 

extremities: the rigid joint or pinned joint hypotheses. However, currently prevalent steel frame 

connections are most likely to display semi-rigid responses, contributing significantly to overall 

member stress distribution. In general, steel structures can be formed from any combinations of  simple 

or composite pieces joined together in a design that adequately resists forces and moments together. 



DESIGN OF A STEEL SPECIAL MOMENT FRAME SUSCEPTIBLE TO 
HIGH SEISMIC RISK  

 
Mustafa Kamal Al-Kamal 

Civil Engineering Department, College of Engineering, Al-Nahrain University, Baghdad, Iraq 
E-Mail: malkamal@eng.nahrainuniv.edu.iq 

Mobile: 0096407736251303 
ORCID ID: 0000-0003-0896-5491 

 
Abstract 

This paper deals with the design of a 2-D steel special moment frame vulnerable to high seismic risk using the 
ASCE 7-10 Code equivalent lateral force method (ELF). The equivalent lateral force method uses an approximate 
procedure to find the natural period of the system to get the total base shear before the design. In this paper, the actual 
natural period is computed after designing a 2-D steel special moment frame and the base shear is recalculated accordingly. 
For this purpose, the base shear from ELF is first used to design the 2-D frame according to the drift limitations as per 
ASCE 7-10 Code. The direct analysis method (DAM) of AISC 360 is then used to check the strength of the steel members. 
The new natural period of the 2-D frame is calculated using SAP2000 finite element program. The SAP2000 natural period 
is used to find the new base shear. It has been found that the SAP2000 natural period increases the total base shear by 62%. 
Consequently, a redesign for the steel special moment frame members should be considered to account for the difference in 
the base shear.  

 
Keywords: Steel special moment frame; ELF; base shear; DAM; natural period; SAP2000. 
 
1. INTRODUCTION 

Seismic design requirements are given in 
chapter 12 of the ASCE7-10 Code [1]. For computing 
the base shear of a building using the equivalent 
lateral force method, the code gives an alternative 
way to compute the natural period of the system 
before the design. However, the validity of this 
procedure needs to be checked for structures 
prone to high seismic risks. Therefore, in this 
paper the actual natural period is found to get the 
total base shear for a 2-D steel special moment 
frame (SMF) in high seismic zones. 

Steel special moment frames are often 
used as a part of the seismic-force resisting 
systems in buildings designed to resist 
earthquakes with substantial inelastic energy 
dissipation [2]. Design requirements for steel 
special moment frames can be found in a series 
of U.S. building codes. ASCE 7-10 sets the basic 
load requirements for special moment frames 
with associated lateral drift limits. AISC 360 (see 
Reference [3]) is the main AISC specification 
that provides design and detailing requirements 
for all steel buildings. In addition, AISC 341-05 
(see Reference [4]) gives detailed design 
requirements related to materials, framing 
members, connections, and construction quality 
assurance and quality control.     

It is worth mentioning that the ASCE 7-
10 permits to use three types of analyses to 
determine member design forces and design 
drifts namely: equivalent lateral force, modal 
response spectrum, and seismic response history 
analysis. Equivalent lateral force analysis is the 
simplest procedure; however, it can lead to a 
conservative design [1].  

According to the authors in Reference 

[2], "In many cases, exact analysis will determine 
a substantially longer building period than that 
determined by the approximate methods. As a 
result, substantial reduction in base shear forces 
often can be obtained by calculating building 
periods using the more exact". Therefore, the 
purpose of this work is to calculate the natural 
period for a steel special moment frame after the 
design and check whether this period increases or 
decreases the base shear.  

 
2. PROBLEM DEFINITION  

The SMF is a part of a six story office 
building located in San Jose, CA, USA. Three 
special moment frames (SMFs) are considered 
for the east-west direction of the building. Braced 
frames will be used in the north-south direction. 
For the purpose of this research, only the east-
west direction is considered in the design. The 
middle SMF is designed here in this research. 
The building geometry is shown in Figure -1-. 
The bay width in the east-west direction is 30 ft 
(9.15 m) while it is 40 ft (12.2 m) for the north-
south direction. A typical 13 ft-6 in. (4.15 m) 
floor-to-floor heights is considered. The first 
story height is 17 ft-0 in. (5.2 m).  

The occupancy type is planned to be 
offices with a design load of 50 psf (2.4 kN/m2) 
plus a 20 psf (0.96 kN/m2) allowance for 
partition walls. The design live load is 80 psf 
(3.83 kN/m2) to account for corridors. Live load 
reductions will be considered. The roof has a 
mechanical penthouse with an equipment load of 
120 psf (5.75 kN/m2) and an additional structural 
self-weight equivalent to 40 psf (1.92 kN/m2).  
The location is over the centerline on the north 
edge. The size is assumed to be 20 ft (6.1 m) 
east-west x 10 ft (3.05 m) north-south.  
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8 
Flexural behavior of self-compacting damaged 
reinforced concrete box beams strengthening 

with CFRP 

IOP Conference Series: 
Materials Science and 

Engineering 
1067 (1), 012051 

2021 

9 
Numerical analysis of RC columns under cyclic 

uniaxial and biaxial lateral load 
Građevinar 

73 (10), 979-994 
2021 

10 
Numerical analysis of high-strength reinforcing 
steel with conventional strength in reinforced 

concrete beams under monotonic loading

Open Engineering 
12 (1), 817-833 

2022 

11 
Numerical analysis of reinforced concrete 
circular columns strengthening with CFRP 

under concentric and eccentric loadings

Frattura ed Integrità Strutturale, 
17, (63), 190-205 

2023 

12 
Rehabilitation of Shear damaged Reinforced 

Concrete Beams with U-Wrapped Carbon Fiber 
Reinforced Polymer Sheets: Experimental study

Diyala Journal of Engineering 
Sciences, 

16, (1), 34–43
2023 

13 
The behavior of reinforced lightweight concrete 

beams with initial cracks 
Frattura ed Integrità Strutturale, 

17, (66), 297-310 
2023 

14 
Behavior of a Multi-Story Steel Structure with 

Eccentric X-Brace 
Frattura ed Integrità Strutturale, 

17, (66), 273-296 
2023 
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  السيرة العلمية والشخصية

 د. احمد فالح احمد فاضل البياتي  الاسم: متزوج  الحالة الزوجية:

 1982  تاريخ الميلاد: عراقي   لجنسية:ا

 أستاذ   المرتبة العلمية:   الانشاءات دكتوراه هندسة  المؤهل الاكاديمي:

 

 الجادرية -كلية الهندسة/ جامعة النهرين 

 العراق –بغداد 

 عنوان المراسلة

ahmed.f.al-bayati@nahrainuniv.edu.iq  البريد الالكتروني 

 

 المؤهلات العلمية  

 الجامعة التكنلوجية  / قسم الهندسة المدنية بكالوريوس /  2004

  (UKM) الماليزيةالجامعة الوطنية  /قسم الهندسة المدنية  /الانشاءاتماجستير هندسة  2009

 عنوان رسالة الماجستير:  

Cost Optimization of Reinforced Concrete Building 

  
 جامعة نوتنكهام   /قسم الهندسة المدنية  /هندسة الانشاءات دكتوراه 2013

 عنوان اطروحة الدكتوراه:   

Punching Shear Mechanisms of Waffle Slabs  
 

 الخلاصة الأكاديمية 

لغاية   -2023 في قسم الهندسة المدنية/ كلية الهندسة/جامعة النهرين أستاذ 

 الان 

 2023 -2018 في قسم الهندسة المدنية/ كلية الهندسة/جامعة النهرينمساعد أستاذ 

 2017-2014 قسم الهندسة المدنية/ كلية الهندسة/جامعة النهرين  مقرر

2018-2014 في قسم الهندسة المدنية/ كلية الهندسة/جامعة النهرينمدرس   

   التدريسية الخبرة

  هندسة الجسور,  (,II(, هندسة الاسس )II( و )IIتصميم الخرسانة ): )الدراسة الاولية( تدريس مواد  •

 ,  رسم هندسي

 تصميم الخرسانة المسلحة المتقدم, تصميم المنشأت المعدنية المتقدم  : )مرحلة الماجستير( تدريس مواد  •

 الفنيةتصميم الجسور المتقدم, اللغة الانكليزية : )مرحلة الدكتوراه( تدريس مواد  •

mailto:ahmed.f.al-bayati@nahrainuniv.edu.iq
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 الاشراف على مشاريع التخرج في الدراسة الاولية  •

 الاشراف على طلبة الدراسات العليا •

 ممتحن لطلبة الدراسات العليا •

 مقوم علمي ولغوي لبحوث طلبة الدراسات العليا •

 

   البحثية الخبرة

 .لاحظ قائمة البحوث لطفا 

 

   الخلاصة المهنية

الهندسي/ كلية الهندسة/جامعة  المكتب الاستشاري  لغاية الان -2014

 النهرين 

مهندس  أستشاري/ 

 انشائي 

تموز   -2008كانون الثاني 

2008 

-شركة العجمي للاستشارات الهندسية/ دبي

 الامارات العربية المتحدة 

 مهندس انشائي

كانون   -2007كانون الثاني 

 2008الثاني 

الامارات -شركة الشعفار للمقاولات العامة/ دبي

 العربية المتحدة 

 مهندس مشروع 

كانون   -2005كانون الثاني 

 2007الاول 

الامارات العربية -المكتب الوطني للهندسة/ دبي

 المتحدة 

 مهندس انشائي

 

      الجمعيات المهنية

 (لم يجدد الاشتراك) 112446 رقم الانتساب:  ,عضو نقابة المهندسين العراقية •

 ( لم يجدد الاشتراك) :68933632رقم الانتساب (,ICE) المدنيين البريطانيةعضو جمعية المهندسين  •

 

 البحوث المنشورة

• Al-Bayati, A.F. and Taki, Z.N.M., 2024. Shear strength prediction of steel fiber 

reinforced concrete beams without transverse reinforcements. Asian Journal of 

Civil Engineering, 25(2), pp.1857-1875. 

• Al-Bayati, A.F., Lau, T.L. and Clark, L.A., 2023. Punching Shear Design of Waffle 

Slabs at Internal Column Connections. Practice Periodical on Structural Design 

and Construction, 28(3), p.04023026. 

• Al-Bayati, A.F., 2023. Shear Strength of Circular and Rectangular Reinforced 

Concrete Columns. KSCE Journal of Civil Engineering, 27(5), pp.2073-2088. 
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• Al-Bayati, A.F., 2023. Torsion Strength Prediction of Reinforced Concrete 

Beams. International Review of Civil Engineering, 14(2), pp. 153–163. 

• Al-Bayati, A.F., 2023. Shear Strength of Reinforced Concrete Squat Walls. Civil 

Engineering Journal, 9(2), pp.273-304. 

• Al-Bayati, A.F., 2023. Shear strength of reinforced concrete beam–column 

joints. Asian Journal of Civil Engineering, 24(1), pp.319-351. 

• Al-Bayati, A.F., Lau, T.L. and Clark, L.A., 2022. Edge Punching Shear of Waffle 

Slab Subjected to Moment Parallel to the Slab's Free Edge. Magazine of Concrete 

Research, pp.1-32. 

• AL-Mohammadi, A.S. and AL-Bayati, A.F., 2022. Punching Shear Strength of 

Voided Slab: Literature Review and Evaluation of Design Codes. Wasit Journal of 

Engineering Sciences, 10(2). 

• Abbood AI and Al-Bayati AF. Punching shear strength of steel fibre reinforced 

concrete flat slabs: a literature review and design codes evaluation. IOP 

Conference Series: Materials Science and Engineering. Vol. 1067. No. 1. IOP 

Publishing, 2021. 

• AL-Mohammadi, A.S. and Al-Bayati, A.F., 2022. Punching Shear Strength of 

Voided Slab: Literature Review and Evaluation of Design Codes. Wasit Journal of 

Engineering Sciences, 10(2). 

• Al-Bayati, A.F., Lau, T.L. and Clark, L.A., 2019. Edge Punching Shear of Waffle 

Slab with Moment Transfer Perpendicular to Slab's Free Edge. ACI Structural 

Journal, 116(4), pp.243-A5. 

• Al-Bayati AF. Statistical Equations to Estimate the In-situ Concrete Compressive 

Strength from Non-destructive Tests. Journal of Engineering. 2018;24(11):53-67. 

• Al-Bayati AF, Lau TL, Clark LA. Eccentric Punching Shear of Waffle Slab. ACI 

Structural Journal. 2018;115(1):163-73. 

• Al-Taie AJ and Al-Bayati AF. Application of Artificial Neural Networks to Predict 

Soil Recompression Index and Recompression Ratio. Kufa Journal of Engineering. 

2018 Nov 25;9(4). 

• Al-Bayati AF. Alternative Strut and Tie Model for Reinforced Concrete Deep 

Beams. Al-Nahrain Journal for Engineering Sciences. 2018 Feb 10;21(1):86-98. 

• Al-Bayati AF. Shear Strength Prediction of Reinforced Concrete Shallow Beams 

without Shear Reinforcements. Journal of Engineering and Sustainable 

Development. 2018;22(6):85-100. 

• Al-Taie AJ, Al-Bayati AF, Taki ZN. Compression Index and Compression Ratio 

Prediction by Artificial Neural Networks. Journal of Engineering. 2017;23(12):96-

106. 

• Al-Bayati AF, Lau TL, Clark LA. Concentric Punching Shear of Waffle Slab. ACI 

Structural Journal. 2015 Sep 1;112(5). 
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Alaa Waleed Hameed 

 

E-mail: alaa.w.ibrahim@nahrainuniv.edu.iq  

EDUCATION 

 Ph. D. in Civil Engineering, 2020, Portland State University, Oregon, USA. 

 M. Sc. in Civil Engineering, 2005, Baghdad University, Baghdad, Iraq. (Nonlinear 

Analysis of Reinforced Fibrous Concrete Vierendeel Trusses) 

 B. Sc. Civil Engineering, 2001, Baghdad University, Baghdad, Iraq.  

 

ACADEMIC EXPERIENCE  
2020 – Present: Lecturer at Civil engineering department, Nahrain University 

 Taught Courses: 

Engineering Mechanics (Static & Dynamic) 
English Language III 

Computer programming (with MatLab) 

Mathematics (III  &  IV) 

Reinforced Concrete Design III 

Computer Application in Civil Engineering 

Numerical Analysis 

 

 Supervised projects for undergraduate end academic year: 

- “Ultrasonic Wave Propagation Analysis in Concrete Structures”, Ahmed Ali 

Hmood, Haider Fakher Kazem, and Mustafa Ahmed Qasim, June 2023. 

-  “Implementation and Comparison of Different Numerical Models Using Python”, 

Hussein Abdul Razzaq Jassim, and Zainab Adnan, June 2023. 

- “Non-Destructive Tests: Vision and Applications”, Ranya Salah Aldin Jassim, 

June 2022. 

- “Complete Design Steps for a Swimming Pool”, Gadeer Yousif, June 2022. 
2013 – 2020: Ph. D. candidate at Portland state university. 

2006 – 2013: Assist. Lecturer at Civil engineering department, Nahrain University 

 

 Taught Courses: 

Computer programming (q-basic, Visual basic, C++) 

Steel Design 

Theory of structures 

Engineering Mechanics 

 

 Taught Laboratories: 

Mechanics of material 

Soil Mechanics 

Sanitary 

Surveying 

Engineering Drawings 

 

 Supervised projects for undergraduate end academic year: 

mailto:alaa.w.ibrahim@nahrainuniv.edu.iq
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- “Analysis and Design of Vierendeel Steel Truss”, Ghada H. Abid, June 2010. 

- “Structural Analysis and Design of the Steel Mobile Crane System for a typical 

River Sub-regulator”, Estabraq H. Ali, June 2011. 

 

ADMINISTRATION EXPERIENCE 

 2006-2008: Editorial Secretary of Nahrain University, College of Engineering 

Journal (NUCEJ) 

 2009-2010: Secretary of Scientific Promotion Committee 

 2011-2012: Vice head of Civil Eng. Dept. for graduate student affair  

 

MEMBERSHIP IN SCIENTIFIC AND PROFESSIONAL SOCIETIES 

2004-present: Iraqi Engineers Union 

 

PUBLISHED PAPERS 

 Hameed, Alaa W. (2008). Earthquake and safety of building. Symposium: 

Disaster management and safety of buildings in Arab countries Conference, 

Kingdom of Saudi Arabia. 

 Hameed, Alaa W., Saleh, Zena R. (2010). Three dimensional analysis of 

staggered truss systems. 1ST Engineering conference- Anbar University. Anbar, 

Iraq, 2010. 

 Hameed, Alaa W. (2013). Failures modes for different structural types during an 

earthquakes. International Journal of Civil Engineering (IJCE). Vol.2, Issue 1, 

Feb. 2013, pp 47-56. 

 Thomas Schumacher , Alaa W. Hameed, Christopher Higgins, Brittany Erickson 

(2021). Characterization of Hydrodynamic Properties from Free Vibration Tests 

of a Large-Scale Bridge Model. Journal of Fluids and Structures. vol. 106 (2021) 

103368. 

 Alaa W. Hameed, Minjie Zhu and Thomas Schumacher (2022). A 2D Model 

Using PFEM for a Bridge Superstructure Subjected to Wave Action. The 

international Middle eastern Simulation and Modelling conference 2022, 

MESM'2022.  

 

SKILLS AND INTERESTS  

 Programming (Visual Basic, Fortran, Matlab) 

 AutoCAD 

 ABAQUS 
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azhar28091983@gmail.com 

 
az ha re al hil o@ y ah oo . c o m 

Curriculum Vitae 
Azhar Sadiq Yasun 

Personal 

Information 

▪ Marital status: married 
▪ Nationality: Iraqi 
▪ Age: 40 
▪ Place of Birth: Paris 

Education 
BACHLORES 

1.  [2006/7/15] Baghdad University college of engineering /Civil 
Engineering Department 

2. Rank :16 from 111 student 
3. Average: 72.325 

Master degree in soil mechanics branch 

[2009/12/23] Baghdad University/ college of engineering/Civil 
Engineering Department 

Average: 72.25 
Assistance instructor in civil engineering /college of engineering /Al Nahrain 
university 

1/6/2013 

Computer 

experiences 

▪ Civil Engineering 
▪ AutoCAD 
▪ Microsoft Excel Program 
▪ Microsoft Word Program 
▪ Prokon 
▪ Google Earth 
▪ Plaxis 3D 
▪ TPAP(pile integrity software). 
▪ Deep soil seismic program 
▪ CSI engineering softwares 

Professional 

experience 

1. Engineering Consultancy Bureau/College of Engineering / Al-Nahrain 
University Field supervisor engineer & Qc[20/9/2008] to [12/3/2010] 

2. Evaluate precast piles and check design for Shariq Dejla water 
treatment project second expansion.(2008-2010) 

3. Evaluate Bored piles for rehabilitating Al-Rasheed water treatment 
project. (2009-2010). 

4. Checking Swage systems and rainy networks of AL-Dewaniyah city 
(with others) (2009). 

5. Make study on the effect of sub base depth on ultimate bearing 
capacity of soils for buildings constructed in Baghdad city (2009). 

mailto:azhar28091983@gmail.com
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 6. Design of fuel tanks foundation (with others) for diesel storage fuel in 
Al-Muthana air base station (2010). 

7. [14/3/2010] to [13/3/2011] International Total Engineering 
Corporation (ITEC Group), YAMASHITA SEKKE INC., AZUSA 
SEKKEI CO., LTD. Site consultant engineer for (400bed) Educational 
Hillah Hospital. 

8. From 13/3/2011-2018,expereance in design and analysis and repairing 
different buildings and projects with supervising on soil field 
investigations and existing building foundation inspection using (PIT) 
and laboratory tests. 

9. Site supervisor engineer for Al-Shaeb residential building investment 
project. 

10. Preparing soil investigation reports for many projects and plenty of soil 
fields test (soil compaction, plate load test, soil resistivity, soil 
permeability, supervising and design of sheet piles (H shape)(2015- 
2023). 

11. Field lab supervisor engineer for many civil engineering projects 
(AlQudus electricity power plant project field (2014), Al-Zawraa sport 
stadium project lab. field (2014), In Al-Nafiees for medicine and 
pharmacy sciences university projects (2015), Basmaiyea electricity 
Power plant project (2017-2018) lab. field. 

12. Conducting pile integrity test for piles located under residential concrete 
basement near Hyfa-street region/Baghdad. 

13. Evaluate Bored piles for Dar-Al Salam residential investment project 
(2018-2019). 

14. Managed and performed soil field tests (DCP, CPT, plate load tests) 
for many projects, including the Baghdad international airport, 
residential compounds, a commercial mall, and others (2020-2023). 

15. Supervising on the field static piles load test(2022-2023). 
16. Studying the static piles load test reports and approving on the 

allowable pile capacity(2023). 
17. Design and supervision on water pump system for two buildings 

(2023). 
18. Design the lateral earth supporting system for many buildings inside 

Baghdad city (2023). 

Professional 

memberships 

Iraqi Engineer Union 

International Society for soil Mechanics and geotechnical engineering 

Languages ENGLISH & ARABIC 

 

  

  

  

 



English | عربي

- جبار حمود عبد النبي البيضاني )jabbar.h.al-baidhhani@nahrainuniv.edu.iq(تسجيل الخروج

Academic staff profiles

Al-Nahrain University

PERSONAL INFORMATION


Full Name: Dr. Jabbar H.Al-Baidhhani

Gender: Male   Birthdate: 1965   Nationality: Iraq

Degree: PhD   Academic Title: Professor

College\Center: College of Engineering   Departement: Civil Engineering

Major: Water Resources Engineering   Specialty: Environmental Engineering

Occupation: Faculty Member

Mother Language: Arabic   Other Languages: English

Work email: jabbar.h.al-baidhhani@nahrainuniv.edu.iq

Personal email: jabbaralbaidhani84@gmail.com

LINKS



https://scholar.google.com/citations?user=RFZwSKsAAAAJ&hl=en

https://publons.com/researcher/ABE-7994-2020/

https://www.researchgate.net/profile/Jabbar_Al-Baidhani

https://publons.com/dashboard/settings/profile/

https://orcid.org/0000-0003-4970-2081

https://www.linkedin.com/in/jabbar-h-al-baidhani-280a091ba/

Publications



2023

EVALUATION THE WATER QUALITY OF AL�RUSAFA TREATMENT PLANT IN BAGHDAD CITY / AL-RUSAFA SIDE USING SEVERAL

WATER QUALITY INDICES

A Al-Baidhani, 2023

3C Tecnología. Glosas de innovación aplicadas a la pyme. ISSN: 2254-4143, Ed.43, (12), 176-189

Assessing the Influence of Climate Change on Water Treatment Efficiency in Baghdad, Iraq

N Kareem1, P Al-Baidhani, 2023

Journal of Wildlife and Biodiversity, 7, (xx)

2022

2021

2020
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 السيرة الذاتية

.نوره سعد فرجم.  

 المواليد وعنوان السكن 

 1980 سنة الميلاد:

 بغداد / حي الجامعة عنوان السكن:

 وسائل الإتصال

 موبايل: 

07702749651  
 

 nano_8098@yahoo.comالبريد الألكتروني:

 مهارات الحاسوب 

AutoCAD 

Microsoft Office 

 اللغات

English     

 الخبرات 

 .21/7/2014  النهرين منذ تدريسية في قسم الهندسة المدنية/ جامعة

 . 15/5/2006معيدة في قسم الهندسة المدنية / جامعة النهرين منذ 

 2004وزارة البيئة / دائرة بيئة بغداد منذ  

 
 الجانب الأكاديمي:

 تدريس مادة الرياضيات  •
 تدريس مادة الرسم الهندسي  •
 تدريس مختير الهندسة الصحية   •
 تدريس مختبر ميكانيك الموائع  •
 تدريس مادة الصحية النظري •
 تدريس مادة الفيزياء نظري  •
 تدريس مادة الاحصاء الهندسي •
 الإشراف على طلبة مشاريع تخرج المرحلة الرابعة.  •

 
 الجانب الإداري: 

 . مقررة القسم للدراسات العليا  لمدة سنة واحدة •
 عضو في لجنة المودل الخاصة بالقسم  •
 عضو في لجنة الاعلام   •
 عضو في لجنة الغيابات  •
 عضو في لجنة الدراسات العليا /قسم الهندسة المدنية  •
 عضو في لجنة الحمل والاجور  •



 التحصيل الدراسي

  2014جامعة بغداد عام -ماجستير في الهندسة البيئية /كلية الهندسة  •

  2003جامعة المستنصرية عام  -بكلوريوس في الهندسة البيئية / كلية الهندسة •

 البحوث المنشورة

 بعنوان:   Scopusبحث منشورفي  •

Prediction of dust storms in construction projects using intelligent artificial neural network 

technology  

 بعنوان:   Scopusبحث منشورفي  •

Development of Bi-Langmuir model for description initial pH and temperature effects on the 

sorption of cadmium onto waste foundry sand   

 بعنوان:  Scopusبحث منشورفي    •

 Flexural Behavior of Rubberized Reinforced Concrete Beams              

 بعنوان  Clarivateبحث منشور في   •

 Behavior of hybrid concrete beams with waste rubber 

 بحث منشور في مجلة جامعة النهرين بعنوان •

Experimental Measurement of Rice Husk Effectiveness as an Alternative Adsorbent for 

Turbidity Reduction in Synthetic Water 

 بحث منشور في مجلة الاتحاد / جامعة بغداد بعنوان *       

process for removing oil from wastewater using sawdust+bentonite 

 بعنوان:  Scopusفي   بحث منشور  •

                                                               Removal of Meropenem by using Lemna minor 
 :  بعنوان Scopusفي   بحث منشور  •

                        Engineering Characterization of Quaternary Sandy Soil in the Mesopotamia Plain 
 

 التدريبية والشهاداتالدورات 

 )المحددات البيئية وطرق معالجتها(.المشاركة في المنهاج التدريبي لوحدة التعليم المستمر بصفة محاضر •
 المشاركة في دورة تدريبية في قسم النشاط الرياضي والمدرسي بصفة محاضر )البيئة والصحة(. •
 )الواقع البيئي لنهر دجلة (.المشاركة في المنهاج التدريبي لوحدة التعليم المستمر بصفة محاضر •
 ((.TSS,COD,BODالمشاركة في دورة التدريبية لمنتسبي القسم بصفة محاضر)كيفية استخدام الاجهزة المختبرية ) •

 . المشاركة في دورة التدريبية لمنتسبي القسم بصفة محاضر)كيفية اجراء الفحوصات المختبرية للمياه( •
البيئية الطبيعية والية الحفاظ على  • البيئي)مفهوم النظم  التدريب والتأهيل الوطني  التدريبية الخاصة في مركز  اجتياز الدورة 

 المعالم الطبيعية في العراق( 
معايير  • وفق  الاجرائية  الطرائق  )دورة  النهرين  جامعة  /رئاسة  المستمر  التعليم  /مركز  الافتراضية  الدورة  في  المشاركة 

 ( GLPالمختبر 
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CORRECULUM  VITAE 
 
 
      NAME 
 

First:    Laith                             
Middle:     Khalid                            
Last :   Al-Hadithy 
                                                                            
Gender:  Male                         
 
Place of Birth: Baghdad- IRAQ 
 
Date of Birth: 1959 
 
Nationality:  Iraqi 

 
Adress : P.O. Box 64040  Baghdad-Iraq.                                                                                     

         
E-Mail Adress :  laith.kh.alhadithy@gmail.com 

 
Contact Phones : Mobile   00964 -7-705362710 

 
Educational Background   

 
 12 / 7 / 1977: Graduated from “Al -Markaziyah Secondary School “in Baghdad. He 

ranked third amongst all Iraqi students in the ministerial examination of the 
preparatory study.  

 
 1 / 10 / 1977 – 30 / 6 / 1981: Undergraduate study in the College of Engineering (Civil 

Engineering Dept.) – University of Baghdad with good average and ranked 7 amongst 
120 graduates in the 1st term examination (average of the last two years is 78.55%). 
Language of study was English.  

 
 1 / 12 / 1982 - 30 / 9 1985: Study for the M.Sc. Degree in Structural Engineering in the 

College of Engineering of the University of Baghdad. The study included courses and 
thesis entitled " Analysis of Indeterminate Bridge Decks by the Orthotropic Plate 
Theory with Experimental Study " 

 
 1 / 10 / 1993 – 20 / 4 / 1999: Study for the degree of Ph.D. in Structural Engineering in 

the College of Engineering of the University of Baghdad. The study included courses, 
comprehensive examination and thesis entitled "Analysis of Reinforced Concrete 
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Plain and Ribbed Cylindrical Arch Shells by Discrete Element Methods ". The 
average degree was 84.8%. 

          
 

Recent Job 
 
Head of civil engineering department (assistant professor) – College of Engineering –           
Al-Nahrain University. 

 
 

Professional Experience 
 
               Listed below are the most important professional tasks (design and supervision)  

 Aug. 1981 – Dec. 1982   : Site engineer during the 1st military service in the 
General Establishment for Implementation of Military Projects ( Sites of the 
Atomic Reactor and  Al-Rasheed Military Hospital in Baghdad). 

 June 1987 – Oct. 1989    : Supervision for the design and implementation of "Al-
Dora 1500 – apartment project" implemented by " Tariq Company for 

Construction Contracts/Ministry of  Housing & Construction". 
 Oct. 1989 – May  1990 : Supervision  for  the  design  and  implementation  of  

"Al – Anbar  Technical  Institute "  implemented by " Al – Farouq  Company  for 

Construction  Contracts/Ministry of  Housing & Construction". 
 Jan. 1990 -  July  1990   :  Structural  Design of  the " P.C. Bridge over  the  

General  EuphratesRiver  Mouth "  in Al- Nasiriya . 
 March 2000 – Jan. 2002  : Consultant engineer for some projects of the 

"Engineering Affair Office" in the "Administration of Presidency". Within this 
work , designs of some parts of " Um Al- Qura Mosque" , " Porticos of the 
Southern Presidency Palace", and other special buildings in addition to their 
consultant supervision were done . 

 Jan.   2003   –   March   2003   :   Design    and    consultant    supervision   of   
" Rehabilitation of  the Sulfuric Acid Towers in Al-Qa'im  Phosphate Plant " . 

 Nov. 2003 – July 2004  : Member of the Consultant team of the"Engineering 
Consultant Bureau of Al-Nahrian Univ." for the project of "Haditha Electrical 
Power Generation Plant ". 

 Feb. 2005 – April 2005 : Structural design of buildings of  "the Lecture Halls" 
and "the Research Center" projects in Al-Nahrain University. 

 June 2007 – Nov. 2008 : Design of buildings for ministries of “Education” and 
“Health” as a consultant engineer in the “ Engineering Consultant Bureau of Al-
Nahrain University”. 

 Dec. 2008 – Oct. 2010 : Consulting supervision for design and implementation 
of “Al- Rasheed(East of Tigris) Water Supply Project “ through the Consultant 
team of the “Engineering Consultant Bureau of Al-Nahrain University”.  

 May 2011 – Dec. 2011 : Consulting supervision for implementation of “Al-Quds 
Thermal Station for Electric Power Generation”. 

 May 2013 – March 2014 : Civil engineering consultant for the laboratory of the 
“ Engineering Consultant Bureau of Al-Nahrain University”. 
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 Jun 2013 – Feb. 2014 : Presenting and submitting numerous priced tenders and 
offers for various and diverse adjudications for ministries of “Internal Affairs”, 
“Health”, “Electricity”, “Education”, “Environment”, “Industry and 
Minerals”, “Culture”, “Youth and Sports”, “Agriculture” “Commission of 
Integrity”,and “Foundation of Martyrs”.    

 Oct. 2013 – March 2014 : Civil engineering consultant for the engineering field 
laboratory of “Ibn-Sine Medical College Project”. 

 Dec. 2013 – Jan. 2014 : Structural design and tender preparation for the building 
of “Investigations Office / Commission of Integrity”. 

 Oct. 2013 – Feb. 2014 : Structural design and tender preparation for the building 
of the “Culture House in Al-Mahmudiya / Ministary of Culture”. 

 Jun. 2014 – Oct. 2014 : Designs of building enlargement for health office in 
Abu Ghraib province. 

 Sep. 2014 – April 2015 : Checking designs and bills of quantities for 
construction  projects of buildings for provinces bureaus as per Independent High 
Electoral Commission.   
 
 
 

 Academic Experience 
 

I ) Lecturing : 
 

 10 / 11 / 1985 – 29 / 12 / 1986 :    Military Engineering College          Baghdad / Iraq  
       Taught subjects in the Civil Engineering Department: 

                            “Concrete Technology “, " Mechanics of Materials”. 
 

 10 / 2 / 1978 – 22 / 5 / 1999 :       Al-Anbar Technical Institute                
                             Taught subject in the Building & Construction Department: 
                             “Engineering Mechanics”, “Concrete Technology “, “Building Construction “, 
                             “Construction Methods and Equipment “,” Engineering Management “, 
                             “Quantitative Surveying “. 

 
 1 / 10 /1999 – 20 / 1 / 2002 : Al-Anbar University / College of Engineering 

                 Taught  subjects in the Civil  Engineering  Department : 
                             “Theory of Structures”, “Structural Steel Design “. 

 
 7 / 4 / 2002- Till now : Al- Nahrain University/College of Engineering  

                           - Taught  subjects  in  the  undergraduate  stage  of  the  Civil  and  the  
                              Architectural Engineering Departments: 
                              "Engineering Mechanics”, "Mechanics of Materials”, "Design of R.C. Structures”,  
                              "Engineering Mathematics”, "Theory of Structures” , "Design of Steel Structures”. 
                           - Taught subjects in the M.Sc. study of the Structural Engineering Division: 

 “Theory of Elastic Stability” , “ Advanced Structural Analysis /Part 1” , “Advanced   
Structural Design” 

                           - Taught subjects in the Ph.D. study of the Structural Engineering Division: 
“Advanced Mechanics of solids” ,”Advanced Structural Analysis/Part 2”.  
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II) Supervision for the final year undergraduate projects in structural engineering  : 
                                Fields of design projects: 
                                 P.C.  Bridges , Steel   Truss   Bridges ,  R.C.  Elevated   Water   Storage   Tanks  
                                 R.C.  Folded Plate Roofs, Large spam R.C, Frames 
 

III) Supervision for thirty-nine M.Sc. theses in structural engineering in nine research 
fields 

                                 
IV) Supervision for four Ph.D. theses in structural engineering in three discrete 

research field 
 

V) Academic research in seven fields of structural engineering  
 
 

Languages 
 Arabic. 
 English. 

 
Professional Organizations 

                    -Member of Iraqi Engineers Union since 1982.(Rank:Consultant Engineer since 1999). 
                    -Affiliate member in the American Society of Civil Engineers since August 2006. 
 
 

Published research: 
                      (after 1 / 1 / 2009) 
 
                       Thirty-six research papers in structural engineering have been published in several  
                        international specialized scientific-research refereed journals ( Iraqi and foreign). 

 
 

Engineering Conferences 
       (after 1 / 10 / 2008)      

1- Ten researches were presented in nine scientific conferences for engineering research  
2- Research accepted for presentation in the first international conference for civil engineering in the 

University of Basrah , 8-9 October 2013. 
3- Research accepted for presentation in the third scientific conference for engineering in the 

University of Diyla , 16-17 December 2017. 
4- Tow research presented in the 4th International Conference on Engineering Sciences (ICES2020) 

5th-6th December 2020, Kerbala, Iraq.  
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Administrative Responsibilities  
 

 April 2004 – June 2007 : Manager of the Engineering Affair Office of Al-Nahrain 
University – Baghdad. That office is concerned by the implementation and supervision 
of the university construction projects such as buildings of the "Information 
Technology College" , the "University Central Stores", the "Lecture Halls", the 
"Research Center"…etc. , and the university rehabilitation projects such as the 
"Central Air Conditioning Systems", the "Students Housing Camps" , the "Central 
Library" , the "Medical Research Center", …. etc. 
 

 October 2010 – October 2013 :  
                        Head of Department of Civil Engineering / College of Engineering / Al-Nahrain   
                        University. 
 

 April  2011 – April 2014 : 
                        Member of the Administration Committee of the “ Engineering Consultant Bureau of 
                        Al- Nahrain University”.  

 
 October 2016 – March 2019 : 

Representative of the faculty members of engineering college. 
 

 October 2016 … till now : 
Member of the council of engineering college/Al-Nahrain University. 
 

 March 2019 … till March 2020 : 
                        Head of Department of Civil Engineering / College of Engineering / Al-Nahrain   
                        University. 

 March 2020 … till now : 
Member of the board of the Civil Engineering Department / College of 
Engineering / Al-Nahrain University. 

 
 

Sustainable Technical Activities 
 

 November  2007 . . . till now : 
Member in the “Technical Committee” of the “Iraqi Program of Improving and Developing 
the Building Codes and Specifications”/ Ministry of Construction and Housing . 
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First name: MANAHIL ZAYNO MOHAMMED 

Date of birth: 4/8/1974 

Nationality: Iraqi 

Specialization : artificial Intelligence 

Work Address: Civil Engineering Department/ Al-Nahrain University Since 2003 

Current Address: Baghdad /Al- Mansour 

Email Address: manahil.zayno@nahrainuniv.edu.iq 

EDUCATION 

M. Sc. in College Of Science,2022 Al-Nahrain University , Baghdad, Iraq. 

B. Sc. Computer Science, 2012 College of Dijlah  University, Baghdad, Iraq. 

 
SKILLS AND INTERESTS 

 Microsoft Office 

 Programming (Visual Basic,) 

 AutoCAD 

 Formatting and installing Computers 



University of Al-Nahrain 

College of Engineering 

CURRICULUM VITA 

Personal information: 

Name : AbdulAzeez Abulrasool Al-Kifae 
        Prof.Dr.of Geotechnical Eng. 

Address: Iraq/Baghdad 

e-mail : Alkifaeaziz@yahoo.com 

Mobil : 07803854187 

Place and Birth date: Baghdad / 05 .05 .1961 
Sex  :           male 
Nationality:     Iraqi 
Religion:       Muslim 

Social state: married 

Degree              University 
B.Sc.         University of Technology 
M.Sc.        Kharkov University 
Ph.D.        Leningrad University 

    Country 
Iraq 
Ykrania 
USSR 

   Year 
1982 
1987 
1991 



Scientific Experience : 
- As Assist. Lecturer : 
- As Lecturer : 
- As Asset professor : 
- As professor : Professor 

Fields of Experience 

Academic and Professional Experience: 

Civil Engineer at Foreign Company Dept., Directorate of Military works, 
1982 to 1985. 

Designer at Engineering Advisory Bureau, Interior Ministry, 1990 to 1991. 

High education and research science of Ministry, Lecturer /Civil Eng., 
Babylon University, 1991 to 1998. 

Lecturer soil and foundation ,Civil Engineering ,Al-Kufa University , 1998 
to 2000 . 

Lecturer technology of concrete, Civil Engineering, Al-Kufa University, 
1998 to 2000. 

Assist. Dean of Academic Affairs Engineering College, Al-Kufa Unversity , 
1998 to 2000 . 

Assist.Head of Road Dept.Al-Mustansiriya University, High Education and 
research science Min., 2000 2003. 

Head of Road Dept.Al-Mustansiriya University, High Education and 
research science Min., 2003 2006. 

Manager of the Engineering Bureau Al-Qadisiya Unv., High Education and 
research science Min.,2007 to 2008. 



Head of Civil Eng.Dept.Al-Muthana Unv., High Education and research 
science Min.2008 to 2009. 

Assist. Dean of Academic Affairs Engineering College, Al-Muthana 
Unv.,2009 till now. 
 
Head of Office  Engineering Affairs in Al-Nahrain University 2012 - 2014 

Professional services and membership 
Member in Iraqi union of engineering 1982. 

Member in Iraqi society for engineering 1985. 

Member in Iraqi society for Geotechnical Engineering, 2001. 

Participatation in the First Conference of Geotechnical for Ministry of 
Housing and reconstruction, 1991, 

Participatation in the Fourth Conference of Geotechnical for Ministry of 
Housing and reconstruction, 2001. 

Participatation in the Iraqi Conference For reconstruction in Jordan,2005. 

Supervising and Consultant: 

Sewerage Treatment Plant Consultant at Al-Qadisiya Pump government 
2006, 

Station in Al-Bideer Consultant at Al-Qadisiya government 2006, 

Al-Rumaitha Water Treatment Plant Consultant Al-Muthana Government 
2007. 

Civil engineering Consultant for Many projects for construction Ministry, 

Civil engineering Consultant for, many projects for Industries Military 
Ministry, 

Civil engineering Consultant for , Many projects for Nuclear Organization. 



Courses Taught: 

1) Undergraduate student,” for many Unv. Of Iraq” 

Soil Mechanics; Fondation; Material of Construction; Technology of 
concrete; Computer Application. 

2) Postgraduate student Advance Soil Improvement. 

M.Sc. thesis supervision for many post graduate students in all Univ. Of 
Iraq, 

Ph.D. thesis supervision for many post graduate students in all Univ. Of 
Iraq, 

Supervisor 

Empirical Correlations between physical and engineering properties 
Clayey soil in baghdad governorate, Shaima S.K. , 2005 , Nahrain Univ. 

Finite Element Investigation of the behavior of Wall-Soil System , Firas 
A. S. , 2005 , Baghdad univ. 

Effect of leaching and loading on Gypseous soils under road, Qais S.K. 
2007, AlMustanseria unv. 

Study planning and sdesign of airoport mahaly , Raqem M.N. , 2005 , 
AlMustanseria Univ. 

Prediction fatigue in flexible pavement , Abdulhaq H.A. , 2005 , 
Tranportation DEpt. AlMustansiria Unv.. 
Improve the gypseous soil properties by leaching , Israa F. , 2006 , 
AlMustanseria unv. 
Evaluation of limit of soluble salt , Amer M.M. , 2006 , AlMustanseria 
Univ. 

Determination of passenger car unit factors for different types of vehicles 
in Baghdad city, Yasser K. SH., 2006. 



Development of models, for performance, predictions properties of RAP. 
Faris M.J., 2006, Al Mustansiria Univ. 

Consultant 

Prediction Models for the Module of Pavement Materials, Hasan H.J. , 
2005 , Technology unv. 

Improvement of soft clay subgrade ,under road pavement, Audai A.I., 
Technology unv. 

Effect of lightweight materials on consolidation characteristics 
embankment on soft soils, Ahmed S.J. , 2006 ,Baghdad unv. 
Study thecompression and shear strength properties of organic soil, 
Zeena M.H. , 2006 , AlMustanseria unv. 

Effect of tie beams on settlement and moments of footing , Luaai H.K. , 
2006 , nahrain unv. 

Effect of degree of anisotropy gradient under dams using finite element 
method. ,Rasha A.K., 2007, AlKufa unv. 

Seepage Analysis of earth dams by finite element, Salam N. Y. , 2007 , 
Al Kufa unv. 

Required criteria ,for implementation the super pave system in local 
pavement design, Alaa H.A., 2010, Baghdad unv. 

Experimental and theoretical study ,on Timber-Concrete composite 
beams, Ihab S.S. 2010,engineering Dept. Basra University. 



 
The Effect of improvement surrounding soil on bored pile friction capacity 
Alkifae A Abdulaziz 
INTERNATIONAL JOURNAL OF CIVIL ENGINEERING & TECHNOLOGY (IJCIET) 7 (0976 ... 

  2016 

 

Empirical Relationships between Index properties and Compression Indices of Clayey 
solis in Al-Nasiriya City 
Alkifae A Abdulaziz 
Journal of Babylon University 4 (1992-0552), 101-107 

  2014 

 
Improve Performance of Asphalt Concrete overlay by using SBR as modified 
Alkifae A Abdulaziz, AA Riadh, KS Hayder 
Al-Qadisiya Journal for Engineering sciences 6 (1198-4456), 101-110 

  2013 

 
Evaluation of Recycled Hot Asphalt Mixtures (Expressway No.1-R9-Iraq) 
N Faris, Alkifae A Abdul Aziz 
Zanco journal of pure and applied sciences 23 (ISSN 2218-0230), 57-67 

  2011 

 
Chemical and Physical effects on Engineering properties of Gypseous sub-grade soil 
Alkifae A  Abdulaziz 
Al-Qadisiya journal for engineering sciences 3 (1198-4456), 102-125 

  2011 

 

Deterioration reduction of the flexible pavement roads in south Iraq 
AlKifae A  Abdulaziz 
Journal of Babylon University 1 (1992-0552), 87-92 
 
Al-Kifae,A.A.: The weakened of bearing capacity of soil beneath the raft 
foundation causes differential settlement , Urouk Journal of Al-Muthana 
University ,                                                                            
 

  2011 

 
Influence of the clay-lime compound on sand dune properties 
Alkifae A Abdulaziz 
Al-Qadisiya Journal for Engineering Sciences 2 (Issn1198-4456), 330-337 

  2009 

 

Effect of drainage materials on swelling potential of expansive subgrade soil beneath 
asphaltic flexible pavement 
AlKifae A  Abdulaziz 
Engineering and Development,Al Mustansiria University 1 (18137822), 34-47 

  2003 

 
Instability of building in Najaf constructed on Gypsious soils 
Akifae A Abdulaziz 
Journal of Babylon University 7 (629), 1430-1434 

  2002 

 
Effect of the expansive soils on the stability of building in Baghda 
AlKifae A  Abdulaziz 
Journal of Engineering and Development,Al-Mustansiriya University 1 ... 

  2002 

 

Improvement physical and chemical properties of sand dune to use it as sub-grade in 
roads 
Alkifae A Abdulaziz 
Fourth Scientific Conference of the Ministry of Housing and Construction 1 ... 

  2001 

 
 

Controlling collapsibility potential by improving Iraqi gypseous soils   
subsidence: A Review study                                                 2020 
S Al-Zabedy, AA Al-Kifae 
IOP Conference Series: Materials Science and Engineering 745 (1), 012107 
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The Effect of Improvement Surrounding Soil on Driven Pile Friction 
Capacity                                                                        2017 
MMS Abdulaziz A. Al-Kifae 
AlNahrain Jouranl for Engineering Sciences 20 (Vol 20 No 1 (2017): AlNahrain … 
 
 
Effect of Organic Soil Acidity on the Properties of Iraqi Soil              2017 
NHA Abdulaziz A. Al-Kifae 
American Scientific Research Journal for Engineering, Technology, and … 
 
 
 
Inspecting the effects of organic content on compaction and  
consolidation characteristics of organic soil models                           2017 
AA Al-Kifae., MA Hamad 
American Academic Scientific Research Journal for Engineering, Technology  
 
… 
Cavity Effects on Axially Loaded Single Pipe Piles Embedded in a Sand 
Deposit                                                                                               2021 
FA Abdullah, MY Fattah, AA Alkifae 
2021 4th International Iraqi Conference on Engineering Technology and Their  
 
…Improvement of Strength of soft Clay Soil by Using cement kiln dust, fly 
ash and Ceramic Dust waste (Times New Roman Bold 12)               2021 

GK Abd, AA Al-Kifae 
Turkish Journal of Computer and Mathematics Education (TURCOMAT) 12 (14  
 
 
Behavior of Group of Plugged and Unplugged Pipe Piles in Soil 
Containing Cavities                                                                              2020 
FA Abdullah, MY Fattah, AA Al-Kifae 
IOP Conference Series: Materials Science and Engineering 888 (1), 012068 
 
Earthquake effect on single pile behavior with various factor of safety 
and depth to diameter ratio in liqufiable sand                                       2018 
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International Journal of Civil Engineering and Technology 9 (4), 1253-1262 
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The influence of CKD on the properties of Iraqi gypsum soil               2024 
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AIP Conference Proceedings 3009 (1) 
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Tandem And Tridem Axle Load Applied On Double Rigid Pavement Slab, 

International Research Conference on Engineering and Applied Sciences, College of 

Engineering, Al-Iraqia University, Iraq. 

52. Noor Al-Huda H. Ahmed and Asma Thamir Ibraheem, 2023, A Review of Unveiling 

the Promise of Natural Zeolites: Enhancing Concrete Properties (with experimental 

study), The 5th International Conference on Buildings, Construction and 

Environmental Engineering, Sulaymaniyah, Iraq.  

53. Ibraheem A. Th. And Hassan M. Mahdi M. Alddin, 2023, “A Comparative Study of 

Soil Stabilization Effect and Concrete Strength Development on Rigid Pavement 

Thickness”, Journal of University of Babylon for Engineering Science, Vol.31, No.5. 

Iraq. 

54. Asma Thamir Ibraheem, 2023, Developing An Algorithm For Modeling Global 

Positioning System (Gps) Data For Highways”,  

55. Asma Thamir Ibraheem, 2023, Westergaard Approach And A New Development 

Software For Analyzing Rigid Pavement Behaviour”,  

https://link.springer.com/chapter/10.1007/978-981-15-9399-4_18
https://link.springer.com/book/10.1007/978-981-16-6277-5
https://link.springer.com/chapter/10.1007/978-981-16-6277-5_27
https://www.philstat.org/index.php/MSEA/article/view/1131
https://www.philstat.org/index.php/MSEA/article/view/1135/691
https://ijisae.org/index.php/IJISAE/article/view/2718
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 Theses: 

1. Ibraheem A. Th.,”The utilization of local resources to develop a GIS in surveying and 

route location”, M.Sc thesis, Surveying Engineering Department, College of 

Engineering, University of Baghdad, 1997. 

2. Ibraheem A. Th., “Optimum transportation route through heterogeneous terrain”, 

Ph.D thesis, Civil Engineering Department, College of Engineering, Nahrain 

University, 2003. 

3. Ibraheem A. Th., Abd-Al Razaq A. J,  “Computer Assisted Resources for the 

Formulation of Cost Function for Constructing a New Transportation Route”, M.Sc 

Thesis, College of Engineering, Nahrain University, Baghdad, Iraq. 2008. 

4. Ibraheem A. Th., Yousif F. G., “Modeling and Evaluation the Methods of Radius 

Estimating Techniques for Horizontal Curve”, M.Sc Thesis, College of Engineering, 

Baghdad University, Baghdad, Iraq. 2009. 

5. Ibraheem A. Th., Musa Y. A., “Integrating The Geographical Information System 

(GIS) to Digital Library for Railways Application” M.Sc Thesis, College of 

Engineering, Baghdad University, Baghdad, Iraq. 2011. 

6. Ibraheem A. Th. And Atia S. N., “ Applying Decision Making with analytic hierarchy 

process for maintenance strategy selection of pavement”, M.Sc. Thesis, College of 

Engineering, Al-Nahrain University, Baghdad, Iraq. 2012. 

7. Ibraheem A. Th. And Najeeb Z. A., “Incorporation GIS with Digital Close Range 

Photogrammetry (DCRP) for Architectural Map”. M.Sc Thesis, College of 

Engineering, Baghdad University, Baghdad, Iraq. 2013. 

8. Ibraheem A. Th. And Alshami A. W., (2014), “Simulating the Behavior of 

Unbounded Granular Materials Under Different Shape Loaded Areas”, M.Sc. Thesis, 

College of Engineering, Al-Nahrain University, Baghdad, Iraq.  

9. Abid N. A, Ibraheem A. Th. And Mehdi A. J. (2014), “ Adaptation of GIS and AHP 

for Selecting and Designing of the Car Parking Area”, M.Sc. Thesis, College o 

Engineering, Anbar University, Al-Anbar, Iraq. 

10. Ibraheem Asma Thamir, Demir Y. K., Sedeeq W. W., (2015), “AGIS Application I 

Airport Planning and Design”, M.Sc. Thesis, Civil Engineering Department, College 

of Engineering, University of Gaziaintep, Turkey. 

11. Shefiqu Q. S. M, Ibraheem A. Th. And Al-Sheakayree T. K. (2015), “Influence of 

Piles Installation on Existing Adjacent Structures”, Ph. D. Thesis, College of 

Engineering, Al-Nahrain University, Baghdad, Iraq. 

12. Qassun S Mohammed Shafiqu, Asma Thamir Ibraheem and Athraa A Al Ghanim, 

(2020), “Behavior of Geogrid Reinforced Piled Foundation under Earthquake 

Loading”, Ph.D. Thesis, College of Engineering, Al-Nahrain University, Baghdad, 

Iraq. 

13. Ibraheem A. Th., Qassun S Mohammed Shafiq,. And Noor Salim Atia (2021), 

“MODELING OF SOIL MOVEMENT HAZARDS USING THEORY OF MULTIPLE DECISION 

MAKING AND ANALYTICAL HIERARCHY PROCESS” Ph. D. Thesis, College of 

Engineering, Al-Nahrain University, Baghdad, Iraq. 

14. Ibraheem A. Th., And Nooruldeen Mohammed Kareem (2023), “Developing a Frame 

Design for Airport Pavements Maintenance Management System”, M.Sc. Thesis, 

College of Engineering, Al-Nahrain University, Baghdad, Iraq.  

15. Ibraheem A. Th. And Ihsan Madhloom Hamzah, 2023, ASSESSMENT OF AL-KUT 

INTERNATIONAL AIRPORT DEVELOPMENT, M.Sc. Thesis, College of 

Engineering, Al-Nahrain University, Baghdad, Iraq.  
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16. Ibraheem A. Th. And Hassan M. Mahdi M. Alddin, 2023, SIMULATING THE 

SUBGRADE PROPERTIES ON THE STRUCTURAL RESPONSE OF RIGID 

PAVEMENT, Ph. D. Thesis, College of Engineering, Al-Nahrain University, 

Baghdad, Iraq. 

17.  

 

Conferences: 

1. First Middle East International Conference on Advances in Civil, Mechanical and 

Material Engineering  / Amman - Jordan  / 10-13 May 2005. 

2. 4
th

 International Forum on Engineering Education - IFEE2006 / Integrating Teaching 

and Research with Community Service / 25-27 April 2006, Sharjah , United Arab 

Emirates 

3. TRB 86th Annual Meeting, January 21-25, 2007, in Washington, DC, USA. 

4. AEC 24 th Conference, 14-16 May 2007, Amman, Jordan. 

5. Arab Council for training Students of Arab Universities (ACTSAU), 22-28 August, 

2008, Egypt. 

6. The 1
st
 Regional Conference of Engineering Science, 5-6 Nov 2008, College of 

Engineering, Nahrain University, Baghdad, Iraq. 

7. 1
st
 International Conference in Geomatics Engineering and Applications, December 

22-23, 2010, Paper No. 104, Baghdad, Iraq. 

8. The first Post Graduate Students Conference FPGSC’13, 4-5 December 2013, Al-

Nahrain University, Baghdad, Iraq. 

9. 3
rd Middle East Society of Asphalt Technologists (MESAT) Conference April 6-8, 

2015 ,  AUD. American University of Dubai, UAE. 

10. 2nd 
Annual International Interdisciplinary Conference AIIC 2014, 8-12 July, 

University of the Azores - Ponta Delgada, Portugal. 

11. 4th
 Scientific Conference-Building materials and design requirements to resist 

earthquakes, Baghdad, Iraq, 14th April, 2016. 

12. The Geographic Information Systems and Geospace Data for sustainable development 

Conference, Geotunis, from 26 to 30 April 2016, Tunis. 

13. The 2nd International Conference in GIS & Geospatial Technologies, 5-6 December 

2016, Al-Nahrain Center for Strategic Studies holds, Baghdad, Iraq. 

14. 4th Eng. Conf. 21April 2016, Al-Nahrain Univ., Baghdad, IRAQ 

15. The 2nd Post Graduate Students Conference, 2017, Al-Nahrain University, Baghdad, 

Iraq 

16. International Conference on Highway Pavements and Airfield Technology, 

Philadelphia, Pennsylvania, August 27-30, 2017. USA. 

17. The 2nd Regional Conference of Engineering Science, 5 Dec 2017, College of 

Engineering, Al-Nahrain University, Baghdad, Iraq. 
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18. IOP Conference Series: Materials Science and Engineering. Volume 737, 4th International 

Conference on Buildings, Construction and Environmental Engineering 7-9 October 

2019, Istanbul, Turkey 

19. IOP Conference Series: Materials Science and Engineering, Vol 671,No.1. 2020, 

Kerbala, Iraq. 

20. 2nd
 International Conference on Materials Science and Engineering, AIP Conference 

Proceedings 2213, 020107 (2020). 

21. Conference of Geotechnical Engineering and Sustainable Construction 2022, Dhok-

Iraq. 

22. International Research Conference on Engineering and Applied Sciences, College of 

Engineering, Al-Iraqia University, Iraq. 2023 

23. The 5th International Conference on Buildings, Construction and Environmental 

Engineering, Sulaymaniyah, Iraq. 2023. 

24.  

Books 

 
1) Asma Thamir Ibraheem and Faten Yousif, (2012), “The Methods of Radius Estimating 

Techniques : Modeling and Review”, ISBN : 978-3-8484-9811-6, LAP LAMBERT 

Academic Publishing, , VDM Publishing Group, Germany. 

 

i) http://www.amazon.com/Methods-Radius-Estimating-Techniques-Horizontal-

Curves/dp/3848498111/ref=sr_1_1?ie=UTF8&qid=1342205348&sr=8-

1&keywords=Asma+Thamir 

 

ii) https://www.morebooks.de/store/gb/book/the-methods-of-radius-estimating-

techniques-for-horizontal-curves/isbn/978-3-8484-9811-6 

 

 

2) Asma Thamir Ibraheem and Noor Salim Atia (2012), “NEW METHODS IN 

PAVEMENT MAINTENANCE STRATEGY SELLECTION , Coupling of Decision 

Making with Analytical Hierarchy Process”, ISBN : 978-3-659-17941-9. LAP 

LAMBERT Academic Publishing, , VDM Publishing Group, Germany. 

 

i) http://www.amazon.com/Methods-Pavement-Maintenance-Strategy-

Selection/dp/3659179418/ref=sr_1_2?s=books&ie=UTF8&qid=1342633735&sr=

1-2&keywords=Asma+Thamir 

 

ii) https://www.morebooks.de/store/gb/book/new-methods-in-pavement-

maintenance-strategy-selection/isbn/978-3-659-17941-9 

 

3) Integrating Teaching and Research with Community Service, Book No. 87, pp: 436-

455, “The Application of Geographical Information System in Civil Engineering”,College 

of Engineering, University of Sharjah, United Arab Emirates, ISBN: 9948-10-064-6, 

2008. 

 

4) LAMBERT Academic Publishing, , VDM Publishing Group, Germany. 2014 Asma 

Thamir Ibraheem and Abeer Waleed Alshami, “Effect of  Different Shapes Loaded Area 

https://iopscience.iop.org/volume/1757-899X/737
https://iopscience.iop.org/issue/1757-899X/737/1
https://iopscience.iop.org/issue/1757-899X/737/1
https://iopscience.iop.org/issue/1757-899X/737/1
https://iopscience.iop.org/issue/1757-899X/671/1
https://link.springer.com/book/10.1007/978-981-16-6277-5
http://www.amazon.com/Methods-Radius-Estimating-Techniques-Horizontal-Curves/dp/3848498111/ref=sr_1_1?ie=UTF8&qid=1342205348&sr=8-1&keywords=Asma+Thamir
http://www.amazon.com/Methods-Radius-Estimating-Techniques-Horizontal-Curves/dp/3848498111/ref=sr_1_1?ie=UTF8&qid=1342205348&sr=8-1&keywords=Asma+Thamir
http://www.amazon.com/Methods-Radius-Estimating-Techniques-Horizontal-Curves/dp/3848498111/ref=sr_1_1?ie=UTF8&qid=1342205348&sr=8-1&keywords=Asma+Thamir
https://www.morebooks.de/store/gb/book/the-methods-of-radius-estimating-techniques-for-horizontal-curves/isbn/978-3-8484-9811-6
https://www.morebooks.de/store/gb/book/the-methods-of-radius-estimating-techniques-for-horizontal-curves/isbn/978-3-8484-9811-6
http://www.amazon.com/Methods-Pavement-Maintenance-Strategy-Selection/dp/3659179418/ref=sr_1_2?s=books&ie=UTF8&qid=1342633735&sr=1-2&keywords=Asma+Thamir
http://www.amazon.com/Methods-Pavement-Maintenance-Strategy-Selection/dp/3659179418/ref=sr_1_2?s=books&ie=UTF8&qid=1342633735&sr=1-2&keywords=Asma+Thamir
http://www.amazon.com/Methods-Pavement-Maintenance-Strategy-Selection/dp/3659179418/ref=sr_1_2?s=books&ie=UTF8&qid=1342633735&sr=1-2&keywords=Asma+Thamir
https://www.morebooks.de/store/gb/book/new-methods-in-pavement-maintenance-strategy-selection/isbn/978-3-659-17941-9
https://www.morebooks.de/store/gb/book/new-methods-in-pavement-maintenance-strategy-selection/isbn/978-3-659-17941-9
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on Unbounded Granular Materials (Modeling and Analysing”, ISBN: 978-3-659-52204-8, 

LAP 

a) https://www.morebooks.de/gb/bookprice_offer_1b59f7182d1df8c38484b25c64b95b7

ac7270e45 

b) https://www.amazon.com/Effect-Different-Unbounded-Granular-

Materials/dp/365952204X/ref=sr_1_3?s=books&ie=UTF8&qid=1469390948&sr=1-

3&keywords=Asma+Thamir+Ibraheem 

 

5) Asma Thamir Ibraheem, Afrah Mekki Daham and Zeena Adil Najeeb, “Architectural 

Geographic Information Systems”, ISBN : 978-3-659-53971-8, , LAP LAMBERT 

Academic Publishing, , VDM Publishing Group, Germany. 2014. 

 
a) https://www.morebooks.de/store/gb/book/architectural-geographic-information-

systems/isbn/978-3-659-53971-8 

b) http://www.amazon.com/Architectural-Geographic-Information-Systems-

Ibraheem/dp/3659539716/ref=sr_1_2?s=books&ie=UTF8&qid=1400660416&sr=1-

2&keywords=ASma+thamir 

 

6) Asma Thamir Ibraheem, Adil N. Abid and Ali Jamal Mehdi (2015), “ Modern Basics and 

Methods for Car Parking”, ISBN: 978-3-659-68194-3, LAP LAMBERT Academic 

Publishing, , VDM Publishing Group, Germany. 
a) http://www.amazon.com/Modern-Basics-Methods-Car-

Parking/dp/3659681946/ref=sr_1_1?s=books&ie=UTF8&qid=1430751393&sr=1-

1&keywords=Asma+Thamir 

b) https://www.morebooks.de/store/gb/book/modern-basics-and-methods-for-car-

parking/isbn/978-3-659-68194-3 

 

7) Talib K. Qassim Alsheakayree, Qasun S.Mohammed Shafiq, Asma Thamir Ibraheem, 

“Dynamic Effect of Pile Installation in Sand on Nearby Structures”, Noor Publishing 

Group, Germany. 20 July 2017  

a) https://www.noor-publishing.com/catalog/details//store/gb/book/978-3-330-97530- 

9/dynamic-effect-of-pile-installation-in-sand-on-nearby-structures 

b) https://www.amazon.com/Dynamic-Effect-Installation-

nearbyStructures/dp/333097530X/ref=sr_1_1?ie=UTF8&qid=1506157631&sr=8- 

1&keywords=Dynamic+Effect+of+Pile+Installation+in+Sand+on+Nearby+Structures 

 

 

 

https://www.morebooks.de/gb/bookprice_offer_1b59f7182d1df8c38484b25c64b95b7ac7270e45
https://www.morebooks.de/gb/bookprice_offer_1b59f7182d1df8c38484b25c64b95b7ac7270e45
https://www.morebooks.de/store/gb/book/architectural-geographic-information-systems/isbn/978-3-659-53971-8
https://www.morebooks.de/store/gb/book/architectural-geographic-information-systems/isbn/978-3-659-53971-8
http://www.amazon.com/Architectural-Geographic-Information-Systems-Ibraheem/dp/3659539716/ref=sr_1_2?s=books&ie=UTF8&qid=1400660416&sr=1-2&keywords=ASma+thamir
http://www.amazon.com/Architectural-Geographic-Information-Systems-Ibraheem/dp/3659539716/ref=sr_1_2?s=books&ie=UTF8&qid=1400660416&sr=1-2&keywords=ASma+thamir
http://www.amazon.com/Architectural-Geographic-Information-Systems-Ibraheem/dp/3659539716/ref=sr_1_2?s=books&ie=UTF8&qid=1400660416&sr=1-2&keywords=ASma+thamir
http://www.amazon.com/Modern-Basics-Methods-Car-Parking/dp/3659681946/ref=sr_1_1?s=books&ie=UTF8&qid=1430751393&sr=1-1&keywords=Asma+Thamir
http://www.amazon.com/Modern-Basics-Methods-Car-Parking/dp/3659681946/ref=sr_1_1?s=books&ie=UTF8&qid=1430751393&sr=1-1&keywords=Asma+Thamir
http://www.amazon.com/Modern-Basics-Methods-Car-Parking/dp/3659681946/ref=sr_1_1?s=books&ie=UTF8&qid=1430751393&sr=1-1&keywords=Asma+Thamir
https://www.morebooks.de/store/gb/book/modern-basics-and-methods-for-car-parking/isbn/978-3-659-68194-3
https://www.morebooks.de/store/gb/book/modern-basics-and-methods-for-car-parking/isbn/978-3-659-68194-3
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Curriculum Vitae  
 

Personal 
Information  

 Name : MohammedAli Akrim Ali  
Shaban 

 Marital Status : Marred 
 Nationality : Iraqi  
 Place of Birth :  Baghdad – Iraq 
 Date of Birth : 14/12/1977 
 Sex : Male  
 Religion : Muslim  
 Address : Iraq – Baghdad , Al –

Karrada , district 929 , Aarssat St. , 
house 10 

 Phone No. : (+964-7726026000) ,                                    
(+964-782202001) , E-mail : 
Mohamad_shaaban@yahoo.com , 
mohammed.a.akram@nahrainuniv.edu.iq 

Summary of 
Qualifications 

 B.Sc. in Building and Construction Engineering (Civil 
Eng. ) , Department of Building and Construction 
Engineering , University of Technology , Baghdad – Iraq 
1999.  

 M.Sc. In Environmental Engineering , Department of 
Building and Construction Engineering , University of 
Technology , Baghdad – Iraq 2002.  

 Ph.D In Environmental Engineering ,Collage of Engineer , 
University of Baghdad , Baghdad – Iraq 2016. 

Languages   Arabic (Mother Tongue ) , English ( Writing and Speaking )  
Published 
Researches 

 Dr. Yasmen A. Mustafa , Mohammad Ali Akrim Ali Shaban, 
Treatment of wastewater by cement kiln dust , Association of 
Arab Universities Journal of Engineering Sciences, NO. 2 
Volume. 24 Year. 2017 

  Mohammed Ali A. Shaban, Mohammed A. Ibrahim, 
Mohanad J. M-Ridha, Haitham A. Hussein, Adsorption of 
Meropenem Antibiotics from Aqueous Solutions  on Multi-
Walled Carbon Nanotube, International Review of Civil 
Engineering (I.RE.C.E.), Vol. 11, N. 6 , 2036 – 9913, 
November 2020 

 Mohammed A. Ibrahim, Mohammed Ali A. Shaban, Yaseen 
Rashid Hasan, Mohanad J. M-Ridha, Haitham A. Hussein, 
Khalid M. Abed, Sabah J. Mohammed, Mohd Hafizuddin 
Muhamad, Hassimi Abu Hasan,Simultaneous Adsorption of 
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Ternary Antibiotics (Levofloxacin, Meropenem, and 
Tetracycline) by SunFlower Husk Coated with Copper Oxide 
Nanoparticle,  Journal of Ecological Engineering  ,23(6), 30–
42 , 04.2022. 

 Yaseen Rashid Hasan, Mohammed Ali A. Shaban, 
Mohammed A. Ibrahim, Mohanad J. M-Ridha, Haitham A. 
Hussein, Effect Of Calcination Temperature On The 
Adsorption Performance Of Mg/Al Layered Double 
Hydroxide Nanoparticles In The Removal Of Meropenem 
Antibiotics, Iraqi Journal of Agricultural 
Sciences(IJAS),Volume 54, (4) , 2023. 

Employment 
Record  

A. Member of the Engineering Consulting Bureau of the 
University of Technology since 1/11/2001; achieved the 
following : 

B. Design and check of the Al- Samawah Water Network 
System for Al- Samawah city – Al-muthana governorate2002  

C. Work with group to Design and check a Network of the 
Sewage sewer System of Al- Samawah city – Al-muthana 
governorate 

D. Work with group to Design and check a Network of the storm 
sewer System of Al- Samawah city – Al-muthana 
governorate 

E. Work with group to Design and check a Network of the 
Sewage sewer System of Baiji city –Salah al-deen 
governorate 

F. Work with group to Design and check a Network of the 
Storm sewer System of Baiji city –Salah al-deen governorate 

G. Design and check of the Al- Samawah Water Network 
System for Al- Samawah city – Al-muthana governorate 
2009. 

 
H. Member of the Engineering Consulting Bureau of the 

Iraqi Engineers Union since 1/8/2002; achieved the 
following: 

I. Design and check of the Al- Mousil Water Network System 
for Al- Mousil governorate 

 
J. Member of the Engineering Consulting Bureau of the 

University of Al-Nahrain since 2007; achieved the 
following: 

K. Design of Cold & Hot Water system Network & sewage 
drain system for three building to be Lecture for the 
University of Technology and follow-up 
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L. Design of Cold & Hot Water system Network & sewage 
drain system for seven building to Agricultural Technical 
Training & Competence Center in Al-Muthana for The State 
Board of Agriculture of Extensions & Cooperation and 
follow-up. 

M. Design of Cold & Hot Water system Network & sewage 
drain system to examination check center in Baghdad for 
Ministry of Education and follow-up. 

N. Design of Cold & Hot Water system Network & sewage 
drain system to Office of General Directorate for Assessment 
& Examination for Ministry of Education and follow-up. 

O. Design of Cold & Hot Water system Network & sewage 
drain system to General Education Directorate in Baghdad 
for Ministry of Education and follow-up. 

P. Design of Cold & Hot Water system Network & sewage 
drain system for Housing Project / 504 Dwelling Units in 
Najaf / Hay Al-Quds for Arth Al-Sado Company to be 
submitted for Ministry of Construction and Housing / State 
Commission for Housing and follow-up. 

Q. Participate in the general analysis and check of a sewage, 
storm network & waste water treatment plant                            
to ail Bideer ,Al hamza Al sharqi , Al daghara ,Al dewaniyah 
right side and left side , Al shamiah , Al shanafiah , 
Aafick ,Ghamass for Al-Dewaniyah governorate. 

R. Checking and endorsement the design of Sharq Dijlah water 
treatment plants Phase II designed by Parsons for the 
Governorate of Baghdad . 

S. Checking and endorsement the design of Al-Rashid water 
treatment plants Phase II designed by Parsons for the 
Governorate of Baghdad . 

T. Checking and endorsement the design of The sport city of 
Basrah  designed by 360 office for the Ministry of sport . 

U. Design of Cold & Hot Water system Network & sewage 
drain system for Compound Of Justice Buildings in Abo 
Ghreeb to Ministry Of Justice . 

V. Design of Cold & Hot Water system Network & sewage 
drain system of  Restaurant Building in Baghdad for Ministry 
of Interior and follow-up. 

W. Design of Cold & Hot Water system Network & sewage 
drain system of  Multi Purpose Building In Al-Najaf for 
Ministry of Youth & Sport. 

X. Checking and endorsement the design of The sport city of  
Al-kute  designed by AlRashed company for the Ministry of 



46- 
 

sport. 
Y. Work with group to Design and check a Network of the storm 

sewer System and Sewer System of Oil products Distribution 
Company in al Dora for the Ministry of Oil . 

Z. Design of Cold & Hot Water system Network & sewage 
drain system of  site no.11 / administration building for 
Ministry of Interior. 

AA. Design of Cold & Hot Water system Network & 
sewage drain system of  Police Head Quarter Site 1 – 
Baghdad  for Ministry of Interior 

BB. Design of Cold & Hot Water system Network & 
sewage drain system of Site No. 11 / Administration 
Building for Ministry of Oil 

CC. Design of Cold & Hot Water system Network & 
sewage drain system of Namab Bulk Fuel Storage Facility 
for Republic of Iraq 

DD. Design of Cold & Hot Water system Network & 
sewage drain system of Operation Theaters - Private Nursing 
House for Ministry of Health . 

EE. Design of Cold & Hot Water system Network & 
sewage drain system of Bilat Al -Shuhada Project for 
Ministry Of Youth & Sport 

FF. Design of Cold & Hot Water system Network & 
sewage drain system of Compound Culture Offices-Basrah , 
Music And Art Building – Baghdad & Center In Mahmodia 
for  Ministry Of Culture 

GG. Design of Cold & Hot Water system Network & 
sewage drain system of Children's Culture House for  
Ministry Of Culture. 

HH. Checking and endorsement the design of  stadium cap 
5000 person in Al Shaalh and Al Shaabe region for the 
Baghdad Municipality. 

II. Design of Cold & Hot Water system Network & sewage 
drain system for the building of Ministry of Interior. 

JJ. Work with group to Design Infrastructure Network (water 
and Fir Fighting ,Storm and Sewage Network )for Karbala 
Air Port  

KK. Work with group to Design Cold & Hot Water system, 
Fire Fighting System , sewage and Storm drain system of 
Four building for Karbala Air Port  
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LL. Work in privet sector; achieved the following: 
MM. Design of Cold & Hot Water system Network & 

sewage drain system of Al Maha stores Complex  
NN. Design of Water system Network & sewage drain 

system for Housing Project in Al Samawa .and follow-up. 
OO. Design of Water system Network & sewage drain 

system for Residential Complex Of Sabaa Albour in 
Baghdad and follow-up. 

PP. Design of Cold & Hot Water system Network & 
sewage drain system of Park and Mall AL-Elwia club 

QQ. Design and check a Network of the Sewage sewer 
System and storm sewer system network for Residential 
Complex in thi Qar . 

RR. Design of Cold & Hot Water system Network & 
sewage drain system for the building of Al Ain Foundation 
for Social Welfare 

SS. Design of Cold & Hot Water system and Fire Fighting  
Network , sewage and Storm drain system for the building in 
EBS OILFIELD PROJECT 

TT. Design of Cold & Hot Water system and Fire Fighting  
Network , sewage and Storm drain system for the building 
Dog Kennel Construction at BDSC 

UU. Design Fire Fighting System Network for a Patrol 
Station in EBS OILFIELD PROJECT 

VV. Design Cold & Hot Water system, Fire Fighting 
System , sewage and Storm drain system of Five building for 
Ashur University in Baghdad  

WW. Design Infrastructure Network (water and Fir 
Fighting ,Storm and Sewage Network )for Ashur University 
in Baghdad.  

XX. Design Cold & Hot Water system, Fire Fighting 
System, sewage and Storm drain system of Asia Hospital  
building in Baghdad . 
 

YY.  Lecture in the University of Al-Nahrain since 2008; 
Teaching the following: 

ZZ. Building Service in Architecture Engineering  
department  

AAA. AutoCAD in Mechanical , Electrical  Engineering 
department  

BBB. Drawing Engineer in Mechanical, Electrical 
Engineering department. 

CCC. Fluid Mechanics in Civil Engineering department. 
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DDD. Building Service in Civil Engineering department.  
EEE. Environmental Engineer in Civil Engineering 

department. 
 

Computer 
Experience  

 MS Office (Word , Excel ,PowerPoint) 
 AutoCAD  
 Water Supply system design and analysis Software         

( Pipes ++) 
 Water CAD Software 

Memberships   Iraqi Engineers Union /1999 
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Curriculum vitae  

Z e n a  R .  A l j a z a e r i  
Email:Zenaaljazaeri@gmail.com                                   

Zena.r.s.aljazaeri@nahrainuniv.edu.iq 

 

Contact Number: ++964-780 823 2876 

 

P E R S O N A L  I N F O R M A T I O N  

 Date of Birth:           Dec-21-1980           Marital Status:          Married               Nationality:              Iraqi 

E D U C A T I O N  

 2013-2016 Ph. D.  in Civil Engineering  
                             Missouri University of Science and Technology (MST), MO, US, GPA: 4.0 

Dissertation titled: Rehabilitation and Strengthening of Reinforced Concrete Members Using a 
Fiber Reinforced Cementitious Matrix Composite 

 2012-2013            Intensive English Program 
                             Missouri University of Science and Technology), MO, US 

 2001-2004 MSc. in Civil Engineering/ Structural Engineering 
  Nahrain University/ Baghdad/Iraq, Grade: 84.7% 

                                           Thesis titled: Bending Moment Influence Surfaces for Rectangular Concrete Plates  

                                                                  Simply Supported at Three Edges and Built-in at the Fourth Edge. 

 1998-2001  BSc. in Civil Engineering 

  Nahrain University/ Baghdad/Iraq, Grade: 77%, 2nd out of 14 graduate.   

W O R K  E X P E R I E N C E   

 2017- Continue   Lecturer, Civil Engineering Department, Full time paid 

                    College of Engineering /Nahrain University/Baghdad/Iraq     

 2006 -2012         Assistant lecturer, Civil Engineering Department, Full time paid 

                    College of Engineering /Nahrain University/Baghdad/Iraq     

 2006 -2012         Structural engineer, Part time paid  

                 Engineering Consultancy Bureau/Nahrain University/ Baghdad/Iraq     

 2005-2006          Structural engineer, Full time paid 

                           Engineering Consultant Group Company/Baghdad/Iraq     

 2004-2005          Structural engineer, Full time paid  

                Engineering Consultancy Bureau/Nahrain University/ Baghdad/Iraq     

P R O F E S S I O N A L  E X P E R I E N C E   

 Analysis and design of multi-story reinforced concrete buildings. 

 A quantity Surveyor Engineer for Hadeetha Diesel Engine Project. 

 Analysis and design of Agricultural Technical Training & Competence Center in Al-Muthana. 

 Checking and endorsement the design of Sharq Dijlah Water Treatment Plants Phase II by Parsons Company. 

 A supervisor member on the construction of Steel Structural Schools. 

 Checking and endorsement the design, and Supervisions on the construction of Al-Rasheed Water  
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       Treatment Plants Phase I designed by Binne & Partners. 

A C A D I M I C  E X P E R I E N C E  

 Teaching undergraduate course/ Engineering Analysis (third level) at Civil Eng. Dept. for four years,  

 Teaching undergraduate courses/ Theory of Structure (fourth level) and Surveying (second level) 

        at Architectural Eng. Dept. for two years, 

  Supervise on projects for undergraduate students,  

 Teaching graduate course/Technical English at different Engineering Dep 

 Member in examination committee and doing administrative works in Civil Eng. Dept.  

     Currently 

 Teaching undergraduate course/RC concrete design /fourth level at Civil Eng. Dept. 

 Teaching undergraduate course/Engineering mathematics /third level at Civil Eng. Dept. 

 

P E R S O N A L  S K I L L S  

 STAAD Pro. 
  ANSYS 
 AutoCad 

 MATLAB 
 SAP  
 Abaqus

H O N O R S  A N D  AWA R D S  

 2010                 Appraising of efforts from President of Nahrain University/Iraq 

 2010                 Thanking for sincerity and devotion performance of works in project of building (130) school  

                                       in Alahwar provinces from Minister of State/Iraq  

 2010                Thanking for hardworking in examination committee from Dean of College of Engineering 

                         Nahrain University/Iraq  

 2015                 Second place in Student Poster Competition, Transportation Infrastructure Conference,   

                                St. Louis University Campus, Missouri, US. 

 2016                 Second place in Graduate Research Showcase, Havener Center, MST University, US. 

 2016                 Second place in Academy of Civil Engineers Poster Competition, MST University, US.  

 2016                 Zena R. Aljazaeri and John J. Myers, ‘’ Strengthening of Reinforced Concrete One-way Slabs 

                                       for Flexure using Composite Materials: Evaluation of Different Composite Materials’’,  

                                       Outstanding paper in the Fourth International Conference on Sustainable Construction Materials  

                                       and Technologies (SCMT4), Las Vegas, USA. 

P U B L I C A T I O N S  

 Zena Aljazaeri and Sabah Rezouki (2004),” Bending Moment Influence Surfaces for Rectangular Concrete 
PlateSimply Supported at Three Edges and Built-in at the Fourth Edge.” Journal of Engineering, Baghdad 
University Vol.16, No.2, PP.4795-4820. 

 Zena Aljazaeri and Sabah Rezouki,”Effect of Poisson’s ratio on bending moment influence surfaces for 
rectangular plates simply supported at three edges and built-in at the fourth edge.” First Middle East 
International Conference on Advances in Civil, Mechanical and Material Engineering/Amman-Jordon/10-13 May-
2005. 
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 Zena R. Aljazaeri and John J. Myers, ”Fatigue and Flexural Behavior of Reinforced Concrete Beams 
Strengthened with a Fiber Reinforced Cementitious Matrix.’’ Advanced Composites in Construction (ACIC) 
Conference, Chesterfield, UK, 2015. 

 

P U B L I C A T I O N S  

 Zena R. Aljazaeri and John J. Myers, “Strengthening of Reinforced Concrete Beams in Shear with Fiber 
Reinforced Cementitious Matrix.’’Second International conference on Performance-based and Life-cycle 
structural Engineering (PLSE), AU, Dec 9-11, 2015. 

 Zena R. Aljazaeri and John J. Myers, (2016) ”Fatigue and Flexural Behavior of Reinforced Concrete Beams 
Strengthened with a Fiber Reinforced Cementitious Matrix.” Journal of Composites/ASCE, 04016075.  

 Zena R. Aljazaeri and John J. Myers, “ Strengthening of Reinforced Concrete One-way Slabs for Flexure using      
Composite Materials: Evaluation of Different Composite Materials”, The Fourth International Conference on 
Sustainable Construction Materials and Technologies (SCMT4), Las Vegas, USA, August 7 to 11, 2016. 

 Zena R. Aljazaeri and John J. Myers, “ Environmental Effects on the Durability Performance of FRCM 
Composite Bonded to Concrete “, 5th International Conference on Durability of Fibre Reinforced Polymer (FRP) 
Composites for Construction & Rehabilitation of Structures (CDCC), Sherbrooke, QC, CANADA, July 19-21, 
2017.  

 Zena R. Aljazaeri and John J. Myers, “ Strengthening of Reinforced-Concrete Beams in Shear with a Fabric-
Reinforced Cementitious Matrix ”, Journal of Composites/ASCE, 04017041. 

 Zena R. Aljazaeri , Micheal Janke and John J. Myers, “ Experimental Investigation on Anchorage Systems for 
Enhancing the Mechanical Performance of FRCM Composites in Retrofitting RC Structural Beams ”, 
Advanced Composites in Construction (ACIC) Conference, 5th - 7th Sep 2017, University of Sheffield, UK. 

 Zena R. Aljazaeri and John J. Myers ,” Flexure Performance of RC One-Way Slabs Strengthened with 
Composite Materials ”, Journal of materials in civil engineering, 2018, 30(7): 04018120. 

 Hayder H. Alghazali, Zuhair K. Al-Jaberi, Zena R. Aljazaeri, John J. Myers, ” Structural Performance of Severely 
Damaged Reinforced Concrete Beams after SRP Repair ”, Advanced materials letters, Vol. 9, Nov 2018,789-
795.  

 Zena R. Aljazaeri, Micheal A. Janke, and John J. Myers, (2019) “A novel and effective anchorage system for 
enhancing the flexural capacity of RC beams strengthened with FRCM composites.” Composite structures, Vol. 
210, P20-28.  

 
 Alghazali, H.H., Aljaberi, Z.K., Aljazaeri, Z.R., Myers, J.J. “Behavior of Full-Scale Damaged Beams Repaired 

using a Steel Reinforced Polymer (SRP) Technique,” American Concrete Institute (ACI) Special Publication 331, 
Symposium Volume-Durability of Concrete Structures Incorporating Conventional and Advanced Materials, 
Farmington Hills, MI, SP-331-8, March 2019, pp. 122-135. 

 Hayder H.Alghazali, Zena R.Aljazaeri, John J.Myers, (2020). “Effect of accelerated curing regimes on high 
volume Fly ash mixtures in precast manufacturing plants.” Cement and Concrete Research, Volume 131, May 
2020, 105913. 

 Zena Aljazaeri, Hayder H. Alghazali, and John J. Myers. (2020). “Effectiveness of Using Carbon Fiber Grid 
Systems in Reinforced Two-Way Concrete Slab System,” ACI/Structural Journal, Vol. 117, No. 2,  March 2020: 
81-89. 

 Hussein K Al-Qabbani1, Zena R Aljazaeri and Laith K Al-Hadithy. (2021) “A state of the art review of fiberless 
and steel fiber reinforced high strength concrete columns behavior under various loadings,’’ 2nd International 
Conference for Civil Engineering Science, Journal of Physics: Conference Series ,1895,  012050, IOP Publishing 
doi:10.1088/1742-6596/1895/1/012050. 
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  Zena R. Aljazaeri, Hussein K Al-Qabbani and Laith Khalid Al-Hadithy. (2021) “Efficient use of steel fiber in high-
strength reinforced concrete columns,” International Journal of Advanced Technology and Engineering 
Exploration, Vol 9(88): 2394-5443 ISSN (Online): 2394-7454 http://dx.doi.org/10.19101/IJATEE.2021.875201. 

 
 

  Z. R. Aljazaeri and Z. Al-Jaberi, (2021) “Numerical	 Study	 on	 Flexural	 Behavior	 of	 Concrete	 Beams	
Strengthened	with	Fiber	Reinforced	Cementitious	Matrix	Considering	Different	Concrete	Compressive	
Strength	and	Steel	Reinforcement	Ratio,	“international Journal of Engineering, Vol.34, No.4, 793-802. 

 Zuhair Al-Jaberi, Zena Al-Jazaeri and Rana Mahdi. (2022) “Utilizing	Underwater	FRP	System	for	Hydraulic	
Structures	 Application,	 “	 IOP Conference Series: Earth and Environmental Science,  Volume 1120, Water 
Resources in Iraq: Perspectives and Prognosis (ICWRPP 2022) 01/10/2022 - 04/10/2022 Sulaimani, Iraq, 
DOI 10.1088/1755-1315/1120/1/012046 . 

 Noor AL MustafaA. Rahima and Z. R. Aljazaeri, (2022) “Structural	Modeling	of	High	strength	Reinforced	
Concrete	Columns	with	Steel	Fiber	under	Different	Loading	Conditions,”	NeuroQuantology, Volume 20 
Page 2145-2169, doi: 10.14704/nq.2022.20.10.NQ55186. 

 

 

R E F R E N C E S  

 Dr. Riyadh Jawad Aziz                                                                                          Email: Riyadh48@yahoo.com 

              Professor in Civil Dep./Nahrain University                                                         Contact Number: +964 7901405192  

 Dr. Ihsan Ali Al-Shaarbaf                                                                                      Email: ishaarbaf@yahoo.com 

              Professor in Civil Dep./Nahrain University                                                         Contact Number: +964 7702411088 

 John J. Myers, Advisor for Ph.D                                                                            Email:JMyers@mst.edu 

              Professor, Missouri University of Science and Technology                                   Contact Number: (573) 578-5821 

              Associate Dean for Academic Affairs, College of Engr. & Computing  

              Director, Structural Engineering Research Laboratory  
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 Education:  
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2015  
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Mechanical, Aerospace and Civil 
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 Professional Career / Professional Experience:  
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department of Al-Nahrain 

university  
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03-2016-Till now   

Quality Assurance Engineer and 

supervisor in the Consulting 
Bureau of Al-Nahrain University 

(part time)  
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department of Al-Nahrain 
university  
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English  Very Good 'Read, Write and 
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Programs:  

Microsoft Office 

Simulation Software-ABAQUS  
Simulation Software - ANSYS  

Mathematica  
AutoCAD 

 

Skills  

Finite Element Analysis and modelling  

Research 
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Statistics 

University Teaching 
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Applied Mechanics   

Nonlinear analysis 

 

Publications: 

1) Daud, R. A. 2005. Nonlinear Finite Element Analysis of Steel Fibre 

Reinforced Concrete Beams subjected to cyclic loads, M.SC 

dissertation- Al-Nahrain university, Baghdad/Iraq. 

2) Daud, R. A., Cunningham, L. S. & Wang, Y. C. 2015. Static and 

fatigue behaviour of the bond interface between concrete and 

externally bonded CFRP in single shear. Engineering Structures, 97, 

54-67. 

3) Daud, R. A., Cunningham, L. S. & Wang, Y. C. 2015. Non-linear FE 

Modelling of CFRP Strengthened RC Slabs under Cyclic Loading. 

Athens Journal of Technology & Engineering. Volume 2, Issue 3. 

4) Daud, R. A., Cunningham, L. S. & Wang, Y. C. 2015.Numerical 

Study of Effective Bond Length for Externally Bonded CFRP Plate 

under Cyclic Loading. Proceedince of the 23rd UK Conference of the 
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University of Swansea: 359-362. 

5)  Daud, R. A. 2015. Behaviour of Reinforced concrete Slabs 

Strengthened Externally with Two-Way FRP Sheets Subjected to 

Cyclic loads. Ph d Thesis – The University of Manchester, United 

Kingdom. Examiners:  Dr Antony Darby & Dr Adrian Bell. 

6) Daud, R. A., Cunningham, L. S. & Wang, Y. C. 2016. New model for 

post-fatigue behaviour of CFRP to concrete bond interface in single 

shear. Composite structures, 163, 63-76. 

http://www.bath.ac.uk/ace/people/darby/
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Name:  Sultan Ahmed Daud  
Date & Place of Birth:  9-6-1981 Baghdad  
Address:  Iraq-Baghdad 
Mobil No:  009647736604828 
Nationality:  Iraqi  
Sex / Gender:  Male 
E-Mail:  sultan.daud@eng.nahrainuniv.e

du.iq
 

 

EDUCATION 

  

 BSC IN CIVIL ENGINEERING, AL-NAHRAIN UNIVERSITY  

                                                                                     Baghdad, Iraq | 2002 

  

 MSC IN STRUCTURAL ENGINEERING, AL-NAHRAIN 
UNIVERSITY      

                                                                           Baghdad, Iraq | 2005  

 

 PHD IN STRUCTURAL ENGINEERING, UNIVERSITY OF LEEDS  

                                                                   Leeds, United Kingdom | 2017  

WORK EXPERIENCE  

 
LECTURER IN CIVIL ENGINEERING & HEAD OF ALUMNI UNIT, AL-
NAHRAIN UNIVERSITY  

2017-Present & 2006-2012  
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Arabic  Mother Tongue  
English  Very Good 'Read, Write and 
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PROGRAMS  

 Microsoft Office  
 Simulation Software: Midas FEA & Diana FEA 
 MATLAB/AutoCAD 
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 Safe  
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 Proficient in interpreting architectural & civil drawings  
 Foreign Languages 
 Highly adaptable to harsh conditions & long hours  
 Survival skill trained - including compass & GPS  

 

 

Publications: 
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Engineering Vol:9, No:10, 2015. Chicago, United States of America  

2. S. A. Daud., JP. Forth , N. Nikitas. Time Dependent Behaviour of 
Reinforced Concrete Beams under Sustained loading. Proceedince of 
the 9th International conference, 2016. Dundee, United Kingdom. 

3. S. A. Daud., JP. Forth, N. Nikitas.2018. Time-dependent behaviour of 
cracked, partially bonded reinforced concrete beams under repeated 
and sustained loads. Engineering Structures, Vol 163, pp, 267-280. 
2018. 

4. A. A. Al-Azzawi, R. A. Daud, S. A. Daud. 2020. Behaviour of tension 
lap spliced sustainable concrete flexural members. Advances in 
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5. R. A. Daud, S. A. Daud and A. A. Al-Azzawi. 2020. Tension stiffening 
evaluation of steel fibre concrete beams with smooth and deformed 
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Sciences., doi.org/10.1016/j.jksues.2020.03.002 
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PP, 273-282. 

7. S. A. Daud, M. H. Al-Allaf, O. K, Fayadh, R. A. Daud and A. A. Al-
Azzawi. 2020. Bonds Stress Assessment of Corroded and Un-
Corroded Reinforcement Inside the Concrete. Solid State Technology. 
Vol 36. PP. 912-919. 

8. S. A. Daud, R. A. Daud and A. A. Al-Azzawi. 2020. Behaviour of 
Reinforced Concrete Solid and Hollow Beams having Additional 
Reinforcement in the Constant Moment Zone. Ain Shams Engineering 
Journal https://doi.org/10.1016/j.asej.2020.07.017 

9. NS Hussein and SA Daud., Cracks Performance of Lightweight 
Concrete Beams. Kalahari journals Vol 7 Iss 1, Dec 2020 

10. Daud, Harbi A., Daud, S. A., AL-Azzawi, Adel A., Thermal Behaviour 
of Hollow and Solid Steel Beams with Different Boundary 
Conditions. Computer Assisted Methods in Engineering and Science, 
[S.l.], oct. 2021. 
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Curriculum Vitae 

Hiba Imad Abbas 
Assist lecturer  
Department of civil Engineering 
Al-Nahrain University  
…… post address ……  
E-mail: hiba.i.jalil@nahrainuniv.edu.iq 
Phone: 07708868891 
 
Birth date: 4-4-1984 
Place of birth: Baghdad 
Citizenship: Iraqi 
Gender: female 
Marital Status: Married 
Languages: Arabic - English 
Computer Skills: I have experience in the following software: 

 - MS office 2010 (Word – Excel – Power point) 

- AutoCAD.  

EXPERTISE  
  Work in Al-Nahrain University as a lecturer since 2008.  

 Work in Consulting Engineering Bureau  of Al-Nahrain University.  

EDUCATION  
M.S., Civil Engineering, Al-Nahrain University, Iraq, 2008.  
B.S., Civil Engineering, Al-Nahrain University, Iraq, 2005. 

PROFESSIONAL APPOINTMENTS  
 Assistant Lecturer , 2008 

RESEARCH GRANTS AND CONTRACTS  
Nonlinear Finite Element Analysis of ) "3. (201Shaarbaf and Hiba Abbas-Ihsan Al1.

University College of Engineering   Alnahrain ."Prestressed Concrete Box Section Beams
 167.-No. 2,pp.156, 16, Vol. Journal  

  Shear Behavior of ''  . 2011Hanadi Naji, Shaymaa Abdulrahman and Hiba Abbas2. 
 RC Beams Strengthened with Varying Types of FRP Materials Using Finite Element Analysi

.204-183,pp.1No. , 51, Vol. Journal of Engineering and Development ." 

 Numerical Model Analysis  '' 2016 .Hussam Risan, Omar Farhan and Hiba Abbas. 3
.''of Reinforced Concrete Slab with Operning  

 .زل)المؤتمر العلمي الرابع( مواد البناء ومتطلبات التصميم لمقاومة الزلا

4. Adel A Al-Azzawi and Hiba Emad,  2020 "Numerical analysis of nonhomogeneous and 
nonprismatic members under generalised loadings", Materials Science and Engineering. 

Undergraduate Research Assistants  

 Several researches. 

  
  

Photo  
 اختيارية



CURRICULUM VITAE 

 

PERSONAL INFORMATION 

Name and Surname: Ahmed Abdalhafedh Mustafa AL-SHAAR 

Nationality: IRAQI 

Birth place and date: Baghdad / IRAQ – January 01,1977 

Marital status: Married 

Phone number: 07727707224 

Email: ahmedcst77@gmail.com 

EDUCATION 

Graduate School 

 

Year 

 

2018 

 

2000 

 

1997 

Doctorate 

 

Master 

 

Bachelor 

Civil Engineering Department, College of Engineering, 

Gaziantep University, Gaziantep, TURKEY 

Civil Engineering Department, College of Engineering, 

AL-Nahrain University, Baghdad, IRAQ 

Civil Engineering Department, College of Engineering, 

AL-Nahrain University, Baghdad, IRAQ 

 

 ACADEMIC EXPERIENCE 

Place 

 

Enrollment

 

Lecturer 

 

Assistant 
Lecturer 

2019 - Present 
 
 
 
2007-2019 

Civil Engineering Department, College of Engineering, 
AL-Nahrain University, Baghdad, IRAQ 
 
Civil Engineering Department, College of Engineering, 
AL-Nahrain University, Baghdad, IRAQ 
 



PUBLICATIONS 

AL-Shaar, A. A., & Göğüş, M. T. (2018). Flexural behavior of lightweight concrete and self-

compacting concrete-filled steel tube beams. Journal of Constructional Steel Research. 149, 

153-164. 

AL-Shaar, A. A., & Göğüş, M. T. (2018). Performance of Retrofitted Self-Compacting 

Concrete-Filled Steel Tube Beams Using External Steel Plates. Advances in Materials Science 

and Engineering. 2018. 

AL-Eliwi, B. J. M., Ekmekyapar, T., Faraj, R. H., Göǧüs, M. T., & AL-Shaar, A. A. M. (2017). 

Performance of lightweight aggregate and self-compacted concrete-filled steel tube 

columns. Steel and Composite Structures. 25(3), 299-314. 

 

Practical Experience: 

1. I am a member of the Iraqi engineering union since 1998 till now (record 
no.85210). 

2. In January 2000, I began to work with the consultant engineering bureau 
of Al-Nahrain University as an assistant resident engineer supervising the 
construction of the administration building of the Islamic university in 
Baghdad. 

3. In June 2001, I was assigned as an assistant resident engineer at the new 
doctors resident building constructed at Al-Kadhimia teaching hospital in 
Baghdad until October 2001. 

4. In October 2001, I was assigned as a resident engineer at the soil 
investigation and treatment project in the petrochemical general company 
in Al-Qaim at Al-Anbar governorate until April 2001. 

5. In May 2001, I was a member of a consulting group checking and 
approving the structural designs and then supervising the construction of 
the Isomerization unit in Baji Refineries at Salahuddin governorate until 
March 2003. 

6. In February 2002, I was a member of a consulting group checking the 
structural designs for the North Company for natural gas in Kirkuk 
governorate until March 2003. 



7. In May 2002, I was a member of a consulting group supervising the 
construction of the Hydro-Electrical station of Al-Adaim dam until March 
2003. 

8. In December 2002, I was a member of a consulting group supervising the 
soil investigation and treatment (soil injection) (first stage) of Haditha 
Diesel Engine Electrical Plant Project until March 2003, and also 
supervising the (second stage) of the same project in November 2003. 

9. In May 2004, I was a member of a consulting group supervising the 
construction of the engine foundation blocks of the five electrical 
generators at Haditha Diesel Engine Electrical Plant Project. 

10. In December 2004, I was a member of a consulting group (as a part of 
contract between Consulting Engineering Bureau of Al-Nahrain University 
and the French Company S.M.E.T PIELSTICK) supervising the 
construction of the Haditha Diesel Engine Electrical Plant Project until 
February 2007. 

11. In January 2010, I was a member of a consulting group supervising the 
construction of the Steel Structure Schools in Baghdad city, until April 
2010. 

12. In September 2011, I was a member of a consulting group supervising the 
construction of Al-Qudus Gas Turbines Power Plant in Baghdad city. 

 

FOREIGN LANGUAGE 

English 

HOBBIES 

1. Reading. 

2. Football. 



C.V. Dr. Musab A.Q. Al-Janabi  

Curriculum Vitae (March 2024) 
 
Full Name: Musab Aied Qissab Al-Janabi, Ph.D., C. Eng, A.M. ASCE 
Date of Birth:  12/9/1979 
Nationality: Iraq 
Email: musabaq79@gmail.com 
            musab.a.jindeel@nahrainuniv.edu.iq 
Phone No.: 009647903476127 
Address: Baghdad-Iraq 
Postal Code: (P.O. Box No. 64040) Al-Nahrain University/Baghdad-Iraq 
 
Qualifications 

Ph.D.: Structural Engineering, University of Baghdad-Iraq (2011) (rank No.1) 

        (Ph.D. thesis title: Static and Dynamic Behavior of Spliced Steel Girders) 

M.Sc.: Structural Engineering, University of Babylon-Iraq (2003) (rank No.1) 

        (M.Sc. thesis title: Optimal Design of Reinforced Concrete Space Structures Based on Nonlinear Analysis)  

B.Sc.:   Civil Engineering, University of Babylon-Iraq (2001) (rank No.1) 

Associate Member of the American Society of Civil Engineers (ASCE) (ID No 9136129). (2012-Present) 

Awards cademicA  

1. The president of the republic of Iraq award in (30-09-2001) for achieving the rank No.1 allover top Iraqi 

graduates in Civil Engineering from all Universities. 

2. Awards from several Iraqi ministers including the Minister of Higher Education in Iraq in (2001) for achieving the rank 

No. 1 allover Iraqi graduates in Civil Engineering from all Universities at the B.Sc. level. 

3. More than 30 certificates of appreciation from different sources in the field of higher education.  

Academic Positions 

 Assistant Lecturer, Department of Civil Engineering, University of Babylon (2005-2011) 

 Lecturer, Department of Civil Engineering, University of Babylon (2011-2012) 

 Lecturer, Department of Civil Engineering, AL-Nahrain University (2012-2015) 

 Lecturer, Department of Civil Engineering, AL-Nahrain University (2012-2015) 

 Assistant Professor of Structural Engineering, Al-Nahrain University (2015-2021) 

 Postdoctoral Research Fellow, Department of Civil Engineering, Middle East Technical University(METU), Turkey, 

(2018-2020) 

 Professor of Structural Engineering, Al-Nahrain University (2021-Present)  

Academic Appointments 

 Registrar of College of Engineering / Al-Nahrain University (2012-2013) 

 Deputy Dean of College of Engineering / Al-Nahrain University (2013- 2016). 

 Director of Engineering Affairs Department / Al-Nahrain University (2016-2017) 

 Head of Civil Engineering Department / Al-Nahrain University (March,2018-September,2018) 

 Head of Civil Engineering Department/ Al-Nahrain University (2022- 

 

Research interests 

 Earthquake Engineering and Structural Dynamics 
 Performance-Based Seismic Design 
 Design of earthquake-resilient structures. 

 



C.V. Dr. Musab A.Q. Al-Janabi  

 Finite Element Analysis of Structures 
 Advanced Structural Analysis and Design of Steel Structures 
 Nonlinear Behavior of Reinforced Concrete Structures 
 Behavior of Concrete Structures Reinforced by Steel Fibers and Carbon Nanocomposites. 

)givenTeaching Experience (Courses  

 Engineering Drawing  

 Engineering Mathematics  

 Design of Concrete Structures  

 Engineering Mechanics (I)  

 Engineering Mechanics (II)  

 Design of Steel Structures  

 Foundations Engineering 

 Advanced Structural Design (M.Sc. Structures) 

 Advanced Prestressed Concrete Design (Ph.D/Structures) 

 Advanced Theory of Plates (Ph.D/Structures) 

ublicationsP 

1- Sajjad E Rasheed, Duaa Al-Jeznawi, Musab Aied Qissab Al-Janabi, Luís Filipe Almeida Bernardo” Data-Driven 

Prediction of Maximum Settlement in Pipe Piles under Seismic Loads” Journal of Marine Science and 

Engineering, 12(2), 2024.pp.274. https://doi.org/10.3390/jmse12020274 

2- Duaa Al-Jeznawi, IB Mohamed Jais, Musab Aied Qissab Al-Janabi, Saif Alzabeebee, Bushra S Albusoda, 

Suraparb Keawsawasvong” Scaling effects on the seismic response of a closed-end pipe pile embedded in dry and 

saturated coarse grain soils” International Journal of Computational Materials Science and Engineering, 13(2), 

2024.pp. 2350023. https://doi.org/10.1142/S2047684123500239 

3- Hasan Ali Abbas, Duaa Al-Jeznawi, Musab Aied Qissab Al-Janabi, Luís Filipe Almeida Bernardo, Manuel 

António Sobral Campos Jacinto” Exploring Shear Wave Velocity—NSPT Correlations for Geotechnical Site 

Characterization: A Review” CivilEng, 5(1), 2024.pp.119-135. https://doi.org/10.3390/civileng5010006 

4- Duaa Al-Jeznawi, Laith Sadik, Musab AQ Al-Janabi, Saif Alzabeebee, Jumanah Hajjat, Suraparb 

Keawsawasvong” Developing Vs-NSPT Prediction Models Using Bayesian Framework” Transportation 

Infrastructure Geotechnology, 2023.pp.1-22. https://doi.org/10.1007/s40515-023-00353-8 

5- Duaa Al-Jeznawi, IB Mohamed Jais, Bushra S Albusoda, Saif Alzabeebee, Musab Aied Qissab Al-Janabi, 

Suraparb Keawsawasvong” Investigation of the Scale Effect on the Static and Seismic Response of an Opened 

Ended Pipe Pile” Transportation Infrastructure Geotechnology, 2023.pp.1-30. https://doi.org/10.1007/s40515-

023-00330-1 

6- Hamza Imran, Duaa Al-Jeznawi, Musab Aied Qissab Al-Janabi, Luís Filipe Almeida Bernardo “Assessment of 

Soil–Structure Interaction Approaches in Mechanically Stabilized Earth Retaining Walls: A Review” CivilEng, 

4(3), 2023.pp.982-999. https://doi.org/10.3390/civileng4030053 

7- Duaa Al-Jeznawi, IB Mohamed Jais, Bushra S Albusoda, Saif Alzabeebee, Musab Aied Qissab Al-Janabi, 

Suraparb Keawsawasvong “Response of pipe piles embedded in sandy soils under seismic loads” Transportation 

Infrastructure Geotechnology, 2023, pp.1-27. https://doi.org/10.1007/s40515-023-00318-x 

8- Maher M. Hassoon, Musab Aied Qissab” Performance of Zero Cement Concrete Synthesized from Fly Ash: A 

Critical Review” E3S Web of Conferences 437, 04002 (2023) IConGEET2023. 

https://doi.org/10.1051/e3sconf/202343704002 

9- Duaa Al-Jeznawi, Jitendra Khatti, Musab Aied Qissab Al-Janabi, Kamaldeep Singh Grover, Ismacahyadi Bagus 

Mohamed Jais, Bushra S Albusoda, Norazlan Khalid “Seismic performance assessment of single pipe piles using 



C.V. Dr. Musab A.Q. Al-Janabi  

three-dimensional finite element modeling considering different parameters” Earthquakes and Structures, 24 (6), 

2023, pp.455-475. https://doi.org/10.12989/eas.2023.24.6.455 

10- Musab Aied Qissab Al-Janabi, Elif Müge Ün, Cem Topkaya” Development of a loading protocol for long links in 

eccentrically braced frames” Journal of Constructional Steel Research, Vol.193, 2022.pp.107278. 

https://doi.org/10.1016/j.jcsr.2022.107278. 

11- Elif Müge Ün, Musab Aied Qissab Al-Janabi, Cem Topkaya” Seismic performance evaluation of eccentrically 

braced frames with long links using FEMA P695 methodology” Engineering Structures, Vol.258, 2022.pp. 

114104. https://doi.org/10.1016/j.engstruct.2022.114104 

12- TY Yang, Muhib Muazzam, Musab Aied Qissab Al-Janabi, Svetlana Brzev” Quantification of energy dissipation 

demand for buckling-restrained braces” Soil Dynamics and Earthquake Engineering, Vol.155, 2022.pp. 107190. 

https://doi.org/10.1016/j.soildyn.2022.107190 

13- TY Yang, S Lepine-Lacroix, JA Ramos Guerrero, JBW McFadden, MAQ Al-Janabi” Seismic performance 

evaluation of innovative balloon type CLT rocking shear walls” Resilient Cities and Structures, Vol 1(1), 

2022.pp.44-52. https://doi.org/10.1016/j.rcns.2022.03.004 

14- Musab Aied Qissab Al-Janabi, T.Y. Yang” Seismic Performance Assessment of Novel Self-Centering Friction-

Based Eccentrically Braced Frames”. Engineering Structures, Vol.241,2021. pp. 112456. 

https://doi.org/10.1016/j.engstruct.2021.112456 

15- T.Y. Yang, V.K. Boddapati, Musab Aied Qissab Al-Janabi , D.P. Tung.” Seismic performance of controlled-

rocking concentrically braced frames designed by the equivalent energy procedure”. Engineering Structures, 

Vol.237,2021, pp.112209. https://doi.org/10.1016/j.engstruct.2021.112209 

16- Musab Aied Qissab Al-Janabi, Cem Topkaya.” Seismic performance of eccentrically braced frames designed to 

AISC341 and EC8 specifications”. Structures, Vol.29,2021, pp.339-359. 

https://doi.org/10.1016/j.istruc.2020.11.031 

17- T.Y. Yang, J. Neitsch, Musab Aied Qissab Al-Janabi, D.P. Tung, “Seismic performance of eccentrically braced 

frames designed by the conventional and equivalent energy procedures”, Soil Dynamics and Earthquake 

Engineering, Vol 139, 2020,106322. https://doi.org/10.1016/j.soildyn.2020.106322 

18- Musab Aied Qissab Al-Janabi, Cem Topkaya.” Nonsymmetrical Loading Protocols for Shear Links in 

Eccentrically Braced Frames”. Earthquake Engineering and Structural Dynamics, Vol.49, No.1(2020), pp.74-94. 
https://doi.org/10.1002/eqe.3230 

19- Noor A. Khalaf, Musab Aied Qissab, “Behavior of SFRC interior beam-column joints under cyclic loading”, 

Structural Monitoring and Maintenance, Vol. 7, No. 3 (2020),pp.167-193. 

https://doi.org/10.12989/smm.2020.7.3.167 

20- Saja Waleed Fathuldeen, Musab Aied Qissab. "Flexural Behavior of RC Beams Strengthened with NSM CFRP 

Strips under Repeated Loading". Structural Engineering and Mechanics, Vol 70, No.1 (2019), pp.67-80. 

https://doi.org/10.12989/sem.2019.70.1.067 

21- Musab Aied Qissab, Mohammed Munqith Salman. "Shear Strength of Non-Prismatic Steel Fiber -Reinforced 

Concrete Beams without Stirrups". Structural Engineering and Mechanics, Vol. 67, No. 4 (2018),pp.347-358., 

https://doi.org/10.12989/sem.2018.67.4.347 

22- Musab Aied Qissab, Shaymaa Tareq Abbas." Behaviour of Reinforced Concrete Beams with Multiwall Carbon 

Nanotubes under Monotonic loading" European Journal of Environmental and Civil Engineering. Vol.22, 

No.9(2018), pp.1111-1130. http://dx.doi.org/10.1080/19648189.2016.1232661   



C.V. Dr. Musab A.Q. Al-Janabi  

23- Musab Aied Qissab. "Flexural Behavior of Laterally Loaded Tapered Piles in Cohesive Soils." Open Journal of 

Civil Engineering 5, no. 01 (2015), pp. 29-38. http://dx.doi.org/10.4236/ojce.2015.51004 

24- Musab Aied Qissab. "A New Stiffness Matrix for a 2D-Beam Element with a Transverse Opening." Open Journal 

of Civil Engineering 5, no. 01 (2015), pp.17-28. http://dx.doi.org/10.4236/ojce.2015.51003 

25- Musab Aied Qissab Al-Janabi, Thamir K. Mahmoud. "Behavior of Spliced Steel Girders under Static Loading" 

Journal of Engineering 20, No. 10 (2014), pp.93-109. www.iasj.net/iasj?func=fulltext&aId=93554 

26- Musab Aied Qissab Al-Janabi,  Thamir K. Mahmoud. "Behavior of Spliced Steel Girders under 

Impact." Structures Congress 2013: Bridging Your Passion with Your Profession, pp. 148-160. ASCE. USA. 

http://dx.doi.org/10.1061/9780784412848.014 

27- Musab Aied Qissab. "Exact Stiffness Matrix for Nonprismatic Beams with Parabolic Varying Depth." Journal of 

Engineering, Vol.19, No. 10 (2013), pp.1212-1225. http://www.iasj.net/iasj?func=fulltext&aId=78274 

28- Musab Aied Qissab, Balqees Abdul Wahid Ahmed. "Derivation of Stiffness Matrix for a General Two 

Dimensional Curved Beam Element in General Global Coordinates System" Journal of Engineering Vol.14, No. 4 

(2008), pp.3165-3178. http://iasj.net/iasj?func=fulltext&aId=24146 

Completed M.Sc. Research Projects under My Supervision  

1- Shear Resistance of Non-Prismatic High Strength Reinforced Concrete Beams. 

2-Fatigue Behavior of Self-Compacting Concrete Beams Strengthened with Carbon Fiber Sheet. 

3-Behavior of Reinforced Concrete Beams with Carbon Nanotubes under Monotonic Loading. 

4-Shear Strength of Non-Prismatic Steel Fiber Reinforced Concrete Beams without Shear Reinforcement. 

5-Behavior of Steel Fiber Reinforced Concrete Beam-Column Joints under Column Removal Scenario Subjected to Cyclic 

Loading. 

6-Behavior of Reinforced Concrete Beams Strengthened with Near-Surface Mounted Carbon Fiber Polymers Under Repeated 

Loading.  

oftware SkillsS  

 OpenSees 
 ABAQUS, ANSYS, STAAD PRO.  
 Programming Language: FORTRAN Power Station, FORTRAN 90 

 Speaking Language  

 Arabic 
 English 

References 

1-Prof.Dr. Cem Topkaya 
Professor of Structural Engineering  
Department of Civil Engineering 
Middle East Technical University 
Ankara-Turkey 
Email: drctopkaya@gmail.com 
 
2-Prof.Dr. Tony Yang 
Professor of Structural and Earthquake Engineering 
Department of Civil Engineering 
The University of British Columbia 
Address: 6250 Applied Science Lane, Vancouver, BC, V6T 1Z4, Canada 
E-mail: yang@civil.ubc.ca 
Tel: 604-822-3864  
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3-Prof .Dr. Thamir K. Al-Azawi 
Professor of Structural Engineering  
College of Engineering 
University of Baghdad -Iraq 
Email: thamir.azawi@gmail.com 
Phone: +9647705319620 
 



CV OF LECT. RUBA H. SAUR 
 

PERSONAL DETAILS 
Name        :  Ruba Hanna Majeed Saur  

Nationality: Iraqi 

Address: Iraq, Baghdad, Al Nahrain University, College of Engineering, Civil Engineering  

Department. 

E-mail: rubasaur@yahoo.co.uk 
 

ACADEMIC QUALIFICATION 
 July 2016. Master in Civil Engineering, Emphasis in Geotechnical Engineering, Al Nahrain University, Baghdad, Iraq, 

Thesis: "SEISMIC BEHAVIOR OF A SOIL-PILE SYSTEM''.  

  June 1997. BSc. degree in Civil Engineering, Al-Nahrain University, Baghdad, Iraq. 

 

EMPLOYMENT SUMMARY 

  Jun. 2016 to present, Al-Nahrain University, Department of Civil Engineering. Position: Lecturer.   

Teaching of the following courses for undergraduate studies: 

 Soil Mechanics. 

 Soil Mechanics Lab. 

 Surveying Lab. 
 

 Sep. 1999 – Jun. 2016, Al-Nahrain University, Department of Civil Engineering. Position: Civil Engineer.   

Teaching of the following courses for undergraduate studies: 

 Surveying Lab. 

 Soil Mechanics Lab. 

 Concrete & Material Technology Lab. 

 Mechanics of Material Lab. 

 Auto CAD. 
 

PUBLICATIONS 
 

 Duaa Al-Jeznawi, Qassun S. Mohammed Shafiqu, and Ruba H. Sa’ur, 2020, Properties of swelling soil 

improved using mixture of polyethylene with silica fume and cement kiln dust,  AIP Conference Proceedings 

2213, 020170 (2020); https://doi.org/10.1063/5.0000224 Published Online: 25 March 2020 

 Ruba H Sa’ur and Qassun S Mohammed Shafiqu,  2020, Behavior of pile embedded in different soil types under the 

effect of earthquake, IOP Conf. Series: Materials Science and Engineering 737 (2020) 012085, doi:10.1088/1757-
899X/737/1/012085 

 Q. S. MOHAMMED SHAFIQU and R. H. SA'UR , 2018. BEHAVIOR OF PILED-RAFT FOUNDATION UNDER 

EARTHQUAKE LOADING IN VARIOUS TYPES OF SOIL .International Journal of Civil Engineering & Technology 

(IJCIET) - Scopus Indexed.Volume:9,Issue:11,Pages:2770-2781. 

 Qassun S. Mohammed Shafiqu and Ruba H. Majeed Sa'ur,"Numerical Analysis of a Pile-Soil System Under 

Earthquake Loading", Al-Nahrain Journal for Engineering Sciences (NJES) Vol.20 No.2, 2017 pp.446-451 Special 

Issue - Proceedings of the 4th Eng. Conf. (21April 2016, Al-Nahrain Univ., Baghdad, IRAQ). 

 Qassun S. Mohammed Shafiqu and Ruba H. Majeed Sa'ur," Data Base for Dynamic Soil Properties of Seismic 

Active Zones in Iraq", Journal of Engineering, July 2016, Vol. 22, No. 7.  

 Qassun S. Mohammed Shafiqu and Ruba H. Majeed Sa'ur," Behavior of piled-raft foundation under earthquake 

loading in various types of soil", International Journal of Civil Engineering and Technology, November 2018, Vol. 9, 

No. 11, pp. 2770-2781.  
 

AWARDS, PRIZES AND OTHER RECOGNITIONS 

    May 2017. Receiving Al-Nahrain University Prize for Creativity and Excellence 2016 for the best MSc. Thesis 

(engineering field), the annual celebration of Al Nahrain University Day. 
 

TRAINING COURSES 

 4/9/2016-28/9/2016, Training Course: ' Teaching Methods ', Al-Nahrain University, Iraq. 

 10/3/2013-22/3/2013, Training Course: ' Total Station ES-105 Instrument', Al-Masaha Company, Iraq. 

 23/1/2005-5/2/2005, Training Short Course: ‘Water Management, Water Supply, and Planning of Hydraulic Structures’, 
Stuttgart University, Germany. 

 July 2004, Computer Training Course, 'Windows XP and office 2003', The Modern Center of Training and Development, 
Iraq. 

 

PROFESSIONAL ACHIEVEMENTS 

 Member of the Iraqi Teachers Union, since 9/3/2006. 

 Member of Iraqi University Teachers League since 2004. 

 Member of the Iraqi Engineers Union, since 1997. 

https://doi.org/10.1063/5.0000224
https://www.researchgate.net/journal/0976-6308_International_Journal_of_Civil_Engineering_and_Technology
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E-mail: rubasaur@yahoo.co.uk 
 

ACADEMIC QUALIFICATION 
 July 2016. Master in Civil Engineering, Emphasis in Geotechnical Engineering, Al Nahrain University, Baghdad, Iraq, 

Thesis: "SEISMIC BEHAVIOR OF A SOIL-PILE SYSTEM''.  

  June 1997. BSc. degree in Civil Engineering, Al-Nahrain University, Baghdad, Iraq. 

 

EMPLOYMENT SUMMARY 

  Jun. 2016 to present, Al-Nahrain University, Department of Civil Engineering. Position: Lecturer.   

Teaching of the following courses for undergraduate studies: 

 Soil Mechanics. 

 Soil Mechanics Lab. 

 Surveying Lab. 
 

 Sep. 1999 – Jun. 2016, Al-Nahrain University, Department of Civil Engineering. Position: Civil Engineer.   

Teaching of the following courses for undergraduate studies: 

 Surveying Lab. 

 Soil Mechanics Lab. 

 Concrete & Material Technology Lab. 

 Mechanics of Material Lab. 

 Auto CAD. 
 

PUBLICATIONS 
 

 Duaa Al-Jeznawi, Qassun S. Mohammed Shafiqu, and Ruba H. Sa’ur, 2020, Properties of swelling soil 

improved using mixture of polyethylene with silica fume and cement kiln dust,  AIP Conference Proceedings 

2213, 020170 (2020); https://doi.org/10.1063/5.0000224 Published Online: 25 March 2020 

 Ruba H Sa’ur and Qassun S Mohammed Shafiqu,  2020, Behavior of pile embedded in different soil types under the 
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899X/737/1/012085 

 Q. S. MOHAMMED SHAFIQU and R. H. SA'UR , 2018. BEHAVIOR OF PILED-RAFT FOUNDATION UNDER 

EARTHQUAKE LOADING IN VARIOUS TYPES OF SOIL .International Journal of Civil Engineering & Technology 

(IJCIET) - Scopus Indexed.Volume:9,Issue:11,Pages:2770-2781. 

 Qassun S. Mohammed Shafiqu and Ruba H. Majeed Sa'ur,"Numerical Analysis of a Pile-Soil System Under 

Earthquake Loading", Al-Nahrain Journal for Engineering Sciences (NJES) Vol.20 No.2, 2017 pp.446-451 Special 

Issue - Proceedings of the 4th Eng. Conf. (21April 2016, Al-Nahrain Univ., Baghdad, IRAQ). 

 Qassun S. Mohammed Shafiqu and Ruba H. Majeed Sa'ur," Data Base for Dynamic Soil Properties of Seismic 

Active Zones in Iraq", Journal of Engineering, July 2016, Vol. 22, No. 7.  

 Qassun S. Mohammed Shafiqu and Ruba H. Majeed Sa'ur," Behavior of piled-raft foundation under earthquake 

loading in various types of soil", International Journal of Civil Engineering and Technology, November 2018, Vol. 9, 

No. 11, pp. 2770-2781.  
 

AWARDS, PRIZES AND OTHER RECOGNITIONS 

    May 2017. Receiving Al-Nahrain University Prize for Creativity and Excellence 2016 for the best MSc. Thesis 

(engineering field), the annual celebration of Al Nahrain University Day. 
 

TRAINING COURSES 

 4/9/2016-28/9/2016, Training Course: ' Teaching Methods ', Al-Nahrain University, Iraq. 

 10/3/2013-22/3/2013, Training Course: ' Total Station ES-105 Instrument', Al-Masaha Company, Iraq. 

 23/1/2005-5/2/2005, Training Short Course: ‘Water Management, Water Supply, and Planning of Hydraulic Structures’, 
Stuttgart University, Germany. 

 July 2004, Computer Training Course, 'Windows XP and office 2003', The Modern Center of Training and Development, 
Iraq. 

 

PROFESSIONAL ACHIEVEMENTS 

 Member of the Iraqi Teachers Union, since 9/3/2006. 

 Member of Iraqi University Teachers League since 2004. 

 Member of the Iraqi Engineers Union, since 1997. 

https://doi.org/10.1063/5.0000224
https://www.researchgate.net/journal/0976-6308_International_Journal_of_Civil_Engineering_and_Technology
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Curriculum Vitae 
 
 

NAME 
 
First Zahir  Middle      Noori   

Last M. Taki   

 
Gender  Male   Place of Birth   Baghdad- IRAQ 

 
Date of Birth 1974 

 
Nationality    Iraqi 
 
Email: zahir.n.taki@ced.nahrainuniv.edu.iq    
 
Educational Background 
 
Postgraduate Degree 
 

College of Engineering, University of Baghdad. 
M.Sc. in Structural Engineering, Sep., 1999.  

Thesis Title “Elastic Analysis of Large Steel Ribbed Domes by Grillage 
Analogy”. 
 

Graduate Degree 

College of Engineering, University of Baghdad. 
B.Sc. in Civil Engineering, 1996. Ranked 6 out of 185 students 

 

Present Job 
- Faculty member (Lecturer)- Al-Nahrain University - College of 

Engineering - Civil Department, since 2013. 
 
Academic Experience 

Lecturing the following courses at the College of Engineering, Al-Nahrain 
University: 
 
Undergraduate Courses 

 Structural analysis 
 Steel design 
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 Concrete design  
 Engineering Mathematics. 
 Numerical analysis 
 Computer application (STAAD Pro.) 

 
Computer Skills: 

 ETABS 
 SAFE 
 STAAD Pro 
 SAP2000 
 Autodesk Land desktop 
 Robot 
 Prokon 
 NASTRAN 
 AutoCAD 
 3D Studio MAX 
 Microsoft Office Applications in addition to the computer programs 

language VISUAL BASIC. 
 

Professional Organizations 

 Member in Iraqi Engineers Union.  
 
Published Researches:  

 Research on Elastic Analysis of Large Steel Ribbed Domes by the 
Grillage Analogy, 1999 supervised by Prof. Dr. Husain M. Husain. 
 

 Simplified Analysis of Steel Ribbed Domes. 
 

 A comparative study on the design spectra defined by several 
codes of practice on rc building located in Baghdad city. 
 

 Compression index and compression ratio prediction by artificial 
neural networks. 

 
 Numerical analysis of reinforced concrete beam strengthened by 

CFRP subjected to monotonic loading, 
 

 Numerical analysis of reinforced concrete corbel strengthening by 
CFRP under monotonic loading 

 
 Evaluating Iraqi Modified Asphalt Concrete Moisture Resistance 

Based on Strength Ratio and Fracture Energy Parameters. 
 

Field Experience 
 

2003 to present  

https://www.hindawi.com/journals/ace/2019/8521682/abs/
https://www.hindawi.com/journals/ace/2019/8521682/abs/
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 Consultant engineer in Engineering Consultant 
Bureau of Al-Nahrain University. 

 Consultant engineer in Iraqi Drilling Company (IDC). 
 Consultant engineer in Sabaa Bureau for Engineering 

Consultant. 
 Consultant engineer in Dar-Al-KHebra Bureau for 

Engineering Consultant. 
 Designer and an executive engineer in DAAM Co. for 

Construction & Real estate Investment. 
 

2001 to 2003     

 Bridges Designer in the State Corporation of Roads 
and Bridges, participated in Design of many bridges    
( Al-Atshan Bridge, Al-Matat Bridge, Al-Beage Bridge, 
Thowa Bridge, Al-Faihaa Bridge) 

 Design and Implementation of different constructional 
works. 
 

 Lecturer in Architectural Engineering Department/ 
College of Engineering/Baghdad University, 2000 till 
2002 for the following subjects: 

Computers (Programs and Languages), Engineering Mathematics, 
Structural Design and Concrete Design. 

 
 
Languages: 

English – Speaking – Excellent 
                Reading   – Excellent 
                Writing     – Excellent 
Arabic – Native language 
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Curriculum Vitae 
 

 

 

 

NAME 

 

First Zahir  Middle      Noori   

Last M. Taki   

 

 

Gender  Male   Place of Birth   Baghdad- IRAQ 

 

Date of Birth 1974 

 

Nationality    Iraqi 

 

Email: zahir.n.taki@nahrainuniv.edu.iq 

    

Educational Background 

 

Postgraduate Degree 

 

College of Engineering, University of Baghdad. 

M.Sc. in Structural Engineering, Sep., 1999. 

Thesis Title “Elastic Analysis of Large Steel Ribbed Domes by Grillage 
Analogy”. 
 

Graduate Degree 

College of Engineering, University of Baghdad. 

B.Sc. in Civil Engineering, 1996. Ranked 6 out of 185 students 
 

 

Present Job 

- Consultant engineer in Engineering Consultancy Bureau (ECB), Al-

Nahrain University. 

- Faculty member- Al-Nahrain University - College of Engineering - 

Civil Department, since 2013. 

 

 

Field Experience 

. 
More than twenty years of experience in analysis, design and 

supervision of building and structures such as high rise buildings, water 
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storage tanks, towers, bridges, hydro power stations, water treatment and 
sewage projects, diesel power stations, hospitals, factories and mosques. 
 

2003 to present  
 Consultant engineer in Engineering Consultant 

Bureau of Al-Nahrain University. 
 Consultant engineer in Iraqi Drilling Company (IDC). 
 Consultant engineer in Sabaa Bureau for Engineering 

Consultant. 
 Consultant engineer in Dar-Al-KHebra Bureau for 

Engineering Consultant. 
 Designer and an executive engineer in DAAM Co. for 

Construction & Real estate Investment. 
 

2001 to 2003     
 Bridges Designer in the State Corporation of Roads 

and Bridges, participated in Design of many bridges    
( Al-Atshan Bridge, Al-Matat Bridge, Al-Beage Bridge, 
Thowa Bridge, Al-Faihaa Bridge) 

 Design and Implementation of different constructional 
works. 
 

 Lecturer in Architectural Engineering Department/ 
College of Engineering/Baghdad University, 2000 till 
2002 for the following subjects: 
Computers (Programs and Languages), Engineering 
Mathematics, Structural Design and Concrete Design. 

 
Academic Experience 

Lecturing the following courses at the College of Engineering, Al-Nahrain 
University: 
 
Undergraduate Courses 

 Structural analysis 
 Steel design 
 Concrete design  
 Engineering Mathematics. 
 Numerical analysis 
 Computer application (STAAD Pro.) 

 
Computer Skills: 

 ETABS 
 SAFE 
 STAAD Pro 
 SAP2000 
 Autodesk Land desktop 
 Robot 
 Prokon 
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 NASTRAN 
 AutoCAD 
 3D Studio MAX 
 Microsoft Office Applications in addition to the computer programs 

language VISUAL BASIC. 
 
 

Professional Organizations 

 Member in Iraqi Engineers Union.  
 
Published Researches:  

 

 Shear strength prediction of steel fiber reinforced concrete beams  
 without transverse reinforcements 
 

 Punching shear strength of column  Footings 
 

 Artificial neural network modeling of the modified hot mix asphalt 
stiffness  using Bending Beam Rheometer 
 

 Research on Elastic Analysis of Large Steel Ribbed Domes by the 
Grillage Analogy, 1999 supervised by Prof. Dr. Husain M. Husain. 
 

 Simplified Analysis of Steel Ribbed Domes. 
 

 A comparative study on the design spectra defined by several 
codes of practice on rc building located in Baghdad city. 
 

 Compression index and compression ratio prediction by artificial 
neural networks. 

 
 Numerical analysis of reinforced concrete beam strengthened by 

CFRP subjected to monotonic loading, 
 

 Numerical analysis of reinforced concrete corbel strengthening by 
CFRP under monotonic loading 

 
 Evaluating Iraqi Modified Asphalt Concrete Moisture Resistance 

Based on Strength Ratio and Fracture Energy Parameters. 
 

 
Languages: 

English – Speaking – Excellent 
                Reading   – Excellent 
                Writing     – Excellent 
Arabic – Native language 

https://www.hindawi.com/journals/ace/2019/8521682/abs/
https://www.hindawi.com/journals/ace/2019/8521682/abs/
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Dhiaa Al-Tarafany, Ph.D. 
 

Phone:  +964-7738213839 
Email: dhiaa.m.theeban@nahrainuniv.edu.iq 

dhiaa_m@utexas.edu 
 

Area of Expertise: 
Structural Engineering 

 

05/06 to present, Lecturer – Al-Nahrain University, Civil Engineering Department 

 Courses taught: Reinforced Concrete Design, Steel Design, Structural Analysis, and Programming & Engineering Applications. 

Educational and Professional Qualifications: 

 Post-Doctorate Fellow,  The University of Texas at San Antonio, Civil Engineering/Structural Engineering, August 2017 
 Ph.D. The University of Texas at Austin, Civil Engineering/Structural Engineering, August 2016 
 M.S.C.E. Al-Nahrain University, Civil Engineering/ Structural Engineering, Baghdad-Iraq, July 2007 
 B.S.C.E. Al-Nahrain University, Civil Engineering, Baghdad-Iraq, September 2004 
 

Graduate Studies: 

 Ph.D. studies, Prestressed Concrete Girders, Reinforced Concrete Members, Nonlinear Finite Element Analysis, The University 
of Texas at Austin, Austin Texas, 2011-2016 

 M.Sc. studies, Large Deflection of Beams, Al-Nahrain University, Baghdad-Iraq, 2004-2007 

Experience: 

08/11 to 08/16, Graduate Research Assistant - Ferguson Structural Engineering Laboratory FSEL, UT Austin 

 In charge of laboratory and analytical program for: behavior of post-tensioned spliced concrete bridge girders. 
 In charge of laboratory and analytical program for: behavior of post-tensioned concrete bridge girders. 
 In charge of laboratory and analytical program for: behavior of reinforced concrete panels. 
 Use software for complex structural analysis such as ATENA and SAP2000.  
 

07/07 to present, Structural Engineer – Engineering Consultancy Bureau / Al-Nahrain University, Baghdad-Iraq 

 Analysis and design of reinforced concrete, steel, and masonry structures. 
 Analysis, design, and endorsement of water and sewage treatment plants. 
 Construction of reinforced concrete and steel structures. 

08/21 to present, Structural Engineer – Kaso Group, Baghdad-Iraq 

 Design of high-rise reinforced concrete buildings – Baghdad Marina Residential Complex. 
 Consultant for the construction of Baghdad Marina Residential Complex. 

Accomplishments: 

 Awarded, The University of Texas at San Antonio/Post-doctorate Fellow, 2016-2017. 
 Awarded, The Iraqi Prime Minister office/HCED Scholarship for Ph.D. Studies, 2010-2016. 
 First place, Al-Nahrain University, Civil Engineering Department, 2004. 
 Second place, Al-Nahrain University, College of Engineering, 2004. 
 Third Place, Al-Nahrain University, 2004. 
 Awarded several prizes from the Minister of Higher Education & Scientific Research, the President of Al-Nahrain University, 

and the Dean of College of Engineering. 
 

Transferable and Professional Skills: 

 Proficient with linear and nonlinear structural analysis and Finite Element Methods software such as ATENA, SAP2000, STAAD 
Pro., ETABS, SAFE, and Prokon.  

 Proficient with computational drawing software such as AutoCAD.  
 Grouting training certificate from American Segmental Bridge Institute (ASBI), 2013.  
 Fluent in English and Arabic languages. 
 Perseverant, with good teamwork skills, reliable and hardworking engineer, with the willingness to teach and train colleagues 

for the success of the projects. 
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Professional Organizations and Memberships: 

 Member of ACI (American Concrete Institute), 2008 to present. 
 Member of the Iraqi Engineers Union, 2005 to present. 
 

Selected Publications: 

 Al-Tarafany, Dhiaa (2022) “EVALUATING SHORT AND LONG TERM DEFLECTIONS OF BEAMS USING ACI 318 PROCEDURE”, 
International Journal on Technical and Physical Problems of Engineering (IJTPE), Issue 52, Vol. 14, No. 3, pp. 229-233. 

 Al-Tarafany, Dhiaa (2022) “Design Methodology of Diagonally Reinforced Concrete Coupling Beams”,  2022 5th 
International Conference on Engineering Technology and its Applications (IICETA), IEEE, pp. 115-120. 

 Al-Tarafany, Dhiaa (2022) “Simplified Design of Coupled Shear Wall Systems for Typical Building Configuration”, Practice 
Periodical on Structural Design and Construction, ASCE, Vol. 27, Issue 3. 

 Al-Tarafany, and Hassan et al. (2021) “Prestressed bridge deck responses to blast loads”, 4th International Conference on 
Engineering Sciences (ICES 2020), IOP Conf. Series: Materials Science and Engineering, 1067 (2021) 012003.   

 Al-Tarafany, Dhiaa, and Williams et al. (2019) “Evaluation of Cast-in-Place Splice Regions of Spliced I-Girder Bridges”, ACI 
Structural Journal, Vol. 116, Issue 6, pp. 181-193. 

 Al-Tarafany, Dhiaa, and Sokoli et al. (2019) “Acceptable Elongations and Low-Cycle Fatigue Performance for High-Strength 
Reinforcing Bars”, Research Report.  

 Al-Tarafany (Al-Teraffy), Dhiaa, and Sokoli et al. (2018) “CRITICAL STRAIN DEMANDS FOR PERFORMANCE EVALUATION 
OF HIGH-STRENGTH REINFORCING BARS”, 11th National Conference on Earthquake Engineering 2018, NCEE 2018: 
Integrating Science, Engineering, and Policy, 2018, 12, pp. 7394–7400 

 Al-Tarafany, Dhiaa M.T. (2016) “Analysis of Shear Behavior of Spliced Concrete Girders”, Ph.D. dissertation, The University 
of Texas at Austin. 

 Theeban (Al-Tarafany), Dhiaa M., and Al-Azzawi, A. (2010) “Large Deflections of Deep Beams on Elastic Foundations”, 
Journal of the Serbian Society for Computational Mechanics, Vol. 4 / No. 1, 2010 / pp. 88-101. 

 Al-Tarafany, Dhiaa M.T. (2007) “Large Deflections of Thin and Deep Beams on Elastic Foundations”, Master thesis, Al-
Nahrain University. 
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Curriculum Vitae 
 
 

Personal Details 
Name  : Prof. Dr. Adel Abdul-Ameer Al-Azzawi  

Place and Date of 
Birth 

: Baghdad  ; 15-Sep.-1970

Nationality : IRAQI 

Marital Status : Married  

Current position : Academic Staff/Civil Eng. Dept./ College of Eng. 
Nahrain University, Baghdad Iraq 

email : dr_adel_azzawi@yahoo.com

Languages : Arabic, English
 
Education 
Ph.D in Structural Engineering from Baghdad University 2001 
 

 
Experience 
 

April 2018 Up to 
date 
 

Prof. / Civil Eng. Dept./College of Eng./ Nahrain University 

July. 2007-April 
2018 
 

Assistant Prof. / Civil Eng. Dept./College of Eng./ Nahrain 
University 

July 2003-
July.2007 

Lecturer / Civil Eng. Dept./College of Eng./ Nahrain University

 
 
Membership of Professional Institutions 

1. Member of the Iraqi Union Engineering. 
2. Member of the Iraqi Engineering Society. 

 
Academic Experiences: 
 
      I have taught many subjects (2003–2016) such as:  
 
Material Technology, Computer Programming, Engineering Mechanics, English Language, 
Strength of Materials, Engineering Statistics, Reinforced Concrete Design, Engineering 
Management and Economy, Steel Design, Numerical Methods, Engineering Analysis and 
Theory of Structures for undergraduate students.  
 
Theory of Elasticity, Theory of Plates and Shells, Advanced Structural Analysis, Plastic 
Analysis, Numerical Analysis, Advanced Theories of Plates and Computer Applications for 
Structural Analysis for postgraduate students  .  
 
Research Activities: 

- More than 70 published papers. 
- One book in Arabic language 
- Supervision of 28 MSC student and 7 PhD students. 
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Engineering Experiences: 
 

1993-PRESENT: Structural designer and quantity surveyor for different projects 

a. Analysis and design of different projects since 1993,College of Education building at Al-Aadamia, 

Alswaeeb Pumping Station, College of Information building, Student Union building, Scientific 

Research Center building and Student Classrooms building at the site of  Nahrain University-

Baghdad-Iraq. 

b. Supervision and Consulting Committee member for the Medical Research Center building at the 

College of Medicine of Nahrain University, Baghdad, Iraq. 

c. Structural Consultant for Baghdad international Airport highway. 

d. Structural Consultant for Department of Design/ Ministry of Municipal, Water treatment projects 

form Baghdad, Iraq 2013 to 2016. 

e. Structural Consultant for Ministry of Electricity Building Rehabilitation at Baghdad 

f. Structural Consultant for Al-Zawra Stadium Site Laboratory from 2014 to 2015 

 



 

 

Personal Profile 
First name:                 Ahmed Farhan 

Family name:  Al-Tameemi  

 Date of birth:           May, 1980  

 Place of birth: Baghdad-Iraq  

 Nationality:               Iraqi 

Gender:             Male 

Home address: Baghdad-Iraq. 

E-mail: ahmedferhan@yahoo.com 

              ahmed.al-tameemi@eng.nahrainuniv.edu.iq 

            a.f.al-tameemi@edu.salford.ac.uk 

  

Career summary 

and Experience 

Place of work:   Civil Engineering Department, College of 

Engineering, Al-Nahrain University. 

Occupancy:            Lecturer 

Memberships:          Member of the Iraqi Engineers Union. 

 

 

 

  

Education 
2017        Ph.D. in Civil Engineering/Pavement and 

Transportation Engineering at the University   of 

Salford, United Kingdom. 

 2006            M.Sc. in Civil Engineering/Pavement and 

Transportation Engineering at the University of 

Baghdad, Iraq 

2001/2002   B.Sc., degree in Civil Engineering at the University 

of Baghdad. Baghdad-Iraq. 

CURRICULUM   VITAE 

 

 

 

Ahmed Al-Tameemi 
 

 

mailto:ahmedferhan@yahoo.com
mailto:ahmed.al-tameemi@eng.nahrainuniv.edu.iq


 

 

 

 

 

 

 

Publications 
• Abed, M.A., Al‐Tameemi, A.F., Abed, A.H. and Wang, Y., 2022. 

Direct tensile test evaluation and characterization for mechanical 

and rheological properties of polymer modified hot mix asphalt 

concrete. Polymer Composites, 43(9), pp.6381-6388. 

 

• Shakir, H.M., Al-Azzawi, A.A. and Al-Tameemi, A.F., 2022. Nonlinear 

finite element analysis of fiber reinforced concrete pavement 

under dynamic loading. Journal of Engineering, 28(2), pp.81-98. 

 

• Mashallah, A.A., Shafiqu, Q.S.M. and Muwayez, A.F., 2021, 

November. Numerical analysis of a piled embankment under 

earthquake loading. In AIP Conference Proceedings (Vol. 2372, 

No. 1). AIP Publishing. 

 

• Shakir, H.M., Al-Tameemi, A.F. and Al-Azzawi, A.A., 2021, May. A 

review on hybrid fiber reinforced concrete pavements 

technology. In Journal of Physics: Conference Series (Vol. 1895, No. 

1, p. 012053). IOP Publishing. 

 

• Al-Tameemi, A. F., Wang, Y., Albayati, A., & Haynes, J. (2019). 

Moisture Susceptibility and Fatigue Performance of 

Hydrated Lime-Modified Asphalt Concrete: Experiment and 

Design Application Case Study. Journal of Materials in Civil 

Engineering, ASCE, 31(4), p.04019019. 

 

• Al-Tameemi, A.F., Wang, Y. and Albayati, A., (2016). 

Experimental study of the performance related properties of 

asphalt concrete modified with hydrated lime. Journal of 

Materials in Civil Engineering, ASCE, 28(5), p.04015185. 

 

• Al-Tameemi, A.F., Wang, Y. and Albayati, A., (2015). 

Influence of hydrated lime on the properties and permanent 

deformation of the asphalt concrete layers in pavement. 

Romanian Journal of Transport Infrastructure, 4(1), pp.1-19. 

 

• Albayati, A., Wang, Y., & Al-Tameemi, A. (2015). The Use 

of Bonded Asphalt Surfaces for Bridge Decks. 

Proceedings of the LJMU 14th Annual International 

Conference on Asphalt, Pavement Engineering and 

Infrastructure. 11th – 12th February 2015, Liverpool, UK. 

Volume 14, ISBN 978-0-9571804-6-8. 
 



 

 

 

 

 

 

 

 

Experience 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Other Experience 

-Preparation of study for Treatment of Gypseos Soil in Iraq by 

additives. 

-Study of Traffic Flow Element of Al-Sinek bridge and Al-Khillany 

Rotary Signalized Intersection and questionnaire for 

development of this area. 

- Laboratory studies of paving materials and specimens 

regarding the flexible pavement. 

- Assistant consultant at the Consulting Engineering Bureau of 

Al-Nahrain University during the construction of steel structure 

schools in Baghdad / Alkarkh. 

- Worked as a resident/chief resident engineer in construction 

of several major projects at Al-Nahrain University including from 

2007 to 2013: 

• Buildings of College of Information Engineering. 

• Building of Central Library of Al-Nahrain University. 

• Building of laboratories and classrooms of Computer 

Engineering and Electronic and Communication 

Engineering Departments 

• Al-Nahrain Presidency Building 

• The Central Student Union Building,  with inspection visit to the 

factory outside Iraq to check the process of fabricating the 

central electricity generator of the building.  

  

 

 

 

o Have a good Knowledge of using computer and dealing with 

operating systems, use of windows office programs (Word, Excel 

and Power point), and some programmes related to Civil 

Engineering applications as well as good experience in 

Photoshop.                  

o English language: Very Good in speaking, reading and writing. 

a) Course in general and academic English at Celtic school, 

Cardiff, United Kingdom from 1/3/2013 to 13/9/2013. 

b) Passed an IELTS exam at London with a score of (7) 

  

 

http://eng.nahrainuniv.edu.iq/electronics/
http://eng.nahrainuniv.edu.iq/electronics/


 

 

 

 

 



 
 

Personal Profile 
First name:                 Ahmed Farhan 
Family name:  Al-Tameemi  
 Date of birth:           May, 1980  
 Place of birth: Baghdad-Iraq  
 Nationality:               Iraqi 
Gender:             Male 
Home address: Baghdad-Iraq. 
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Career summary 
and Experience 

Place of work:   Civil Engineering Department, College of 
Engineering, Al-Nahrain University. 

Occupancy:            Lecturer 
Memberships:          Member of the Iraqi Engineers Union. 
 
 

 

  

Education 
2017        Ph.D. in Civil Engineering/Pavement and 

Transportation Engineering at the University   of 
Salford, United Kingdom. 

 2006            M.Sc. in Civil Engineering/Pavement and 
Transportation Engineering at the University of 
Baghdad, Iraq 

2001/2002   B.Sc., degree in Civil Engineering at the University 
of Baghdad. Baghdad-Iraq. 

CURRICULUM   VITAE 
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Publications 
• Abed, M.A., Al‐Tameemi, A.F., Abed, A.H. and Wang, Y., 2022. 

Direct tensile test evaluation and characterization for mechanical 
and rheological properties of polymer modified hot mix asphalt 
concrete. Polymer Composites, 43(9), pp.6381-6388. 

 
• Shakir, H.M., Al-Azzawi, A.A. and Al-Tameemi, A.F., 2022. Nonlinear 

finite element analysis of fiber reinforced concrete pavement 
under dynamic loading. Journal of Engineering, 28(2), pp.81-98. 

 
• Mashallah, A.A., Shafiqu, Q.S.M. and Muwayez, A.F., 2021, 

November. Numerical analysis of a piled embankment under 
earthquake loading. In AIP Conference Proceedings (Vol. 2372, 
No. 1). AIP Publishing. 

 
• Shakir, H.M., Al-Tameemi, A.F. and Al-Azzawi, A.A., 2021, May. A 

review on hybrid fiber reinforced concrete pavements 
technology. In Journal of Physics: Conference Series (Vol. 1895, No. 
1, p. 012053). IOP Publishing. 

 
• Al-Tameemi, A. F., Wang, Y., Albayati, A., & Haynes, J. (2019). 

Moisture Susceptibility and Fatigue Performance of 
Hydrated Lime-Modified Asphalt Concrete: Experiment and 
Design Application Case Study. Journal of Materials in Civil 
Engineering, ASCE, 31(4), p.04019019. 

 
• Al-Tameemi, A.F., Wang, Y. and Albayati, A., (2016). 

Experimental study of the performance related properties of 
asphalt concrete modified with hydrated lime. Journal of 
Materials in Civil Engineering, ASCE, 28(5), p.04015185. 

 
• Al-Tameemi, A.F., Wang, Y. and Albayati, A., (2015). 

Influence of hydrated lime on the properties and permanent 
deformation of the asphalt concrete layers in pavement. 
Romanian Journal of Transport Infrastructure, 4(1), pp.1-19. 

 
• Albayati, A., Wang, Y., & Al-Tameemi, A. (2015). The Use 

of Bonded Asphalt Surfaces for Bridge Decks. 
Proceedings of the LJMU 14th Annual International 
Conference on Asphalt, Pavement Engineering and 
Infrastructure. 11th – 12th February 2015, Liverpool, UK. 
Volume 14, ISBN 978-0-9571804-6-8. 
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Other Experience 

-Preparation of study for Treatment of Gypseos Soil in Iraq by 
additives. 
-Study of Traffic Flow Element of Al-Sinek bridge and Al-Khillany 
Rotary Signalized Intersection and questionnaire for 
development of this area. 
- Laboratory studies of paving materials and specimens 
regarding the flexible pavement. 
- Assistant consultant at the Consulting Engineering Bureau of 
Al-Nahrain University during the construction of steel structure 
schools in Baghdad / Alkarkh. 
- Worked as a resident/chief resident engineer in construction 
of several major projects at Al-Nahrain University from 2007 to 
2013, including: 

• Buildings of College of Information Engineering. 
• Building of Central Library of Al-Nahrain University. 
• Building of laboratories and classrooms of Computer 

Engineering and Electronic and Communication 
Engineering Departments 

• Al-Nahrain Presidency Building 
• The Central Student Union Building,  with inspection visit to the 

factory outside Iraq to check the process of fabricating the 
central electricity generator of the building.  

  
 

 
 

o Have a good Knowledge of using computer and dealing with 
operating systems, use of windows office programs (Word, Excel 
and Power point), and some programmes related to Civil 
Engineering applications as well as good experience in 
Photoshop.                  

o English language: Very Good in speaking, reading and writing. 
a) Course in general and academic English at Celtic school, 

Cardiff, United Kingdom from 1/3/2013 to 13/9/2013. 
b) Passed an IELTS exam at London with a score of (7) 

  
 

http://eng.nahrainuniv.edu.iq/electronics/
http://eng.nahrainuniv.edu.iq/electronics/


   

 

                                               
  
DUAA ABDULRAZZAQ FALIH AL-JEZNAWI 
 

 

 

 

PERSONAL DETAILS  

 

• Complete Name: Duaa Abdulrazzaq Falih Al-Jeznawi 

• Nationality: Baghdad/ Iraq 

• Date of Birth: 21-06-1988 

• Address: Al-Nahrain University 

      College of Engineering 

      Civil Engineering Department 

• E-mail: duaa.a.al-jeznawi@nahrainuniv.edu.iq 

• Phone Number: 009647702531448 

 

 

RESEARCH INTERESTS 

• Geotechnical Engineering 
• Earthquake Engineering 
• Finite Element Modeling 
• Model Analysis 
• Soil Curling 
• Soil Mechanics 
• Consolidation 
• Soil Compaction 
• Soil Structure Interaction 
• Soil Stabilization 
• Unsaturated Soils 
• Soil Improvement 
• Statistics 

ACADEMIC QUALIFICATIONS 

 

mailto:duaa.a.al-jeznawi@nahrainuniv.edu.iq


   

 

• 2024. Ph.D in Civil Engineering, Emphasis in Geotechnical Engineering. 

Universiti Teknologi MARA, Shah Alam, Malaysia. Thesis: ''Design 

Formulation for Static and Dynamic Response of Pipe Piles in Sand''. Thesis 

corrections after viva is verified, waiting for format checking.  

Duration: from September 2021 to February 2024. 

 

• 2015. Master in Civil Engineering, Emphasis in Geotechnical 

Engineering. Texas A&M University, College Station, Texas, USA. Thesis: 

''Experimental studies of soil behavior subjected to drying''. Grade: excellent 

(99%). 

Duration: from August 2013 to May 2015. 

 

• 2013. English Language Training. English Language Institute, Texas A&M 

University, College Station, Texas, USA. Two certificates as an outstanding 

student. 

Duration: from January 2013 to August 2013. 

 

• 2011. B.Sc. degree in Civil Engineering. Al-Nahrain University, Baghdad, 

Iraq, Final year project: ''Applying Geographic Information System (GIS) for 

Maintenance Strategy Selection of Al-Nahrain university roadways''. Four 

years overall average: very good (81.483%). 

Duration: from September 2007 to July 2011. 

 

 

EMPLOYMENT SUMMARY  

 

• September 2011 to January 2012. Ministry of Science and Technology in 

Baghdad, Iraq. Quality Control / Quality Assurance, as a Site engineer to build an 

international company.  

 

• Spring 2014. Review the calculation of the settlement of the Washington 

Monument Foundation, at Texas A&M University. Full Report was submitted to 

Prof. Dr. Jean Louis Briaud (Professor and Holder of the Buchanan Chair, Zachry 

Dept. of Civil Engineering, Texas A&M University, College Station). 

 
• October 2015 to June 2016. Al-Esraa University in Baghdad, Iraq.  

Position: lecturer (teaching Soil Mechanics). 

 

• April 2016 to present. Al-Nahrain University. Department of Civil Engineering in 

Baghdad, Iraq. Position: lecturer (teaching Soil Mechanics for 3rd grade students and 

Foundation Engineering for 4th grade students). 

 



   

 

• August 2022 to present. Serving as the Coordinator of the Civil Engineering 

Department at Al-Nahrain University, Baghdad, Iraq. 

 

PUBLICATIONS 
 

No.  Paper Title Journal Name Year of 

Publication 

1 Design charts and equations of the 
frictional resistance of single pipe 
pile under static and seismic loads 

International Journal of 
Computational Materials Science & 
Engineering 

2024 

2 Scaling effects on the seismic 
response of a closed-end pipe pile 
embedded in dry and saturated 
coarse grain soils 

International Journal of 
Computational Materials Science & 
Engineering 

2024 

3 Data-Driven Prediction of 
Maximum Settlement in Pipe Piles 
under Seismic Loads 

Journal of Marine Science and 
Engineering 

2024 

4 Exploring Shear Wave Velocity—
NSPT Correlations for Geotechnical 
Site Characterization: A Review 

CivilEng 2024 

5 Developing Vs-NSPT Prediction 
Models Using Bayesian 
Framework 

Transportation Infrastructure 
Geotechnology 

2023 

6 Numerical assessment of pipe pile 
axial response under seismic 
excitation 

Journal of Engineering 2023 

7 Investigation of the Scale Effect on 
the Static and Seismic Response 
of an Opened Ended Pipe Pile 

Transportation Infrastructure 
Geotechnology 

2023 

8 Assessment of Soil–Structure 
Interaction Approaches in 
Mechanically Stabilized Earth 
Retaining Walls: A Review 

CivilEng 2023 

9 Three-dimensional finite element 
analysis of the effect of soil 
liquefaction on the seismic 
response of a single pile 

International Journal of 
Computational Materials Science & 
Engineering 

2023 

10 Numerical Assessment of Pipe Pile 
Response under Seismic 
Excitation 

Al-Nahrain Journal for Engineering 
Sciences 

2023 

11 Seismic Performance Assessment 
of Single Pipe Piles using Three-
Dimensional Finite Element 
Modeling Considering Different 
Parameters 

Earthquakes and Structures 2023 

12 Response of pipe piles embedded 
in sandy soils under seismic loads 

Transportation Infrastructure 
Geotechnology 

2023 

13 Random Forest Algorithm for the 
Strength Prediction of Geopolymer 
Stabilized Clayey Soil 

Sustainability 2023 

14 Numerical Study of the Seismic 
Response of Closed-Ended Pipe 

Transportation Infrastructure 
Geotechnology 

2023 
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Pile in Cohesionless Soils 

15 Analysis of Slope Stabilized with 
Piles Under Earthquake Excitation 

Transportation Infrastructure 
Geotechnology 

2022 

16 Numerical modeling of single 
closed and open-ended pipe pile 
embedded in dry soil layers under 
coupled static and dynamic 
loadings 

Journal of the Mechanical Behavior 
of Materials 

2022 

17 The effect of model scale, 
acceleration history, and soil 
condition on closed-ended pipe 
pile response under coupled static-
dynamic loads 

International Journal of Applied 
Science and Engineering 

2022 

18 A Soil-Pile Response under 
Coupled Static-Dynamic Loadings 
in Terms of Kinematic Interaction 

Civil and Environmental 
Engineering 

2022 

19 The slenderness ratio effect on the 
response of closed-end pipe piles 
in liquefied and non-liquefied soil 
layers under coupled static-seismic 
loading 

Journal of the Mechanical Behavior 
of Materials 

2022 

20 The Behavior of Strip Footing 
Resting on Soil Strengthened with 
Geogrid 

Civil and Environmental 
Engineering 

2021 

21 Evaluating the Use of 
Polypropylene Polymer in 
Enhancing the Properties of 
Swelling Clayey Soil 

IOP Conference Series: Earth and 
Environmental Science 

2021 

22 Engineering Characterization of 
Quaternary Sandy Soil in the 
Mesopotamia Plain 

International Review of Civil 
Engineering (IRECE) 

2021 

23 Using Image Analysis Technique 
to Study the Effect of Boundary 
and Environment Conditions on 
Soil Cracking Mechanism 

Geotechnical and Geological 
Engineering 

2021 

24 Analysis of soil drying 
incorporating a constitutive model 
for curling 

Acta Geotechnica 2020 

25 Properties of swelling soil 
improved using mixture of 
polyethylene with silica fume and 
cement kiln dust 

AIP Conference Proceedings 2020 

26 Predicting Earned Value Indexes in 
Residential Complexes’ 
Construction Projects Using 
Artificial Neural Network Model 

International Journal of Intelligent 
Engineering and Systems 

2020 

27 Effects of Drying and Soil-Base 
Interface on the Behavior of an 
Expansive Soil Mixture 

Geotechnical and Geological 
Engineering  

2020 

28 Effect of Wetting-Drying Cycles on 
Desiccation Crack Pattern and Soil 
Behavior 

Key Engineering Materials 2020 

29 Experimental studies on curling 
development of artificial soils 

Journal of Rock Mechanics and 
Geotechnical Engineering 

2019 
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MAIN ONGOING PROJECTS 

 

No. Project Title Percentage of 
completion 

Notes 

1 Novel Explicit Models to Predict the 
Frictional Resistance of Pipe Piles under 
Seismic Excitation 

100% Nov. 2023 

2 Seismic Response Assessment of 
Tapered Piles in Sandy Soils: A Numerical 
Investigation 

100% Sep. 2023 

3 Prediction of Seismic-Induced Bending 
Moment and Lateral Displacement in 
Closed and Open-Ended Pipe Piles: A 
Genetic Programming Approach 

100% Oct. 2023 

4 Application of Offspring Selection Genetic 
Algorithm on Sustainable Concrete 
Strength Prediction 

30%  

5 Response of Pile Groups Subjected to 
Coupled Vertical-Eccentric Lateral- 
Seismic Loads 

100%  

6 Seismic Response of Oil Pipeline by Using 
Fiber-Reinforced Polymer Piles 

70%  

7 Seismic Response of Pile Groups: A 
comprehensive review 

100% Dec. 2023 

8 Far-Field and Near-Field Seismic 
Response Analysis of Slope Stability 

5%  

9 Modeling Techniques and Seismic 
Performance Assessment of Rocking 
Shallow Foundations: A Comprehensive 
Review 

90%  

10 An Explicit Model for Soil Resilient 
Modulus Incorporating Freezing-Thawing 
Cycles Through Offspring Selection 
Genetic Algorithm (OSGA). 

100% Feb. 2024 

 

 

INTERNATIONAL CONFERENCES 

 

• International Foundation Congress and Equipment Expo (IFCEE) in San Antonio, 

2015, Texas, USA. As a Guest and Assistant with my Advisor (Professor Marcelo 

Sanchez) who was a Member in the Committee there.  

• Third International Conference on Geotechnical Engineering-Iraq, 29-31 of May 

2022. As a Presenter of TWO papers “The Slenderness Ratio Effect on the 

Response of Closed-End Pipe Piles in Liquefied and Non-liquefied Soil Layers 

Under Coupled Static-Seismic Loading” and “Numerical Modeling of Single Closed 

and Open-Ended Pipe Pile Embedded in Dry Soil Layers Under Coupled Static and 

Dynamic Loadings”. 

 

UNIVERSITY SERVICE 



   

 

 

• A Member of the Examination Committee in Civil Engineering Department- Al-

Nahrain university, since 2016 to present. 

 

• A Coordinator in the Civil Engineering Department- Al-Nahrain university, since 

2022 to present. 

 

 

SEMINARS 

 

•  Duaa Al-Jeznawi, “Assessment the Enhancement of Engineering Properties for 

Soils Using Polymer Materials”. Delivered a lecture at the College of Engineering, 

Al-Nahrain University, in January 2023, with the participation of the Iraqi Scientific 

Geotechnical Society. 

 

• Duaa Al-jeznawi, ‘How to Use Moodle’. Delivered intensive lectures to students in 

the Civil Engineering Department during October and November 2017. 

 

• Duaa Al-jeznawi, ‘Studying Abroad: A Life-Changing Experience (My M.Sc. 

Program in the USA’. Delivered a lecture at the Civil Engineering Department in 

April 2017.  

 

AWARDS, PRIZES AND OTHER RECOGNITIONS 

 

• May 2015. Received an award as an outstanding student with a GPA of 3.88 from 

Texas A&M University in the USA. 

 

• May 2012. Received an award for the final year project titled 'Applying Geographic 

Information System (GIS) for Maintenance Strategy Selection of Al-Nahrain 

University Roadways' at the 6th Al-Seiada Carnival, organized by the Ministry of 

Youth and Sport (Directorate General of Scientific Welfare) in Baghdad, Iraq. 

 

• July 2011. Ranked 2nd on undergraduate students of Civil Engineering Department, 

Al-Nahrain University, Baghdad, Iraq. 

 

 

TEACHING EXPERIENCE 

 

• Under-Graduate Teaching at Al-Esraa Univeristy (October 2015 to June 2016): 

Soil Mechanics and Irrigation and Drainage Engineering. 

 

• Under-Graduate Teaching at Al-Nahrain University (April 2016 to Present): 

Foundation Engineering, Soil Mechanics, and Information Technology (IT). 
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collaboration has included various research projects and administrative affairs within the 

civil engineering department. 
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Date of Birth/ Birth Place  06.10.1988  

Nationality                Iraqi 

Marital Status                Single 

 
 
Education 
 

2010 – 2012    MASTER DEGREE | UNIVERSITY OF TECHNOLOGY 

 Major: Electrical and Electronic Engineering. 

 Thesis title: “Performance Evaluation and Enhancement of 
an Adaptive IIR Filter”. 

 Related coursework: Digital communications, wireless 
communications, Antenna, FIR filters, Adaptive Algorithms, 
System Identification, Noise Cancellation, Echo 
Cancellation.  

2007 – 2010    BACHELOR DEGREE | UNIVERSITY OF TECHNOLOGY 

 Major: Electrical and Electronic Engineering. 

 Rank: the (2nd) out of (30) students in the electronics 
engineering department and the (8th) out of (120) students 
of the all departments.  

 Project research in stage 4 in title: "Implementation of 
Reconfigurable Stochastic Artificial Neural Network Using 
FPGA (= Field Programmable Gate Array)" 

 Related coursework: Analog and digital communications, 
Artificial Neural Network, Field Programmable Logic Array, 
Programmable Logic Control. 

    

Publications 
 
Book 

 I’ve been published a book titled “Performance 
Evaluation and Enhancement of an Adaptive IIR 
Filter” An LAMBERT academic publishing 
Supervision by Prof. Thamer M. Jamel with ISBN 
978-3-330-01192-2. 
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Papers 
  

 Thamer M. Jamel, and Karam K. Naji, “Simple Variable 
Step Size LMS Algorithm for Adaptive Identification of IIR 
Filtering System,” Mosharaka International Conference on 
Communications, Signals and Coding (MIC-CSC2012), 
Istanbul, Turkey, 12-14 October, 2012. 

 
Computer Skills 
 

 Professional usage of MATLAB Simulation Package. 
 Practiced IT skills (computers HW & SW, maintenance and 

troubleshooting). 
 Experienced user & deep knowledge in Microsoft Office 

products. 
 Passed all parts of Internet and Computer Core Certification 

(IC3) exams. 
 
Language Skills 
 

 Mother Tongue: Arabic. 
 Very good command of the English language. 

(I passed the IELTS-Cambridge-Certificate: Speaking 6.0 – 
Writing 5.0 – Reading 5.0 – Listening 5.0 – Overall 5.5). 

 
Other Certificates 

 I have a Certificate from the University of Technology in 
Teaching Methods. 
 

Professional  
Memberships 
 

 Member of Iraqi Engineers Union. 
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 Available upon request. 
 
Baghdad, 27.2.2024   Karam Qays Naji Magazachi 
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Street Address: Block: 829, Street: 45, House: 22 

City, State, Zip Code: Baghdad/ Al-Karkh/ 10001 

Telephone Number: +964 07736251303 

EDUCATION  

Data Received Name of Instruction and 
Address 
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2003 

Al-Nahrain University, 
Iraq-Baghdad-Jadriya 

Civil Engineering B.Sc. 

January 2006 Al-Nahrain University, 
Iraq-Baghdad-Jadriya 
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M.Sc. 

May 2016 University of Wyoming, 
Laramie, WY, USA 
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Ph.D. 
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Department (80.15% average). 

January 2006 Al-Nahrain University,  
Iraq-Baghdad- Al-Jadriyah. 

Ranked 1st on all graduate 
students of College of 
Engineering (90.474 average). 

January 2006 
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April 2007 

- Ministry of Higher Education & 
Scientific Research, Iraq-Baghdad 
- Al-Nahrain University, Iraq-
Baghdad- Al-Jadriyah. 

Awarded several gifts from the 
Minister of Higher Education & 
Scientific Research, the 
President of Al-Nahrain 
University, and the Dean of 
College of Engineering.  

2015 University of Wyoming, Laramie, WY, 
USA. 

Tau Beta Pi Honor Society. 

 

 



EXPERIENCE 

Data Received Name of Instruction or Organization and 
Address 

Begin and End Date 

Full & Part 
time (paid) 

Engineering Consultancy Bureau, College of 
Engineering, Al-Nahrain University, Iraq-
Baghdad- Al-Jadriya. 

17/11/2004-17/11/2006 

Full time 
(paid) 

Desert Star for General Contracting Company  
, U.A.E., Abu-Dhabi. 

22/12/2006-19/3/2007 

Full time 
(paid) 

Worked for Several Companies in Design and 
Management, Iraq-Arbil-Ain Kawa. 

5/05/2007- 15/11/2008  

Full time 
(paid) 

Engineering Consultancy Bureau, College of 
Engineering, Al-Nahrain University, Iraq-
Baghdad- Al-Jadriya. 

01/12/2008-1/7/2009 

Full time 
(paid) 

Employed in Al-Nahrain University, College 
of Engineering, Civil Engineering 
Department, Iraq-Baghdad- Al-Jadriya. 
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Baghdad- Al-Jadriya. 
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PUBLICATIONS: BOOKS AND ARTICLES 
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Published 1- NOMIAL STRENGTH BEHAVIOUR OF HIGH-STRENGTH CONCRETE 
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Published 2- NOMIAL FLEXURAL STRENGTH OF HIGH-STRENGTH CONCRETE BEAMS. 

Published 3- DESIGN OF A STEEL SPECIAL MOMENT FRAME SUSCEPTIBLE TO HIGH 
SEISMIC RISK. 

Published 4 ESTIMATING ELASTIC BUCKLING LOAD FOR AN AXIALLY LOADED COLUMN 
BOLTED TO A SIMPLY SUPPORTED PLATE USING ENERGY METHOD. 

Published 5- MODELING INITIAL VELOCITY PROFILES FOR CONTINUOUS FREE-VIBRATING 
BEAMS USING DISTRIBUTED IMPULSE LOADING. 

Published 6. DESIGN FOR PRESTRESSED CONCRETE FLEXURAL MEMBERS AGAINST 
PROGRESSIVE COLLAPSE 

Published 7. PERFORMANCE OF SEMI-RIGID STEEL CONNECTIONS UNDER MONOTONIC 
AND CYCLIC LOADINGS: A REVIEW 

Published 8. ASSESSMENT OF A REINFORCED CONCRETE MULTI-STORY BUILDING 
AGAINST PROGRESSIVE COLLAPSE 

Published 9. Progressive Collapse Assessment for Concrete Multi-Story Buildings-Review 
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and Address 

HONORS/AWARDS/RECOGNITION 

September 
2003 

Al-Nahrain University, Iraq-Baghdad-
Al-Jadriyah. 

Ranked 2nd on undergraduate 
students of Civil Engineering 
Department (80.15% average). 

January 2006 Al-Nahrain University,  
Iraq-Baghdad- Al-Jadriyah. 

Ranked 1st on all graduate 
students of College of 
Engineering (90.474 average). 

January 2006 
& 

April 2007 

- Ministry of Higher Education & 
Scientific Research, Iraq-Baghdad 
- Al-Nahrain University, Iraq-
Baghdad- Al-Jadriyah. 

Awarded several gifts from the 
Minister of Higher Education & 
Scientific Research, the 
President of Al-Nahrain 
University, and the Dean of 
College of Engineering.  

2015 University of Wyoming, Laramie, WY, 
USA. 

Tau Beta Pi Honor Society. 

 

 



EXPERIENCE 

Data Received Name of Instruction or Organization and 
Address 

Begin and End Date 

Full & Part 
time (paid) 

Engineering Consultancy Bureau, College of 
Engineering, Al-Nahrain University, Iraq-
Baghdad- Al-Jadriya. 

17/11/2004-17/11/2006 

Full time 
(paid) 

Desert Star for General Contracting Company  
, U.A.E., Abu-Dhabi. 

22/12/2006-19/3/2007 

Full time 
(paid) 

Worked for Several Companies in Design and 
Management, Iraq-Arbil-Ain Kawa. 

5/05/2007- 15/11/2008  

Full time 
(paid) 

Engineering Consultancy Bureau, College of 
Engineering, Al-Nahrain University, Iraq-
Baghdad- Al-Jadriya. 

01/12/2008-1/7/2009 

Full time 
(paid) 

Employed in Al-Nahrain University, College 
of Engineering, Civil Engineering 
Department, Iraq-Baghdad- Al-Jadriya. 

01/07/2009-present 

Part time 
(paid) 

Engineering Consultancy Bureau, College of 
Engineering, Al-Nahrain University, Iraq-
Baghdad- Al-Jadriya. 

01/07/2009-21/12/2011 

Part time 
(paid) 

Engineering Consultancy Bureau, College of 
Engineering, Al-Nahrain University, Iraq-
Baghdad- Al-Jadriya. 

01/11/2016-present 

 

PUBLICATIONS: BOOKS AND ARTICLES 

Status Name of Article or Book 

Published 1- NOMIAL STRENGTH BEHAVIOUR OF HIGH-STRENGTH CONCRETE 
COLUMNS. 

Published 2- NOMIAL FLEXURAL STRENGTH OF HIGH-STRENGTH CONCRETE BEAMS. 

Published 3- DESIGN OF A STEEL SPECIAL MOMENT FRAME SUSCEPTIBLE TO HIGH 
SEISMIC RISK. 

Published 4 ESTIMATING ELASTIC BUCKLING LOAD FOR AN AXIALLY LOADED COLUMN 
BOLTED TO A SIMPLY SUPPORTED PLATE USING ENERGY METHOD. 

Published 5- MODELING INITIAL VELOCITY PROFILES FOR CONTINUOUS FREE-VIBRATING 
BEAMS USING DISTRIBUTED IMPULSE LOADING. 

Published 6. DESIGN FOR PRESTRESSED CONCRETE FLEXURAL MEMBERS AGAINST 
PROGRESSIVE COLLAPSE 

Published 7. PERFORMANCE OF SEMI-RIGID STEEL CONNECTIONS UNDER MONOTONIC 
AND CYCLIC LOADINGS: A REVIEW 

Published 8. ASSESSMENT OF A REINFORCED CONCRETE MULTI-STORY BUILDING 
AGAINST PROGRESSIVE COLLAPSE 

Published 9. Progressive Collapse Assessment for Concrete Multi-Story Buildings-Review 
 

 

 

https://www.researchgate.net/publication/320840113_Design_For_Prestressed_Concrete_Flexural_Members_Against_Progressive_Collapse?_iepl%5BviewId%5D=D175oDWjxYYR1h2rQikXT1n9&_iepl%5BprofilePublicationItemVariant%5D=default&_iepl%5Bcontexts%5D%5B0%5D=prfpi&_iepl%5BtargetEntityId%5D=PB%3A320840113&_iepl%5BinteractionType%5D=publicationTitle
https://www.researchgate.net/publication/320840113_Design_For_Prestressed_Concrete_Flexural_Members_Against_Progressive_Collapse?_iepl%5BviewId%5D=D175oDWjxYYR1h2rQikXT1n9&_iepl%5BprofilePublicationItemVariant%5D=default&_iepl%5Bcontexts%5D%5B0%5D=prfpi&_iepl%5BtargetEntityId%5D=PB%3A320840113&_iepl%5BinteractionType%5D=publicationTitle
https://www.researchgate.net/publication/350387125_Performance_of_Semi-Rigid_Steel_Connections_under_Monotonic_and_Cyclic_Loadings_A_Review
https://www.researchgate.net/publication/350387125_Performance_of_Semi-Rigid_Steel_Connections_under_Monotonic_and_Cyclic_Loadings_A_Review


PRESENTATION AND CLASSES TAUGHT 

Name of Conference or meeting and 
Location  

Subject Presentation Title and Data of 
presentation 

Tutorial Lectures 
Al-Nahrain University, Civil 
Engineering Department 

Baghdad-Iraq 

Teaching the students 
different subjects in the 
analysis of structures. 

Theory of Structures, 
2010 

University of Wyoming, Laramie, 
WY, USA. 

A presentation for teaching 
the analysis of several types 
of structures using SAP2000. 

Structural Analysis 
using SAP2000, 2015.  

Course Coordinator at Al-Nahrain 
University, Civil Engineering 
Department Baghdad-Iraq 

Teaching the analysis of 
structures using Direct 

Stiffness Method  

Matrix Structural 
Analysis (Elective I). 

Teaching the steel design 
class according to AISC 

Manual  

Steel Design I & II. 

Beginners and Pre-
Intermediate English 

Teaching Levels  

English I & II 

M.Sc. Level Finite Element Anaysis 

Ph.D. Level Technical English  
 

 

 

SKILLS AND INTERESTS 
Interests  Skills 

Reading books and 
journals in Civil 
Engineering and in 
other objects such 
as history. 

 Languages: 
1- Arabic Language (native) 
2- English Language (good) 

 Summary of Achievement: 
1. Supervision on the construction of many reinforced concrete 

buildings. 
2. Analysis and Design of a multi-story reinforced concrete 

buildings. 
3. Analysis and Design of a single story steel buildings. 
4. Supervisions with other consultant on the construction of Steel 

Structures Schools. 
5. Checking and endorsement the design, and Supervisions on the 

construction of Haditha Diesel Power Planet and Basra Sport 
City Designed by 360. 

 Good knowledge on several computer programs in Civil 
Engineering and in many computer programs such as STAAD 
Pro., Prokon, SAP2000, ETABS, Fortran, Matlab, MathCAD, 
COMSOL Multiphysics, and LaTex. 

 



CURRICULUM VITAE 

 

 

First name: Mohammed   

          Middle name: Abdulkhaleq 

          Last name:  Ibrahim 

           

1. Date of birth:1976  

2. Nationality: Iraqi  

3. Education: 

Institution University of Baghdad/ College of Engineering 
Date: from (month/year) to (month/year) 2011 - 2015
Degree(s) or Diploma(s) obtained Ph.D. in Environmental Engineering 
 
Institution University of Baghdad/ College of Engineering 
Date: from (month/year) to (month/year) 1998-2001
Degree(s) or Diploma(s) obtained M.Sc. in Environmental Engineering 
 
Institution University of Baghdad/ College of Engineering 
Date: from (month/year) to (month/year) 1994-1998
Degree(s) or Diploma(s) obtained B.Sc. in Civil Engineering

4. Language skills, mark 1 (worst) to 5 (best) for competence: 

Language Reading Speaking Writing 
Arabic 5 5 5 
English  5 4 5 
  
  

5. Membership of professional bodies: 

 Member in American Society of Civil Engineers, ”ASCE”. 
 Member in Iraqi Engineers Union. 
 Member in Federation of Arab Engineers. 
 Member in Association of University Lecturers. 

 

6. Other skills (e.g. computer literacy, etc.):  

 MS word. 
 MS excel. 
 MS power point. 
 AutoCad. 
 EPANET. 
 Water CAD 
 Sewer CAD. 
 Statistica. 
 SPSS. 
 ANN – Newframe. 

7. Present position:  

 Faculty member (Professor) Al-Nahrain University - College of Engineering - Civil Engineer-
ing Department), since 2002 to present. 

 Formerly Director of Engineering Consultancy Bureau (Al-Nahrain University), 2018 to 2021. 
 

8. Specific country experience: 

Country Date: from (month/year) to (month/year) 
Iraq 1998 to present time



Prof. Dr. Mohammed Abdulkhaleq Ibrahim  

 

 

9. Academic Experience 

Under Graduate Courses 

 Sanitary Engineering I and Laboratory I. 
 Sanitary Engineering II and Laboratory II. 
 Building Services Engineering. 
 Fluids Mechanics Laboratory. 
 Quantity Survey. 
 Management and Engineering Economy. 
 Water Quality and Management. 
 Advanced Engineering Statistics. 
 Environmental Geotechnique. 
 Dewatering Engineering. 

 

Prizes: 

 Winning NISA "Network of Iraqi Scientist Abroad", 2015 prize, for Best Paper in Engineering 
and Technology. 

 Winning Al-Nahrain University prize, 2016, for Best Paper in Engineering and Technology.  
 

Patents 

 Iraqi Patent no.: 5562, date: 2018 

Patent Entitled: "Electricity Generation by Using Microbial Osmotic Fuel Cell. 

 Iraqi Patent no.: 7651, date: 2022 

Patent Entitled: "Measurement of Domestic Wastewater Solid Wastes in Landfills by Using 
Biological Simulators"  

 

 

       

 Publications 

 
 Hasanain Saad Alhares ꞏ Mohammed Ali A. Shaban ꞏ Mohammed Sadeq Salman ꞏ Mohanad 

J. M-Ridha ꞏSabah J. Mohammed ꞏ Khalid M. Abed ꞏ Mohammed A. Ibrahim ꞏ Ali K. 
Al-Banaa ꞏ Hassimi Abu Hasan, "Sunflower Husks Coated with Copper Oxide Nanoparticles 
for Reactive Blue 49 and Reactive Red 195 Removals: Adsorption Mechanisms, Thermody-
namic, Kinetic, and Isotherm Studies, 234:35, 2023. 

 Mohammed A. Ibrahim, Mohammed Ali A. Shaban, Yaseen Rashid Hasan2, Mohanad J. M-
Ridha, Haitham A. Hussein, Khalid M. Abed, Sabah J. Mohammed, Mohd Hafizuddin Mu-
hamad, Hassimi Abu Hasan, "Simultaneous Adsorption of Ternary Antibiotics (Levofloxacin, 
Meropenem, and Tetracycline) by SunFlower Husk Coated with Copper Oxide Nanoparti-
cles", Journal of Ecological Engineering, 23(6), 30–42, 2022 

 Ziad T. Abd Ali, Hussein J. Khadim, Mohammad A. Ibrahim, "Simulation of the remediation of 
groundwater contaminated with ciprofloxacin using grafted concrete demolition wastes by 
ATPES as reactive material: Batch and modeling study", Egyptian Journal of Chemistry, 
65(10), 585 – 596, 2022. 

 Noor A Al-Saray, Qassun S Shafiqu, Mohammed A Ibrahim, "The Effect of Adding High-
Density Polyethylene Polymer on the Engineering Characteristics for Sandy Soil", Journal of 
Engineering, University of Baghdad, 27(9), 29-37, 2021. 



Prof. Dr. Mohammed Abdulkhaleq Ibrahim  

 Noor A Al-Saray, Qassun S Shafiqu, Mohammed A Ibrahim, "Improvement of strength char-
acteristics for sandy soils by polypropylene fibers (PPF)". 2nd International Conference for 
Civil Engineering Science (ICCES 2021), 1-7, 2021. 

 Mohammed A. Ibrahim, Haitham A. Hussein, Ziad T. Abd Ali, "Investigating the Effect of Inlet 
Aperture and Baffle Position in Improving the Efficiency of Primary Settling Tanks". Journal 
of Engineering Science and Technology, 38-49, 2021. 

 Mohammed Ali A. Shaban, Mohammed A. Ibrahim, Mohanad J. M-Ridha, Haitham A. Hus-
sein. "Adsorption of Meropenem Antibiotics from Aqueous Solutions on Multi-Walled Carbon 
Nanotube", International Review of Civil Engineering (I.RE.C.E.), 11(6), 283-293, 2020. 

 Alaa H. Alshami, Mohammed A. Ibrahim, Haitham A. Hussein, Hassan Hameed Gatiea, 
"Possible Scenarios of Iraqi Marshland Restoration for Future Water Resources Manage-
ment". 3rd International Conference on Recent Innovations in Engineering (ICRIE 2020), 1-
9, 2020. 

 Mohanad J. M-Ridha  Yaseen Rashid Hasan , Mohammed A. Ibrahim. "Adsorption kinetics 
and mechanisms for meropenem antibiotic removal in batch mode via rice husk functional-
ized with Mg/Fe-layered double hydroxides". Separation Science and Technology, 2020. 
https://www.tandfonline.com/loi/lsst20. 

 Mohammed A. Ibrahim, Mohanad J. M-Ridha, Haitham A. Hussein, Ayad, .A.H., Faisal, "Arti-
ficial Neural Network Modelling of The Water Quality Index for The Euphrates River in Iraq". 
Iraqi Journal of Agricultural Sciences, 51(6),1572-1580, 2020. 

 Bilal Muiassar M. Salih, Mohammed A. Ibrahim, and Raid R. Al-Omari, "Estimation of the 
Settlement Components of Municipal Solid Waste", Modern Applications of Geotechnical 
Engineering and Construction, Lecture Notes in Civil Engineering,112, 375-387, 2020. 

 Layth K. Shannoon, Mohammad A. Ibrahim, "Bio-Cementation of Sandy Soil through Bacte-
rial Processing to Precipitate Carbonate", Al-Nahrain Journal for Engineering Sciences 
(NJES), 23(3), 225-231, 2020. 

 Ziad T. Abd Ali, Hussain M. Flayeh, Mohammed A. Ibrahim, "Numerical modeling of perfor-
mance of olive seeds as permeable reactive barrier for containment of copper from contami-
nated groundwater", Desalination and Water Treatment, 139, 268–276, 2019. 

 Mohammed A. Ibrahim, Raid R. Al-Omari, Mustafa H. Ibrahim,"Effect of Microbial Carbonate 
Precipitation in Silty Sandy Soils", Proceedings of the 16th Asian Regional Conference on 
Soil Mechanics and Geotechnical Engineering, 2019. 

 Mohammed A. Ibrahim, Raid R. Al-Omari, Mustafa H. Ibrahim, ”Experimental Study to Im-
prove the Shear Stress of Silty- Sandy Soils by Using Urease Producing Bacteria”, American 
Scientific Research Journal for Engineering, Technology, and Sciences (ASRJETS), 41(1), 
271-277, 2018. 

 Alaa H. Alshami, Haitham A. Hussein and Mohammed A. Ibrahim, “Effect of Construction 
Overflow Weir Across Euphrates River in the Chibayish Marshes Region”, Research Journal 
of Applied Sciences, Engineering and Technology, 15(2), 47-56, 2018. 

 Haitham H. Hussein, Rozi Abdullah, Mohammed A. Ibrahim and Md. Azlin Md. Said,” Exper-
imental Investigation of the inlet Baffle Position on the Flow Pattern, Oil Concentration and 
Efficiency of Rectangular Separator Tank”, Journal of Desalination and Water Treatment”, 1-
8, 2016. 

 Mohammed A. Ibrahim, Ziad Tark Abd Ali and Haitham H. Hussein, “Application of Cluster 
Analysis and Multivariate Statistical Techniques Associated with Water Quality Index to 
Evaluate Water Quality of Tigris River in Iraq”, Journal of Arab Universities Union, 23(1), 21-
35, 2016. 

 Zainab Z. Ismail and Mohammed A. Ibrahim, “Desalination of Oilfield Produced Water Asso-
ciated with Treatment of Domestic Wastewater and Bioelectricity Generation in Microbial 
Osmotic Fuel Cell (MOFC)”, Journal of Membrane Science, (490), 247-255, 2015. 

 Zainab Z. Ismail and Mohammed A. Ibrahim, “Brackish Water Desalination Coupled with 
Wastewater Treatment and 5 Electricity Generation”. Journal of Engineering, College of En-
gineering, University of Baghdad, 21(5), 35-44, 2015. 

 Zainab Z. Ismail and Mohammed A. Ibrahim, “Simultaneous wastewater biotreatment and 
produced water desalination associated with power generation in microbial osmotic fuel cell 
(MOFC)”, the 2015 International Conference on Water, Energy and Environment (ICWEE 
2015) taking place 24-26 March 2015, at the American University of Sharjah, Sharjah, UAE. 

 Ziad Tark Abd Ali, Mohammed A. Ibrahim and Huda M. Madhloom, “Eggshell Powder as An 
Adsorbent for Removal of Cu (II) andCd (II) from Aqueous Solution: Equilibrium, Kinetic and 



Prof. Dr. Mohammed Abdulkhaleq Ibrahim  

Thermodynamic Studies”, Accepted for Publishing, Al-Nahrain University, College of Engi-
neering Journal, 19(2), 186-193, 2015. 

 Haitham H. Hussein , Mohammed Abdulkhaleq, Rozi Abdullah and Sobri Harun, ”Numerical 
Model of Baffle Location Effect on Flow Pattern in Oil and Water Gravity Separator Tanks”, 
World Applied Science Journal”, 26(10), 2013. 

 Mohammed Abdulkhaleq, "Assessment of Water Quality Status For the Euphrates River in 
Iraq", Engineering and Technology Journal, University of Technology, 30(14), 2012. 

 Mohammed Abdulkhaleq, "Evaluation of Water Treatment Plants Efficiency in Baghdad 
City", The Iraqi journal for Mechanical and Materials Engineering, Special Issue for the Pa-
pers Presented in 2nd Annual Scientific Conference of the College of Engineering, University 
of Babylon, 24-25 March 2010, Part (B). 

 A.Al-Saqqar and Mohammed Abdulkhaleq, ”Stability Index of The Treated Water from Al-
Karkh and Al-Rasheed Water Treatment Plants in Baghdad City”, Journal of the College of 
Engineering, University of Baghdad, 15(2), 2009. 

 O.F.Al-Damlji and Mohammed Abdulkhaleq, ”Experimental and Numerical Investigations of 
Dispersion and Transport of Pollutants in an Iraqi Soil”, Emirates Journal for Engineering  

 



 

  
        Curriculum Vitaeالسيرة الذاتية / 

  
  
  

 : Personal Information  أولا ً : البيانات الشخصية :
 Name:Yasser Mahmood Kadhim  الخشالي ياسر محمود كاظم الاسم الثلاثي واللقب:
 Place & Data of Birth: Baghdad 1975  1975 الجزائر محل وتاريخ الولادة:

 Marital Status: Married  متزوج :الحالة الاجتماعية
 العراق  عنوان السكن: البلد:

  بغداد المدينة:               
Present address: Country: Iraq 
                          City: Baghdad 

 07818246359    -1رقم الجوال:
                         

Mobile No:1- 07818246359  
                 

 :dr.khushally@nahrainuniv.edu.iq            E – mailالبريد الالكتروني:        
                                           

 

 : Employee meet  الوظيفية:المؤهلات  :ثانيا ً
  University: Al Nahrain University  جامعة النهرين الجامعة:

  College: College of Engineering  الهندسةكلية  الكلية:
  Department: Civil Engineering  المدنيةهندسة ال القسم:

 Data of Recruitment in MOHE:19-09-2015  2015- 09-19 تاريخ أول تعيين في التعليم العالي:
 Designation: Lecturer  تدريسي المنصب:

 Major: Civil Engineering  الهندسة المدنية التخصص العام:
 Minor: Soil Mechanics  ميكانيك التربة التخصص الدقيق:

  :Academic Rank  مدرس اللقب العلمي:
 Data of Academic Rank: 19-09-2015  2015-09-19 تاريخ الحصول على اللقب العلمي:

  تجيدها:اللغات التي 
  العربية  -1
 الانكليزية -2
  

Language: 
1- Arabic 
2- English 

 

  

  الشهادات الحاصل عليها: :لثا ًثا
  تاريخ الحصول عليها  الجهة المانحة (جامعة/كلية)  الاختصاص  الشهادة  ت

  12/4/2009  جامعة بغداد / كلية الهندسة  ميكانيك التربة  الدكتوراه  1
  30/12/2000  جامعة بغداد / كلية الهندسة  الانشاءات  الماجستير  2

  الفترة الزمنية  رابعاً  : الخبرات المهنية
To From Experiences Professional 

  إلى  من

 Senior Project Engineer  2005  1998  2005  1998  مهندس مشاريع
  Project Manager  2015  2005  2015  2005  مدير مشاريع

  



 

                                               Subject you teachخامساً  : المواد التي قمت بتدريسها :   

  التاريخ  المكان  المادة  ت

  2017-2015  كليه دجلة  ميكانيك التربة / المرحلة الثالثة  1
  2024 -2016  كليه دجلة  هندسة الاسس / المرحلة الرابعة  2
  2016 -2015  كليه دجلة  الاحصاء الهندسي / المرحلة الثانية  3

  

  سادسا ً : البحوث والمقالات المنشورة :

  مكان النشر  تاريخ النشر  انالعنو  ت

1  Investigation On The Use Of Micropiles 
For Substitution Of Defected Piles By The 
Finite Element Method 

ركائز تحري عن استعمال الركائز المصغرة كبديل عن ال
 المتضررة بطريقة العناصر المحددة

2010   

Journal of 
Engineering 

  

2  
Geotechnical properties of gypseous soil 
contaminated with crude oil 

  

2019  IOP Conference 
Series: Materials 
Science and 
Engineering  

  
3  

Simulation Of Lowering Groundwater In 
The Right Bank Of Derbendikhan Dam 

2019  International Journal of 
Civil Engineering and 
Technology (IJCIET)  

4  
Geotechnical Properties of Clayey Soil 
Improved by Sewage Sludge Ash 

2020  Journal of the Air & 
Waste Management 

Association 

 

  عمل بهاالتي  نااللج اءاسم  ت

  اللجنة العلمية   1
  لجنة الاستلال  2
  لجنة الضمان والجودة  3
  لجنة التدريب الصيفي  4
  اللجنة الامتحانية  5
  عضو مجلس قسم  6
  لجنة متابعة غيابات الطلبة  7
  لجنة الارشاد التربوي  8
  لجنة متابعة المختبرات  9

  



MASSARA GLAA YAHYA
Baghdad

التفاصيل الشخصية
alzaafrania

meserra.gelaa@nahrainuniv.edu.iq ,07707818369
17 يناير 1992: تاريخ الميلاد
Baghdad: محل الميلاد

.com.Jobseeker تم إنشاء هذه السيرة الذاتية باستعمال

المؤهلات الدراسية
B.Sc. in Electrical Engineering2013 - 2009

university of Baghdad, Baghdad

M.Sc. in Electrical Engineering/ Power and Machine2016 - 2013
university of Baghdad, Baghdad

الخبرة العملية
Teaching at Al-Esraa University2023 نوفمبر 2016 - فبراير

Medical Instrumentation   Technical Engineering, Baghdad

اللغات

English

البحوث العلمية
Comparative study of two cases of single-phase HCMLI using 

IPDPWM technique for standalone PV system
2022

Int. J. Nonlinear Anal. Appl.

Modified PDPWM control with MPPT algorithm for equal power 
sharing in cascaded multilevel inverter for standalone PV 

system under partial shading

2023

International Journal of Power Electronics and Drive Systems (IJPEDS)

مؤتمرات

Impact of using Cloud Computing and Artificial Intelligence in 
the E-Commerce Industry: Problems and prospects affecting 

the Customer Experience

2021

Iraqi Academics Syndicate 2nd International Conference for pure and Applied Sciences, Babylon

mailto:meserra.gelaa@nahrainuniv.edu.iq
mailto:meserra.gelaa@nahrainuniv.edu.iq
mailto:meserra.gelaa@nahrainuniv.edu.iq
mailto:meserra.gelaa@nahrainuniv.edu.iq
mailto:meserra.gelaa@nahrainuniv.edu.iq
mailto:meserra.gelaa@nahrainuniv.edu.iq
mailto:meserra.gelaa@nahrainuniv.edu.iq
mailto:meserra.gelaa@nahrainuniv.edu.iq
mailto:meserra.gelaa@nahrainuniv.edu.iq
https://www.jobseeker.com
https://www.jobseeker.com
https://www.jobseeker.com


 

 
 
 
 
 
 
 
 
 
 
 
 
 

 التحصیل الاكادیمي
 
                         . ۱۹۹۱-۱۹۹۰ھندسة مدنیة  /الجامعة المستنصریة     سبكالوریو •

 .۲۰۰۰/الھندسیة العسكریة إنشائیةمشاریع  إدارة-ماجستیر ھندسة مدنیة •

 :عنوان البحث

 .ي العراق )(دراسة تقویمیة لحملات الاعمار لمشاریع ابنیة الخدمات العامة ف 

(Evaluation Study For Re-Campaigns Public Services 

Building  Project in Iraq). 

 ةالتكنولوجیالجامعة – إنشائیةمشاریع  إدارة-وإنشاءاتدكتوراه ھندسة بناء  •

۲۰۰۷ .    

  :عنوان الاطروحة

  ( اقتراح نظام ادارة معلومات لشركات المقاولات الانشائیة).

(Proposed Information Management System For 

Construction Contracting Companies).            

 

 

 

 

 العكیدي  دكتور المھندس الاستشاري حاتم عبد الكریم رشیدستاذ اللاأ
 

۲٥/۹/۱۹٦۹      موالید  بغداد    
 عراقي الجنسیة

  متزوج
 009647830604510رقم الجوال                 

 نكلیزیة اللغات : الا

مكان العمل الحالي تدریسي  في كلیة الھندسة في 

 امعة النھرین .ج

 سنة ۳۲عدد سنوات الخدمة 

    hatemakeedy1969@gmail.comالبرید الالكتروني 
     

mailto:hatemakeedy1969@gmail.com


 :الخبرة العملیة

سنوات في وزارة التعلیم العالي  ٦۱سنة في شركة الفاو الھندسیة العامة ،  ٦۱نة خدمة وظیفیة ، منھا س ۳۲

 والبحث العلمي .

 :التاریح الظیفي

 یة العامةاولا / شركة الفاو الھندس
 شركة  بدر العامةعمار إ إعادة مشروع   .۱

 ۸/۱۹۹۲/ ۲٥لغایة  ۱٥/۱۰/۱۹۹۱ :  الفترة     

 موقع سمھند :  المنصب

 شركة  بدر العامة :  المھندس المقیم

 

 مشروع بلاط الشھداء    .۲
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