
 

     Ministry of Higher Education and Scientific Research           

Dijlah University College 

Building and Construction Engineering 

 

 

  An Experimental study on the heavy weight 

self-compacted concrete 

 
A graduation project is submitted to the Building & Construction 

Engineering Department in partial fulfillment of the requirements for 

the degree of Bachelor of Science in Building & Construction 

Engineering  

 
By 

 

Tara Haider Majeed 

Ali Luay Ali Mahdi 
 

 

 

 

Supervised by 

Yahya Saber 

 

 ه2440                                           م                                                        0202



II 

 

 

 

 

 

 

 

 بسم الله الرحمن الرحيم

 َربَّنَا آتِنَا ِمن لَّدُنَك َرْحَمةً َوَهيِِّْئ لَنَا ِمْن أَْمِرنَا َرَشدًا

 صدق الله العظيم                                                 

 

 

 

 

 

 

 

 

 



III 

Supervisor Certificate 

I certify that this Report entitled (An Experimental study on the heavy weight 

self-weight compacted concrete was prepared under my supervision at the 

Department of Building and construction Engineering, Dijlah University College 

- Baghdad, in partial fulfillment of the requirements for the degree of B.Sc. in 

Building and construction Engineering 

 

 

 

 

 

 

 

 

 

Signature: 

Name: 

Title: 

Date: 

 



IV 

Dedication 

To my great creator Allah 

To my Lord and Master, The Great Prophet Mohammed 

"peace be upon him" 

To my parents, dear father and beloved mother and to our 

family members  who made this accomplishment possible and 

supported us through our lives 

To all of my teachers and professors who taught me in all levels 

of my journey 

To all of my friends who stood up with me to finish this research 

 

 

 

 

 

 

 

 



V 

ACKNOWLEDGMENTS 

First and foremost. We would like to thank our supervisor “Assistant 

Lecturer Yahya Saber Khudhair” for his support, outstanding guidance 

and encouragment throughout our senior project. 

 

 

 

 

 

 

 

 

 

 

 

 

 



VI 

Abstract: 

This work study aims at investigating Structural properties of the heavy weight self-

compacted concrete The study includes an extensive experimental program taking into 

account the effects of (SF) also finding the right amount of admixtures that give us higher 

compressive strength  the behavior of SCC such as; the compression and tensile 

strengths, ductility and crack . Then, the experimental results have been compared with 

the calculated results according to (ACI 318 – 18). 

in addition to two ranges of addition to the normal concrete which have been used in 

this experimental in this article we are going to study the effect on the relation between 

(f`c) and concrete elasticity and (fr) and compare it with other results from other 

researchers we used in this research some types of concrete admixtures such as super-

plasticizer (Betonac®-1030 Super-plasticizer/MasterGlenium 54), with two ranges 

of addition of steel fillings (SF). fly ash powder, silica fume powder (BASF  

MasterRoc MS 610), all admixtures will be defined in the chapter of materials and 

their datasheet were included. Materials were selected according to a mix design 

method taking into account material grading &properties. Satisfactory HEAVY 

WEIGHT SELF-COMPACTIVE CONCRETE is achieved by more strength 

requirements of ingredients in selecting suitable materials, and good quality control 

and proportioning all the work of mixing and testing was inside Dijlah university 

under the supervision of the assistants of lect. Yahia. s khudaier after doing the 

research we found that when we add the superplasticizer and fly ash and other 

admixtures mentioned earlier by the amount calculated and admitted from their 

datasheets we will find obvious increasing in the f`c and fr by the addition of steel 

fillings to the normal concrete and increasing the rate of addition simultaneously in 

(Group No.2 & 3). 
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 الخالصة

 في تتضمن الدراسة برنامج تجريبي مكثف يأخذ ذاتية الرص والخواص اإلنشائية للخرسانة  لدراسةلعمل هذه اتهدف دراسة 

من الحجم الكلي من الركام  %2.0و  %2.0برادة الحديد وبنسب مختلفة على واقع نسبتين هما )أضافة ت االعتبار تأثيرا

ثم تمت مقارنة النتائج التجريبية مع  .ضغط و الشد والليونة والكسرالقوة  على المستخدم في الخلطة الخرسانية الذاتية الرص(

   (ACI 318-18). النتائج المحسوبة حسب

 .ومقارنتها مع نتائج أخرى من باحثين آخرين (Fr)  مع والمرونة (F'c)  ي هذه المقالة سنقوم بدراسة التأثير على العالقة بينف

،  (Betonac®-1030 Super-plasticizer) الخرسانية مثل الملدنات الفائقة مضافاتاستخدمنا في هذا البحث بعض أنواع ال

 BASF) و مسحوق الرماد المتطاير ومسحوق السيليكا ديد المضافة للخلطة الخرسانية الذاتية الرصنسبتين من برادة الح مع

MasterRoc MS 610)  سيتم تحديد جميع اإلضافات في فصل المواد وأدرجت ورقة البيانات الخاصة بها.  تم اختيار المواد ،

فحص خواص الخرسانة الذاتية الرص يتم  .د وخصائصهامع مراعاة درجات المواخلطات الخرسانية وفقًا لطريقة تصميم ال

من خالل المزيد من متطلبات قوة المكونات في اختيار المواد المناسبة ، والتحكم  بأضافة برادة الحديد وبنسب أضافة مختلفة

بعد إجراء  صابر يحيى األستاذ تم عمل جميع أعمال الخلط واالختبار داخل جامعة دجلة تحت إشراف  ,الجيد في الجودة والتناسب

المحسوب والمقبول من  قدرالبحث وجدنا أنه عندما نضيف الملدن الفائق والرماد المتطاير والمضافات األخرى المذكورة سابقًا بال

وبرادة الحديد مع زيادة  عند استعمال الرماد المتطاير و الملدن الفائق F'c  أوراق البيانات الخاصة بهم سنجد زيادة واضحة في

 نسبة األضافة لبرادة الحديد وعلى مجموعتين بالمقارنة مع المجموعة األولى الخالية من برادة الحديد.
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Chapter One 

 

General Introduction 

  1.Introduction 

e terial composed of cement, finis a construction ma Concrete1.1.
aggregates (sand) and coarse aggregates mixed with water which dries hard 

and strong with time and is used as a material for building. 

Concrete, as the Romans knew it, was a new and revolutionary material. 

Laid in the shape of arches, vaults and domes, it quickly hardened into a 

rigid mass, free from many of the internal thrusts and strains that troubled 

the builders of similar structures in stone or brick.  

Portland cement is the commonly used type of cement for production of 

concrete. Concrete technology deals with study of properties of concrete 

and its practical applications. 

In a building construction, concrete is used for the construction of 

foundations, columns, beams, slabs and other load bearing elements. 

In the past, lime based cement binders, such as lime putty, were often used 

but sometimes with other hydraulic cements, such as a calcium aluminate 

cement or with Portland cement to form Portland cement concrete (named 

-. Many other non[1][2])Portland stonefor its visual resemblance to 

cementitious types of concrete exist with other methods of  binding 

aggregate together, including asphalt concrete with a bitumen binder, 

which is frequently used for road surfaces, and polymer concretes that use 

polymers as a binder. 

When aggregate is mixed with dry Portland cement and water, the mixture 

forms a fluid slurry that is easily poured and molded into shape. The 

cement reacts with the water and other ingredients to form a hard matrix 

like material that has -that binds the materials together into a durable stone

) are superplasticizersor  pozzolansOften, additives (such as  .[3]many uses

included in the mixture to improve the physical properties of the wet mix or 
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the finished material. Most concrete is poured with reinforcing materials 

(such as rebar) embedded to provide tensile strength, yielding reinforced 

concrete. 

Because concrete cures (which is not the same as drying), how concrete is 

handled after it is poured is just as important as before. 

Concrete is distinct from mortar. Whereas concrete is itself a building 

material, mortar is a bonding agent that typically holds bricks, tiles and 

other masonry units together. 

There are different types of binding material is used other than cement such 

as lime for lime concrete and bitumen for asphalt concrete which is used 

for road construction. 

Concrete is one of the most frequently used building materials. Its usage 

worldwide, ton for ton, is twice that of steel, wood, plastics, and aluminum 

mix concrete industry, the largest segment -Globally, the ready [4].combined

of the concrete market, is projected to exceed $600 billion in revenue by 
[5]2025. 

1.2. Types of Concrete 

1.2.1. Normal Strength Concrete 

1.2.2. Plain or Ordinary Concrete 

1.2.3. Reinforced Concrete 

1.2.4. Pre-stressed Concrete 

1.2.5. Precast Concrete 

1.2.6. Light – Weight Concrete 

1.2.7. High-Density Concrete 

1.2.8. Air Entrained Concrete 

1.2.9. Polymer Concrete 

1.2.10. Green Concrete 

1.2.11Reactive powder self-compacted concrete 

1.2.12 Self-Compacted Concrete 

    1.2.12.1 Heavy Weight Self-Compacted Concrete 

 

1.3. Self-compacting concrete (SCC) is a flowing concrete mixture 

that is able to consolidate under its own weight. 

The development of SCC has recently been one of the most important 

developments in the building industry. It is a kind of concrete that can flow 

through and fill gaps of reinforcement and corners of molds without any 

need for vibration and compaction during the pouring process. It can be 

used in pre-cast applications or for concrete placed on 

 



3 

site. 

 

The highly fluid nature of SCC makes it suitable for placing in difficult 

conditions and in section with congested reinforcement. Use of SCC can 

also help minimize hearing-related damages on the worksite that are 

induced by vibration of concrete.  

Another advantage of SCC is that the time required to place large sections 

is considerably reduced.  

When the construction industry in Japan experienced a decline in the 

availability of skilled labor in the 1980s, a need was felt for a concrete that 

could overcome the problems of defective workmanship. This led to the 

development of self-compacting concrete, primarily through the work by 

Okamura. A committee was formed to study the properties of self-

compacting concrete, including a fundamental investigation on workability 

of concrete, which was carried out by Ozawa et al. at the University of 

Tokyo.  

The Japanese method suggests that the gravel content in the concrete mix 

corresponds to 50% of its packed density, and that in the mortar the sand 

content corresponds to about 50% of its packed density. 

 

The first usable version of self-compacting concrete was completed in 1988 

and was named “High Performance Concrete”, and later proposed  

as “Self-Compacting High Performance Concrete”.  

Current studies in SCC, which are being conducted in many countries, can 

be divided into the following categories:  

 Use of rheometers to obtain data about flow behavior of cement 

paste and concrete.  

 Mixture proportioning methods for SCC.  

 Characterization of SCC using laboratory test methods. 

 Durability and hardened properties of SCC and their comparison 

with normal concrete.  

 Construction issues related to SCC.  

 Development of mixture design guideline tables similar to those for 

normal concrete.  

 A shift to more ‘normal’ powder contents in SCC, from the existing 

high powder mixtures.  

 Better understanding of the problems of autogenous and plastic 

shrinkage in SCC. 

 Development of site quality control parameters such as in ‘all-in-

one’, acceptable tests. 
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1.4. Self-Consolidating Concrete or SCC is a fluid type of concrete 

that can be placed and consolidated by means of its own weight without 

needing mechanical vibration. 

is a concrete mix which has a low yield stress, high deformability, good 

segregation resistance (prevents separation of particles in the mix), and 

moderate viscosity (necessary to ensure uniform suspension of solid 

particles during transportation, placement (without external compaction), 

and thereafter until the concrete sets). A well-designed SCC mixes does not 

segregate, has high deformability and excellent stability characteristics.[3] 

1.5. Benefits of Self-Compacting Concrete 

Self-compacting concrete comes with several advantages 

compared with regular concrete. Some of these benefits include: 

 Fast placement without mechanical consolidation. 

 Improved constructability. 

 Reduces permeability in concrete structures. 

 Minimizes voids in highly-reinforced areas. 

 Eliminates problems associated with concrete vibration. 

 Creates high quality structures with improved structural integrity. 

 High durability, strength and reliability. 

 Reduces labor costs. 

 Allows for innovative architectural features, since it can be used in 

complex forms. 

 Creates smoother and more aesthetic surface finishes. 

 Allows easier pumping, and there are many placement techniques 

available. 

1.6. Self-Compacting Concrete Properties  

Due to the presence of mineral fillers and special admixtures, 

SCC is resistant to segregation. It is also fluid enough to pass 

around congested reinforced areas within structures, while 

avoiding any honeycombing. The fluidity can be varied based on 

the SCC design. With a properly designed SCC, the concrete can 

be placed at above 5 meters height without any segregation 

whatsoever. 

SSC having similar water-cement ratio as of the traditional vibrated 

concrete will result in higher strength, due to lack of vibration. This 

significantly improves the interface between the aggregate and the 
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hardened paste. However, it is important to remember that SCC must be 

poured faster than regular concrete. 

 

                1.7. Applications of Self-Compacting Concrete 

The main applications of this type of concrete are the following: 

 Construction of raft and pile foundations 

 Retrofitting and repairing constructions 

 Structures with complex reinforcement distributions 

 Construction of earth retaining systems 

 Drilled shafts 

 Columns 

1.8. Factors Affecting Self Compacting Concrete  

Using self-compacting concrete must not be used indiscriminately. These 

factors can affect the behavior and performance of self-compacting concrete:  

 Hot weather. 

 Long haul distances can reduce flow-ability of self-compacting concrete. 

 Delays on job site could affect the concrete mix design performance. 

 Job site water addition to Self-Compacting Concrete may not always 

yield the expected increase in flow-ability and could cause stability 

problems. 

1.9. Self-Compacting Concrete Special Considerations 

Self-compacting concrete can have benefits and will shorten your 

construction time. However, special attention should be focused on:  

 A full capacity mixer of self-compacting concrete might not be feasible due 

to potential spillage along the road, producing environmental and 

contamination hazards. 

 Formwork should be designed to withstand the fluid concrete pressure that 

will be higher than regular concrete. 

 Self-Consolidating Concrete may have to be placed in lifts in taller 

elements. 

 Production of SCC requires more experience and care than the 

conventional vibrated concrete. 

 Self-consolidating concrete can add up to $50 per yards to your 

construction costs. This cost will vary among ready-mix concrete producers. 
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1.10. Objectives of the Present Research 

The experimental study of this work is based on the comparison between three  

groups of cubes and cylinders samples, each group contains three cubes and  

three cylinders having the same self-compacting concrete mix(except the first 

group will be classic normal concrete ) with the same strength in the same 

group, but different mix ratio of admixtures. for the 2nd group steel fillings 

will be added, third also adding steel filling with larger amount. So, the 

comparison between all the above three groups will be according to; their 

compressive strength behavior and type of admixture. 

1.11. Research Layout 

This study will be given in Five chapters as below:- Chapter One presents the 

summarized introduction about the structural behavior of concrete and the 

background of Self-Compacting Concrete and its advantages with 

performances in the structures, giving some definition of concrete, Properties 

,Uses, Benefits and factors affecting on SCC . 

Chapter one introduction to subject  

Chapter Two reviews some previous works in the same direction of this study, 

with some researches and codes related to the calculation of, compressive 

strength modules of elasticity, modules of rapture, splitting tensile strength 

and  type of mixing, proportions   

Chapter Three explains the experimental preparations, the properties and 

testing of the construction materials which are used in this work study. 

Chapter Four deals with presentation, discussion and evaluation of 

experimental results. 

Chapter Five gives conclusions drawn from this study, and recommendations 

and suggestions for further studies. 
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CHAPTER TWO 

Literature Survey 

2.Literature Survey 

 

   2.1.General view 

This chapter presents many issues related to the main aspects of this 

work study, such as the structural behavior Self-Compacting Concrete 

(SCC), Heavyweight self-compacting concrete (HWSCC).Besides there 

is review of many previous researches and codes. 

2.2.Definition of Self-compacting Concrete EFNARC[6]   

defined SCC as “concrete that is able to flow and consolidate under its own 

weight, completely fill the formwork even in the presence of dense 

reinforcement, whilst maintaining homogeneity and without need for any 

additional compaction”. The use of SCC is growing, especially when this 

concrete is in apartment houses and office buildings, it is considered to be the 

most promising building material for the expected revolutionary changes on the 

job on site as well as on the desk of civil engineering designers. 

 

2.3.Compressive Strength Measurements 
The compressive strength of SCC is usually higher than that of conventional 

concrete, due to the low (w/p ratios) associated with SCC. SCC that has been 

well designed and produced, it will be homogeneous, mobile and resistance to 

segregation. Thus, the microstructure of SCC is expected to be improved 

prompting strength, permeability, durability and ultimately a longer service life 

of the concrete.[7][8] 

 

2.4.Previous Researches and Codes 

     2.4.1. Ozawa et al. (1989) 
focused on the influence of mineral admixtures, like fly ash and blast 

furnace slag on the flowing ability and segregation resistance of self-

compacting concrete. They found out that on partially replacement of OPC 

by fly ash and blast furnace slag the flowing ability of the concrete 

improved remarkably. He concluded that the best flowing ability and 

strength characteristics 10-20% of fly ash and 25- 45% of slag cement by 

mass. 
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2.4.2. B. Persson (2001) 
An experimental and numerical study on mechanical properties, such as 

strength, elastic modulus, creep and shrinkage, of self-compacting concrete 

(SCC) and the corresponding properties of normal compacting concrete 

(NC) is outlined in this article. The study included eight mix proportions of 

sealed or air-cured specimens with water–binder ratio (w/b) varying 

between 0.24 and 0.80. Half of the mixes studied were based on NC. The 

age at loading of the concretes in the creep studies varied between 2 and 90 

days. Four different stress to strength levels were studied. Parallel studies 

were performed on strength (fc) and relative humidity (RH). The results 

show that elastic modulus, creep and shrinkage of SCC did not differ 

significantly from the corresponding properties of NC. The ongoing study 

was started in 1997. 

 

2.4.3. Nabil Bouzoubaâ M Lachemi (2001) 
In recent years, self-compacting concrete (SCC) has gained wide use for 

placement in congested reinforced concrete structures with difficult casting 

conditions. For such applications, the fresh concrete must possess high 

fluidity and good cohesiveness. The use of fine materials such as fly ash 

can ensure the required concrete properties. The initial results of an 

experimental program aimed at producing and evaluating SCC made with 

high volumes of fly ash are presented and discussed. Nine SCC mixtures 

and one control concrete were investigated in this study. The content of the 

cementitious materials was maintained constant (400 kg/m3), while the 

water/cementitious material ratios ranged from 0.35 to 0.45. The self-

compacting mixtures had a cement replacement of 40%, 50%, and 60% by 

Class F fly ash. Tests were carried out on all mixtures to obtain the 

properties of fresh concrete in terms of viscosity and stability. The 

mechanical properties of hardened concretes such as compressive strength 

and drying shrinkage were also determined. The SCCs developed 28-day 

compressive strengths ranging from 26 to 48 MPa. The results show that an 

economical SCC could be successfully developed by incorporating high 

volumes of Class F fly ash. 

 

2.4.4. Xie et al. (2002)  
presented the preparation technology of high strength self- compacting 

concrete (SCC) containing ultrapulverised fly ash (UPFA) and 

superplasticizer (SP).Various parameters of concrete were selected namely 

good workability, high mechanical properties and high durability and SCC 

was developed. There was low slump loss in the fresh SCC mixture. The 

workability of high strength SCC containing UPFA and SP can be 
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evaluated by the method of combining slump flow and L-box test. Slump 

flow was 600- 750 mm. Flow velocity of L-box test was 35-80 mm/sec. 

 

2.4.5. Cengiz (2005) 
Used fly-ash with SCC in different proportional limit of 0%, 50% and 70% 

replacement of normal Portland cement (NPC). He investigated the strength 

properties of self-compacted concrete prepared using HVFA (high volume 

fly ash). Concrete mixtures made with water- cementitious material ratios 

ranged from 0.28 to 0.43 were cured at moist and dry curing conditions. He 

investigated the strength properties of the mix and developed a relationship 

between compressive strength and flexural tensile strength. The study 

proved that it is possible to convert an RCC (zero slump) concrete to a 

workable concrete with the use of suitable superplasticizer. 

 

2.4.6. Grdić et al. (2008)  
presented the properties of self-compacting concrete, mixed with different 

types of additives: silica fume and fly ash. L-box test was used to assess the 

passing ability of SCC to flow through tight openings including spaces 

between reinforcing bars and other obstructions without segregation or 

blockage. L- Box has arrangement and the dimensions by difference with 

the height of the horizontal section of the box, these three measurements 

are used to calculate the mean depth of concrete as h2 mm. The same 

procedure was used to calculate the depth of concrete immediately behind 

the gate h1 mm. The passing ability was calculated from the following 

equation: Pa=h2/h1 where; Pa is the passing ability and the value of Pa 

ranged between 2-10 mm. h1 and h2 are the height in mm at near and far 

end of passing ability respectively. 

 

2.4.7. F.M. Almeida Filhoa , B.E. Barragánb, , J.R. Casasb* , and 

A.L.H.C. El Debs  (2010).[9] 

This work presents a statistical study on the variability of the mechanical 

properties of hardened self-compacting concrete, including the 

compressive strength, splitting tensile strength and modulus of elasticity. 

The comparison of the experimental results with those derived from several 

codes and recommendations allows evaluating if the hardened behaviour of 

self-compacting concrete can be appropriately predicted by the existing 

formulations. The variables analyzed include the maximum size aggregate, 

paste and gravel content. Results from the analyzed self-compacting 

concretes presented variability measures in the same range than the 

expected for conventional vibrated concrete, with all the results within a 

confidence level of 95%. From several formulations for conventional 

concrete considered in this study, it was observed that a safe estimation of 
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the modulus of elasticity can be obtained from the value of compressive 

strength; with lower strength self-compacting concretes presenting higher 

safety margins. However, most codes overestimate the material tensile 

strength. 

 

2.4.8. M. Uysal, Kemalettin Yilmaz (2011) 
In this study, the benefits of limestone powder (LP), basalt powder (BP) 

and marble powder (MP) as partial replacement of Portland cement are 

established. Furthermore, LP, BP and MP are used directly without 

attempting any additional processing in the production of self-compacting 

concrete (SCC). The water to binder ratio is maintained at 0.33 for all 

mixtures. The examined properties include workability, air content, 

compressive strength, ultrasonic pulse velocity, and static and dynamic 

elastic moduli. Workability of the fresh concrete is determined by using 

both the slump-flow test and the L-box test. The results show that it is 

possible to successfully utilize waste LP, BP and MP as mineral admixtures 

in producing SCC. Due to its observed mechanical advantages, the 

employment of waste mineral admixtures improved the economical 

feasibility of SCC production on a unit strength basis. 

 

2.4.9. Mallikarjuna Reddy. V, Seshagiri Rao. M. V, Srilakshmi. P, 

Sateesh Kumar. B, (2013) 
This paper presents the results of an experimental research on the 

workability and mechanical properties of self-compacting concrete. The 

work focused on concrete mixes having Water/Cement ratios of 0.23, 0.24, 

0.25, 0.26 and 0.27, with a Packing Factor of 1.12. The Concrete mixes 

contains different proportions of GGBS, Super plasticizers, water binder 

ratios and constant proportions of Cement, Micro Silica, VMA, Coarse 

aggregate and Fine aggregate for different Water Cement ratios. The 

percentage of Micro Silica added is 7% for all mixes. The mix proportions 

are obtained on the basis of NAN-SU mix design. All the mixes contain 

Cement of 574 kg/m3 but with different total binder content. The 

workability tests performed in this research were as per EFNARC. Based 

upon the experimental results, for water cement ratio 0.25 fresh and 

hardened state properties of high strength self-compacting concrete are 

moderate. 

 

2.4.10. S. Mahesh (2014).[10] 

Self-compacting concrete (SCC), which flows under its own weight and 

doesn’t require any external vibration for compaction, has revolutionized 

concrete placement. Such concrete should have relatively low yield value 

to ensure high flow ability, a moderate viscosity to resists segregation and 

bleeding and must maintain its homogeneity during transportation, placing 
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and curing to ensure adequate structural performance and long term 

durability. Self-compacting concrete (SCC) can be defined as a fresh 

concrete which possesses superior flow ability under maintained stability 

(i.e. no segregation) thus allowing self-compaction that is, material 

consolidation without addition of energy. Self-compacting concrete is a 

fluid mixture suitable for placing in structures with Congested 

reinforcement without vibration and it helps in achieving higher quality of 

surface finishes. However utilization of high reactive Metakaolin and 

Flyash asan admixtures as an effective pozzolan which causes great 

improvement in the pore structure. The relative proportions of key 

components are considered by volumerather than by mass. Self-compacting 

concrete (SCC) mix design with 29% of coarse aggregate, replacement of 

cement with Metakaolin and class F flyash, combinations of both and 

controlled SCC mix with 0.36 water/cementitious ratio(by weight) and388 

litre/m3 of cement paste volume. Crushed granite stones of size 16mm and 

12.5mm are used with a blending 60:40 by percentage weight of total coarse 

aggregate. Self-compacting concrete compactibility is affected by the 

characteristics of materials and the mix proportions; it becomes necessary 

to evolve a procedure for mix design of SCC. The properties of different 

constituent materials used in this investigation and its standard tests 

procedures for acceptance characteristics of self-compacting concrete such 

as slump flow, V-funnel and L-Box are presented. 

 

2.4.11.Imad R.Mustafa1, Dr.Dilshad K.Jaf2, Dr.Sinan 

Abdulkhaleq Yaseen (2017).[11] 

Self-compacting concrete is a specific type of concrete that can flow only 

by its own weight and can fill any space while keeping its homogeneity. 

This work summarizes the experiments for evaluating the performance of 

self-compacting concrete including V-funnel, L-box, J-ring and slump flow 

tests as well as the recent achievements of the fresh and hardened properties 

of self-compacting concrete such as slump flow, segregation resistance, 

compressive strength and tensile strength. Also, the previous researches of 

durability is surveyed including sulfate resistance, inner frost resistance, 

freezing and thawing. The effect of dosage amount of water-binder ratio, 

water- cement ratio and super plasticizer on the properties of self- 

compacting concrete are revealed based on the survey of previous 

literatures. Particular emphasis is placed on the availability and economic 

effectiveness of partial replacement of certain amount of cement by mineral 

admixtures, rice husk ash and silica fumes instead of cement. 

 

2.4.12. M. Mazloom, A. Ranjbar,(2017) 
Self-compacting concrete is a specific type of concrete that can flow only 

by its own weight and can fill any space while keeping its homogeneity. 
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This work summarizes the experiments for evaluating the performance of 

self-compacting concrete including V-funnel, L-box, J-ring and slump flow 

tests as well as the recent achievements of the fresh and hardened properties 

of self-compacting concrete such as slump flow, segregation resistance, 

compressive strength and tensile strength. Also, the previous researches of 

durability is surveyed including sulfate resistance, inner frost resistance, 

freezing and thawing. The effect of dosage amount of water-binder ratio, 

water-cement ratio and super plasticizer on the properties of self-

compacting concrete are revealed based on the survey of previous 

literatures. Particular emphasis is placed on the availability and economic 

effectiveness of partial replacement of certain amount of cement by mineral 

admixtures, rice husk ash and silica fumes instead of cement. 

 

2.4.13. Dinesh. A* , Harini.S, Jasmine Jeba.P, Jincy.J, Shagufta 

Javed( 2017) 
Concrete has to be heavily vibrated for flow into very intricate forms or 

forms that have a lot of reinforcing bars. Hence to overcome these defects 

the self-compacting concrete is used. Self-compacting concrete is a flowing 

concrete mixture that is able to consolidate under its own weight. The self-

compacting concrete flows easily at suitable speed into formwork without 

blocking through the reinforcement without being heavily vibrated. This 

project deals with the self- compacting concrete where the cement is 

partially replaced with fly-ash and silica fume. Here Ordinary Portland 

Cement is replaced with 5%, 10%, 15%, 20% and 25% of fly-ash and 2.5%, 

5%, 7.5%, 10% and 12.5% of silica fume. From the experimental 

investigations, it is observed that there is increase in the fresh properties 

(workability) and increase in the hardened properties (split-tensile strength 

and compressive strength) for replacement of silica fume. Similarly, there 

is increase in the fresh properties (workability) and decrease in the hardened 

properties (split-tensile strength and compressive strength) for replacement 

of fly ash. 

  

2.4.14. Afsaneh Valizadeh 1, Farhad Aslani 1,2, *, Zohaib Asif 1 

and Matt Roso 1 (2019).[12] 

Heavyweight self-compacting concrete (HWSCC) and heavyweight 

geopolymer concrete (HWGC) are new types of concrete that integrate the 

advantages of heavyweight concrete (HWC) with self-compacting concrete 

(SCC) and geopolymer concrete (GC), respectively. The replacement of 

natural coarse aggregates with magnetite aggregates in control SCC and 

control GC at volume ratios of 50%, 75%, and 100% was considered in this 

study to obtain heavyweight concrete classifications, according to British 

standards, which provide proper protection from sources that emit harmful 

radiations in medical and nuclear industries and may also be used in many 
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offshore structures. The main aim of this study is to examine the fresh and 

mechanical properties of both types of mixes. The experimental program 

investigates the fresh properties of HWSCC and HWGC through the slump 

flow test. However, J-ring tests were only conducted for HWSCC mixes to 

ensure the flow requirements in order to achieve self-compacting 

properties. Moreover, the mechanical properties of both type of mixes were 

investigated after 7 and 28 days curing at an ambient temperature. The 

standard 100 × 200 mm cylinders were subjected to compressive and tensile 

tests. Furthermore, the flexural strength were examined by testing 450 × 

100 × 100 mm prisms under four- point loading. The flexural load-

displacement relationship for all mixes were also investigated. The results 

indicated that the maximum compressive strength of 53.54 MPa was 

achieved by using the control SCC mix after 28 days. However, in HWGC 

mixes, the maximum compressive strength of 31.31 MPa was achieved by 

25% magnetite replacement samples. The overall result shows the strength 

of HWSCC decreases by increasing magnetite aggregate proportions, 

while, in HWGC mixes, the compressive strength increased with 50% 

magnetite replacement followed by a decrease in strength by 75% and 

100% magnetite replacements. The maximum densities of 2901 and 2896 

kg/m3 were obtained by 100% magnetite replacements in HWSCC and 

HWGC, respectively. 

 

2.4.15. Farhad Aslani  , Fatemeh Hamidi  and Qilong Ma (2019)[13] 

In this study, the fresh and hardened state properties of heavyweight self-

compacting concrete (HWSCC) and heavyweight high strength concrete 

(HWHSC) containing heavyweight magnetite aggregate with 50, 75, and 

100% replacement ratio, and their performance at elevated temperatures 

were explored experimentally. For fresh-state properties, the flowability 

and passing ability of HWSCCs were assessed by using slump flow, T500 

mm, and J-ring tests. Hardened-state properties including hardened density, 

compressive strength, and modulus of elasticity were evaluated after 28 

days of mixing. High-temperature tests were also performed to study the 

mass loss, spalling of HWSCC and HWHSC, and residual mechanical 

properties at 100, 300, 600 and 900 ◦C with a heating rate of 5 ◦C/min. 

Ultimately, by using the experimental data, rational numerical models were 

established to predict the compressive strength and modulus of elasticity of 

HWSCC at elevated temperatures. The results of the flowability and 

passing ability revealed that the addition of magnetite aggregate would not 

deteriorate the workability of HWSCCs and they retained their self-

compacting characteristics. Based on the hardened densities, only self-

compacting concrete (SCC) with 100% magnetite content, and high 

strength concrete (HSC) with 75 and 100% magnetite aggregate can be 

considered as HWC. For both the compressive strength and elastic 
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modulus, decreasing trends were observed by introducing magnetite 

aggregate to SCC and HSC at an ambient temperature. Mass loss and 

spalling evaluations showed severe crack propagation for SCC without 

magnetite aggregate while SCCs containing magnetite aggregate preserved 

up to 900 ◦C. Nevertheless, the mass loss of SCCs containing 75 and 100% 

magnetite content were higher than that of SCC without magnetite. Due to 

the pressure build-up, HSCs with and without magnetite showed explosive 

spalling at high temperatures. The residual mechanical properties analysis 

indicated that the highest retention of the compressive strength and 

modulus of elasticity after exposure to elevated temperatures belonged to 

HWSCC with 100% magnetite content. 

 

2.5.Modulus of Elasticity[14]      

The most common way for concrete is to measure the secant modulus of 

elasticity (Ec). Sonebi et al. reported that SCC and NWC bear a similar 

relationship between modulus of elasticity and compressive strength 

expressed in the form EC / (ƒ'c) , for structural calculation, and 

applicable conventional concrete. Holschemacher and Klugreported that 

the modulus of elasticity of SCC can be up to 20% lower compared with 

NWC having the same compressive strength and made of the same 

aggregates, because of the high content of ultra-fines and additives in 

SCC as dominating factors and, accordingly, minor occurrence of coarse 

and stiff aggregates at SCC. 

 

List of Test Methods for Workability Properties Table (2-1) 

No. method property  

1 Slump Flow By Abrams Cone Filling Ability 

2 Slump Flow T50cm Filling Ability 

3 J-Ring Passing Ability 

4 V-Funnel Filling Ability 

5 V-Funnel at T5minutes Segregation Resistance 

6 L-Box Passing Ability 

7 U-Box Passing Ability 

8 Fill-Box Passing Ability 

9 GTM screen stability test Segregation Resistance 

10 Orimet Filling Ability 
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Acceptance Criteria for Self-Compacting Concrete Table 

(2-2). 

 

No. method Unit 
Minimum Range of 

Value  

Maximum Range of 

Value 

1 

Slump Flow 

By Abrams 

Cone 

mm 

650 800 

2 
Slump Flow 

T50cm 
sec. 

 5 

3 J-Ring mm  10 

4 V-Funnel sec.  12 

5 
V-Funnel at 

T5minutes 
sec. 

 +3 

6 L-Box h2 \h1  1.0 

7 U-Box (h2-h1) mm  30 

8 Fill-Box %  100 

9 
GTM screen 

stability test 
% 

 15 

10 Orimet sec.   
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Chapter Three 

Materials and Experimental work 

3.Materials and Experimental work 

Materials were selected according to a mix design method taking into 

account material grading &properties. Satisfactory REACTIVE 

POWEDER SELF-COMPACTIVE CONCRETE is achieved by more 

strength requirements of ingredients in selecting suitable materials, and 

good quality control and proportioning by the following:  

3.1.Cement: 

Ordinary Portland cement of 350-450 kg/ 𝑚3 content (from MASS 

BAZIAN SULAIMANIA company) TYPE [1] was used in this 

research.The Cement used is confirmed by the manufacturer to the 

Iraqi standards specifications  (Iraqi standard specification n.5 for 

1984) for physical and chemical properties 

Physical Properties of Cement Table (3-1). 

Physical Properties 
Test 

Results 

Iraqi 

Specifications 

No.5/1984 

/kg)2Fineness using Blain air permeability apparatus(m 340 > 230 

Initial setting time using Vicat's instruments (hr:min.) 1:75 > 00:45 

Final setting time using Vicat's instruments (hr:min.) 3:47 < 10:00 

Safety (soundness) using autoclave method (%) 0.01 < 0.8 

Compressive strength for cement paste cube (70.7mm) at : (3days) in 

) or (MPa)2(N/mm 
23.82 > 15 

: (7days) in  Compressive strength for cement paste cube (70.7mm) at

) or (MPa)2(N/mm 
28.0 > 23 
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Chemical Composition of Cement Table (3-2). 

Numbering 
Compound 

Name 

Compound 

Chemical 

Composition 

% (weight) 

Iraqi Standard 

Specifications 

No.5/1984 

1 Silica 2SiO 19.80 ------- 

2 Alumina 3O2Al 5.11 ------- 

3 Iron Oxide 3O2Fe 3.28 ------- 

4 Lime CaO 64.53 ------- 

5 Magnesia MgO 1.78 < 5 

6 Sulfate 3SO 2.55 < 2.8 

7 
Insoluble 

Residue 
I.R. 1.06 < 1.5 

8 
Loss on 

ignition 
L.O.I 3.11 < 4 

9 
Tricalcium 

aluminates 
A3C 

8.29 (From X.Ray 

diffraction) 
------- 

7.9983 (From 

Bogue equations) 

10 

Lime 

saturation 

factor 

L.S.F 0.98 0.66-1.02 

11  AF4C 9.9712 ---------- 

12 
Tricalcium 

silicate 
S3C 65.86 ---------- 

13 
Dicalcium 

silicate 
S2C 7.16756 ---------- 

 

 

 

 

 



20 

 

Mixing Materials plate (3-1)  

 

Cement Mortar plate (3-2) 

3.2.Fine Aggregate: 

Al-Ukhaidher natural sand with fineness modulus of (2.69) was used 

it is of rounded particle shape and smooth textures and of a 

maximum size of (4.75mm),therefore, requires less mixing water in 

concrete and for this reason it is preferable in SCC. Grading and 

sulfate content are shown in Table (3-3). Which satisfy the Iraqi 

Zone No. (2). –(3)Standard Specifications No.45 / 1984 

The Grading and Sulfate Content of Fine Aggregate (Sand) 

Table (3-3). 

Iraqi specification No. 45/1984 for 

grading Zone (2) of % passing of 

fine aggregate 

Deviation 

% Cumulative of 

passing fine 

aggregate 

Sieve Size 
No. In 

(μm) 

In 

(mm) 

100 0 100 10000 10 1 

90-100 0 94 4750 4.75 2 

75-100 0 82 2360 2.36 3 
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55-90 0 69 1180 1.18 4 

35-59 0 55 600 0.6 5 

8-30 0 24 300 0.3 6 

0-10 0 7 150 0.15 7 

<5 ----- 4.1 75 0.075 8 

------ ----- 0 Pan 9 

< 5 0 Summation of deviations 10 

< 0.5 % Sulfates Content = 0.069 11 

 

3.3.Couarse Aggregate: 

Crushed gravel of maximum size of (19mm) was used from Al-

Niba'ee quarry region. Table (3-4) shows the grading and percentage 

of sulfate content of the aggregate, which confirms to the Iraqi 

20) mm.-size of grading (5 – (3)Standard Specification No.45 / 1984 

The Grading and Sulfate Content of Coarse Aggregate (Gravel)(3-4) 

 

 

 

Limit of Iraqi specification No. 45/1984 

for grading size (5-20) mm of  % passing 

of coarse aggregate 

Deviation 

% Cumulative of 

passing fine 

aggregate 

Sieve Size 
No. In 

(μm) 

In 

(mm) 

   75000 75 1 

100 0 100 37500 37.5 2 

95-100 0 99 20000 20 3 

   14000 14 4 

30-60 0 30 10000 10 5 

0-10 0 3 5000 5 6 

   2360 2.36 7 

< 3.0 ----- 0.0 75 0.075 8 

------- ----- 0 Pan 9 

0 0.00 Summation of deviations 10 

< 0.1 % Sulfates Content = 0.05 11 
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Measuring Sand And Gravel  plate(3-3) 

 

3.4.Filler Materials: 

lime stone powder ,Normal fine Lime stone crushed powder which can be 

obtained from local quarries It has been used to increase workability and 

early strength ,as well as to reduce the required compaction energy .the 

increased strength is found particularly when the powder is finer than the 

Portland cement .the fine limestone powder(locally named as  AL-

GUBRA)of Iraqi northern zone with fineness(411 𝑘𝑔/𝑚2)    is used to 

avoid excessive heat generation ,enhance fluidity and cohesiveness 

,improve segregation resistance and increase the amount of fine powder in 
[6]the mix (cement & filler ) according to  EFNARC 

The Typical Properties of Limestone Powder Table (3-5). 

Physical property Range 

/kg)2Fineness by using Blain apparatus (m 411 

Chemical Composition % Content 

3So 1.63 

3CaCo 94.90 
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3.5.Water: 

Ordinary potable water available in the laboratory was used for both 

mixing and curing. 

3.6.Silica Fume: 

(BASF D MasterRoc MS 610) which is very pozzolanic, ready to use 

high performance mineral additive for use in concrete from [SIKA 

company], with the specific gravity 2.2, also it confirms the ASTM C 

1240imparts very good improvement to rheological, mechanical and 

chemical properties. It improves the durability of the concrete by 

reinforcing the microstructure through filler effect and thus reduces 

segregation and bleeding. 

 

Silica Fume plate (3-4) 

3.7.Chemical Addmixture (Betonac®-1030 Super-plasticizer) 

from (BASF D MasterGlenium 54)  high efficiency polycarboxylate 

polymer based super plasticizer its benefits to the batch are water 

reducing &retarding &extending the workability to the concrete also 

prevent the segregation, also it complies with (ASTM C 494 type 

A.D and G DIN EN 934-X2) with the density of 1.06 the dosage will 

be 0.6% - 1.5% of the cement weight. 
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Super-plasticizer plate (3-5) 

3.8.Fly Ash Powder: 

is a coal combustion product that is composed of the particulates 

(fine particles of burned fuel) that are driven out of coal-fired boilers 

together with the flue gases Ash that falls to the bottom of the 

boiler's combustion chamber (commonly called a firebox) is called 

bottom ash. In modern coal-fired power plants, fly ash is generally 

captured by electrostatic precipitators or other particle filtration 

equipment before the flue gases reach the chimneys. 

 

Fly Ash Powder plate (3-6) 

 

 

 



25 

 

 



26 

Chapter Four 

Experimental Results and Discussion 

4. Experimental Results and Discussion 

4.1.Introduction: 

The main objective of the current study is to investigate the mechanical 

behavior of heavy weight self-weight compacting concrete cubes and 

cylinders with and without fibers. In this chapter, test results from 

experimental program will be presented. 

 All samples in each group have the same dimensions, for cubes and 

cylinders as described in chapter three. Test results are presented based on 

compressive strength, splitting tensile strength, flexural strength and 

modules of elasticity,– In this chapter, the recorded data, general behavior 

and tests observations are reported and discussed. 

Three groups of 30 samples each group is consist of :  

cast by using   normal concrete and given the shortcut  has beengroup   st1

(G1) consist of 3 cube samples and 3 cylinder samples.  

compacted concrete and given the -by using self has been castgroup   nd2

shortcut (G2) consist of 3 cube samples and 3 cylinder samples.  

compacted -addition to self cast by using steel filling  has beengroup  rd 3

concrete and given the shortcut (G3) consist of 3 cube samples and 3 

cylinder samples. 

 

Cube sample plate (4-1) 
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Cylinder sample plate (4-2) 

 4.2.Fresh Concrete Properties: 

 The fresh properties of each mix are evaluated and compared with the 

literature, the description of cubes and cylinders which shows the division 

of cubes and cylinders into three  groups depending on type of concrete, 

the type of reinforcing steel bars and the type of fibers, which have been 

added to the mix. 

4.3. Mechanical Properties of Hardened Concrete 

4.3.1.Compressive Strength  (ƒ'c and ƒcu) The test results, which are 

include the experimental values of concrete strength. The strength values 

are obtained from the average of three cylinders and three cubes which are 

cast for each concrete mix. 
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Table (4-1) : Results of Compressive Strength (ƒ'c and ƒcu). 

 
Group 

no. 

Sample 

no 
type of concrete  

F`C 

(AVG) 
(AVG)CuF 

G1 

C1 

NORMAL Concrete  

- 37.6 C2 

C3 

S1 

33.4 - S2 

S3 

G2 

C1 

SELF COMAPACTED CONCRETE with (SF = 

0.2% of AGG.) 

- 39.4 C2 

C3 

S1 

35.3 - S2 

S3 

G3 

C1 

SELF COMPACTED CONCRETE with (SF = 

0.3% of AGG.)  

- 42.7 C2 

C3 

S1 

38.5 - S2 

S3 
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4.3.2. Splitting Tensile Strength (ƒ'ct) presents the splitting tensile strength 

for three types of concrete and the values obtained by equations of ACI 

318M-18[15], both measured and calculated methods give approximately 

close values. 

Table (4-2) : Calculation of Splitting Tensile Strength (ƒct). 

Group 

no. 

Sample 

no 
type of concrete  

F`C 

(AVG) 
u(AVG)CF fct* 

G1 

C1 

NORMAL CON. 

- 37.6 

3.23 

C2 

C3 

S1 

33.4 - S2 

S3 

G2 

C1 

SELF COMAPACTED CONCRETE with 

(SF = 0.2% of AGG.) 

- 39.4 

3.32 

C2 

C3 

S1 

35.3 - S2 

S3 

G3 

C1 

SELF COMPACTED CONCRETE with 

(SF = 0.3% of AGG.) 

- 42.7 

3.47 

C2 

C3 

S1 

38.5 - S2 

S3 

*fct = 0.56 √f`c 

4.3.3. Modulus of Rupture (ƒr) the values of experimental modulus of 

rupture. Comparison between experimental modulus of rupture for three 

types of concrete and the values which are determined by ACI 318 – 08[15] 

and ACI 544 -1R[16], both measured and calculated methods give 

approximately close values. 
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Table (4-3) : Calculation of Modulus of Rupture (ƒr). 

Group 

no. 

Sample 

no 
type oF concrete  (AVG)CuF 

F`C 

(AVG) 
fr*  

G1 

C1 

NORMAL CONCRETE 

37.6 - 

3.58 

C2 

C3 

S1 

- 33.4 S2 

S3 

G2 

C1 

SELF COMAPACTED CONCRETE 

with (SF = 0.2% of AGG.)  

39.4 - 

3.68 

C2 

C3 

S1 

- 35.3 S2 

S3 

G3 

C1 

SELF COMPACTED CONCRETE 

with (SF = 0.3% of AGG.) 

42.7 - 

3.84 

C2 

C3 

S1 

- 38.5 S2 

S3 

*fr= 0.62 * √f`c 

4.3.4.Static Modulus of Elasticity (Ec) Table (4-4) shows the values of 

modulus of elasticity for three types of self-compacting concrete mixes. 

Measurement of static modulus of elasticity of concrete (Ec) for these 

different types of self-compacting concrete is carried out in accordance with 

ASTM C469-02[17] technique (secant to 0.4'cf), using (150×300mm) 

concrete cylinders tested in compression at constant strain. The same testing 

machine, which is employed in compressive strength test of concrete, is used 

in this test. For steel and polypropylene fibers reinforced concretes, the 
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modulus of elasticity have been measured, beside the modulus of elasticity 

of plane self-compacting concrete which has been measured in accordance 

with ASTM C469-02[17] technique (secant to 0.4'cf), using (150×300 mm) 

cylindrical concrete specimens. Both measured and calculated methods give 

approximately close values. 

 

Table (4-4) : Calculation of Static Modulus of Elasticity (Ec). 

Group 

no. 

Sample 

no 
type oF concrete  

F`C 

(AVG) 
(AVG)CuF Ec  * 

G1 

C1 

NORMAL CON. 

- 37.6 - C2 

C3 

S1 

33.4 - 27.162 S2 

S3 

G2 

C1 

SELF COMAPACTED CONCRETE 

with (SF = 0.2% of AGG.) 

- 39.4 - C2 

C3 

S1 

35.3 - 27.924 S2 

S3 

G3 

C1 

SELF COMPACTED CONCRETE 

with (SF = 0.3% of AGG.) 

- 42.7 - C2 

C3 

S1 

38.5 - 29.162 S2 

S3 

*Ec =4700 √f`c 
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Chapter Five 

Conclusions and Recommendations 

5.Conclusions and Recommendations 

5.1. Conclusions: 

Throughout the present experimental work, the effects of adding steel fillings, 

fly ash and lime stone powder respectively to the self-compacting concrete 

(SCC) matrix (mix) have been examined and discussed, also a considerable 

amount of test results is obtained and discussed. According to the test results 

of this study, some conclusions are obtained: 

5.1.1.The effect of adding the silica fume and fly ash powder as a (chemical 

admitures) with a range of steel fillings of (0.2% of total aggregates volume) to N.C 

matrix, has a range of (5.382%) in the increasing of compressive strength of 

concrete between (G1&G2),  but by increasing the range of addition of steel fillings 

up to (0.3% of the total volume of aggregates) has a range of increasing of  

(13.247%) between (G1&G3), but by the comparison between (G2 & G3) , there 

was an increasing in the compressive strength in a range of ( 8.312%). 

5.1.2.The effect of adding the silica fume and fly ash powders as a (chemical 

admitures) with a range of steel fillings of (0.2% of total aggregates volume) to N.C 

matrix, has a slight range of (2.711%) in the increasing in splitting tensile strength 

of concrete between (G1&G2),  but by increasing the range of addition of steel 

fillings up to (0.3% of the total volume of aggregates) has a range of increasing of  

(6.916%) between (G1&G3), but by the comparison between (G2 & G3) , there was 

an increasing in the splitting tensile strength in a range of ( 4.323%). 

5.1.3.The effect of adding the silica fume and fly ash powders as a (chemical 

admitures) with a range of steel fillings of (0.2% of total aggregates volume) to N.C 

matrix, has a slight range of (2.717%) in the increasing in modulus of rupture of 

concrete between (G1&G2),  but by increasing the range of addition of steel fillings 

up to (0.3% of the total volume of aggregates) has a range of increasing of  (6.770%) 

between (G1&G3), but by the comparison between (G2 & G3) , there was an 

increasing in the modulus of rupture in a range of ( 4.167%). 

5.1.4.The effect of adding the silica fume and fly ash powders as a (chemical 

admitures) with a range of steel fillings of (0.2% of total aggregates volume) to N.C 

matrix, has a slight range of (2.729%) in the increasing in modulus of elasticity of 

concrete between (G1&G2),  but by increasing the range of addition of steel fillings 

up to (0.3% of the total volume of aggregates) has a range of increasing of  (6.858%) 

between (G1&G3), but by the comparison between (G2 & G3) , there was an 

increasing in the modulus of elasticity in a range of ( 4.245%). 
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5.2. Suggestions for further works: 

 

          Future researches are indicated in the followings: 

 

5.2.1.The structural behaviors for many self-compacting concrete (SCC) structural 

members such as (walls, columns, beams of other different shapes and slabs) can 

be studied by adding polypropylene fibers or steel fibers in the same rates of 

addition or they can be changed.  

5.2.2.Examining the strength, ductility and behavior of SCC structural samples 

subjected to impact loading can be implemented. 

5.2.3.The effect of using the fly ash admixture with the SCC components will 

produce nano-high performance concrete which can be used in construction of 

towered buildings subjected to earthquake, volcanic activity, explosions and 

radioactive reactions in the future buildings  

5.2.4.because of its high density and low porosity of the RPSC ,we can use it in 

the marine  constructions  ,underground tanks and dams . 
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Most buildings are of straight forward geometry with horizontal 

beams and vertical columns. Although any building configuration is 

possible with ETABS version 2009, in most cases, a simple grid 

system defined by horizontal floors and vertical column lines 

can establish building geometry with minimum effort. Many of the 

floor level in buildings are similar. This commonality can be used 

to dramatically reducemodelling and design time. The present work 

deals with the analysis and design of a multi storied residential 

building of (G+2) by using most economical beam to column method. 

The dead load &live loads are applied and the design for beams, 

columns, footings obtained from etabs with its new features 

surpassed its predecessors with its data sharing. Our main aim is to 

complete a multi-storey building and to ensure that the structure is 

safe and economical against gravity loading conditions and to fulfill 

the function for which the structures have been built for. For 

the design of the structure, the dead load and live load are 

considered. The analysis and design of the structure done by using 

software package ETABS. In this project multi-storeyed construction, 

we have adopted limit state method of analysis. The design is in 

confirmation with IS 456-2000.The results of analysis are used to 

verify the fitness of structure for use. Computer software’s are also 

being used for the calculation of forces, bending moment, stress, 

strain &deformation or deflection for a complex structural system. 

The principle objective of this project is to compare the design and 

Abstract: 



 

analysis of multi-storied building (G+2) by ETABS 2009with manual 

calculations. 

 

 

 

As our country is the fastest growing country across the globe so the 

need of shelter for highly populated cities where the cost of land is 

high and further horizontal expansion is not possible due to 

unavailability of space, soothe only solution is vertical expansion. 

Structural design is the primary aspect of civil engineering. The 

foremost basic sin structure is the design of simple basic components 

and members of a building like slabs, beams, columns, and footings. In 

order to design them it is important to first obtain the plan of the 

particular building. Thereby depending on the suitability plan layout 

of beams and the position of columns are fixed. Thereafter, the 

vertical loadsare calculated namely the dead load and live load. 

 

Once the loads are obtained, the component takes the load first i.e. the 

slabs can be designed. Designing of slabs depends upon whether it is a 

one-way or a two-way slab, the end condition and the loading. From 

the slabs, the loads are transferred to the beam. The loads coming 

from the slabs onto the beam may be trapezoidal or triangular. 

Depending on this, the beam may be designed. Thereafter, the loads 

(mainly shear) from the beams are taken by the columns. For 

designing columns, it is necessary to know the moments they are 

subjected to for this purpose; frame analysis is done by Kanis method. 

After this the designing of column is taken up depending on end 

conditions, moments, eccentricity and if it is a short or slender 

1.  INTRODUCTION 



 

column. Finally, the footings are designed based on the loading 

from the column and also the soil bearing capacity value for that` 

particular area. Most importantly, the sections must be checked 

for althea components with regard to strength and 

serviceability.ETABS is a sophisticated, yet easy to use, special 

purpose analysis and design program developed specifically for 

building systems.  

 

ETABS Version 9.7.4 features an intuitive and powerful graphical 

interface coupled with unmatched modeling, analytical, and design 

procedures, all integrated using a common database. Although quick 

and easy for simple structures, ETABS can also handle the largest and 

most complex building models, including a wide range of nonlinear 

behaviors, making it the tool of choice for structural engineers in the 

building industry. 

 

1.1 DESIGN PHILOSOPHIES 

There are three philosophies for the design of reinforced concrete 

namely: 

1) Working stress method 

2) Ultimate load method 

3) Limit state method 

 

 



 

 

 

1.2 STAGES IN STRUCTURAL DESIGN 

The process of structural design involves the following stages: 

❖ Structural planning. 

❖ Estimation of loads.   

❖ Analysis of structure. 

❖ Member design.   

❖ Drawing, detailing and preparation of structures. 

 

 

 

 

 

Following are the objectives 

1. Modeling the building using the software ETABSV.9.7.4 

2. Applying gravity loads and different load combinations as per 

Indian coda provision. 

3. Analyzing and designing of hostel building for worst case of load 

combination. 

 

 

2. OBJECTIVE 

 



 

 

 

Fig 1: Ground floor plan 

Table -1: Ground Floor Details 

NO. ROOMS SIZE(m&m) NO,S 

   1  HALL 13X6 1 

   2 KITCHEN 11X6 1 

   3 STORE ROOM 5X6 1 

   4 LIVING ROOM 7X4 15 

   5 W/C 1.5X1.2 18 

 

3. PLAN OF HOSTEL 

BUILDING 

 



 

   6 BATH 1.5X1.8 12 

                                                                                                                                               

                   

 

 

 

 

 

 

 

4.   METHODOLOGY 



 

 

 

 

 

Table 2: Results considered for design of columns 

NO. COULMAN NO.OF 
COULMAN 

Pu 
(KN) 

Mux 
(KN_m) 
 

Muy 
(KN_m) 

     1      C1     6    873   _67.51      _19.24 

     2      C2     13   1104    2999    _81.88 

     3      C3     10   1987   43.43     65.68 

     4      C4     19   2304   _40.98    _101.4 

     5      C5      5   2992   _30.68      4.01 

     6      C6     22   3423    34.11    _152.89 

 

 

 

 

6.1 DESIGN OF SLAB:(one long edge discontinuous) 

Size of the slab = (7x5) mL 

y= 7 m L    x= 5 Ml y/L 

x=7/5 = 1.4 < 2Therefore, design the slab as 2-way slabAssume 

overall depth of the slab as 150 mmAssume effective cover = 

20mmEffective depth (d) = 150-20 = 130mm 

5. ANALYSIS RESULT 

6. DESIGN DETAILS 



 

 

 

Calculation of load: 

Self-weight of slab = 0.15x1x24 = 3.6 kN/m 

Live load = 3 kN/m 

Floor finish load = 1.5 kN/m 

Total load = 8.1 kN/m 

Factored load =1.5x8.1=12.15 kN/m 

 

Calculation of Ultimate Moments; 

From table 12 of IS456-2000 for interior panels. 

ax= 0.047 , ay = 0.028 

Mx=ax wlx2 = 0.047x12.51x52=14.69 kn-m 

My=aywlx2= 0.028x12.51x52= 8.75 kn-m 

 

Check for Depth of Slab; 

Mulim= 0.133f ck bd2  

14.69x106=0.133x25x1000xd2  

d= 66.46 mm < provided (130 mm) 

∴ Slab is safe against moment. 

Calculation of Ast: 



 

Mulim = 0.87fyAst d {1-(Ast f y/bdf ck ) 

14.69x106=0.87x500xAst x130{1- 

(Ast x500)/1000x130x25)} 

8.7Ast 2-56550Ast +14.69x106  

Ast  =271mm2 

Ast required = 271mm2 

 Ast  = 0.12% of gross area=(0.12/100)x(1000x150) 

=180mm  

Assume 10mm dia bars ,No of bars= total area/area of 1 bar 

= 271/78.53= 3 no,s 

Spacing 

Providing 10# bars 

Ast = (Px102) = 78.53mm2 

a)Main bars: Spacing of 10 # = (78.53 x1000)/271 

=289.77 mm c/c=300 mm c/c 

 Spacing should be minimum of 3d = 3x130= 390mm 

Provide 10mm dia bars @ 300mm c/c 

(b)Distribution bars = 8# @ 0.012 X ASt  

 Spacing of 8# (50.26 x 1000)/271=185.46mm  

c/c= 180mm c/c 

Provide 8 # @ 180mm c/c 



 

 

 

Check for shear 

Vu= (wux lx)/2= (12.15x5)/2=30.37 KN 

Nominal shear stress حv = Vu/bd = 30.37x103/1000x130 

=0.23N/mm 

Permissible Shear Stress, Pt = (100Ast)/bd = (100 

x271)/(1000 x 130) = 0.20 

Table no. 19 of IS 456 2000; 

 c= 0.325 n/mm2ح

  vح < cح

Hence Shear Reinforcement is not required. 

 6.2 DESIGN OF BEAM  

Clear span=7 m 

Width of support =230 mm 

Service load =3 KN/m 

Materials: M25 grade concrete 

Fe500 

Fck =25 N/mm2  

Fy= 500 n/mm2  



 

Effective depth= span/15=7000/15=466.7=500 mm 

Adopt d=500 mm 

D=520 mm 

B=230 mm 

Effective span=clear span+ effective depth=7+0.5=7.5m 

Center to center of support=7.23m  

Hence L=7.5 m  

Load= w= 52.5 KN/m 

Design ultimate load= Wu=78.75 KN/m 

Ultimate moment and shear forces 

Mu= 0.125xwuxL2 

 = 0.125x78.7x7.52 

 =551.25 KN-m  

Vu= 0.5xwu xL= 0.5X29.77X7.5 

= 295.12 KN 

Mulim= 0.133xf ck xbxd2 

 =0.133x25x230x5002 

 =191.18 KN-m 

Since Mu > Mulim, section is over reinforced 

Mu – Mulim=f sc x Asc(d-d1 ) 



 

Fsc= (0.0035(xumax-d1 )/xumax)xEs 

 = (0.0035(230-20)/230)x2x105 

= 639.13 N/mm2 not greater than 0.87x fy =435 N/mm2  

Asc = [(MU- Mulim)/f sc(d-d1  )] 

= [(551.25-191.18)x106 /435(500-20)] 

= 1724.4 mm2  

Provide 2 bars of 12 mm diameter (Asc=226 mm2 ) 

Ast2= (Asc xfsc/0.87f y)=(1724.4x435/0.87x500) 

=1724.4 mm2 

 Ast1= (0.36xf ck bxulim/0.87xf y) 

= (0.36x25x230x0.46x500/0.87x500) 

= 1094.48 mm2 

 Ast= Ast1+Ast2 

 Ast= 2818.8 mm2 

 Provide 3 numbers of 25 mm diameter (Ast=1473 mm2) 

Shear reinforcement 

 v= vu/bdح

= 295.125x103/230x500= 2.5 N/mm2 

pt= (100 Ast )/bd 

= (100x1473)/(230x500) 



 

= 1.28 

 c= 0.704 < 2.5ح

Hence shear reinforcement are required 

Vus= (Vu-(حc bd)) 

Vus= (295.12-(0.704x230x500)x103-)=214.16 KN 

Using 8 mm diameter 2-legged stirrups 

Sv =(0.87xfyxAsvxd/Vus)=(0.87x500x100X500/214.16) 

Sv=102.09 mm 

Sv> 0.75d=375 mm 

Adopt spacing of 100 mm near support ,gradually increasing to 

300 mm towards the centre of span. 

Check for deflection 

(L/d)act= (7500/500)=15 

(L/d)max= [(L/d)basic xKcxKt xKf ] 

(L/d)max=15x1.03x0.98x1 = 15.14 

(L/d)act< (L/d)max 

Hence deflection control is satisfied. 

6.3 DESIGN OF FOOTING 

b = 230 mm 

d = 750 mm 

f ck = 25 N/mm2 



 

 fy= 500 N/mm 

Pu = 3423 kN 

SBC of soil = 140 KN/m2 

Factored SBC = 1.5 x 140 = 210 kN/m2 

 Add 10% of load as self-weight of footing =3423 

+10%(3423) = 3765.3 kN 

Pu= 3765.3 kN 

1) Size of Footing; 

 
Area (A) =load/SBC = 3765.3/ 210 = 17.93 m2 

Proportion the footing area in the same proportion as 

thesides of the column. 

Hence (2.3 x) X (7.5 x) = 17.93x= 1.03 

Short side of footing = (0.23x 1.03) = 2.36 m 

Long side of footing = (7.5 x 1.03) =7.72 m 

Provide size of footing as (2.5m x 7.75m) 

Soil Pressure (P0) = p/area = 3423/(2.5x7.75) = 176.6kN/m2 

< 210 kN/m2  

 

2) Bending Moment Calculation: 

 
Cantilever projection from the short side face of the column= 

0.5(7.75-0.75) = 3.5m 

Cantilever projection from the long side face of the column 

=0.5(2.5-0.23) 



 

Bending moment at long side face of column is (0.5p0 L2) 

=0.5x176x3.52=1078 KN-m 

 Bending moment at short side face of column is (0.5p0 L2) 

=0.5x176x1.132 N-m 

 

3) Calculation for Depth of Footing: 

 
From moment consideration, 

Depth(d)= √𝑚𝑢/(0.138 fckxB ) 

=√1078  x 106/(0.138x25x1000)=558.9 mm 

From shear consideration, 

From IS-456:2000 

 

Vu = Pox (1620 - d) = 176 x (1695-d) 

Assuming shear stress حc = 0.36 N/ mm2 for M40 grade Pt 

=0.25 

 c = Vu/bdح

0.36 = 176×(1695-d)/1000 ×d 

 d = 556.56mm. 

Provide d = 560 mm 

 

4)Area of Reinforcement: 
 

 Longer Direction. 

Mr = 0.87 x fy Astx d (1 – Ast x fy/(bdf ck )) 

1078x106= 0.87 x 500 x Ast x560(1-Ast x500/(1000x560x25) 

Ast= 5509.30mm2 Using 25mm 



 

 dia bars @100mm spacing ( Ast =5399.6 mm2) 

 Shorter Direction 

 

Mr = 0.87 x FY x Astx d (1 - Ats f y/(bdf ck )) 

112.36x106= 0.87x500xAst x560 {1-Ast x500/(1000x560x25) 

Ast= 469.10 mm2 

 

5)Check for Shear 

 

The critical section for one way shear is located at ad 

istance‘d’ from the face of the column. 

Ultimate shear force per metre width in the longer direction 

is: 

Vu = Po x d= 176 x 0.56 

Vu = 98.56kN 

Pt= 100Ast /bd=(100x5399.6)/1000x560)=0.96From Table No. 

19 of IS 456:2000 

 c = 0.64 N/ mm2ح

 v = Vu/bd = 98.56x103/(1000x560)=0.176 N/mm2ح

ح   <  cح v 



 

Hence safe. 

 

6.4 DESIGN OF COLUMN 

Size of column (230x450) mm  

Pu=1104KNM 

Mux= 35.64KN-mM 

Muy= 64.48KN-m 

Fck= 25N/mm2 

 Fy= 500N/mm2 

 

Selecting trial reinforcement: 

Pu/f ck bD =1104x103/25x230x450=0.426 

Uniaxial mu= 1.15 √ (mux2+muy2) 

                      = 1.15 √ (35.642+64.452) 

Mu/f ck bD2=84.69x106/25x230x4502=0.072 

d1/D=50/450 

referring to chart 48 in SP-16=0.1 

P/f ck = 0.04 

P= 0.04x25=1 

Asc=pbD/ 100= 1X230X450/100Asc 



 

= 1035mm2 

 Provide 4 bars of 20mm diameter. 

Area provided = 1256.63mm2 

Actual p= 1256.63/230x450=1.21 

P/f ck = 1.21/25=0.04 

To find mux1; 

P/f ck=0.04 , Pu/f ck bD = 0.426 , d/D = 0.11 

from chart 48 

mux1/f ck bD2 = 0.07m 

mux1= 0.07x25x230x450 

=81.5KN-m 

To find muy1; 

Since Pu/f ck bd , p/f ck  ,mu/f ck bd2 are same as above 

Here also muy1= 81.5KN-m 

To find pu2= 0.45xfck xAc+0.75fyAsc 

Ac= 230x450-1256.63=102243.37mm2 

Asc=1256.63mm2  

Pu2=0.45x25x102243.37+0.75x500x1256.3 

=1621.47KN  

To find αn; 



 

Pu/pu2= 1104/1621.47=0.68 

This between 0.2 and 0.8n 

αn=1+(0.68-0.2)/0.6=1.8Checking interaction formula; 

Checking interaction formula; 

(Mux/mux1)αn+ (muy/muy1)αn 

(35.64/81.5)1.8+ (64.48/81.5)1.8 

=0.88<1 

Interaction formula is satisfied 

 

Design of ties; 

Use 8mm diameter tieMaximum pitcha) 

  

a)Least lateral dimension = 230mm 

b)16xɸ= 16x20=320mm 

c)300mm 

Hence provide 8mm@ 230mm c/c 

 

 

 

 



 

 

7. CONCLUSIONS 

1. The preparation of the project has provided anexcellent 

opportunity to emerge ourselves inplanning and designing of 

multi-storeyed hostel building. 

2.  This project has given an opportunity to re-collect and co-

ordinate the various methods of designing and engineering  

principles which we have learnt in our lower classes . 

3.Design was done by using ETABS software and successfully 

verified manually as per IS 456-2000.4. 

4. By using ETABS, the analysis and design work can be 

completed within the stipulated time. 

5.The analysis and design results obtained from software are 

safe when compared with manual calculations and design.  
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ABSTRACT 

    

The principle objective of this project is to analyse and design a multi-storeyed building 

[G + 4 (3 dimensional frame)] using STAAD Pro. The design involves load calculations 

manually and analyzing the whole structure by STAAD Pro. The design methods used in 

STAAD-Pro analysis are Limit State Design conforming to Indian Standard Code of 

Practice. STAAD.Pro features a state-of-the-art user interface, visualization tools, 

powerful analysis and design engines with advanced finite element and dynamic analysis 

capabilities. From model generation, analysis and design to visualization and result 

verification, STAAD.Pro is the professional’s choice. Initially we started with the analysis 

of simple 2 dimensional frames and manually checked the accuracy of the software with 

our results. The results proved to be very accurate. We analysed and designed a G + 4 

storey building [2-D Frame] initially for all possible load combinations [dead, live]. 

STAAD.Pro has a very interactive user interface which allows the users to draw the 

frame and input the load values and dimensions. Then according to the specified criteria 

assigned it analyses the structure and designs the members with reinforcement details 

for RCC frames. We continued with our work with some more multi-storeyed 2-D and 3-

D frames under various load combinations. Our final work was the proper analysis and 

design of a G 4-D RCC frame under various load combinations. We considered a 3-D RCC 

frame with the dimensions of 4 bays @5m in x-axis and 3 bays @5m in z-axis. The y-axis 

consisted of G + 4 floors. The total numbers of beams in each floor were 3 and the 

numbers of columns were 3. The ground floor height was 4m and rest of the 4 floors had 

a height of 3.3m.The structure was subjected to self weight, dead load, live load, wind 

load and seismic loads under the load case details of STAAD.Pro. The wind load values 

were generated by STAAD.Pro considering the given wind intensities at different heights 

and strictly abiding by the specifications of ACI 318. The materials were specified and 

cross-sections of the beam and column members were assigned. The supports at the 

base of the structure were also specified as fixed. The codes of practise to be followed 

were also specified for design purpose with other important details. Then STAAD.Pro 

was used to analyse the structure and design the members. In the post-processing 

mode, after completion of the design, we can work on the structure and study the 

bending moment and shear force values with the generated diagrams. We may also 

check the deflection of various members under the given loading combinations. The 

design of the building is dependent upon the minimum requirements as prescribed in 

the american Standard Codes. The minimum requirements pertaining to the structural 

safety of buildings are being covered by way of laying down minimum design loads 

which have to be assumed for dead loads, imposed loads, and other external loads, the 

structure would be required to bear. Strict conformity to loading standards 

recommended in this code, it is hoped, will ensure the structural safety of the buildings 

which are being designed. Structure and structural elements were normally designed by 



  

 
 

Limit State Method. Complicated and high-rise structures need very time taking and 

cumbersome calculations using conventional manual methods. STAAD.Pro provides us a 

fast, efficient, easy to use and accurate platform for analysing and designing structures. 

 

  CHAPTER 1 

  
 

 

INTRODUCTION 

our project involves analysis and design of multi-storeyed [G + 4] using a very popular 

designing software STAAD Pro. We have chosen STAAD Pro because of its following 

advantages: 
1-easy to use interface, 

2-conformation with the Indian Standard Codes, 

3-versatile nature of solving any type of problem, 

4-Accuracy of the solution. 

STAAD.Pro features a state-of-the-art user interface, visualization tools, powerful analysis 

and design engines with advanced finite element and dynamic analysis capabilities. From 

model generation, analysis and design to visualization and result verification, STAAD.Pro is 

the professional’s choice for steel, concrete, timber, aluminium and cold-formed steel 

design of low and high-rise buildings, culverts, petrochemical plants, tunnels, bridges, piles 

and much more. STAAD.Pro consists of the following: The STAAD.Pro Graphical User 

Interface: It is used to generate the model, which can then be analyzed using the STAAD 

engine. After analysis and design is completed, the GUI can also be used to view the results 

graphically. The STAAD analysis and design engine: It is a general-purpose calculation engine 

for structural analysis and integrated Steel, Concrete, Timber and Aluminium design. 

 

 To start with we have solved some sample problems using STAAD Pro and checked the 

accuracy of the results with manual calculations. The results were to satisfaction and were 

accurate. In the initial phase of our project we have done calculations regarding loadings on 

buildings and also considered seismic and wind loads. 

 

 



  

 
 

Structural analysis comprises the set of physical laws and mathematics required to study and 

predicts the behaviour of structures. Structural analysis can be viewed more abstractly as a 

method to drive the engineering design process or prove the soundness of a design without 

a dependence on directly testing it. 

To perform an accurate analysis a structural engineer must determine such information as 

structural loads, geometry, support conditions, and materials properties. The results of such 

an analysis typically include support reactions, stresses and displacements. This information 

is then compared to criteria that indicate the conditions of failure. Advanced structural 

analysis may examine dynamic response, stability and non-linear behaviour. The aim of 

design is the achievement of an acceptable probability that structures being designed will 

perform satisfactorily during their intended life. With an appropriate degree of safety, they 

should sustain all the loads and deformations of normal construction and use and have 

adequate durability and adequate resistance to the effects of seismic and wind. Structure 

and structural elements shall normally be designed by Limit State Method. Account should 

be taken of accepted theories, experiment and experience and the need to design for 

durability. Design, including design for durability, construction and use in service should be 

considered as a whole. The realization of design objectives requires compliance with clearly 

defined standards for materials, production, workmanship and also maintenance and use of 

structure in service. The design of the building is dependent upon the minimum 

requirements as prescribed in the Indian Standard Codes. The minimum requirements 

pertaining to the structural safety of buildings are being covered by way of laying down 

minimum design loads which have to be assumed for dead loads, imposed loads, and other 

external loads, the structure would be required to bear. Strict conformity to loading 

standards recommended in this code, it is hoped, will not only ensure the structural safety of 

the buildings which are being designed. 

 

 

 

 

 

 

 

 

 

 

 

 



  

 
 

CHAPTER 2 

 

LOADS CONSIDERED 

 

2.1 DEAD LOADS: 

All permanent constructions of the structure form the dead loads. The dead load comprises 

of the weights of walls, partitions floor finishes, false ceilings, false floors and the other 

permanent constructions in the buildings. The dead load loads may be calculated from the 

dimensions of various members and their unit weights. the unit weights of plain concrete 

and reinforced concrete made with sand and gravel or crushed natural stone aggregate may 

be taken as 24 kN/m” and 25 kN/m” respectively. 

2.2 IMPOSED LOADS: 

Imposed load is produced by the intended use or occupancy of a building including the 

weight of movable partitions, distributed and concentrated loads, load due to impact and 

vibration and dust loads. Imposed loads do not include loads due to wind, seismic activity, 

snow, and loads imposed due to temperature changes to which the structure will be 

subjected to, creep and shrinkage of the structure, the differential settlements to which the 

structure may undergo. 

 

 



  

 
 

 

 

 

 

 

 

 

 



  

 
 

 

 

 

CHAPTER 3 

 

 

WORKING WITH STAAD.Pro 

 

 

   

 

 

 

 

 

 

 

 

 



  

 
 

 

 

WORKING WITH STAAD.Pro: 

3.1 Input Generation: 

The GUI (or user) communicates with the STAAD analysis engine through the STD input file. 

That input file is a text file consisting of a series of commands which are executed 

sequentially. The commands contain either instructions or data pertaining to analysis and/or 

design. The STAAD input file can be created through a text editor or the GUI Modeling 

facility. In general, any text editor may be utilized to edit/create the STD input file. The GUI 

Modeling facility creates the input file through an interactive menu-driven graphics oriented 

procedure. 

 

 

Fig 3.1: STAAD input file 

  

 3.2 Types of Structures: 



  

 
 

A STRUCTURE can be defined as an assemblage of elements. STAAD is capable of analyzing 

and designing structures consisting of frame, plate/shell and solid elements. Almost any type 

of structure can be analyzed by STAAD. A SPACE structure, which is a three dimensional 

framed structure with loads applied in any plane, is the most general. A PLANE structure is 

bound by a global X-Y coordinate system with loads in the same plane. A TRUSS structure 

consists of truss members which can have only axial member forces and no bending in the 

members. 

A FLOOR structure is a two or three dimensional structure having no horizontal (global X or 

Z) movement of the structure [FX, FZ & MY are restrained at every joint]. The floor framing 

(in global X-Z plane) of a building is an ideal example of a FLOOR structure. Columns can also 

be modeled with the floor in a FLOOR structure as long as the structure has no horizontal 

loading. If there is any horizontal load, it must be analyzed as a SPACE structure. 

 

3.3 Generation of the structure: 

The structure may be generated from the input file or mentioning the co-ordinates in the 

GUI. The figure below shows the GUI generation method. 

 

 

Fig 3.2: generation of structure through GUI 

 

3.4 Material Constants: 

The material constants are: modulus of elasticity (E); weight density (DEN); Poisson's ratio 

(POISS); co-efficient of thermal expansion (ALPHA), Composite Damping Ratio, and beta 

angle (BETA) or coordinates for any reference (REF) point. E value for members must be 

provided or the analysis will not be performed. Weight density (DEN) is used only when self 

weight of the structure is to be taken into account. Poisson's ratio (POISS) is used to 

calculate the shear modulus (commonly known as G) by the formula, 



  

 
 

G = 0.5 x E/ (1 + POISS) 

If Poisson's ratio is not provided, STAAD will assume a value for this quantity based on the 

value of E. Coefficient of thermal expansion (ALPHA) is used to calculate the expansion of 

the members if temperature loads are applied. The temperature unit for temperature load 

and ALPHA has to be the same. 

3.5 Supports: 

Supports are specified as PINNED, FIXED, or FIXED with different releases (known as FIXED 

BUT). A pinned support has restraints against all translational movement and none against 

rotational movement. In other words, a pinned support will have reactions for all forces but 

will resist no moments. A fixed support has restraints against all directions of movement. 

Translational and rotational springs can also be specified. The springs are represented in 

terms of their spring constants. A translational spring constant is defined as the force to 

displace a support joint one length unit in the specified global direction. Similarly, a 

rotational spring constant is defined as the force to rotate the support joint one degree 

around the specified global direction. 

3.6 Loads: 

Loads in a structure can be specified as joint load, member load, temperature load and 

fixedend member load. STAAD can also generate the self-weight of the structure and use it 

as uniformly distributed member loads in analysis. Any fraction of this self weight can also 

be applied in any desired direction. 

Joint loads: 

Joint loads, both forces and moments, may be applied to any free joint of a structure. These 

loads act in the global coordinate system of the structure. Positive forces act in the positive 

coordinate directions. Any number of loads may be applied on a single joint, in which case 

the loads will be additive on that joint. 

Member load: 

Three types of member loads may be applied directly to a member of a structure. These 

loads are uniformly distributed loads, concentrated loads, and linearly varying loads 

(including trapezoidal). Uniform loads act on the full or partial length of a member. 

Concentrated loads act at any intermediate, specified point. Linearly varying loads act over 

the full length of a member. Trapezoidal linearly varying loads act over the full or partial 

length of a member. Trapezoidal loads are converted into a uniform load and several 

concentrated loads. Any number of loads may be specified to act upon a member in any 

independent loading condition. Member loads can be specified in the member coordinate 

system or the global coordinate system. Uniformly distributed member loads provided in the 

global coordinate system may be specified to act along the full or projected member length. 

Three types of member loads may be applied directly to a member of a structure. These 



  

 
 

loads are uniformly distributed loads, concentrated loads, and linearly varying loads 

(including trapezoidal). Uniform loads act on the full or partial length of a member. 

Concentrated loads act at any intermediate, specified point. Linearly varying loads act over 

the full length of a member. Trapezoidal linearly varying loads act over the full or partial 

length of a member. Trapezoidal loads are converted into a uniform load and several 

concentrated loads. Any number of loads may be specified to act upon a member in any 

independent loading condition. Member loads can be specified in the member coordinate 

system or the global coordinate system. Uniformly distributed member loads provided in the 

global coordinate system may be specified to act along the full or projected member length. 

 

 

Fig 3.3: Member load configuration 

Area/floor load: 

Many times a floor (bound by X-Z plane) is subjected to a uniformly distributed load. It could 

require a lot of work to calculate the member load for individual members in that floor. 

However, with the AREA or FLOOR LOAD command, the user can specify the area loads (unit 

load per unit square area) for members. The program will calculate the tributary area for 

these members and provide the proper member loads. The Area Load is used for one way 

distributions and the Floor Load is used for two way distributions. 

 



  

 
 

Fixed end member load: 

Load effects on a member may also be specified in terms of its fixed end loads. These loads 

are given in terms of the member coordinate system and the directions are opposite to the 

actual load on the member. Each end of a member can have six forces: axial; shear y; shear 

z; torsion; moment y, and moment z. 

Moving Load Generator: 

This feature enables the user to generate moving loads on members of a structure. Moving 

load system(s) consisting of concentrated loads at fixed specified distances in both directions 

on a plane can be defined by the user. A user specified number of primary load cases will be 

subsequently generated by the program and taken into consideration in analysis. 

 

3.7 Section Types for Concrete Design: 

The following types of cross sections for concrete members can be designed. 

 For Beams Prismatic (Rectangular & Square) & T-shape 

 For Columns Prismatic (Rectangular, Square and Circular) 

3.8 Design Parameters: 

The program contains a number of parameters that are needed to perform design as per ACI 

318. It accepts all parameters that are needed to perform design as per ACI: 318. Over and 

above it has some other parameters that are required only when designed is performed as 

per ACI: 318. Default parameter values have been selected such that they are frequently 

used numbers for conventional design requirements. These values may be changed to suit 

the particular design being performed by this manual contains a complete list of the 

available parameters and their default values. It is necessary to declare length and force 

units as Millimeter and Newton before performing the concrete design. 

 

 

3.9 Beam Design: 

Beams are designed for flexure, shear and torsion. If required the effect of the axial force 

may be taken into consideration. For all these forces, all active beam loadings are 

prescanned to identify the critical load cases at different sections of the beams. For design 

to be performed as per ACI: 318 the width of the member shall not be less than 200mm. 

Also the member shall preferably have a width-to depth ratio of more than 0.3. 

  



  

 
 

 

 

 

 

 

 

Design for flexure:  

Design procedure is same as that for IS 456. However while designing following criteria are 

satisfied as per ACI-318: 

1. The minimum grade of concrete shall preferably be M20. 

2. Steel reinforcements of grade Fe415 or less only shall be used. 

3. The minimum tension steel ratio on any face, at any section, is given by: 

 ρmin =0.02bh  

4. The positive steel ratio at a joint face must be at least equal to half the negative steel at 

that face. 

5. The steel provided at each of the top and bottom face, at any section, shall at least be 

equal to one-fourth of the maximum negative moment steel provided at the face of either 

joint. 

Design for Shear: 

The shear force to be resisted by vertical hoops is guided by the ACI 318:2011 revision. 

Elastic sagging and hogging moments of resistance of the beam section at ends are 

considered while calculating shear force. Plastic sagging and hogging moments of resistance 



  

 
 

can also be considered for shear design if PLASTIC parameter is mentioned in the input file. 

Shear reinforcement is calculated to resist both shear forces and torsional moments. 

3.10 Column Design: 

Columns are designed for axial forces and biaxial moments per ACI 318:2011. Columns are 

also designed for shear forces. All major criteria for selecting longitudinal and transverse 

reinforcement as stipulated by ACI: 318 have been taken care of in the column design of 

STAAD. However following clauses have been satisfied to incorporate provisions of IS 13920: 

 1 The minimum grade of concrete shall preferably be M20. 

 2. Steel reinforcements of grade Fe415 or less only shall be used. 

 3. The minimum dimension of column member shall not be less than 200 mm. For columns 

having unsupported length exceeding 4m, the shortest dimension of column shall not be less 

than 300 mm. 

 4. The ratio of the shortest cross-sectional dimension to the perpendicular dimension shall 

preferably be not less than 0. 

5. The spacing of hoops shall not exceed half the least lateral dimension of the column, 

except where special confining reinforcement is provided. 

 6. Special confining reinforcement shall be provided over a length lo from each joint face, 

towards mid span, and on either side of any section, where flexural yielding may occur. The 

length lo shall not be less than a) larger lateral dimension of the member at the section 

where yielding occurs, b) 1/6 of clear span of the member, and c) 450 mm. 

 7. The spacing of hoops used as special confining reinforcement shall not exceed ¼ of 

minimum member dimension but need not be less than 75 mm nor more than 100 mm. 

 

3.11 Design Operations: 

STAAD contains a broad set of facilities for designing structural members as individual 

components of an analyzed structure. The member design facilities provide the user with 



  

 
 

the ability to carry out a number of different design operations. These facilities may design 

problem. The operations to perform a design are: 

 • Specify the members and the load cases to be considered in the design.  

• Specify whether to perform code checking or member selection. 

 • Specify design parameter values, if different from the default values. 

 • Specify whether to perform member selection by optimization. 

These operations may be repeated by the user any number of times depending upon the 

design requirements. Earthquake motion often induces force large enough to cause inelastic 

deformations in the structure. If the structure is brittle, sudden failure could occur. But if the 

structure is made to behave ductile, it will be able to sustain the earthquake effects better 

with some deflection larger than the yield deflection by absorption of energy. Therefore 

ductility is also required as an essential element for safety from sudden collapse during 

severe shocks. STAAD has the capabilities of performing concrete design as per IS 13920. 

While designing it satisfies all provisions of ACI 318 – 2011 for beams and columns. 

3.12 General Comments: 

This section presents some general statements regarding the implementation of Indian 

Standard code of practice (ACI: 318-2011) for structural steel design in STAAD. The design 

philosophy and procedural logistics for member selection and code checking are based upon 

the principles of allowable stress design. Two major failure modes are recognized: failure by 

overstressing, and failure by stability considerations. The flowing sections describe the 

salient features of the allowable stresses being calculated and the stability criteria being 

used. Members are proportioned to resist the design loads without exceeding the allowable 

stresses and the most economic section is selected on the basis of least weight criteria. The 

code checking part of the program checks stability and strength requirements and reports 

the critical loading condition and the governing code criteria. It is generally assumed that the 

user will take care of the detailing requirements like provision of stiffeners and check the 

local effects such as flange buckling and web crippling. 

Allowable Stresses: 

The member design and code checking in STAAD are based upon the allowable stress design 

method as per ACI: 318 (2011). It is a method for proportioning structural members using 

design loads and forces, allowable stresses, and design limitations for the appropriate 

material under service conditions. It would not be possible to describe every aspect of IS: 

800 in this manual. This section, however, will discuss the salient features of the allowable 

stresses specified by ACI: 318 and implemented in STAAD. Appropriate sections of ACI: 318 

will be referenced during the discussion of various types of allowable stresses. 

Multiple Analyses: 



  

 
 

Structural analysis/design may require multiple analyses in the same run. STAAD allows the 

user to change input such as member properties, support conditions etc. in an input file to 

facilitate multiple analyses in the same run. Results from different analyses may be 

combined for design purposes. For structures with bracing, it may be necessary to make 

certain members inactive for a particular load case and subsequently activate them for 

another. STAAD provides an INACTIVE facility for this type of analysis. 

3.13 Post Processing Facilities: 

All output from the STAAD run may be utilized for further processing by the STAAD.Pro GUI. 

Stability Requirements: 

Slenderness ratios are calculated for all members and checked against the appropriate 

maximum values. ACI : 318 summarize the maximum slenderness ratios for different types 

of members. In STAAD implementation of ACI : 318, appropriate maximum slenderness ratio 

can be provided for each member. If no maximum slenderness ratio is provided, 

compression 

members will be checked against a maximum value of 180 and tension members will be 

checked against a maximum value of 400. 

Deflection Check: 

 This facility allows the user to consider deflection as criteria in the CODE CHECK and 

MEMBER SELECTION processes. The deflection check may be controlled using three 

parameters. Deflection is used in addition to other strength and stability related criteria. The 

local deflection calculation is based on the latest analysis results. 

Code Checking:  

The purpose of code checking is to verify whether the specified section is capable of 

satisfying applicable design code requirements. The code checking is based on the ACI : 318 

(2011) requirements. Forces and moments at specified sections of the members are utilized 

for the code checking calculations. Sections may be specified using the BEAM parameter or 

the SECTION command. If no sections are specified, the code checking is based on forces and 

moments at the member ends. 

 

 

 

 

 

 



  

 
 

 

 

 

 

CHAPTER 4 

 

 

ANALYSIS AND DESIGN RESULTS  

 



  

 
 

 



  

 
 

 



  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



  

 
 

 

BEAM DESIGM RESULTS                                         

 

 

 



  

 
 

 

 

 

 

 



  

 
 

 

 

 

 

 



  

 
 

 

 

 

 

 



  

 
 

 

 

 

 

 



  

 
 

 

 

 

 

 



  

 
 

 

 

 

 

 



  

 
 

 

 

 



  

 
 

 

 

 

 



  

 
 

 

 

 

 



  

 
 

 

 

 

 



  

 
 

CHAPTER 5 

 

 

CONCLUSION 

STAAD PRO has the capability to calculate the reinforcement needed for any concrete 

section. The program contains a number of parameters which are designed as per ACI: 

318(2011). Beams are designed for flexure, shear and torsion. Design for Flexure: Maximum 

sagging (creating tensile stress at the bottom face of the beam) and hogging (creating tensile 

stress at the top face) moments are calculated for all active load cases at each of the above 

mentioned sections. Each of these sections are designed to resist both of these critical 

sagging and hogging moments. Where ever the rectangular section is inadequate as singly 

reinforced section, doubly reinforced section is tried. Design for Shear: Shear reinforcement 

is calculated to resist both shear forces and torsional moments. Shear capacity calculation at 

different sections without the shear reinforcement is based on the actual tensile 

reinforcement provided by STAAD program. Two-legged stirrups are provided to take care of 

the balance shear forces acting on these sections. Beam Design Output: The default design 

output of the beam contains flexural and shear reinforcement provided along the length of 

the beam. Column Design: Columns are designed for axial forces and biaxial moments at the 

ends. All active load cases are tested to calculate reinforcement. The loading which yield 

maximum reinforcement is called the critical load. Column design is done for square section. 

Square columns are designed with reinforcement distributed on each side equally for the 

sections under biaxial moments and with reinforcement distributed equally in two faces for 

sections under uni-axial moment. All major criteria for selecting longitudinal and transverse 

reinforcement as stipulated by ACI: 318 have been taken care of in the column design of 

STAAD. 
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Abstract: 

The precast piles are structural elements used as deep foundation or 

to improve the soil stratum. The method statement for driving the precast 

concrete piles indicate that the Hammer which used to driving should be 

selected according to wave equation in order not to damage the head of 

the pile. 

If the driving machine is not matching the properties of soil and size 

of pile, then the concrete of pile will be crushed during before reaching to 

accepted depth or required depth! 

The PDA instrument will be used to evaluate the drivability of the 

precast concrete pile, i.e the pile driving analyzer is one of the method of 

checking the pile capacity. ASTM D 4945 is the standard for PDA 

testing. The data provided by this will be analyzed by software CAPWAP 

in order to provide the capacity of pile. 

PDA is used to finalize the strain, or force, acceleration, velocity and 

displacement of pile under impact load. 
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Literature Study  

There are few formulas concerns about the stresses in the top of 

precast concrete pile such as: 

 Ru=Kh* E / S+0.5[Cc+Cp+Cq] 

 Ru is the ultimate Resistance of piles [kn] 

 Kh is Hydraulic hammer factor 

 E is the hammer energy 

 Cp is the elastic deformation of pile [mm]  

 Cq is the elastic deformation of ground [mm] 

 S is the temporary compression of pile head [mm] 

Hiley Formula [Energy Balance]   

Q = e* W * h / F [set+tc/2] 

W = weight of the Hammer 

H = height of Hammer drop [strock]  

F = factor of safety  

Tc= elastic compression [temporary]  

e = efficiency of hammer  
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Case Study: 

According to the contract of construction of 250 MW HILLA 

POWER PLANT, and the soil test report, the designer intend to use 

precast concrete piles as foundation of the turbines FRAME 9 E, cause of 

dynamic and static loading during the running of these turbines and the 

stresses produced when the turbine is shutdown. 

The specifications of the pile are: 

Cross section 280 × 280 mm 

Length of pile 12000 mm 

Specified strength of concrete is 30 Mpa 

Working load 40 tons  

Reinforcement is 4 bars of diameter 20 mm 

The machine used for driving of these piles is Delmag 19-42 which has 

the data attached [ see table]. 

The soil report of the project shows that the bearing capacity is 6 

ton/square meter at depth 2 m from surface of ground see [fig2 (site 

plan)]. 

 

To apply the requirement of the design, a test for precast concrete 

pile of cross section   280 × 280 mm and length of 12000 mm had been 

constructed at site see Fig3, and tested according to ASTM 1143 D to 2 

times the working load see the report and result of test.  

 

 

 



 

 

4 

Theory: 

The subcontractor who suppose to drive the piles had no experience 

in piling so he did not use Helmet, Cussions… etc. and the site engineer 

did not use the suitable machine for driving, so the mission of 

construction the piles faced a lot of problems, some of the piles had been 

crushed [ top damage of pile head] see table 3 and plan 4.  

If we review the blow table, then the piles had different length 

embedded in the soit, this indicate that the working load assumed by 

designer by not verified. The progress of work in the project is stopped 

cause of un professional driving of the piles, in order to investigate the 

problem, I have developed the formula shown below: 

P = W * H * A * E / L ……… 

According the virtual work phenomena: 

External work = Internal work 

P * S = W * h ……… 

Elasticity theory state that: 

G / e  = E …….. 

e = s / L…… 

G = P / A …… 

Then S = P * L / A * E …….. 

Replaced in virtual work formula  

P = Sq W * h * A * E ……. 

P is the applied strock  

S is the strain in material of pile 

W is the weight of Hammer 
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H is the Height of hammer drop 

L is the length of pile 

A is the cross section area of pile 

E is the modulus of elasticity of concrete of the pile. 

Calculation: 

To find the case of the damaged piles and the reason behind , we run the 

following calculation 

Ec = 4700 sq Fc 

Ec = 4700 × 5.477 = 25741.9 Mpa 

Energy of strocking is 57000000 n-m 

P = 46.92 × 280 × 280 

P = 3678528 n … this is the applied force at the top of pile head. 

To calculate the stress due to this force in concrete: 

Drivability of precast concrete pile  

Estimation of Driving  

Stresses in top of pile 

P = 46.92 × 280 × 280  

= 3678528 N 

According to ACI 318 

  � = 0.8[0.85 ��� (�� − ��) + ��. ��] 

       �� =
�

�
��. � =

�

�
× 20� ×  4 = 1256 ��� 

       �� = 280 × 280 = 78400 ��� 

       �� = 420 = �/ ��� 
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�������

�.�
= 0.85 ��� (77144) + 420 × 1256 

   4598160 = 65572.4 ��� + 527520 

   ��� = 62.07 ��� 

   ��� = 42.2  ���  > 30 ���ℎ��� ������� 
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Conclusion: 

The designer should give the procedure of driving for the piles, and 

not only the working load. 

- the depth of the pile is not an indication about the capacity of the pile 

cause some cases shows that the final number of blows per foot per 

minute is very poor which means that the pile has not reached to the 

required strength.  
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Recommendations: 

- the soil investigation at the site should focus on the area of the piling 

activity, this mean that the details of soil stratum, depth, dynamic, 

physical, chemical properties should be analyzed carefully and 3-D 

diagram of soil profile  should be drawn. 

- the pile test for precast  concrete should be analyzed with PDA 

instrument and CAPWAP program in order to have better data regarding 

the type of machine used for driving the piles, this is in addition the static 

load test according to ASTM D 1143.  

- Capblock, Helmet, Cassion should be used during process of the piles. 

- Setting of the pile should be assigned before driving. 

- the site engineer should watch and note all data and information during 

the driving of the piles and submit pile log format to the project manager 

about the condition of the piles. 
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ABSTRACT 

 

Recently a research study was accomplished to examine the performance of concrete 

precast piles. At the outset of this project, one of the key risks identified was that the 

concrete piles could not be installed to the targeted depth due to (i) insufficient energy 

from the available hammer and (ii) damage of the onset of pile material. In order to 

mitigate this risk, a detailed pile driveability analysis was completed to predict the 

installation performance during driving. Selecting an appropriate model for predicting the 

static resistance to driving was realized as a critical component of the driveability process 

in order to predict reasonable stresses and blow counts. This research describes the 

procedures adopted for a base case driveability analysis and the outcome of the pile 

installations. The base case driveability analysis indicated that the piles could be installed 

with the available hammer equipment. The method statement for driving the precast 

concrete piles indicated that the Hammer used for driving should be selected according to 

wave equation in order not to damage the head of the pile. If the driving machine is not 

matching the properties of soil and size of pile, then the concrete of pile will be crushed 

during driving before reaching the accepted or required depth. However it was noted that 

the driving stresses were relatively high and approached the failure stress of the concrete 

as the pile approached the target penetration. While hard driving was witnessed in the 

field, most of the piles reached their design depth of 12m, with the exception of few piles 

refused due to structural failure near the pile head. The Pile Driving Analyzer (PDA) 

instrument will be used to evaluate the drivability of the precast concrete pile, i.e the pile 

driving analyzer is one of the method of checking the pile capacity. ASTM D 4945 is the 

standard testing for Pile Driving Analyzer. The data provided by this test was analyzed 

by the software Case Pile Wave Analysis Program in order to provide the capacity of 

pile. Pile Driving Analyzer is used to finalize the strain, force, acceleration, velocity and 

displacement of pile under impact load. The driveability analysis and the measured 

stresses were interpreted to identify the cause of failure for these piles, which were linked 

to the material properties of these piles. 

 

 

 

  



 

 

 الرحيم الرحمن هللا بسم

َو ٰ ـٰ ُهَمۖا َوَجعَۡلنَا ِمَن ٱۡلَمۤاِء ُكلَّ  قاٱۡۡلَۡرَض َكانَتَا َرتۡ وَ  تِ أََولَۡم يََر ٱلَِّذيَن َكفَُرۤو۟ا أَنَّ ٱلسََّم ـٰ فَفَتَۡقنَ

َی أَن تَِميَد بِِهۡم َوَجعَۡلنَا فِيَها سِ َجعَۡلَنا فِی ٱۡۡلَۡرِض َرَو َٰشۡیٍء َحّیٍٍّۚ أَفَََل يُۡؤِمنُوَن   وَ 

 فَِجاجا ُسبَُل لَّعَلَُّهۡم يَۡهتَُدونَ 

 (13-13االنبياء )
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CHAPTER ONE: INTRODUCTION 

6.1 Overview 

In some cases of driving of precast concrete piles, cracking and spalling have been 

encountered and in most instances these problems can be avoided by following certain 

rules of good driving practices. The recommendations presented here are based on sound 

physical principles and have been proved effective in practice. The following discussion 

of problems which are occasionally encountered in driving precast concrete piles should 

not be interpreted to indicate that problems or failures are a natural consequence of the 

use of precast concrete piles. Many thousands of precast piling have been successfully 

driven with no problems of cracking or spalling. Even on those projects where problems 

have been encountered, the piles giving trouble have represented a very small percentage 

of the total piling on the project. 

Pile driveability analysis (PDA) is used to assess whether piles can be installed to a target 

depth in a reasonable timeframe without generating excessive fatigue damage. Most pile 

driving analysis procedures adopt a wave equation approach that simulates the entire pile, 

soil and hammer system. Pile driveability analysis (PDA) is employed for onshore 

projects and is particularly important where there is a specific concern over the 

installation stresses, soil resistance, or hammer capabilities. The objective of a pile 

drivability analysis (PDA) is to ensure that a pile can be safely installed to a target 

penetration with the available equipment without overstressing the pile material. This 

paper focuses on pile driveability analyses. To date, accurately capturing the site specific 

soil-pile behavior remains one of the most challenging aspects of undertaking a 

driveability analysis. 

The purpose of this research project is to briefly describe the phenomena which can cause 

cracking and spalling of precast concrete piles during driving and to outline procedures 

which will prevent these problems. 

   



 

6.2 Problem Statement  

Different types of machine can be used for driving the variety of piles. For each type of 

pile suitable machine has to be utilized for driving. Otherwise the mission of construction 

the piles would face a lot of problems, such as top damage of pile head. 

Then the problem we faced is to develop a workable practical analysis that can be utilised 

to select the best hammer for driving the piles and according to wave equation in order 

not to damage the head of the pile and to operate effectively in various environmental 

conditions.   

It should be kept in mind that various factors, which incorporate machine geometrical and 

physical properties, environmental conditions, and the relative motion between the 

vehicle with respect to soil properties, which should be identified and elaborated. 

 

6.3 Objectives 

Based on the problem statement, the research objectives can be elaborated as follows: 

 To briefly describe the phenomena which can cause cracking and spalling of pre-

stressed concrete piles during driving. 

 To analyse practically the effect of the hammer strength on concrete piles by 

varying the driving procedure. 

 To outline procedures which will prevent the spalling problems 

  



 

CHAPTER 2: LITERATURE SURVEY 

6.4  Overview  

1976, Goble et al. presented an alternative procedure for predicting pile installation 

performance, which was deemed superior to the empirical hammer-pile ratios employed 

at the time. The recommendations included undertaking wave equation predictions and 

also measuring the force and acceleration of the pile throughout installation. It is worth 

noting, that Goble, et al. (1976) cautioned that wave equation analysis is “meaningful 

only if the driving system and soil conditions, as modeled in the computer, realistically 

reflect the actual conditions” The procedure for undertaking pile driveability analysis is 

illustrated schematically in Figure. 1. 

 

Figure 1. Driveability Process 

 

Millions of concrete piles are installed annually around the world. In Iraq, 

concrete piles are routinely driven and in most provinces (over 90% of driven 

piles are precast concrete). The following study case histories illustrate the 



 

successful installation of precast concrete piles. Information regarding pile driving 

stress was used to adjust the level of hammer energy output to avoid pile damage 

and minimize pile driving time. When high stresses were observed, the pile top 

cushions were replaced. The procedure developed by monitoring the driving of 

the test piles was used to drive the remaining production piles for each project. 

6.5  Piles  

Due to the presence of soft saturated cohesive soils in the working vicinity, most civil 

engineering structures are supported on moderate and deep foundations, consisting of 

timber piles, precast concrete piles, open or closed end pipe piles, or steel H-piles. The 

piles at a project site derive their load carrying capacity from (a) “skin friction” along 

their embedded lengths and (b) “end bearing” when tipped firmly into dense sand or stiff 

clays. 

 

Figure 2. Types of Piles 

For our case at the HILLA power plant and according to the soil test report, the designers 

intend to use precast concrete piles as foundation for the 250 MW power plant turbines. 

1.1.1. Precast Concrete Piles:  

The precast concrete piles are structural elements used as moderate foundation or to 

improve the soil stratum. Precast concrete piles are usually constructed in a casting yard 

and transported to the job site. They are either regularly reinforced or prestressed to resist 

handling and driving stresses. Both types come in a variety of cross sections (e.g., square, 

cylindrical, octagonal, etc.). Precast concrete piles may be manufactured full length, or in 

sections which can be spliced during installation. These piles are suitable as friction piles 

when driven in sand or clay, or as ena bearing piles when driven through soft material to 

firm strata. Regularly reinforced concrete piles generally develop cracks during handling, 

transportation, and/or installation which has limited their general use in the U.S.A. 

(although they are used extensively in Europe) 
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Square and octagonal piles are cast in horizontal forms, while round piles are cast in 

vertical forms. After the piles are cast, they should be cured under damp sand, straw or 

mats for the period required by the specifications, frequently 21 days, if cured under 

ambient temperatures.  

With the exception of short lengths, precast concrete piles must be reinforced with 

sufficient steel to prevent damage or breakage while they are being handled from the 

casting beds to the driving positions. 

Precast concrete piles shall contain longitudinal reinforcing steel in an amount not less 

than 2% of the volume of pile.  

Lateral steel shall be at least 6mm-diameter round bars, spaced not more than 300mm 

apart, except at the top and bottom of a pile, where the spacing shall not exceed 75mm. 

The concrete cover over the reinforcing steel shall be at least 50mm.  

Concrete piles should be cast as near the site as possible in order to reduce the cost of 

handling them from the casting beds to the pile driver. They should be transported to the 

driver by a truck. For handling concrete piles, care must be exercised to prevent breakage 

or damage due to flexure stresses. Long piles should be picked up at several points to 

reduce the unsupported lengths.  

One of the disadvantages of using precast concrete piles, especially for a project where 

different lengths are required, is the difficulty of reducing or increasing the lengths of the 

piles. 

If a pile is too long, it is necessary to cut off the excess length. This is done after a pile is 

driven to its maximum penetration, by chipping the concrete away from the reinforcing 

steel, cutting the reinforcing steel. This operation represents a waste of material and time, 

which can be very expensive.  

When a precast concrete pile does not develop sufficient driving resistance to support the 

design load, it may be necessary to increase the length and drive the pile to a greater 

depth. To do so, the reinforcing bars must extend above the top of a pile to permit 

additional reinforcing to be welded to the original bars.  

 

 

 

 



 

Table 1.The Advantages and Disadvantages of The Precast Concrete Piles 

Precast Concrete Piles 

Advantages Disadvantages 

1. They have high resistance to chemical 

and biological attacks.  

2. They have great strength.  

3. A pipe may be installed along the center 

of a pile to facilitate jetting.  

1. It is difficult to reduce or increase the length.  

2. Large sizes require heavy and expensive 

handling and driving equipment.  

3. Inability to obtain piles by purchase may delay 

the starting of a project.  

4. Possible breakage of piles during handling or 

driving produces a delay hazard. 

 

6.6 Pile-Driving Rigs 

The piles are generally driven in the ground using pile-driving rigs equipped with (a) 

impact hammer or (b) vibratory equipment. Impact hammers drive the pile by inducing 

impact on the pile with a falling ram which moves the pile incrementally into the ground. 

Conversely, a vibratory system installs pile into the ground by applying a rapidly 

alternating force to the pile using rotating eccentric weights. Impact hammers produce 

vibration to the ground which can be detrimental to a nearby structure. Consequently, 

vibratory system has gained popularity in installing large number of pile types. However, 

the long term effects of vibratory system on soil-pile interaction and pile setup is not 

properly understood 

The function of a pile hammer is to furnish the energy required to drive a pile. Pile-

driving hammers are designated by type and size. The size of a drop hammer is 

designated by its weight, while the size of each of the other hammers is designated by 

theoretical energy per blow, expressed in (m.kg). 

The types of hammers commonly used include the following:  



 

 

Figure 3. Types of Pile-Driving Rigs 

Since, the hammers is most suitable tool to be use in the HILLA power plant, more 

elaboration of each type of the above mentioned hammer can be found below and to 

include details regarding the working procedure and the advantages and disadvantages in 

operation of each. 

1.1.2. Drop Hammers:  

A drop hammer is a heavy metal weight that is lifted by a rope, then released and allowed 

to fall on top of the pile. Standard drop hammers are made in sizes which vary from about 

225 to 1360 kg. The height of drop or fall most frequently used varies from 1.5 to 6 m.  

When large energy per blow is required to drive a pile, it is better to use a heavy hammer 

with a small drop than a light hammer with a large drop. Drop hammers may strike 4 to 8 

blows per minute.  

Drop hammers are suitable for driving piles on projects that require only a few piles and 

for which the time of completion is not an important factor. 

1.1.3. Single-Acting Steam Hammers 

A single-acting steam hammer is a freely falling weight, called a ram, which is lifted by 

steam or compressed air, whose pressure is applied to the underside of a piston that is 

connected to the ram through a piston rod. When the piston reaches the top of the stroke, 

the steam pressure is released and the ram falls freely to strike the top of a pile. Single-

acting steam hammers may strike 50 or more blows per minute.Single-acting steam 

hammers may be open or enclosed. The length of the stroke and energy per blow may be 

decreased slightly by reducing the steam pressure below that recommended by the 
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manufacturer. The reduced pressure has the effect of decreasing the height to which the 

piston will rise before it begins its free fall. 

1.1.4. Double-Acting Steam Hammers 

In the double-acting steam hammer steam pressure is applied to the underside of the 

piston to raise the ram; then during the downward stroke steam is applied to the top side 

of the piston to increase the energy per blow. Thus, with a given weight ram, it is possible 

to attain a desired amount of energy per blow with a shorter stroke than with a single-

acting steam hammer. The number of blows per minute will be approximately twice as 

great as for a single-acting steam hammer with the same energy rating. 

1.1.5. Differential-Acting Steam Hammers 

A differential-acting steam hammer is a modified double-acting hammer in which the 

steam pressure is used to lift the ram and to accelerate the ram on the down stroke. The 

ram has a large piston which operates in an upper cylinder and a small piston which 

operates in a lower cylinder. The lifting of the ram is effected by the difference in the 

pressure forces acting on the two pistons. This type of hammer has the advantages of the 

single and double-acting hammers. 

1.1.6. Diesel Hammers 

A diesel Pile driving hammer is a self-contained driving unit which does not require an 

external source of energy a steam boiler or an air compressor. Therefore, it is simpler and 

easily moved from one location to another than a steam hammer. A complete unit 

consists of a vertical cylinder, a piston or ram, an anvil, fuel tank, lubricating oil tank, a 

fuel pump, injectors, and a mechanical lubricator.  

After the hammer is placed on top of a pile, the combined piston and ram are lifted to the 

upper end of the stroke and released to start the unit operating. As the ram nears the end 

of the down stroke, it activates a fuel pump that injects the fuel into a chamber between 

the ram and the anvil. The continued down stroke of the ram compresses the air and the 

fuel to ignition heat. The resulting explosion drives the pile downward and the ram 

upward to repeat its stroke. 

 The operation of a Diesel Hammer can be describe in the following steps and as 

indicated in figure 4. 

1) Raise the piston to start.  

2) Injection of diesel fluid and compression.  

3) Impact and Explosion.  

4) Exhaust ports exposed and gases escape.  



 

5) Draws fresh air through the exhaust ports. 

 

Figure 4. Steps of the Operation of a Diesel Hammer 

Table 2 the Advantages and Disadvantages of the hammers 

Types Advantages Disadvantages 

Drop Hammer 1. Small investment in equipment.  

2. Simplicity of operation.  

3. Ability to vary the energy per blow 

by varying the height of fall.  

1. Slow rate of driving piles.  

2. Danger of damaging piles by 

lifting a hammer too high.  

3. Danger of damaging adjacent 

buildings as a result of the heavy 

vibration caused by a hammer.  

4. Cannot be used directly for 

underwater driving.  

Single-Acting 

Steam Hammers 

1. Greater number of blows per 

minute permits faster driving.  

2. Reduction in the velocity of the 

ram decreases the danger of damage 

to piles during driving.  

3. The enclosed types may be used 

for underwater driving.  

1. They require more investment in 

equipment such as steam boiler or an 

air compressor.  

2. They are more complicated, with 

higher maintenance cost.  

3. They require more time to set up 

and take down.  

4. Require a large operating crew.  

Double-Acting 

Steam Hammers 

1. The greater number of blows per 

minute reduces the time required to 

drive piles.  

1. The light weight and high velocity 

of the ram make this type of hammer 

less suitable for use in driving heavy 



 

2. Piles can be driven more easily.  piles into soils having high frictional 

resistance.  

2. This hammer is complicated 

Differential-

Acting Steam 

Hammers 

1.The number of blows per minute is 

comparable with that for a double-

acting hammer,  

2. The weight and equivalent free fall 

of the ram are comparable with those 

of a single-acting hammer.  

 

Diesel Hammers 1. It Needs no external source of 

energy, and the maintenance is 

simple and fast.  

2. It is light in weight and is 

economical to operate.  

3. It is convenient to operate in 

remote areas.  

4. It operates well in cold weather, 

where it is difficult to provide steam.  

5. Because the resistance of a pile to 

driving is necessary for continuing 

operation of a diesel hammer, it will 

not operate if a pile breaks or falls 

out from under a hammer.  

1. The hammer may not operate well 

when driving piles into soft ground.  

2. The number of strokes per minute 

is less than that for a steam hammer.  

3. The length of a diesel hammer is 

slightly greater than the length of a 

steam hammer of comparable energy 

rating.  

 

 

 

Figure 5: Pile Head Displacement   



 

CHAPTER 3: THEORY 

6.7 Pile Driving Equations:  

There are many Pile-driving equations, each of which is intended to give the supporting 

strength of a pile. The equations are empirical, with coefficients that have been 

determined for certain existing or assumed conditions under which they were developed.  

Since the piles had different length embedded in the soil , which indicate that the working 

load assumed by the designer is not verified . In order to investigate the problem, a 

formula was developed as presented below : 

            
 

 
                                                          

According the Virtual work phenomena:  

External work = Internal work  

                                                                                        

Elasticity theory state that: 

                                                                                          

                                                                                         

                                                                                      

Then  

                                                                                         
 

Replaced in virtual work formula  

                                                                                 

where P is the applied stroke, S is the strain in material of pile, W is the weight of 

Hammer, H is the height of hammer drop, L is the length of pile, A is the cross section 

area of pile, E is the modulus of elasticity of concrete of the pile  

There are many Pile-driving equations, each of which is intended to give the supporting 

strength of a pile.  



 

The equations are empirical, with coefficients that have been determined for certain 

existing or assumed conditions under which they were developed.  

None of the equations will give dependable values for the supporting strength of the piles 

for all the varying conditions that exist on foundation jobs: 

1) For Drop Hammers: 

  
     

     
                                                                          

2) For a single-Action Steam Hammer: 

  
     

     
                                                                          

3) For a double-and Differential –Acting Steam Hammer: 

  
   

     
                                                                           

where R is the safe load on a pile (lb), W is the weight of a falling mass (lb), H is the 

height of free fall for mass W (ft), S is the average penetration per blow for last 5 or 10 

blows (in) and E is the  total energy of ram at the bottom of its downward stroke (ft-lb) 

6.8 Stresses on Top of Precast Concrete Pile 

There are few formulas concerns about the stresses in the top of precast concrete pile 

such as  

                   [          ]                                     

Where Ru is the ultimate Resistance of piles, Kh is Hydraulic hammer factor, E is the 

hammer energy, S is the temporary compression of pile head Cp is the elastic 

deformation of pile, Cq is the elastic deformation of ground,. 

Hiley Formula [Energy Balance]  

                 [      
  

 
]                                             

Where e is the efficiency of Hammer, W is the weight of the Hammer, H is the height of 

Hammer drop [strock], F is the factor of safety, tc is the elastic compression [temporary] 



 

CHAPTER 4: TYPES AND CAUSES OF CONCRETE PILE 

PROBLEMS 

6.9 Types of Cracking Problems 

In general, the problems of cracking or spalling of concrete piles which may occur during 

driving can be classified into four types. 

 Spalling of concrete at the head of the pile due to high compressive stress. 

 Spalling of concrete at the point of the pile due to hard driving resistance at the 

point. 

 Transverse cracking or breaking of the pile due to tensile stress wave reflected 

from the tip or head of the pile. 

 Spiral or transverse cracking is due to a combination of torsion and reflected 

tensile stress wave. This type cracking is sometimes accompanied by spalling at 

the crack. · 

6.10 Causes of Cracking Problems 

Compression. Spalling of concrete at the head of the pile is caused by very high or 

irregular compressive stress concentrations. This type problem can be caused by the 

following: 

l. Insufficient cushioning material between the pile driver's steel helmet or cap and the 

concrete pile will result in a very high compressive stress on impact of the pile driver 

ram. 

2. When a pile is struck by a ram at a very high velocity, or from a very high drop, a 

stress wave of high magnitude is produced. This stress is directly proportional to the ram 

velocity. Table 3 shows the variation of the driving stress (compressive) with the ram 

weight and ram velocity. It can be seen that the stress magnitude also increases slightly 

with ram weight; however this is usually not of serious consequence. The variations of 

driving stress (compression) with ram weight and ram driving energy. At a constant 

driving energy the driving stress decreases as the ram weight increases. Therefore it is 

better to obtain driving energy with a heavy ram and short stroke than use a light ram and 

large stroke. 

3. When the top of the pile is not square or perpendicular to the longitudinal axis of the 

pile, the ram impacting force will be eccentric and cause very high stress concentrations. 



 

4. If the reinforcing steel is not cut flush with the end of the pile, high stress 

concentrations may result in the concrete adjacent to the reinforcing. The ram impact 

force may be transmitted to the concrete through the projecting reinforcing steel. 

5. Lack of adequate spiral reinforcing at the pile head and also pile point may lead to 

spalling or splitting. If no spiral reinforcing is used, the pile head may spall or split on 

impact of the ram. 

6. Fatigue of the concrete can be caused by a large number of blows at a very high stress 

level. 

7. If the top edges and corners of the concrete pile are not chamfered the edges or corners 

are likely to spall on impact of the ram Spalling of concrete at the point of the pile can be 

caused by extremely hard driving resistance at the point. This type resistance may be 

encountered when founding the pile point on bed rock. Compressive stress under such 

driving conditions can be twice the magnitude of that produced at the head of the pile by 

the hammer impact (see Figure 2B and 3B) . Stress magnitudes at the head of the pile due 

to hammer impact frequently reach 2,000 psi to 3,000 psi. Consequently if the pile tip 

encounters hard' rock the stresses there can theoretically develop up to 4,000 psi to 6,000 

'p~i, which will probably produce spalling. Tension. Transverse cracking of a pile due to 

a reflected tensile stress wave is a complex phenomenon. It may occur in the upper end, 

mid-length, or lower end of the pile. It usually occurs in long piles (50 ft or over). It can 

occur when driving in a very soft soil or when the driving resistance is extremely hard or 

rigid at the point such as in bearing on solid rock. When a pile driver ram strikes the head 

of a pile, or the cushion on top, compressive stress is produced at  

Table 3. Variation of Driving Stress with Ram Weight And Velocity 

Ram weight 

Lb 

Ram Velocity, ft/sec-Stroke,ft 

11.4-2 13.9-3 16.1-4 18.0-5 

2,000 

5,000 

10,000 

20,000 

1,550 psi 

2,000 psi 

2,400 psi 

2,750 psi 

1,850 psi 

2,500 psi 

3,000 psi 

3,380 psi 

2,100 psi 

2,980 psi 

3,420 psi 

2,350 psi 

3,320 psi 

3,820 psi 

 

Wave equation results for 65 ft long pile, 200 sq in. area and 3 in. wood cushion. Stresses 

shown are maximurr: compression at pile head. 

 



 

 

Figure 6. Idealized stress wave produced when ram strikes cushion at head of concrete 

pile. 

4.3 Good Driving Precast for precast concrete pile 

From the preceding discussion of types and causes of concrete pile problems which have 

occurred, some very basic corrective measures have been revealed. These rules of thumb 

for good driving practices for concrete piles can be summarized as follows: 

l. Use adequate cushioning material between the pile driver's steel helmet or cap and the 

concrete pile head. Three in. or 4 in. of wood cushioning material (green oak, gum, pine 

or fir plywood, etc.) may be adequate for short (50 ft or less) piles with reasonably good 

point soil resistances. Six in., 8 in. or more· of wood cushioning material may be required 

when driving longer piles in very soft soil. The wood cushioning material should be 

placed on top of the pile with the grain parallel to the end of the pile and inspected to see 

that it is in good condition. When it begins to become highly compressed, charred or 

burned, it should be replaced. Some specifications require a new cushion on every pile. If 



 

driving is extremely hard, the cushion may have to be replaced several times during 

driving of a single pile. Use of an adequate cushion is usually a very economical means 

of controlling driving stresses. 

2. Driving stresses can be reduced by using a heavy ram with a low impact velocity (short 

stroke) to obtain the desired driving energy rather than a light ram with a high impact 

velocity (large stroke) . Driving stresses are proportional to the ram impact velocity. 

3. Reduce the ram velocity or stroke during early driving when light soil resistance is 

encountered. Anticipate soft driving or at the first sign of easy driving reduce the ram 

velocity or stroke to avoid critical tensile stresses. This is very effective when driving 

long piles through very soft soil. 

4. If pre-drilling or jetting is permitted in placin11; the piles, ensure that the pile point is 

well seated with reasonable soil resistance at the point before full driving energy is used. 

Driving and jetting should not be done simultaneously. 

5. Ensure that the pile driving helmet or cap fits loosely around pile top so that the pile 

may rotate slightly without binding within the driving head. 

6. Ensure that the pile is straight and not cambered because of poor concrete placement 

during casting. Improper storage, handling, or hauling of piling can also cause excessive 

camber and even cracking. Care should be taken to support or pick up piling at the 

prescribed points. Hi~h flexural stresses may result during driving of a crooked pile. 

7. Ensure that the top of the pile is square or perpendicular to the longitudinal axis of the 

pile. 

8. Cut ends of reinforcing steel flush with the end of the pile head to prevent their direct 

loading by the ram stroke. 

9. Use a reasonable amount of spiral rei~forcing at the pile head and tip. 

10. Chamfer top and bottom edges and corners of pile; 

. 

 

  



 

CHAPTER 5: RESULTS, ANALYSIS AND DISCUSSION 

The subcontractor who supposed to drive the piles had no experience in piling so he did 

not used Helmet, Cussions etc.  And the site engineer did not use the suitable machine for 

driving, so the mission of construction the piles faced a lot of problems , some of the 

piles had been crushed [ top damage of pile head ] see table 3 and plan 4  

6.11  Case Study  

According to the contract of construction of 250 MW HILLA power plant , and the soil 

test report , the designer intend to use precast concrete piles as foundation of the turbines 

FRAME 9E , cause of dynamic and static loading during the running of these turbines 

and the stresses produced when the turbine is shutdown .  

The Specifications of the pile are : 

 Cross section 280x280 mm  

 Length of pile 12000 mm 

 Specified strength of concrete is 30 MPa  

 Working Load 40 ton  

 Reinforcement is 4 bars of diameter 20 mm  

 

The machine used for driving of these piles is Delmag 19-42 which has the data indicated 

in table 4.  

The soil report of the project shows that the Bearing capacity is 6 ton/ square meter at 

depth 2 m from surface of ground as depicted in Figure 6 ( site plan). Shear friction of the 

soil is [ ].  

To apply the requirement of the design, a test for precast concrete pile of cross section 

280x280 mm and length of 12000 mm had been constructed at site, see Figure 7 for 

details, and tested according to ASTM 1143 D to 2 times the working load is depicted in 

Table 5 and the result of piles load test as indicated in Figure 8 .  

5.2 Drivability of precast concrete pile 

Estimation of driving stresses in top of the pile  

                

              

According to ACI 318 

     [                     ] 



 

    
 

 
                 

 

 
                              

           ⁄  

     [                     ] 

         

   
                           

                            

             

                      Without Factors 



 

 
 

Figure 7: Hilla Power Plant (250 MW) 



 

 
Figure 8: Hilla Power (250 MW) Precast Concrete Pile Distribution Plan 

Table 4: The Data of Delmag Machine Driving the Piles 
Blows Per 

Min. 
53 52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 

Piston 

Stroke (ft) 

5.20 5.40 5.60 5.80 6.00 6.30 6.60 6.80 7.20 7.50 7.80 8.20 8.60 9.10 9.50 10 

Hammer 

energy(ft-lbs) 

20852 21654 23258 24060 25263 26466 27258 28872 30075 31278 327882 34486 36491 38095 39087 40 

2.0 229 235 241 247 253 262 270 276 287 295 303 313 323 335 344 3 

2.5 253 260 267 273 279 289 298 304 316 324 333 344 354 367 377 5 

3.0 273 280 287 294 301 311 321 327 339 348 357 369 380 394 405 4 

3.5 290 298 305 312 319 529 340 346 359 369 378 390 402 416 427 4 

4.0 305 313 320 328 335 346 356 363 376 386 395 408 421 436 447 4 

4.5 318 326 334 341 349 360 371 378 392 402 412 425 437 453 465 4 

5.0 329 338 346 353 361 373 384 391 405 416 426 439 452 468 480 4 

5.5 340 348 356 364 372 384 395 403 418 428 439 452 466 482 494 5 

6.0 349 358 366 375 383 395 406 414 429 440 450 464 478 494 507 5 

6.5 358 367 375 384 392 404 416 424 439 450 461 475 489 506 519 5 

7.0 366 375 384 392 401 413 425 433 449 460 471 488 500 517 530 5 

7.5 374 383 392 400 409 422 434 442 458 468 480 495 509 527 540 5 

8.0 381 390 399 408 417 429 442 450 466 478 489 504 518 536 550 5 

8.5 338 397 406 415 424 437 449 458 474 486 497 514 527 545 559 5 

9.0 394 403 412 422 430 444 456 465 481 493 505 520 535 553 567 5 

9.5 400 409 419 428 437 450 463 472 488 500 512 528 543 5611 576 5 

10.0 405 415 424 434 443 456 469 478 495 507 519 535 550 569 583 6 

 

Table 5: The Piles Testing Report 



 

Hilla TPP- Pile Testing Record- Summary Table 

Location Pile No. 
Driven 

Length 

Final No. 

Blows/25cm 

Pile 

Ult.Bear.Cap. 

En. Formula 

Pile 

Ult.Bear.Cap. 

Decourt 

Pile Secant 

Stiffness at 44t 

  m Bl./25cm t t t/m 

GTG11 123 11.25 15 27.77 98.10 26,506 

GTG11 8 11.25 7 14.82 105.83 39,286 

GTG11 45 11.25 55 62.68 219.15 37,288 

GTG11 105 8.5 67 68.46 78.59 25,000 

GTG11 133 9 29 44.06 54.73 18,182 

GTG12 139 11.25 35 49.38 71.12 26,667 

GTG12  8 9 69 69.31 94.26 24,044 

GTG12 123 11.25 13 24.84 105.16 35,772 

GTG12 133 8.25 51 60.45 76.70 32,117 

TEST TP-3-Jun2010 11.25 18 31.83 115.55 30,769 

TEST TP-1 Oct 2010 11.25   130.59 38.361 

 

 

Figure 9: Load Test of Piles  

 



 

CHAPTER 6: CONCLUSION AND THE WAY FORWARD 

6.12 Conclusions 

Due to their strength, serviceability and low cost to durability ratio, precast 

concrete piles are often the preferred alternative deep foundations. Concrete piles 

with lengths over (10 m) are routinely used around the world. In Iraq, precast 

piles are the predominate concrete pile type, The mechanics of impact pile driving 

are now well modeled by wave equation programs allowing for rational methods 

to assess installability of piles. In the design phase, this numerical modeling can 

realistically assess the drivability of a hammer pile combination to the desired 

ultimate capacity. This research presented discussions on driving precast concrete 

piles along with the  case study illustrating the effectiveness of dynamic pile 

testing in successful installation of long piles. 

 

The Designer should give the procedure of driving for the piles, and not only the working 

load. The depth of the pile is not an indication about the capacity of the pile cause some 

cases shows that the final number of blows per foot or per minute is very poor which 

means that the pile has not reached to the required strength.  

 

6.13 Recommendations for Future Work 

 The soil investigation at the site should focus on the area of the piling acivity , 

this mean that the details of soil stratum , depth , dynamic ,physical , chemical 

properties should be analyzed carefully and 3-D digrame of soil profile should be 

drawn . 

 The pile test for precast concrete should be analyzed with PDA instrument and 

CAPWAP program inorder to have better data regarding the type of machine used 

for driving the piles , this is in addition the static load test according to ASTM D 

1143 .  

 Capblock , Helmet , Cassion should be used during Driving Procces of the piles - 

Setting of the pile should be assigned before driving . - The site engineer should 

be watch and note all data and information during the driving of the piles and 

submit pile log format to the project manager about the condition of the piles.  
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Abstract 

Pavement deterioration is a serious problem for road and traffic sector in almost every 

country. There are basically two types of pavements which are used for transportation 

of goods as well as passengers or people. One is flexible pavement and other is rigid 

pavement. The flexible pavements are known as bituminous roads. Due to continuous 

movement of vehicles on roads the different types of pavement failures like fatigue 

cracking, rutting and thermal cracking, pot holes are observed. The resurfacing of 

flexible pavements will enhance the life of pavements as well as it strengthens 

existing layers of pavements. Here in this article authors had discussed basic causes of 

flexible pavement failures. The flexible pavements have very long design life. Due to 

rainwater, continuous movement of vehicles, temperature variation, seasonal effects 

this types of pavements requires maintenance. The surface condition of flexible 

pavements affects the day and night visibility. So it is required to prevent the 

condition of flexible pavement during all seasons. Here we explained the basic types 

of flexible pavement failures and remedial measures. Broadly, the activities include 

identification of defects and the possible cause there off, determination of appropriate 

remedial measures; implement these in the field and monitoring of the results. 
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CHAPTER ONE  

INTRODUCTION 

 

1.1 General 

The asphalt road is exposed to many distresses due to of the high stress on the 

pavement so it causes cracks and a lot of defects. These defects cause a lot of 

problems for road users such as discomfort and the road will not be safe. All kinds of 

pavement needs proper maintenance as a result of affected over load, temperature 

change rate, Impact of climate (rains) and others factor. Pavement distresses are 

classified into two different categories. The first is known as functional failure. In this 

case, the pavement does not carry out its intended function without either causing 

discomfort to passengers or high stresses to vehicles. The second, known as structure 

failure, includes a collapse of pavement structure or the breakdown of one or more 

components of the pavement with such magnitude that the pavement becomes inca-

pable of sustaining the loads imposed upon its surface.  Functional failure depends 

primarily on the degree of surface roughness. Structure failure in a flexible pavement 

may be a result of fatigue, consolidation or shear, developing in the subgrade, sub-

base, base course or surface (1).  

Road maintenance is one of the important components of the entire road system. Even 

if the highways are well designed and constructed, they may require maintenance. 

Road maintenance is Necessary and required to protect the road in its originally 

constructed condition, protect adjacent resources and user safety, and provide 

efficient, convenient travel along the route. Unfortunately, maintenance is often 

neglected or improperly performed resulting in rapid deterioration of the road and 

eventual failure from both climatic and vehicle use impacts. It follows that it is 

impossible to build and use a road that requires no maintenance.  

 

 

 



 

1.2 Objectives  

The objectives of this study are: 

(a) To identify type and classification of common defects in flexible pavements.  

(b) To identify the causes of these defects and suggest remedial measures. 

(c) To conduct a visual condition assessment for surface of pavement so that a 

reasonable definition of the special problems of the roadway can be made.  

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 Background 

 
Generally, pavements are divided mainly into flexible and rigid classes. Flexible 

pavements contribute most percent of Baghdad city paved roads. Therefore, focus will 

be concentrated on flexible pavements analysis. Figure (2.1) shows a typical flexible 

pavement structure. It is comprised of several layers of carefully selected materials 

designed to gradually distribute loads from the pavement surface to the layers 

underneath (1). 

 

 

Fig. (2.1): Typical Flexible Pavement Structure. 

 

Figure (2.2) illustrates the distribution of load stresses in flexible pavement. The 

design is such that the load transmitted to each successive layer does not exceed the 

layers load-bearing capacity. 



 

    Fig. (2.2): Distribution of Load Stresses in Flexible Pavements. 

The various layers comprising a flexible pavement are described 

below (1): 

1. Asphalt Covering Layer: It is generally comprised of a wearing and a binder 

course layers. They include a mixture of various selected aggregates bounds together 

with asphalt cement or other bituminous binders. Its function is to prevent the 

penetration of surfaces water to the road base, provide smooth, well bond surface, 

resist the stresses and furnish a skid resistant surface. 

 

2. Road Base: It is the principal structure component. It may include either crushed 

rock or gravel road bases. Its function is to distribute imposed wheel load to the 

pavement foundation: the sub base and/or subgrade. The materials comprising the 

base course are selected hard and durable aggregates, which are stabilized and 

granular. 

 

3. Sub Base: This layer is used in areas where frost action is severe or in locations 

where the subgrade soil is extremely weak. The materials requirements are not strict 

as those for the road base since the sub base is subjected to lower load stresses. 

 



4. Subgrade: The subgrade is the compacted soil layer that forms the foundation of 

the pavement system. Subgrade soils are subjected to lower stresses. The combined 

thickness of sub base, base and surface must be great enough to reduce the stresses 

occurring in the subgrade to values, which will not cause excessive distortion or 

displacement of the subgrade soil layer. 

 

2.2 Pavement Distresses 

A road pavement continuously deteriorates under the combined actions of traffic 

loading, pavement climatic and environmental factors. AASHTO (1993) defines the 

pavement performance as the ability of a pavement to satisfactorily serve traffic over 

time (2) .The change in the value of these performance indicators over time is referred 

to as pavement deterioration.  

The most general method to show the extent of pavement deterioration or rate the 

performance of pavement is dependent on collection of types, severity, quantities of 

common pavement distresses. For instance, rutting, fatigue cracking, longitudinal & 

transverse cracking are three major asphalt concrete pavement distresses, which 

constitute main factors that affect the performance and ride quality of pavements.  

 

Rutting is a surface depression within the wheel path. Rutting results from a 

permanent deformation in any of the pavement layers or subgrades, usually caused by 

consolidation or lateral movement of the materials due to traffic loads(2).  Usually, 

the rutting occurs gradually across the wheel path, reaching a maximum depth in the 

center of the wheel paths.  

 

Fatigue Cracking, also named alligator cracking, is associated with loads and is 

usually limited to areas of repeated traffic loading. The cracks surface initially as a 

series of parallel longitudinal cracks within the wheel path that progresses with time 

and loads to a more branched pattern that begins to interconnect, is defined as 

alligator cracking. Eventually the cracks interconnect sufficiently to form many 

pieces, resembling the pattern of an alligator. Potholes and other occurrences of 

destroyed or missing pavement are accumulated as high severity alligator may also be 

noted in the area.  

 



Longitudinal & Transverse Cracking are also two common distresses of 

asphalt concrete pavements. They are mainly driven by temperature caused shrinkage, 

and expansion of pavement layer. Traffic loading is also an important factor as it may 

accelerate the cracking progression.  

 

Block Cracking, shrinkage of the asphalt and daily temperature cycling cause 

block cracking. These are interconnected cracks that divide the pavement into 

approximately rectangular pieces. The occurrence of this distress usually indicates 

that the asphalt has hardened significantly. Block cracking generally occurs over a 

large portion of the pavement area and may sometimes occur only in non traffic areas. 

 

Potholes, when potholes are not accompanied by distortion of the adjacent surface, 

they generally result from a cracked asphalt surface which has allowed moisture to 

enter and soften the pavement or penetrate horizontally under the asphalt layer. Once 

water has entered, the cracked surfacing is prone to disintegrate and lift out under the 

action of traffic, particularly after rain, thereby initiating the formation of a pothole. 

As a general rule, repairs to potholes should be carried out before the onset of 

inclement weather. Any pothole which is likely to be a potential hazard to traffic 

should be repaired immediately after detection. 

 

2.3 Pavement Evaluation 

A major objective of pavement evaluation system is to assist highway engineer in 

making timely cost effective decision making related to the maintenance rehabilitation 

of pavements (11). It is necessary to know the condition of pavements from the 

standpoint of setting up design criteria and for establishing maintenance and priority 

programs. Evaluation surveys give reasons why the pavement condition is as it is (8). 

The pavement evaluation systems are basically categorized into two major types: 

functional and structural evaluation, depending on the failure type mentioned earlier. 

 

2.3.1 Structural Evaluation 

Structural evaluation deals with the quantitative assessment of structural adequacy of 

the pavement for rehabilitation. It is dependent upon the engineer's ability to evaluate 

the structural properties of the pavement components. Structural adequacy is the 



primary response of pavement to transient loads and consists in deflections, stresses, 

strains and pavement deformation at critical points in pavement layers.  

 

2.4.2 Functional Evaluation 

Functional evaluation is a qualitative measure which is concerned with serviceability 

performance and deals mainly with overall behavior of a pavement and rates a 

pavement for its riding quality to vehicular traffic. Evaluation of the surface condition 

is done by the ruts, potholes, cracks, patches and uneveness of the pavement surface. 

Methods of functional evaluation are: 

 

1. Uneveness Index:- 

The numerical Uneveness Index of the surface in cm/km length of road is useful in 

deciding riding quality of road. Uneveness Index values below 95 indicate excellent 

riding quality and above 240 indicate very poor riding quality for roads. Table (2.1) 

gives recommended Uneveness Index (1). 

 

Table (2.1): Recommended Uneveness Index for New and Old Pavements 

For New Pavements 

Below 120  Good (acceptable) 

 

120 to 145 Fair (acceptable) 

 

Above 145 Poor (not acceptable) 

 

For Old Pavements 

Below 95 

 

Excellent 

 

95 to 119 

 

Good 

 

120 to 144 

 

Fair 

 

145 to 240 Poor (possible resurfacing) 

 



Above 240 Very Poor (resurfacing required) 

 

 

2. Present Serviceability Index (PSI):- 

The Present Serviceability Index Concept was first presented by Carey and Irick. It is 

based upon the concept of correlating user opinions with measurements of road 

roughness (as measured by the roughmeter or profilometer), cracking, patching and 

rutting. Pavements were rated on a scale runs from 0 to 5, where 0 – 1 indicated a 

pavement in a very poor condition, 1 – 2 was a poor condition, 2 – 3 was fair, 3 – 4 

was good and 4 – 5 was very good (2). 

 

3. Pavement Condition Index (PCI):- 

The Pavement Condition Index (PCI), developed by the U.S. Army Corps of 

Engineers, is a very comprehensive condition index. The PCI method is based on 

visual examination of the pavement distress type, extent and severity (ASTM, 2007). 

The PCI provides a measure of the present condition of the pavement based on the 

distress observed on the surface of the pavement, which also indicates the structural 

integrity and surface operational condition (roughness and safety). The PCI provides 

an objective determination of maintenance and repair needs and priorities. The PCI 

also provides feedback on pavement performance for validation or improvement of 

current pavement design and maintenance procedures. 

 

 

Fig. (2.3): Pavement Condition Index (PCI) Rating Criteria 

 



The steps for performing the condition survey and determining the PCI rating 

criteria manually are described below (16): 

 

1. Pavements are divided into features (sections). 

2. Every pavement feature is divided also into sample units. 

3. Sample units are inspected where distress types, severity and extent (density) are 

determined. 

4. Deduct values are determined for each distress type. 

5. Total Deduct Value (TDV) is computed which is the sum of all deduct values. 

6. Total Deduct Value is adjusted to obtain Corrected Deduct Value (CDV). 

7. Pavement Condition Index for each sample unit inspected is computed from the 

following equation: 

PCI = 100 - CDV 

8. The PCI of the entire feature is computed by taking the average of PCI's of all 

sample units. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER THREE 

Methodology 

 

The following tasks were carried out in order to achieve the study 

objective: 

A. Select 2 km length of the road which will be under the study to 

carry out survey.  

1. Divide the road into four sections A, B, C and D.  

2. The length for each section will be 0.5 km / 500m.  

3. Notes taken by two methods: 

 i. By car “Taking Notes while driving”. 

 ii. By visual inspection, the cracks and defects were identified and measured.  

 

B. Get knowledge about the reasons which cause defects in the roads. 

1. Through the notes, select the reasons which cause defects.  

2. Through the journals.  

3. Traffic Volume Studies.  

 

C. Select the best maintenance option.  

1. Best maintenance method will be suggested for each defects or cracks identified. 

 

 

3.1 Description of study area  

In this study, an attempt was made to evaluate and suggest suitable maintenance 

works for AL-SHAHDHA major road connecting, located in the AL-BAIYAA 

DISTRICT. This road is used for transporting goods and people, with a large 

percentage of heavy vehicles moving on it. This road is about 2 km long and 9.5 

width with a median width around 8m. It is a three-lane road in each direction, and it 

is an asphalt pavement road. Figure 3.1 shows the study area.  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1 Study Area 



 

CHAPTER FOUR  

RESULTS OF THE EVALUATION SURVEY 

AND ASSESMENT 

In order to determine and evaluate the existing conditions of the selected study area, a 

several field assessment survey conducted on the three sections of the highway. The 

results of the evaluation filed assessment survey showed that the pavement of this 

highway is suffering from the following types of failure and deterioration: 
 

4.1 Transvers and Longitudinal Cracks 

 

Severity Levels: 

 

L—non-filled crack width is less than 10 mm 

 

 

 
 

Fig. (4.1) Low intensity for longitudinal cracks 

 

 

M—non filled crack width is greater than or equal to 10 mm and less than 75 mm. 

 

 



 
 

Fig. (4.2) medium severity of longitudinal cracks 

 

H—any crack non filled crack greater than 75 mm 

 

 
 

Fig. (4.3) high intensity of the longitudinal cracks 

 

How to Measure: Longitudinal and transverse cracks are measured in linear meters. 

The length and severity of each crack should be recorded.  

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Visual Survey Results: 

 

 
  

Transverse cracks  

Right side Left side 

 

Length 

(m) 

 

HTDIW 

(in) 

 

Severity 

level 

 

Length 

(m) 

 

HTDIW 

(in) 

 

 

Severity 

level 

 

4.6m 

 

0.15 

 

 

Low 

 

2.8m 0.15 

 

LOW 

4.5m 

 

0.3 Low 3m 0.27 Low           

4.8m 0.11 Low 1.2m 0.15 LOW 

4.7m 0.19 Low 4.3m 0.19 LOW 

3.2m 0.39 MED 6.4m 0.7 LOW 

4.5m 0.11 Low 5.2m 0.2 LOW 

4.3m 0.157 Low 3.1m 0.37 MED 

3.5m 0.39 MED 5.1m 0.37 MED 

4.2m 0.78 MED 6m 0.31 MED 

2.1m 0.78 MED 4.4m 0.27 Low  

1.9m 0.27 Low  3.4m 0.27 LOW 

3.5m 0.15 Low 5.1m 0.7 MED 

4.2m 0.19 Low 1.9

m 

0.4 MED 

3.8 0.7 MED 2.10.35 Low  



m 

4m 0.39 MED 3.3

m 

0.45 MED 

3.6m 0.15 Low 4.1

m 

0.3 Low  

4.5m 0.19 Low    

 

 

 

 

LONGITUDINAL CRACKS 

Right side Left side 

 

Length 

(m) 

HTDIW 

(in) 

 

Severity 

level 

 

Length 

(m) 

HTDIW 

(in) 

 

Severity 

level 

1.7 0.26 L 1.5 0.43 M 

2.1 0.37 M 2.4 0.36 M 

3.1 0.41 M 3.4 0.55 M 

1.4 0.44 M 2.6 0.31 L 

 0.62 M 1.9 0.39 M 

2 0.71 M 2.3 0.41 M 

1.7 0.80 M 4.0 0.72 M 

1 0.31 M 3.3 0.87 M 



2.5 0.19 L 1.9 0.80 M 

1.5 0.26 L 2.2 0.77 M 

1.4 0.37 M 3.1 0.53 M 

2 0.49 L 4.1 0.51 M 

3.5 0.35 M 2.6 0.41 M 

1.4 0.23 L 3.1 0.31 L 

2.6 0.34 L 3.9 0.22 L 

2.4 0.52 M 3.5 0.61 M 

1.6 0.36 L 4.3 0.21 L 

2.3 0.63 M 2.6 0.42 M 

3.1 0.74 M 4.2 0.59 M 

4.1 0.63 M 2.6 0.61 M 

4 0.21 L 2.3 0.31 L 

3.2 0.27 L 1.9 0.36 L 

4.1 0.19 L 1.8 0.42 M 

2.6 0.43 M 2.3 0.19 L 

 

   

4.2  BLOCK CRACKS 

Severity Levels: 

 L—Blocks are defined by low-severity3 cracks (see fig below). 

 M—Blocks are defined by medium-severity3 cracks (see fig 

below). 

 H—Blocks are defined by high-severity3 cracks (see fig below). 

  

How to Measure: Block cracking is measured in m2 of surface area.  

 



 

Fig. (4.5) Low intensity for block cracks 

 

 

Fig. (4.6) medium intensity for block cracks 

 



 

 Fig. (4.7) high intensity for block cracks 

Visual Survey Results:  

  

RIGHT SIDE  LEFT SIDE 

LENGTH 

(M) 

WIDTH 

(M) 

 ITIRTIE 

LITIL 

LENGTH 

(M) 

WIDTH 

(M) 

SEVERITY 

LEVEL 

1.7 1.2 L 1.7 0.7 M 

1.4 1.9 M 2.3 1.2 M 

2.9 0.7 M 1.5 0.9 L 

2.1 1.4 M 2.2 1.1 M 

2.3 1.5 M 1.3 1.7 M 



 

4.3 RUTTING 

Severity Levels (Mean Rut Depth): 

 L—6 to 13 mm (1⁄4 to 1⁄2 in.) (See fig below). 

 M—>13 to 25 mm (>1⁄2 to 1 in.) (See fig below). 

 H—>25 mm (>1 in.) (See fig below). 

 

How to Measure: its severity is determined by the mean depth of the rut. 

 

 

Fig.(4.8) rutting intensity measurement 

2.1 0.8 H 1.4 1.9 M 

3 0.9 M 1.2 0.9 M 

2.1 1.3 M 2.3 1.2 L 

2.3 1.0 L 3.4 0.8 M 

2.2 0.9 M 1.3 0.7 M 

2.4 1.6 M 3.1 1.2 M 

2.1 1.2 M 2.9 0.8 M 

1.6 0.6 M  1.8 H 



 

 

Visual Survey Results:  

 

 

RIGHT SIDE LEFT SIDE 

First part 

1 KM. 

RUT 

DEPTH 

(mm) 

SEVERITY 

LEVEL 

RUT DEPTH 

(mm) 

SEVERITY 

LEVEL 

0-100 5.72 L 5.4 L 

100-200 19.82 M 0  

200-300 19.2 M 0  

300-400 9 L 4 L  



400-500 4.8 L 0  

600-700 0  0  

700-800 9 L 0  

800-900 19.82 M 0  

900-1000 19.2 M 0  

Second part 1KM. 

0-100 4.8 L 5.3 L 

100-200 19.3 M 4.8 L 

200-300 0.78 M 0  

300-400 0.78 M 0  

400-500 0.78 M 0.19  

600-700 0.19 L 0  

700-800 0.19 L   

800-900 0  0  

900-1000 0  0  

 

 

4.5 POTHOLES  

Severity Levels: 

 

 

How to Measure—Potholes are measured by counting the number that are low-, 

medium-, and high-severity and recording them separately. 

 



 

Fig. (4.9) Low intensity for Potholes 

 

 

Fig. (4.10) medium intensity for Potholes 

 

 

 

 

 



 

 Fig. (4.11) high intensity for Potholes 

 

 

 

 

 

 

 

 

 

Visual Survey Results:  

 Left Side = 4 



 Right Side = 5 

 

 

 

 

 



RIGHT SIDE LEFT SIDE 

DEPTH 

(mm) 

SEVERITY 

LEVEL 

DEPTH 

(mm) 

SEVERITY 

LEVEL 

30 mm M 60 mm H 

35 mm M 40 mm M 

25 mm M 35 mm M 

20 mm L 22 mm L 

50 mm H   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER FIVE 

MAINTENANCE TECHNIQUES 

The type of maintenance technique or procedure suggested depends on the type and 

severity of the pavement distress being repaired as mentioned below:  

 

5.1 Cracks 

5.1.1 Block Cracks 

Description : 

 Interconnected  

 Approximately rectangular in shape 

 Block size from 300mm to 3000mm 

Possible causes Probable treatments 

- Joints in underlying layer 

-Shrinkage cracks in hardened 

bituminous surfacing 

 

- Crushed aggregate overlay 

- Seal cracks or replace 

bituminous surfacing 

 

 

5.1.2 Longitudinal cracks 

Description:  

 Usually straight and parallel to center line 

 Singly or a series parallel cracks 



 

Possible causes Probable treatments 

- Reflection of shrinkage cracks 

- Poor joining between paving lanes 

surfacing 

- Displacement of joints at pavement 

widening 

overlay  

- Differential settlement between cut and fill 

Embankment failure 

- Mill and Pave 

-Replace bituminous  

 

- Crushed aggregate         

 

 

    

5.1.3 Transverse Cracks 

Description: 

 Unconnected  

 Relatively perpendicular to centerline 

 Across pavement 

Possible causes Probable treatments 

- Reflection of shrinkage cracks 

- Poor construction joints 

- Structural failure of cement treated bases 

- Shrinkage crack in bituminous surfacing 

- Reflections of joints in the underlying 

base 

- Mill and pave 

        - Crack sealant  

 

 

 

 

 



5.2  Rutting  

Description: 

 Longitudinal deformation in the wheel path 

 Occur after repeated applications of axle loading  

 Occur in one or both wheel path 

 

Possible causes Probable treatments 

- Inadequate pavement thickness 

- Inadequate compaction of structural layers 

 

- Unstable bituminous mix 

- Inadequate support by shoulder materials 

- Overstressed subgrade, sub base or base 

 which deform permanently 

- Strengthening   overlay 

- Reconstruction 

- Use stiffer mix 

- Shoulder improvement 

- Base or sub-base 

 

 

 

 

5.3 Pothole 

Description: 

 Bowl shaped cavity in the pavement surface 

 Results from loss of wearing and binder course 

 Water enters small breaches in pavement surface and 

weakened lower layers causing disintegration. 

 

 

 

Possible causes Probable treatments 



- Loss of surface course 

- Moisture entry to base Course through a 

cracked pavement 

- Load associated disintegration of base 

 

- Surface patching 

- Mill/Cut and pave 

- Partial and/or full 

reconstruction 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER SIX  

CONCLUSIONS 

 

6.1 conclusions   

As mentioned earlier, various types of pavement surface deteriorations such as 

potholes, cracks, patching, longitudinal ruts along wheel paths, etc. occur at different 

components of road structure due to heavy rains, traffic and environmental factors 

The severity of the failures and deteriorations ranges from medium to high in the 

pavement of this highway. Such types of damages needs to be rectified within the 

shortest possible period before further deterioration of the pavement takes place 

which may lead to rehabilitation of some layers or total reconstruction of all pavement 

layers. The methods of flexible pavement surface evaluation discussed in previous 

chapter helps in: 

 

1. Assessment of the road condition and assigning the minimum acceptable 

serviceability standards for maintenance of different categories of roads.  

 

2. Estimation of rate of functional and structural deterioration of pavement 

under the present traffic loading and also under the prevailing set of 

conditions and other contributing factors.  

 

 

3. Type and extent of maintenance requirements and various possible 

alternatives and their economic evaluation.  
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Conclusion 

The study of the project includes the study of both economic 

analysis and financial analysis for the purpose of choosing 

alternative projects, where the economic analysis shows the overall 

net benefits from the project (ie finding returns and profits), while 

the financial analysis highlights the distribution of net profits 

achieved at the state or farmers level. 

 As a conclusion, the economic evaluation of the project is based on: 

 1. Identifying the economic costs and benefits, based on local 

indicators. 

 2. Evaluate the economic costs and benefits, according to the 

available data. 

 3. Comparison of economic costs and returns, in terms of some 

standard indicators. 

 An economic analysis of reclamation projects is prepared, which is 

a comparison of implementation costs in addition to the annual costs 

of operation and maintenance work (for the life of the project) with 

the expected benefits from the project (for example, agricultural 

production). 

 The actual social and environmental costs are also calculated or by 

estimating the costs of some measures to mitigate social impacts 
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Harvesting Dam 

1- Introduction:  
In the last few years the Iraqi people gives priority to the water 

systems and hydraulic structures as did their Mesopotamian 

predecessors. Around the beginning of the twentieth century, many 

dams, irrigation systems and land reclamation projects have been 

constructed in Iraq. The Dams Area was subjected to drought condition, 

which causes several problems for the region population, available water 

run is not sufficient for human, livestock consumption and agricultural. 

In order to satisfy water management of the area investigation started for 

construction of small dam in the region, that aim in collection of rainfall 

water in reservoir. the selected areas for construction of such small dams 

and the reservoirs.  

Constructing multipurpose dams has also been given special attention 

and many of these dams have been constructed in the northern and 

western parts of the country. More dam projects are currently in the 

planning and/or construction phases  

The main purposed aim to be created by this dam will be:  

 

 

 

 

Also, the collect water during the time when the resource is available 

and release it during the dry period, in order to provide a cost‐effective 

method of storing larger volumes of water for livestock or irrigation. 
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Harvesting Dam

Fig ( . )   :The Location of the dam

 

 

As general, Harvesting Dam which chose for the study is located in  

The western desert,  

 Spillway structure constructed on the left side of the dam with discharge 

amount (260 m
3
/sec). 

 The outlet of the dam is selected to be from steel pipe with diameter of 

0.60m 

The dam body is mainly consist a clay core and material which’s available 

in the site and even the rock for the protection 

In the last few years the dam  area was subjected to drought condition, 

which causes several problems for the region population, as the available 

water run directly to Aladam branch stream and, is not sufficient for 

human, livestock consumption and agricultural. In order to satisfy water 

management of the area investigation started for construction of small dam 

in the region, that aim in collection of rainfall water in reservoir. Local 

proposal of the dam area is a one of the selected areas for construction of 

such reservoirs: 
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The main purposed aim to be created by this dam will be for 

regulation of the irrigation uses and ground water recharging 

purpose, also, the collect water during the time when the resource is 

available and release it during the dry period, in order to provide a 

cost‐effective method of storing larger volumes of water for livestock 

or irrigation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 Harvesting Dam is designed as fill dam consisting of impervious 

clay core zone and upstream and downstream supporting shells, so, 

the embankment dams is constructed with a section having central 

(vertical) core with zoning and slopes over the whole length. The 

dimensions of the dam are selected to overcome the storage 

requirement. 

Table (1 ): Specification of the dam. 

Catchment area  Km2 27.3 

Spillway crest length (m) 130 

Spillway crest level (m.a.s.l) 112.85 

Spillway depth (m) 3 

Maximum Flood level (m.a.s.l) 113.85 

Dam Crest level (m.a.s.l) 114.85 

Maximum height from lowest point in the river (m) 7.6 

Bottom outlet sill level (m.a.s.l) 109.85 

Pipe diameter  of Bottom Outlet (m) 0.60 

Maximum Discharge over the Spillway (m3/s) 260 
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B.O.L.

Toe Drain 425

430

435

440

420

Spil Way

Length – 360 m 

Crest = 436 

Toe Drain 

Toe Drain 

Crest Dam 440  

Length   115  m

Length of the system 

Crest level = 440 m
Spill Way

Length – 360 m 

Crest  Level = 436 

400 500 600 700 800 900 1000 1100 1200 1300 1400 1500100 200 300

Section 2 -2

Section 1 - 1

Main section

Crest Dam 440  

Length   115  m

  Fig(2) : Section Of the Dam

The U/S and D/S slopes of the earth dam depend upon the following 

factors: 

• Type of soil available or to be used in the construction of the dam 

• Height of the dam 

 

Terzaghi recommend the following slopes for zoned dam  

• U/S slope 1:3 

• D/S slope 1:2.5 

A cut-off trench is excavated in foundation, it has a depth= 4 m and 

replaced on a hard layer with minimum bottom width of trench is 4m.The 

depth may be applied at maximum section, which also be reduce at the 

higher ground where the head of reservoir water is be less. 

Spillways are provided for storage and detention dams to release surplus or 

flood water which cannot be contained in the allotted storage space, and at 

diversion dams to bypass flow exceeding those which are turned into the 

diversion system. Ordinarily, the excess is drawn from the top of the pool 

created by the dam and conveyed through an artificial waterway back to the 

river or to some drainage channel. From the hydrological study the spillway 

discharge for 100 years return period (260 m3/s ). 

In addition to providing sufficient capacity, the spillway must be 

hydraulically and structurally adequate and must be located so that spillway 

discharges will not erode or undermine the downstream toe of the dam. The 
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 Specification   : Fill (height      .

75 m) ,Width – 7.0 m 

  Selected  crushed   Rock or 

boulders or over size gravel 

what available in the site 

 Specification  of the crest:

6.0m length with 0.5  m   depth of the 

crest  (( sandy Gravel ))

47.80

22.00

Height of Dam at Max. 

Point =7.60 m

 See Details A
Toe drain

see detail    B

4.0

G.L.= 107.25

114.85

25.8

top of the clay core – 114.35

  Fig.(3) : Cross – Section of the Selected Dam

spillways bounding surfaces must be erosion resistant to withstand the high 

scouring velocities created by the drop from the reservoir surface to tail 

water, and usually some device will be required for dissipation of energy at 

the bottom of the drop. 
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Table ( 2) : Data of  Harvesting – dam 

Description Data 
Return period 100 year 

Type of Dam Earth Dam with Clay Core 

Dam crest 114.85m 

Type of Spillway Ogee 

Spillway width 130 m 

Spillway  crest  level 112.85m 

Volume  of  Reservoir at minimum Water level  ) Dead Level 109.5m) 47368m
3
  

Volume of  Reservoir at max.Water level  ) Dead Level + Live 

Storage)113.85m 

850736.85m
3
 

Maximum Height Of Dam 7.6 m 

Maximum Discharge from the Spillway 260m
3
/s 

Invert Level of pipe (( Bottom outlet )) 106.65 

Volume of Sediment ( 50 years ) 34855T/1.6T/m
3
 = 21784m

3
   21784m

3
 

 Economical Evaluation 

1-Financial Analysis: 

Financial analysis of the project means analysis of the various items 

during the economic life of the project specified by (51) years, 

including one year of the construction of the dam. 

Measured the economic feasibility of the project by offering a 

calculated many items such as, net present value, internal rate of return, 

benefit cost ratio, the payback period is these standards are calculated 

for each the feasibility of the all projects and that the application 

requires the creation of tables of cash flow in and out of the project 

during its economic life  

     The coal of the family farm analysis is to indicate the project will 

give acceptable   benefit to the farmers and finally will reflect on the 

agricultural sector, so, financial    analysis is designed to determine the 

likelihood the returns of the project costs, or vice versa and thus to 

know whether the project economically feasibility or not 
The financial analysis consist all cost expended and the benefit gained 

during the life production of the project on the family farm level The 

financial analysis will depend on the prevailing prices in the market 

now for income and outcome prices on farm level and taking in 
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consideration the subsidize of the prices by the government to the 

farmers concerning the strategic cereal and the price of selling the 

fertilizer and pesticide and some case in the rate of irrigation and the 

farmer will involve in the maintenance of the canals and drainages 

canals which needs to cleaned from weeds The production of some 

crops can be sold to the government with subsidize prices and other 

crops soled on the prevailing cost in the market. All these prices are 

taken from the ministry of agriculture. 
the site  where dam project  has included about  ten small villages 

around it each village has a population about 350 capita and its 

provenance has no water supply system, health center and social 

centers. 
Electrical power supplied only four hours per day, most inhabitant are 

working as farmers or employed in farming. Few settlements lays in 

the project area. The nearest village is Al-Adam dam village, located 

three and half kilometers upstream of  the project area  
   .   The cropping pattern of the family farm was taken as suggested 

from the water balance of the total area. 

 

2 - the Economic Feasibility: 

  The economic feasibility study is so important for any project , since, 

the initiation of a project without a study may lead to the failure of this 

project, because the feasibility study of the details and advance planning 

for each step of the process, and ,needs for each stages and that’s leads 

for the : 

 Balance between the lines and operational phases of the different 

of the project, which is reflected in the presence of the energies of 

unemployed in places and overload in other places and all this is 

reflected in the end the high operational costs and the absence of 
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efficient allocation of available resources, it can also threaten the 

continuation of the project. 

 Studies have confirmed that one of the most important practical 

reasons for the problems in implementation of projects in 

developing countries is the lack of attention to studying the 

economic feasibility of the degree to which commensurate with 

their importance. 

 

In economic evaluation of such project, a technique is used by making a 

comparison study of the project cost and benefit derived according to all 

purposes. This method is one which is recognized throughout the world.  

The economic analysis of Harvesting Dam is carried out by calculating 

the Net Present Value (NPV) and the Benefit - Cost Ratio (B/C) using 

different discount rates by discounted cash flow method on the basis of 

project costs and benefits, and then an Internal Rate of Return values 

(IRR) which represents the discount rate at which the present value of 

both cost and benefit streams equalized each other is calculated.  

The internal rate of return permits the economic merits of the 

project to be assessed by comparing the annual rate of return with the 

Opportunity Cost of Capital (OCC) in the country. It is supposed that the 

opportunity cost of capital may be estimated at 10%, which is 

considered as the lending rate of the Banks. 

The economical age of each harvesting dam, which represents the 

period covered in the project economic evaluation is 50 years operation 

plus the years for construction 

 Moreover, sensitivity analysis of project cost and benefits are made 

to examine the influence caused on the project economics by 

variation in construction cost, in addition to the variation of flood 

control benefits, irrigation benefits, and total benefits of the 

project. 
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3- Project Cost 

The project cost of Harvesting Dam includes the capital cost of 

construction the project that contents dam embankment and its 

appurtenance such as the spillway, Service Bridge, Coffer Dam, Roads, 

etc. in addition to the annual cost for operation, maintenance and 

administration.  

 

 Basic Considerations 

Estimation of construction cost for Harvesting Dam project has 

been made after discussion with some contractors working in similar 

projects. The following considerations are taken into accounts in 

estimating the cost: 

a. The cost of construction for Harvesting Dam project are assessed 

taking into consideration recent construction projects in Iraq and 

the experience in construction of similar works for the contractors, 

in addition to the regional condition of our country and the site. 

b. A contingency sum of 7% of the cost of all construction works. 

c. Salary and wages of engineers and other personnel, costs of 

facilities and maintenance of field offices for the project and cost 

for the design work and supervision for the dam construction are 

included in administration expenses.  

d. The interest during construction is calculated based on the annual 

fund requirements. It is considered that the annual rate for local 

and foreign  currency is 10%. 

 

 Construction Cost 

The estimated total construction cost of dam project is  6,435,310,000 

 . The construction cost according to the design  for dam project is 

given in Table (3).  
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4 Operation and Maintence Costs( 0&M).  

  

 Annual Costs   

The annual costs of project include operation and maintenance cost, and 

administration expenses. As mentioned before, the grand total 

construction cost for the project is ((7,027,358,520 ID)). The equalized 

annual cost of this project over its service life is shown in Table (2). 

Also, the interest rate applied for calculating the amortization cost is 

10% for local currency portions. The service life for Harvesting Dam is 

50 years. As shown in Table (4). that the total annual cost of :. 

 

 

Table( 4 ): Annual Costs of  the Dam Project   (ID) 

 

S.N. Item Annual Cost 

1.  Cost of Operation & Maintenance  140547170.4 

2.  Cost of Administration Expenses  70273585.2 

 Total  (  1 +2 ) 210,820,755.6 

 

 Secondary Costs 

Table ( 3 ): Construction Cost  of the Dam Project(*1000 ID) 

Item Total Cost 
A. Cost of Construction Items  

1. Administrative Items 100000000 

2. Dam Embankment 2676750000 

3. Spillway 3456000000 

4. Bottom Outlet 202560000 

B. Total Construction Cost 6,435,310,000 

C. Administration (1% of cost) 64353100 

D. Contingency (7% of cost) 450471700 

E. Investment Cost 514824800 

F. Interest During Construction 77223720 

G. Grand Total Cost 7027358520 
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 In addition to the construction cost of dam and the annual costs 

that include operation and maintenance and administration, the 

construction of this project will also cause secondary costs in the form of 

losses of areas by flooded water of the reservoir. 

 The flooded area by the reservoir in the upstream side of the 

proposed dam includes some dwells, agricultural areas. The cost of these 

properties is assessed after local surveying and meetings with the 

administrations in the project position. Cost of dwells that will be 

inundated in the reservoir is estimated by 500,000,000 ID. Moreover, 

there are two artesian wells with a discharge of 15-20 liter per sec. The 

cost of the two wells is estimated by 30,000,000 ID. Thus, the total cost 

of properties without the agricultural lands is estimated by 530,000,000 

ID.  

 

5.Annual Disbursement Schedule of Project Costs: 

 

 The annual disbursement schedule for dam project has been 

established on the basis of the project cost estimate and the proposed 

construction schedule. The construction period for the project is 

proposed to be one year. It is assumed that the cost of each activity is 

distributed as follows along the construction period: 

 100% of the total cost at the first year for constructed dams. 

 The cost of properties which are flooded by the reservoir is assumed 

to be disbursed in the first year of the project life. 

 The annual disbursement schedule of the project cost is shown in 

table (4), while table (5) shows the project cost streams along the 

economic life of the project. 
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Table 5: Cost Streams of Harvesting Dam Project(*10
6
 ID) 

Year 

Capital Cost Annual Cost Total Cost 

Main Cost  Secondary 
  

1 7027358520 530000000 0 7,557,358,520 

2 0 0 210,820,755.60 210,820,756 

3 0  210,820,755.60 210,820,756 

4 0  210,820,755.60 210,820,756 

5 0  210,820,755.60 210,820,756 

6 0  210,820,755.60 210,820,756 

7 0  210,820,755.60 210,820,756 

8 0  210,820,755.60 210,820,756 

9 0  210,820,755.60 210,820,756 

10 0  210,820,755.60 210,820,756 

11 0  210,820,755.60 210,820,756 

12 0  210,820,755.60 210,820,756 

13 0  210,820,755.60 210,820,756 

14 0  210,820,755.60 210,820,756 

15 0  210,820,755.60 210,820,756 

16 0  210,820,755.60 210,820,756 

17 0  210,820,755.60 210,820,756 

18 0  210,820,755.60 210,820,756 

19 0  210,820,755.60 210,820,756 

20 0  210,820,755.60 210,820,756 

21 0  210,820,755.60 210,820,756 

22 0  210,820,755.60 210,820,756 

23 0  210,820,755.60 210,820,756 

24 0  210,820,755.60 210,820,756 

25 0  210,820,755.60 210,820,756 

26 0  210,820,755.60 210,820,756 

27 0  210,820,755.60 210,820,756 

28 0  210,820,755.60 210,820,756 

29 0  210,820,755.60 210,820,756 

30 0  210,820,755.60 210,820,756 

30 0  210,820,755.60 210,820,756 

31 0  210,820,755.60 210,820,756 
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32 0  210,820,755.60 210,820,756 

33 0  210,820,755.60 210,820,756 

34 0  210,820,755.60 210,820,756 

35 0  210,820,755.60 210,820,756 

36 0  210,820,755.60 210,820,756 

37 0  210,820,755.60 210,820,756 

38 0  210,820,755.60 210,820,756 

39 0  210,820,755.60 210,820,756 

40 0  210,820,755.60 210,820,756 

41 0  210,820,755.60 210,820,756 

42 0  210,820,755.60 210,820,756 

43 0  210,820,755.60 210,820,756 

44 0  210,820,755.60 210,820,756 

45 0  210,820,755.60 210,820,756 

46 0  210,820,755.60 210,820,756 

47 0  210,820,755.60 210,820,756 

48 0  210,820,755.60 210,820,756 

49 0  210,820,755.60 210,820,756 

50 0  210,820,755.60 210,820,756 

51 0  210,820,755.60 210,820,756 

Total 7027358520 530000000 10751858536 18,309,217,076 

 

A
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 Year

Fig.(4 ): Total Annual Cost
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 Project Benefits 

 

 General  
 The aim of the economical evaluation for any project is to define and 

estimate the distribution of annual and economical costs and benefits.  

This dam, basically will need to constructed for many purposes. such as for, the 

agriculture land , and  recharge ground water, and improve the environmental of 

the area, supply water for drinking and other municipal purposes, recreation and 

tourism, , also, The presence of the dam will serve the development  the farmers  

economically for the following reasons:  

 provide jobs.  

 Reduce poverty, 

 install the rural population and nomads among them locally and reverse 

migration from the countryside to the city to find jobs. 

 provide food for the developing communities around the dam 

 provide safe water for use in rural areas  

 the provision of water to quench a regular basis during the year by water 

storage in Lake dam. 

 The water storage in Lake dam is not used only to relieve, but to breed fish 

and or re-establishment of forests and the many other benefits 

 

The objective in water resources development planning is the 

determination of the project's feasibility. This involves studies which 

will permit a sound analysis and conclusion with respect to the specific 

engineering-economic-environmental considerations. There are many 

tests of feasibility which are primarily: 

1. That project will constructed  to present or anticipated social or 

economic need; 

2. That project as planned will adequately serve the intended 

purposes. 

3. That project will improve the environment of the area. 
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4. The services proposed to be p1erformed by the proposed dam and 

the benefits that will produce will justify the cost. 

The design discharge from the outlet of the dam is estimated to 

irrigate along the year. Also the recharge ground water, are main aim 

from the construction of  this project in this area 

Table  6 : Consumptive water by plants 

E.T with 

Rainfall 

m
3
/season 

E.T without Rainfall 

m
3
/season 

Crops No 

227144 3321477 Wheat 1 

146876 263542 Barley 2 

178345 249745 vegetable 
 

3 

 

 

 Irrigation Benefits: 

 

The project benefits it is considered that all the water released from the 

reservoir is exploited for irrigation purposes. The benefit of irrigation was 

calculated by The net income from irrigation (net income from the plant 

growing) and calculated the cost come from: 

The area divided in crop rotation sections as indicated table 

given below: 
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 AGRICULTURAL PRACTICES  ( COST ) 

 Fertilizers: 
The effect of fertilization on the raising crop yields under irrigation is an  

important factor of the agricultural practices aimed to get good high and 

stable 

  

yields. Also increase the quantity of production, complex fertilizing affects 

also the quality of the crops. The type, cost and quantity of the fertilizers per 

crop and crop rotation is given in tables below. 

The present report treats only the application of artificial crop fertilizers. The 

organic matter required will be supplied exclusively biological way.  
 

 

 Seeds and Planting Material 
 The quantity and cost of the seeds and planting material required for the adopted 

crop pattern are determined on the basis of the rates current in Iraq.  

 

 

 

Table  (7): crop rotation sections 
 

Crop Name Area 
(ha) 

% Don. 

1..Wheat 750 52 3000 

2. Barley 400 28 1600 

3. Vegetables- 

 Tomato 

 Cucumbers 

 Potatoes 300 

 
 
20 

1200 

Future Irrigated Total  
 (net irrigated area) 1450 

100 5800 

Inputs Type Unit price (ID/kg) 

Fertilizer 
 

Fertilizers which required by Crops ,are 

calculated the basis of a report of the committee 

on the fertilizing and soil fertility in Iraq( which 

prepared in the meeting held in 1979.  

20-20-20 N= 250 

P2O5 =350 

K = 200 
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Data about the costs per crops and alternatives arc given in Table. 

 

 

 Plant Protection 

 

General 

       Plant protection measures are an important factor in the agricultural 

practices the abundant watering of crops combined with the local 

temperatures will provide a suitable environment for the spreading of a 

large number of harmful microorganisms. The abundant soil moisture is 

a favorable factor for weed growth as well. 

The following pests, diseases and weeds control methods are dealt under 

this item: 

 

 Pest Control 

The plant pest control measures under irrigation farming are studied on 

the basis of the existing rates in Iraq and in compliance with the 

recommendations stated in the paper on harmful pest control issued by 

the Plant Protection Department at the Ministry of Agriculture of the 

Republic of lraq. 

Data about the chemicals required for the various crops and their costs 

are given in table. 

 

 

Inputs Type Unit price (ID/kg) 

Certificated wheat seed Seeds and Planting material :the quantities  and 

the cost of the seeds and planting of the choose 

crop are showen in the tabl  ),the sowing is 

carried out by seeders at 4-6 cm depth 

99000 
Barley seed 101500 
Veg. 

 Tomato 
144 

 Cucumbers 4000 

 Potatoes 840000 
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 Disease control 

The disease control methods are studied on the basis of the paper on 

guidance for control of diseases in Iraq, issued by the Ministry of 

Agriculture of the Republic of Iraq. The various diseases attacking each 

crop, the chemicals and their costs are given in Table (8) 

 Weed control 

The weed control under irrigation condition is an important agricultural 

measure to crop growing. It is to be applied mainly to destroy the annual 

broad-leaved weeds and cereal weeds.  The following methods can be 

applied in weed control: 

(1) Mechanical control 

    a. Harrowing of stands 

    b. Cultivation of the row crops 

    c. Removing the weeds out of the land (weeding). 

 (2) Biological control 

This method consists mainly of proper crop rotation meeting the 

biological tolerance and self-tolerance of the crops. The quick growing 

crops can smother more of the weeds and depress their development. 

  (3) Chemical control 

Herbicides are mainly used for chemical weed control. The various 

herbicides required, the rates and the periods of treatment as well as their 

cost for each crop are given in Table. 

The total cost for all plant protection measures in the main crop pattern 

alternative is given in table ( 8) 

 Cost of mechanization in Crop Cultivation 

The type and the scope of the mechanized works to be performed for crop 

cultivation arc specified with a view to the future technology adopted. The 

scope of the mechanized works is considered with the most favorable time-

limits for performing the various operations. 

Data about the scope of mechanized works and their cost is given in table 

 ( 8). 
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 Workers Requirements in Plant growing 

The man-days required for the whole project and the cost of workers , The 
workers consumption in months and in crops are given for each crop in table ( 8). 
The highest workers requirements occur from May to November, the peak 

being in June. 

 
Table    8   

    The total cost for all plant protection 
Crops   ha Wheat Barely Tomato Cucumbers’ Potatoes 

Area 750 400 100 100 100 

Insecticides ID/ha Cost  ID/ha 75700 75700 308000 86146 28800 

Seeds Sowing rate 

Kg/ha 

120 140 0.8 4 2800 

Price ID /ha 825 725 180 10000 300 

Cost  ID/ha 99000 101500 144 40000 840000 

F
er

ti
li

ze
 I

D
/k

g
 /

h
a 

Nitroge

n 

250 ID\kg 260 130 260 260 260 

phosphr

os 

350 ID\kg 178 90 355 350 355 

potassiu

m 

200 ID\kg - - 240 240 200 

  Cost  ID/ha 127300 64000 237250 235500 229250 

Chemicals Rate Kg/ha 0.9 0.9 2 2 2.401*10000 9.84 

Price ID /ha 8000 8000 8000 1250 0.028*8000 8000 

Cost  ID/ha 7200 7200 18500 26250 78720 

Herbicides Rate Kg/ha 3+4 3+4 2.402 2.41 2.4 

See Details In  Table ( 

11-2  ) 

Price ID /ha 13 13 8500 10800 8000 

  Cost  ID/ha 39000 39000 20420 26028 19200 

la
b
o
rs

 &
 M

e 
ch

an
iz

at
io

n
 

Day/ha 5 4 60 20  

Labor Price ID /ha 10000 10000 10000 600000 10000 

  Cost  ID/ha 50000 40000 600000 3.76 200000 

  Day/ha 1.15 1.25 3 70000 1.68 

Tractor Price ID /ha 70000 70000 70000 263200 70000 

  Cost  ID/ha 80500 87500 210000 0 117900 

  Day/ha 0.2 0.2 0 0 0 

Combi
ne 

Price ID /ha 130000 130000 0 0 0 

  Cost  ID/ha 26000 26000 0 3.765 0 

  Day/ha 0.16213 0.192 1.932 70000 1.97 

Lorry Price ID /ha 70000 70000 70000 263550 70000 

  Cost  ID/ha 11349 13440 135240 1540674 137860 

Total Cost ID/ha 516049 454340 1529554 1540674 1651730 

Total cost ID 387036

750 

181736000 152955400 1540674

00 

16517300

0 

Total Cost for the area(( ha )) be   :1,375,035,000  I.D. 

  

 
 



Feasibility Study       
 

28 

 

 

 

 

 

Table ( 9  ) 

  

Insecticides chemicals required for Pest Control - Application Rates and Cost per ha 
 

Crops Pests Insecticides 
Treatment 

Period 

Rate per 

treatment 

Number of 

treatment 
Rate per ha 

Pric

e ID 

per 

Litte

r or 
kg 

Total 

Cost 
ID/ha 

Wheat & barley 

1 . Syringopais tem- peratella diazinon 60% E.C 
 

1.6 L 1 1.60 
120

00 
19200 

2 . Zabbrus mori Sevin 85% W.P 15.02-15.03 1.0 1 1.0 
850

0 
8500 

3 . Eurygaster inter-griceps Falition 40% E.C bait 3L 1 3L 
160

00 
48000 

total 
       

75700 

Tomatoes 

1 .Heliotis armigera Sevin 85% W.P - 2kg 2 4kg 
850

0 
34000 

2 .Tetranychus at-lanticus 
Kelthane 

18.5%W.P 
when necessary 4 3 10.3 

100
00 

103000 

3 . Vasates lycopersici 
Kelthane 

18.5%W.P 

- when 

necessary 
4 3 10.3 

100

00 
103000 

 
Agrotis Sevin 85% W.P April-october 2kg 4 8kg 

850
0 

68000 

total 
       

308000 

cucumbers 

1 .Rhaphidopalpa foveicollis Sevin 85% W.P when necessary 2kg 1 2kg 
850

0 
17000 

2.Epilachna chrysomalina Sevin 85% W.P when necessary 1L 3 3kg 
120
00 

36000 

3 . Myiopardalis perdalina Ekatin E.C when necessary ---- ---- ---- ---- ---- 

4 . Bemisia tabaci Ekatin E.C when necessary ---- ---- ---- ---- ---- 

5 . Tetranychus at-lanticus Ekatin E.C when necessary ---- ---- ---- ---- ---- 

6 .  Gryllotalpa gryl-lotalpa 
Endrine 

19.5%E.C 
when necessary ---- ---- ---- ---- ---- 

7 .  Aphis gossypii 
Ekatin E.C 

2nd spry during 

picking 
2L 1 2.07L 

160

00 
33146 

Nogos 50% E.C 
      

total 
       

86146 

Potatoes 
1 .Phtophtorimea diazinon 60% E.C when necessary 1.2L 2 2.4L 

120
00 

28800 

2 .Agriotis spp diazinon 60% E.C ---- ---- ---- ---- ---- 
 

total 
   

---- ---- ---- ---- 28800 
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Table   ( 10 ) 

Herbicides 

Application Rates and  Cost per ha 

 

No Crops   Herbicides Treatment period 
 Rate 
kg/ha 

Price        
ID/ha 

Cost  ID/ha 

1 wheat 

Carbine 12.5% E.C 

after Cultivating stage 

3.00 

13000 39000 

Carbin2.4-D 48% E.C 4.00 

2 barley 

Carbin 12.5% E.C 

after Cultivating stage 

3.00 

13000 39000 

Carbin2.4-D 48% E.C 4.00 

3 Tomatoes Trefflan48% E.C before planting seedlings 2.26 8500 20400 

4 Potates Trefflan48% E.C right after sowing 2.2 8500 19200 

5 cucumbers 
Trefflan48% E.C 

 
before germination 

2.41 10800 
26028 
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Table  (11): 

 Expected Income from Plant growing 

No  Crops 

Area 

ha 

Average 

Yields 

kg/ha 

Total 

Production 

kg 

Unit  

Price      

kg/ 

ID 

Cross 

Income   ID 

Cultivation* 

cost        

ID/ha 

 Total 

Cultivation 

cost ID       

Total Net  

income ID 

1 Wheat 750 1200 900000 800 720000000 516049 387036750 332963250 

2 Barley 400 1000 400000 700 280000000 454340 181736000 98264000 

3 Tomatoes 100 10000 1000000 800 800000000 1529554 152955400 647044600 

4 Cucumber 100 8000 800000 350 280000000 1540674 154067400 125932600 

5 Potatoes 100 10000 1000000 350 350000000 1651730 165173000 184827000 

  ID/ha         2430000000   1040968550 1389031450 

   

Table ( 12): 

 Present income from Plant growing 

No  Crops Area ha 
Average 

Yields kg/ha 

Total 

Production 

kg 

Unit  

Price      

kg/ 

ID 

Cross 

Income   

ID 

Cultivation* 

cost        

ID/ha 

 Total 

Cultivation 

cost ID       

Total Net  

income 

ID 

1 Wheat 200 850 170000 800 136000000 
516049 

103209800 32790200 

2 Barley 200 850 170000 700 119000000 
454340 

90868000 28132000 

3 Tomatoes ** ** ** ** ** ** ** ** 

4 Cucumber   ** ** ** ** ** ** ** 

5 Potatoes   ** ** ** ** ** ** ** 

  ID/ha         255000000   194077800 60922200 



Feasibility Study       
 

31 

 

 Dam Benefits (Benefit from Agriculture): 

 
The total net income from agriculture is the sum of the net income from plant 

growing are given in the Tables which  indicate the benefits in dam is the result of 

agricultural production and represent the additional increased gross benefit  
  . 

          The economic parameters for the Project are given in Table  

 
 Cash Flow of the Project and Payback Period: 

 

Table ( 14 ) are set up to given an idea about the cash flow and the actul payback  

period which indicated for the harvesting12q  dam be with (7 ) years after start 

constructer of it. 

 

Table (14) 

Cash Flow of the Project and Payback Period 
 

Year 
Total Future 

Benefits 
Total Cost 

Incremental Benefits 

(Cash Flow) 

Cumulated Cash 

Flow 

1 0 7,557,358,520 -7,557,358,520 -6,229,249,270 
2 1328109250 210,820,756 1,117,288,494 -5,111,960,776 
3 1328109250 210,820,756 1,117,288,494 -3,994,672,282 
4 1328109250 210,820,756 1,117,288,494 -2,877,383,788 
5 1328109250 210,820,756 1,117,288,494 -1,760,095,294 
6 1328109250 210,820,756 1,117,288,494 -642,806,800 
7 1328109250 210,820,756 1,117,288,494 474,481,694 
8 1328109250 210,820,756 1,117,288,494 1,591,770,188 
9 1328109250 210,820,756 1,117,288,494 2,709,058,682 

10 1328109250 210,820,756 1,117,288,494 3,826,347,176 
11 1328109250 210,820,756 1,117,288,494 4,943,635,670 
12 1328109250 210,820,756 1,117,288,494 6,060,924,164 
13 1328109250 210,820,756 1,117,288,494 7,178,212,658 
14 1328109250 210,820,756 1,117,288,494 8,295,501,152 
15 1328109250 210,820,756 1,117,288,494 9,412,789,646 
16 1328109250 210,820,756 1,117,288,494 10,530,078,140 
17 1328109250 210,820,756 1,117,288,494 11,647,366,634 

Table (13) 

Total Gross Income (( ID  ))    

Economic Indices  Present Land use Future Land use 
Difference  

Future - Present 

From the whole area – ID- 60922200 1389031450 1328109250 
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18 1328109250 210,820,756 1,117,288,494 12,764,655,128 
19 1328109250 210,820,756 1,117,288,494 13,881,943,622 
20 1328109250 210,820,756 1,117,288,494 14,999,232,116 
21 1328109250 210,820,756 1,117,288,494 16,116,520,610 
22 1328109250 210,820,756 1,117,288,494 17,233,809,104 
23 1328109250 210,820,756 1,117,288,494 18,351,097,598 
24 1328109250 210,820,756 1,117,288,494 19,468,386,092 
25 1328109250 210,820,756 1,117,288,494 20,585,674,586 
26 1328109250 210,820,756 1,117,288,494 21,702,963,080 
27 1328109250 210,820,756 1,117,288,494 22,820,251,574 
28 1328109250 210,820,756 1,117,288,494 23,937,540,068 
29 1328109250 210,820,756 1,117,288,494 25,054,828,562 
30 1328109250 210,820,756 1,117,288,494 26,172,117,056 
31 1328109250 210,820,756 1,117,288,494 27,289,405,550 
32 1328109250 210,820,756 1,117,288,494 28,406,694,044 
33 1328109250 210,820,756 1,117,288,494 29,523,982,538 
34 1328109250 210,820,756 1,117,288,494 30,641,271,032 
35 1328109250 210,820,756 1,117,288,494 31,758,559,526 
36 1328109250 210,820,756 1,117,288,494 32,875,848,020 
37 1328109250 210,820,756 1,117,288,494 33,993,136,514 
38 1328109250 210,820,756 1,117,288,494 35,110,425,008 
39 1328109250 210,820,756 1,117,288,494 36,227,713,502 
40 1328109250 210,820,756 1,117,288,494 37,345,001,996 
41 1328109250 210,820,756 1,117,288,494 38,462,290,490 
42 1328109250 210,820,756 1,117,288,494 39,579,578,984 
43 1328109250 210,820,756 1,117,288,494 40,696,867,478 
44 1328109250 210,820,756 1,117,288,494 41,814,155,972 
45 1328109250 210,820,756 1,117,288,494 42,931,444,466 
46 1328109250 210,820,756 1,117,288,494 44,048,732,960 
47 1328109250 210,820,756 1,117,288,494 45,166,021,454 
48 1328109250 210,820,756 1,117,288,494 46,283,309,948 
49 1328109250 210,820,756 1,117,288,494 47,400,598,442 
50 1328109250 210,820,756 1,117,288,494 48,517,886,936 
51 1328109250 210,820,756 1,117,288,494 49,635,175,430 
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Fig. ( 5 ) : Accumulated Of Cash Flow  
  

Table 15 

 Benefit – Cost Ratio (B/C) and Internal Rate of Return  

Aggregate 

Present Benefit 

mill. ID 

Aggregate 

Present Cost mill. 

ID 

Benefit 

Cost Ratio 

Net Present Worth 

mill. ID 

Discount 

Rate % 

51543385756 15664401925 3.290479011 35878983831 1 

40363124417 13816316905 2.921409859 26546807512 2 

32424177413 12484174484 2.597222384 19940002929 3.00 

26642839972 11495908974 2.317593157 15146930998 4.00 

22334379048 10742788033 2.079011424 11591591015 5.00 

19054341054 10154222172 1.876494401 8900118881 6.00 

16507321199 9683282960 1.704723622 6824038239 7.00 

14492802838 9298105628 1.558683394 5194697211 8.00 
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Fig.( 6 ): Benefit /Cost Ratio ( Cash Flow )  

 

 

 

 

 

 

 

 

 Sen

siti

vit

y analysis: 

  

In order to know the effect of some variables on the project economy this may 

raise during the life production of the project specially changed the prices which 

may cause increase or decrease the capital cost and the yearly cost and the prices or 

the productivity of the agricultural production, all these change may cause the 

increase or decrees the benefit of the project and finally effect on the feasibility of 

the project. It is necessary to work out some sensitivity analysis on the result of the 

12872068683 8976636578 1.433952302 3895432105 9.00 

11547468641 8703342352 1.326785524 2844126289 10.00 

10449138821 8467101382 1.234086891 1982037439 11 

9526326015 8259826811 1.153332416 1266499203 12 

8741621187 8075551079 1.082479834 666070108.7 13 

8067065902 7909807818 1.019881404 157258083.8 14 

7943413001 7878569549 1.008230359 64843452.53 14.2 

7764267075 7832793544 0.991251337 -68526469 14.50 

7481485207 7759208441 0.964207272 -277723234 15 
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economical analysis in order to know the probable effect on the benefit of the 

project.  

    The sensitivity analysis was worked out in order to examine the economical 

analysis by the following proposals for the dam .  

1- Increase the cost by 10% and 20% and keeping the benefit constant, the internal 

rate of return are present in tables.,  

2-Increase the cost by 20% and decrease the benefit with the same  percent , the 

internal rate of return are present in table 3- Decrease the benefit by 10% and 

keeping the cost constant, the internal rate of  

return are present in table  

4-Inecrease the benefit by 10% and keeping the cost constant, the internal rate of  

return are present in table  

4- Decrease the cost by 10% and keeping the benefit constant, the internal rate 

of return are present in table . 

5- 6- Decrease the cost by 10% and Decrease benefit by 10%, the internal rate 

of return are present in table . 

,  

All calculation are shown in the tables below. 

 
 
 

Table 16 

Benefit Cost Ratio and Internal rate of Return by Increase Cost 10%  

Aggregate 

Present Benefit 

mill. ID 

Aggregate Present 

Cost mill. ID 
Benefit Cost 

Ratio 
Net Present Worth 

mill. ID 
Discount Rate % 

11547468641 9573676587 1.206168658 1973792054 10 

10449138821 9313811521 1.121897174 1135327301 11 

9526326015 9085809493 1.048484015 440516522.1 12 

9277840389 9022592772 1.02828983 255247617 12.2 
9118642956 8981634970 1.015254237 137007986.4 12.5 

9040895580 8961496865 1.008859984 79398715.58 12.60 

8741621187 8883106187 0.984072576 -141484999.2 13 

8067065902 7909807818 1.019881404 157258083.8 14 

9040895580 8961496865 1.008859984 79398715.58 14.5 
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Table 17 

Benefit Cost Ratio and Internal rate of Return by Increase Cost 20%  

Aggregate 

Present Benefit 

mill. ID 

Aggregate Present 

Cost mill. ID 
Benefit Cost 

Ratio 
Net Present Worth 

mill. ID 
Discount Rate % 

11547468641 10444010822 1.105654603 1103457819 10 

10449138821 10160521659 1.028405743 288617162.5 11 

10155785195 10082620310 1.007256535 73164884.87 11.30 

9968390729 10032309055 0.993628752 -63918325.75 11.5 
9526326015 9911792174 0.961110347 -385466159 12 

9040895580 9776178398 0.924788318 -735282817.6 12.60 

Table 18 

Benefit Cost Ratio and Internal rate of Return by Increase The Benefit by  10% 

with increasing the cost by 20%  
Aggregate Present 

Benefit mill. ID 
Aggregate Present 

Cost mill. ID 
Benefit Cost 

Ratio 
Net Present Worth 

mill. ID 
Discount Rate % 

12702215505 10444010822 1.216220063 2258204683 10 

11494052703 10160521659 1.131246317 1333531045 11 

10478958616 9911792174 1.057221382 567166442.4 12 

10030507252 9798147240 1.023714689 232360012.1 12.5 

9615783306 9690661294 0.992273181 -74877988.34 13 

8873772492 9491769381 0.934891287 -617996889.6 14 

Table-  19 

Benefit Cost Ratio and Internal rate of Return by Increase The Benefit by  10%  

Aggregate Present 

Benefit mill. ID 
Aggregate Present 

Cost mill. ID 
Benefit Cost 

Ratio 
Net Present Worth 

mill. ID 
Discount Rate % 

8229633727 7759208441 1.060628 470425286.7 15 

7938513234 7688749211 1.03248435 249764022.7 15.5 
8540693783 7832793544 1.090376471 707900238.5 14.5 

9615783306 8075551079 1.190727817 1540232227 13 
9231235599 7990595982 1.155262464 1240639617 13.5 

8873772492 7909807818 1.121869544 963964673.9 14 
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Table 20 

Benefit Cost Ratio and Internal rate of Return by decrease The Benefit by  10%  

Aggregate Present 

Benefit mill. ID 
Aggregate Present 

Cost mill. ID 
Benefit Cost 

Ratio 
Net Present Worth 

mill. ID 
Discount Rate % 

7867459069 8075551079 0.97423185 -208092010.1 13 

8000070523 8110798454 0.986348085 -110727930.9 12.80 
8136806022 8146815332 0.998771384 -10009309.29 8136806022 
8971551656 8360257546 1.073119053 611294110.5 11.5 
8206778660 8165122700 1.005101694 41655960.81 12.50 

Table 21 

Benefit Cost Ratio and Internal rate of Return by decrease Cost 10%  

Aggregate 

Present Benefit 

mill. ID 

Aggregate Present 

Cost mill. ID 
Benefit Cost 

Ratio 
Net Present Worth 

mill. ID 
Discount Rate % 

8241556743 7332133798 1.124032508 909422944.8 12.6 

7655925188 7191536383 1.064574352 464388805.1 13.5 

7477389221 7147484433 1.046156769 329904788.3 13.8 

7362553006 7118827036 1.034236816 243725969.6 14 
8741621187 7267995971 1.202755371 1473625217 13 

7089143489 7049514190 1.005621565 39629299.5 14.5 

Table 22 

Benefit Cost Ratio and Internal rate of Return by decrease Cost 10%   
And decrease the benefit 10% 

Aggregate 

Present Benefit 

mill. ID 

Aggregate Present 

Cost mill. ID 
Benefit Cost 

Ratio 
Net Present Worth 

mill. ID 
Discount Rate % 

7867459069 7267995971 1.082479834 599463097.8 13 

7552829126 7191536383 1.050238603 361292742.7 13.5 

7260359311 7118827036 1.019881404 141532275.4 14 

7149071701 7090712594 1.008230359 58359107.28 14.2 
6987840368 7049514190 0.991251337 -61673822.1 14.5 
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Table 23 

Details of sensitive Analysis 

Item Aggregate 

Present 

Benefit mill. 

ID 

Aggregate 

Present Cost 

ID 

Benefit Cost 

Ratio 

Net Present 

Worth mill. ID 

Disco

unt 

Rate 

% 

General Case 7943413001 7878569549 1.008230359 64843452.53 14.2 
Increase Cost 10% table (17) 9040895580 8961496865 1.008859984 79398715.58 12.60 

Increase Cost 20% table (18) 10155785195 10082620310 1.007256535 73164884.87 11.30 

The Benefit by  10% with increasing the cost by 

20% Table ( 19) 
10030507252 9798147240 1.023714689 232360012.1 12.5 

Increase theBenefit by  10% Table ( 20) 8540693783 7832793544 1.090376471 707900238.5 14.5 

 decreas the Benefit by  10%Table ( 21) 8206778660 8165122700 1.005101694 41655960.81 12.50 

decrease Cost 10% table (22) 7089143489 7049514190 1.005621565 39629299.5 14.5 

decrease Cost 10%  And decrease the benefit 10% 

table ( 23) 
7149071701 7090712594 1.008230359 58359107.28 14.2 

 

 Fig. ( 7 ):Details of sensitive Analysi 

 
Conclusions 
 From the economic evaluation of the dam project, the following conclusions 
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a) The accumulative cash flow of the project will become positive at the year (7) 

the of the project economic life, which means that the project will pay back its 

investment costs after (7) years from the beginning of its construction or after 

(116) years after its operation. 

 

b) The Internal Rate of Return of the project (IRR) will be (14.2 %) and the 

Benefit – Cost Ratio (B/C) is (1.0008), at a discount rate of 10% which 

represent the Opportunity Cost of Capital to the public sector of Iraq. 

Therefore, it is judged that Harvesting Dam project constructed from 

economic point of view or it is feasible. 

*also, if we take in consideration other benefits of Harvesting Dam which are 

not included in the economic analysis such recharging the water tables 

environmental goals, tourist or recreational purposes the results may be changed 

and the dam project may become  more worth implementing . 

c) The Sensitivity Analysis indicates that the project economy may be affected 

by the changes of construction cost, the total benefit as shown in the tables 

(16 -23). 
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Appendix   
(1) 

BILL OF QUANTITIES 
 

 

Note: 

 The prices are calculated in ID 

 All the works should be done according to the specifications and 

constructions of Engineers. 

 All contract work items includes supplying all materials (Cement, Sand, 

Gravel, and steel reinforcement bars Grade 60 Ksi, curing, expansion 

joints with filling of 5mm Styrofoam, etc…), vibration, shuttering and all 

labors with necessary works according to I.G.T.S and instructions of the 

Engineer. 

 All Excavation works includes all type of excavation in soil and rock, good 

compaction by compactor machine, back filling to the natural ground Level 

land and making ditches behind the walls for rainfall flow as required. 

 The contractor should use good shuttering and good forms for casting 

concrete over natural ground level to get good surface in casting the 

concrete for the foundations. 

 The contractor should take in to considerations all expenses of de-

watering and diversion of the canals and springs in the items of the BOQ 

and according to the instructions of the Supervise Engineer. 

 The plumbing works includes supply and install of all necessary materials 

and their accessories.  Joints have to be done with suitable high quality 

material, and to be tested before being backfilled or cast with concrete. 
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BILL OF QUANTITIES  

 

 

THE DAM 

Amount 
ID *10

3
 

 

Rate 
I.D*10

3 
 

Qty Unit Description 
Item 

 

250000 20 12500 m
2 Cleaning the site  , grubbing and stripping 

 
1.  

90000 10 900 m
3 

Cutoff trench excavation for any type of soil The price 

includes removal of all excavated soil out of the dam site 

in the downstream. 
a.  

1200000 50 24000 m
3 

Construction the core by using homogeneous material of 

silty clay or sandy clay soils (from quarries which were 

previously selected and tested) which must be clean from 

stones, debris, brush, roots, sod or other perishable or 

unsuitable materials. The material must be properly 

placed by layers not more than 15cm in thickness after 

being very well compacted according to specifications. 

2.  

420000 20 21000 m
3
 

Construction the shell of the embankment using sub-base 

material (taken from quarries or from excavated soils if it 

is suitable). The material should be clean from stones > 

3cm in diameter, debris, brush, roots or other unsuitable 

materials. In any separate portion of dam embankment 

being constructed, each layer of each zone shall be 

constructed continuously and approximately horizontal 

for the width and length of such portion at the elevation 

of the layer. 

3.  

18000 50 360 m.l. 

Construction a trench for toe drain that should be 

excavated to shapes and dimensions shown in the 

drawings using graded and gravel according to 

specifications. and any material outside of the required 

lines which is disturbed shall be removed and replaced 

The work includes all the requirements of supplying 

materials such as 10cm perforated plastic pipe …etc. and 

should be according to the drawings and instructions of 

site Engineer. 

4.  

130000 20 
6500 

 
m

3
 

Providing and construction horizontal filter with well 

gradation according to specifications and slopped toward 

the toe drain by 1%. 
5.  

143750 30 5750 m
2 

Hand-placed on the upstream side of embankments rock 

riprap not less than 50cm thickness and the weight not 

less 35 kg consists of rocks carefully lay by hand with a 

minimum amount of voids and with the top surface 

relatively smooth, the price includes placing riprap on a 

properly layer of 0.25 m 0ver  graded filter which forms 

as a riprap bedding. The rocks (in diameter) is placed on 

the embankment in a manner to insure that the larger 

rock fragments are uniformly distributed and the smaller 

rock fragments serve to fill the spaces between the larger 

6.  
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Bottom  Outlet 

1000 10 100 m
3
 

Excavation (any type of soil) for the foundation of the tower 

inlet ,outlet  structure and the pipe 
1.  

58800 420 140 m
3
 

Casting reinforced concrete (C25) for the inlet tower, 

surrounding pipe and for the outlet, (foundation and wall) 

anywhere. The concrete should be fair face by using good 

shuttering 

2.  

18000 150 120 m
2
 

cast 10cm thick Blinding Concrete (C10)) as shown in the 

drawing and according to the instruction of site Engineer. 
3.  

14760 120 123 m
2
 

Construction  layer of stone  pitching not less than 0.20mm 

thick (over compacted soil ) around the outlet structure and the  

downstream side of the outlet structure. Price includes placing 

the stone on a as shown in the drawing and according to 

Engineering instructions. 

4.  

60000 1000 
60 

 
mL 

Providing and installation of 60cm diameter steel pipes (not 

less than 10mm thickness with double asphalt 

painting ),according to the specification . 
5.  

50000  LS m
3
 

Mechanical Equipments for bottom 

outlet :Supply and construction all the equipment 

which is need such as,steel step, trashracks of steel bar    

steel cover accordind to the drawings fixed by concrete as 

shown in the drawing ), with valves 60cm diameter and all 

joints and… Mislenas steel works covers rung …etc, 

The price includes installing 

6.  

652560 Sum  

 

 

 

 

 

rock fragments in such a manner as will result in well 

keyed, densely placed, uniform layers of riprap of the 

specified thickness. 

225000 50 4500 m
2
 

Construction layer of gravel not less than 0.25 m 

thickness On the downstream side protection. 
7.  

100000 
The proposal 

presented by the 
contractor and 

approved by the 
R.S. 

 

L. S 
Construction of Coffer dam using silty clay soil material  

and construction of the of diversion channel 
8.  

100000 m
3
 

Excavation (any type of soil and rocks) to the required 

level for the  diversion channel  in location and datum 

specified by the site Engineer and drawings. 
9.  

2576750 
 

Sum  
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 THE SPILLWAY 

1. 
Excavation (any type of soil and rocks) to the required level for 

the  spillway in location and datum specified by the site Engineer 

and drawings. 
m

3
 20000 

10 200000 

2. 

Construction of  reinforced concrete (C25) for the  cutoff, 

walls,spillway body and stilling basin of the spillway and all 

appurtenances (chute blocks, baffle blocks and end sill) its  as 

shown in the drawings. 

m
3
 6000 

400 252000
0 

3. 
10cm thick Blinding Concrete (C10) over compacted soil . 

constructed according to the required levels, length and width. 
m

2
 4000 120 600000 

4. 
Construction  of mass concrete inside the body of the spillway 

class (C10). 
m

3
 800 130 120000 

5. 
Construction  of rock riprap consists of rocks not less than 50cm 

thickness and the weight not less 35 kg according to the drawings 
m

2
 800 20 16000 

 Sum 3456000 

   

ADMINISTRATIVE ITEMS  

1000000 200000 5 LS 

Temporary Camp for Engineers :Supply, installation, 

furnishing and maintenance of caravans for the office(the 

dimensions of the first step (3.5 * 7) meters with all the 

supplies of water, electricity, stationery and 

communications system, including the Internet, and Water 

supply, Power Supply (Generator 250 KVA )and  all be 

approved by the R.E 

1 

 Sum  

6,335,310,000 
 

TOTAL SUM  : 
((THE DAM,  BOTTOM OUTLET,  THE SPILLWAY, 

ADMINISTRATIVE ITEMS )) 
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I 

 

رشك  ةكلم  
 

 
 

نحمدالله عز و جل الذي وفقنا في اتمام هذا البحث العلمي , و الذي الهمنا الصحه والعافيه والعزيمه  
 ف الحمد لله حمدا كثيرا.

 

حسين( على كل ما قدمه لنا من  نتقدم بجزيل الشكر والتقدير الى االستاذ الدكتور المشرف )مازن  
توجيهات ومعلومات قيمه ساهمت في اثراء موضوع دراستنا في جوانبها المختلفه . كما نتقدم بجزيل  

 الشكر الى اعضاء اللجنه المناقشه الموقره.

 

 

 

 

 

 

 



 

 
II 

 

 اإلهداء

 
 بسم الله الرحمن الرحيم

 
 (قل إعملوا فسيرى الله عملكم ورسوله والمؤمنون)

العظيمصدق الله   

 
بطاعتك .. والتطيب اللحظات إال بذكرك .. وال تطيب  هي اليطيب الليل إال بشكرك واليطيب النهار إاللإل

 اآلخرة إال بعفوك .. 
سيدنا محمد صلى الله عليه  إلى من بلغ الرسالة وأدى األمانة .. ونصح األمة .. إلى نبي الرحمة ونور العالمين

 وأله وسلم .
بالهيبة والوقار .. إلى من علمني العطاء بدون انتظار .. إلى من أحمل أسمه بكل افتخار ..  إلى من كلله الله

أرجو من الله أن يمد في عمرك لترى ثماراً قد حان قطافها بعد طول انتظار وستبقى كلماتك نجوم أهتدي بها 
(والدي العزيز) اليوم وفي الغد وإلى األبد   

ى الحب وإلى معنى الحنان والتفاني .. إلى بسمة الحياة وسر الوجودإلى مالكي في الحياة .. إلى معن  
(أمي الحبيبة) إلى من كان دعائها سر نجاحي وحنانها بلسم جراحي إلى أغلى الحبايب  

(الغالين اساتذتنا) العلم بنور دربي ءاضا من الى  
 الى من كان له الفضل علينا استاذنا الفاضل )الدكتور مازن حسين(
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Ductility is a mechanical property used to describe the extent to which materials can 
be deformed plastically without fracture giving warning of impending failure. In 
this paper the effect of increasing the strength in the compression zone of reinforced 
concrete beams on ductility was investigated. Seven reinforced concrete beams were 
tested for this purpose. The tested beams were divided into two groups depending 
on the manner at which the strength of the compression zone was increased. In the 
first group, the increase was done by increasing the amount of compression 
reinforcement. Four ratios of compression reinforcement were adopted. In the 
second group, the increase in the strength of the compression zone was done by 
increasing the concrete compressive strength in the upper third of the cross section 
which was subjected to compression stresses. Four compressive strengths were 
adopted. One beam was used as reference for the two groups. It was found that, the 
compression zone strengthening, by the two manners, increases both strength and 
ductility of the beams; but the increases due to increase the ratio of compressive 
reinforcement is higher and more safety than that attained due to increasing 
concrete compressive strength. Keywords: Ductility, compressive strength, 
compression steel ratio, compression zone. 
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As: Area of reinforcing steel bars (mm2).  

f `: Compressive strength of concrete (MPa).  

fy: Yield stress of reinforcing steel bars (MPa).  

fu: Ultimate strength of reinforcing steel bars (MPa).  

P: Applied load (kN).  

Pcr: Cracking load (kN).  

Pu: Ultimate load (kN).  

Δy: Deflection at yield load of tension reinforcing bars (mm).  

Δu: Deflection at ultimate load (mm)  

ρ: Ratio of tension reinforcement.  

ρ`: Ratio of compression reinforcement.  

∅: Diameter of reinforcing steel bars (mm).  

µd: Ductility index (∆u ⁄∆y ). 
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1.1 Background to Study 

       Compression zone depends on the direction of application load over the 
bending member. If the load is applied from the upper side of the beam as shown 
in below figure (1.1), then beam tends to bend. Consequently, the upper portion 
gets compressed while the lower portion of the beam gets stretched. 

If load is acting towards the top, the compression zone will occur in the lower 
portion and tension zone will occur at the upper portion. 

The region above the neutral axis is termed as compression zone, while the region 
below the neutral axis is termed as tension zone. 

In this figure, it can be seen that the compression will occur on the top fiber at 
which the load will act. 

The below figure shows the stress distribution above and below the neutral axis 
which varies linearly as shown. 

The ductility and methods of increasing ductility is one of the most active areas in 
the study of concrete structures. In present work, experimental study is adopted to 
investigate the effect of strengthening the compression zone on the ductility of RC 
beams. The compression zone is strengthened by two corresponding ways; the first 
is increasing the compression steel area whilst the second is increasing its 
compressive strength. Each increment in compression steel area (in a beam) 
corresponds an increment in compressive strength of the compression zone (in 
other beam) to maintain a same carrying capacity for the two beams. The purpose 
is to select the best option of them in the ductility and deformability of the RC 
beams. 
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Fig1.1 

The below figure shows the stress distribution above and below the neutral axis 
which varies linearly as shown in figure (1,2) 

 

 

 

 

 

 

 

 

 

Fig1.2 



 

 
3 

      Providing reinforcing in the compression zone makes the beam as doubly 
reinforced. It can make the beam over reinforced compared to the balanced section. 
This will make it behave in brittle manner as the concrete will fail first in a sudden 
manner. 

Therefore, it is important to identify the compression zones along the beam, in case 
of continuous supports. This will help in placing the bars in a correct manner. 

1.2 Problem Statement 

       Because of the lack of local studies on the issue of increasing the reinforcement 
of the compressive zone and its effect on concrete beams, which in turn may cause 
these beams to be unsafe, resulting in the formation of several problems, including, 
deflections cracks, etc. 

1.3 Contribution of Project ؛ 

      There are different national standards, different international standards, codes 
and rules of practice that aim to guide workers, practitioners and construction 
engineers to the best planning and execution of engineering projects. 

These codes of practice and local and global standards provide us with knowledge 
in the techniques and equipment required to implement engineering projects in a 
good and correct manner. 

Project and construction failures still occur fairly frequently, and this is an 
indication that these codes are not being implemented. The main reason lies in the 
failure to apply these codes. In many cases, when a tender is issued, there is 
insufficient focus on the structural designs, while the focus is mostly on cost. 

It is necessary when constructing engineering projects, that the specifications must 
be applied at least to determine the minimum (appropriate specifications to achieve 
safety) of the requirements of construction work. 
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      If these points and these instructions are tired, it has the ability to mitigate the 
failure of construction and projects in Iraq, and the most important of these points 
is to identify the minimum requirements for achieving safety. 

1.4 Project Objective 

       In most cases, when designing reinforced concrete beams and ceilings, 
deflection or subsidence is considered to be more important than other aspects of 
the design due to the serious impact of deflection and bending distortions on the 
safety of beams and ceiling slabs. In this article, various measures and guidelines 
are explained to control the deflection of concrete beams and ceilings. 

If these options and measures are implemented correctly, the result may be more 
cost-effective compared to concrete elements that show deformation of 
deformation and therefore require expensive rehabilitation and restoration, or 
concrete elements that are not adequately designed to resist and prevent significant 
deflection (curvature arrow) making them dangerous and not Safe under operating 
conditions. 
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Compression zone Reinforcement 
Chapter Two 
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2.1 Compression Reinforcement 
       The steel that is occasionally used on the compression sides of beams is called 

compression steel, and beams with both tensile and compressive steel are referred to 

as doubly reinforced beams. If a beam cross section is limited because of 

architectural or other considerations, it may happen that the concrete cannot develop 

the compression force required to resist the give bending moment. In this case, 

reinforcing is added in the compression zone. Compression reinforced is also used 

to improve serviceability, improve long term deflections, and to provide support for 

stirrups throughout the beam. 

      Occasionally, however, space or aesthetic requirements limit beams to such 

small sizes that compression steel is needed in addition to tensile steel.  

 To increase the moment capacity of a beam beyond that of a tensile 

  Reinforced beam with the maximum percentage of steel [when(𝜀𝑡  =  0.005)], 

it is necessary to introduce another resisting couple in the beam. This is done by 

adding steel in both the compression and tensile sides of the beam.  

 Compressive steel increases not only the resisting moments of concrete sections 

but also the amount of curvature that a member can take before flexural failure. 

This means that the ductility of such sections will be appreciably increased. 

Though expensive, compression steel makes beams tough and ductile, enabling 

them to withstand large moments, deformations, and stress reversals such as 

might occur during earthquakes. As a result, many building codes for earthquake 

zones require that certain minimum amounts of compression steel be included in 

flexural members. 

 Compression steel is very effective in reducing long-term deflection due to 

shrinkage and plastic flow.  
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 Continuous compression bars are also helpful for positioning stirrups (by tying 

them to the compression bars) and keeping them in place during concrete 

placement and vibration. 

 2.4 Nominal Resisting Moment When  

      When compression steel is used, the nominal resisting moment of the beam is 

assumed to consist of two parts: the part due to the resistance of the compression 

concrete and the balancing tensile reinforcing, and the part due to the nominal 

moment capacity of the compression steel and the balancing amount of the 

additional tensile steel as illustrated in figure (2.1) 

Fig 2.1 

 

2.5 Compression Steel below Yield Stress (strain compatibility check). 
      Up to this point it has been assumed that the compression steel has reached its 

yield stress. If such is the case, the values of As2 and A's will be equal because the 

addition to T of As2fy must be equal to the addition to C of A's fy for equilibrium. 
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If the compression steel has not yielded, A's must be larger than As2. Combining the 

two values, we obtain: 

𝑀𝑢 = ∅𝑀𝑛 = ∅[𝑀𝑛1 + 𝑀𝑛2] = ∅[𝐴𝑠1 ∗ 𝑓𝑦 (𝑑 −
𝑎

2
) + 𝐴′𝑠 ∗ 𝑓𝑦(𝑑 − 𝑑′)] 

      The addition of compression steel only on the compression side of a beam will 

have little effect on the nominal resisting moment of the section. The lever arm, z, 

the compression steel is checked to determine whether or not it has yielded. With 

the strain obtained, the compression steel stress fs', is determined, and the value of 

As2 is computed in the expression: 

 

𝐴𝑠2 ∗ 𝑓𝑦 = 𝐴′𝑠 ∗ 𝑓𝑠′ 

 

      In addition, it is necessary to compute the strain in the tensile steel, 𝜺𝒕 because if 

it is less than 0.005, the value of the bending, φ, will have to be computed, in as 

much as it will be less than its usual 0.90 value. The beam may not be used in the 

unlikely event that  𝜀𝑡 is less than 0.004. 

 

Fig 2.2 

   To determine the value of these strains, an equilibrium equation is written 

compressive strength equal to tensile strength. Only one unknown appears in the 

equation, and that is c. Initially the stress in the compression steel is assumed to be 
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at yield (f's = fy).  Summing forces horizontally in the force diagram and substituting 

𝜷𝟏c for a leads to: 

 

𝐴𝑠 ∗ 𝑓𝑦 = 0.85𝑓′𝑐 ∗ 𝑎 ∗ 𝑏 + 𝐴′𝑠 ∗ 𝑓𝑠′ 

 

𝐴𝑠 ∗ 𝑓𝑦 = 0.85𝑓′𝑐 ∗ 𝑐 ∗ 𝛽1 ∗ 𝑏 + 𝐴′𝑠 ∗ 𝑓𝑦 

𝑐 =
(𝐴𝑠 − 𝐴𝑠′)𝑓𝑦

0.85 ∗ 𝑓′𝑐 ∗ 𝑏 ∗ 𝛽1
 

From the figure (2.2):             𝜀𝑠′ =
𝒄−𝒅′

𝒄
0.003 

If the strain in the compression steel 𝜀𝑠′ > 𝜀𝑦 = 𝑓𝑦/𝐸𝑠, the assumption is valid 

and fs'=E*𝜀𝑠′  is at yield, fy .If  𝜀𝑠′ < 𝜀𝑦, the compression steel is not yielding, 

and the value of c calculated above is not correct. A new equilibrium equation must 

be written that assumes fs' < fy . 

𝐴𝑠 ∗ 𝑓𝑦 = 0.85𝑓 ′𝑐 ∗ 𝑐 ∗ 𝛽1 ∗ 𝑏 + 𝐴′𝑠 ∗ 𝐸𝑠 ∗
𝑐−𝑑′

𝑐
0.003  and Es=200000MPa 

It is highly desirable, that failure, should it occur, by precipitated by tensile yielding 

rather than crushing of the concrete. This can be ensured by setting an upper limit 

on the tensile reinforcement ratio. By setting the tensile steel strain in Figure (b) 

equal to 𝜺𝒚   establish the location of the neutral axis for the failure condition and 

then summing horizontal forces shown in Figure (c) (still assuming the compressive 

steel to be at the yield stress at failure), it is easily shown that the balanced 

reinforcement ratio �̅� for a doubly reinforced beam is: 

𝑐 =
0.003𝑑

0.003 + 𝜺𝒕
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𝐴𝑠 ∗ 𝑓𝑦 = 0.85𝑓 ′𝑐 ∗
0.003𝑑

0.003 + 𝜺𝒕
∗ 𝛽1 ∗ 𝑏 + 𝐴′𝑠 ∗ 𝑓′𝑠 

�̅� =  𝜌𝑏 + 𝜌′
𝑓′𝑠

𝑓𝑦
 

where 𝜌𝑏 is the balanced reinforcement ratio for the corresponding singly reinforced  

beam and 𝜌′ =
𝐴′𝑠

𝑏𝑑
. The ACI Code limits the net tensile strain, not the reinforcement 

ratio. To provide the same margin against brittle failure as for singly reinforced 

beams, the maximum reinforcement ratio should be limited to: 

𝜌𝑚𝑎𝑥̅̅ ̅̅ ̅̅ ̅ =  𝜌𝑚𝑎𝑥 + 𝜌′ 𝑓′𝑠

𝑓𝑦
     if 𝑓′𝑠 ≥ 𝑓𝑦   then    𝜌𝑚𝑎𝑥̅̅ ̅̅ ̅̅ ̅ =  𝜌𝑚𝑎𝑥 + 𝜌′  

 

2.6 Example of analysis of a reinforced concrete section having 
compression reinforcement  
Compute the design moment strength of the section shown if fy = 420MPa and f'c = 
27.6 MPa. 

 
 
 

 

 

 As =3217 mm2 and As' =760mm2 

Assume fs = fs’= fy =420MPa    

𝜌𝑎𝑐𝑡 =
3217

350 ∗ 630
= 0.0146 
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𝜌𝑚𝑎𝑥̅̅ ̅̅ ̅̅ ̅ =  𝜌𝑚𝑎𝑥 + 𝜌′ =
51 ∗ 𝛽1

140
∗

𝑓′𝑐

𝑓𝑦
+

𝐴′𝑠

𝑏𝑑
 

𝜌𝑚𝑎𝑥̅̅ ̅̅ ̅̅ ̅ =
51∗0.85

140
∗

27.6

420
+

760

350∗630
= 0.0238 

 

𝜌𝑎𝑐𝑡 ≤ 𝜌𝑚𝑎𝑥 o.k. under reinforced beam 

𝑐 =
(3217 − 760) ∗ 420

0.85 ∗ 27.6 ∗ 350 ∗ 0.85
= 147.86 𝑚𝑚 

𝑎 = 0.85 ∗ 147.86 = 125.68 𝑚𝑚   

𝜀𝑠′ =
147.86 − 70

147.86
∗ 0.003 = 0.00158 

𝜀𝑦 =
𝑓𝑦

𝐸𝑠
=

420

200000
= 0.0021 > 𝜀𝑠′ 𝑡ℎ𝑒𝑛 𝑓𝑠′ < 𝑓𝑦 𝑛𝑜𝑡 𝑎𝑠 𝑎𝑠𝑠𝑢𝑚𝑒𝑑  

𝐴𝑠 ∗ 𝑓𝑦 = 0.85𝑓 ′𝑐 ∗ 𝑐 ∗ 𝛽1 ∗ 𝑏 + 𝐴′𝑠 ∗ 𝑓𝑦 

𝐴𝑠 ∗ 𝑓𝑦 = 0.85𝑓 ′𝑐 ∗ 𝑐 ∗ 𝛽1 ∗ 𝑏 + 𝐴′𝑠 ∗ 𝐸𝑠 ∗
𝑐 − 𝑑′

𝑐
0.003 

[3217 ∗ 420 = 0.85 ∗ 27.6 ∗ 𝑐 ∗ 0.85 ∗ 350 + 760 ∗ 200000 ∗
𝑐−70

𝑐
∗ 0.003] ∗ 𝑐   

3217 ∗ 420 = 0.85 ∗ 27.6 ∗ 𝑐 ∗ 0.85 ∗ 350 + 760 ∗ 200000 ∗
𝑐 − 70

𝑐
∗ 0.003 

1351140 ∗  𝑐 = 6979.35 ∗ 𝑐2 + 456000 ∗ 𝑐 − 31920000 

𝑐2 − 128.26 ∗ 𝑐 − 4573.5 = 0  →→ 𝑐 = 157.33𝑚𝑚  

𝑡ℎ𝑒𝑛 𝑎 = 0.85 ∗ 157.33 = 133.7𝑚𝑚 

𝜀𝑠′ =
157.33 − 70

157.33
∗ 0.003 = 0.001665 < 𝜀𝑦 

𝑓𝑠′ = 0.001665 ∗ 200000 = 333𝑀𝑃𝑎 

𝜀𝑦 =
𝑓𝑦

𝐸𝑠
=

420

200000
= 0.0021 > 𝜀𝑠′ 𝑡ℎ𝑒𝑛 𝑓𝑠′ < 𝑓𝑦  

And     As2*fy  = As' * fs'    𝐴𝑠2 =
𝐴𝑠′∗𝑓𝑠′

𝑓𝑦
=

760∗333

420
= 602.57𝑚𝑚2  

As1= As – As' = 3217 -602.57 = 2614.43 mm2  
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𝜀𝑡 =
𝑑 − 𝑐

𝑐
∗ 0.003 =

630 − 157.33

157.33
∗ 0.003 = 0.00901 > 0.005    𝑡ℎ𝑒𝑛  ∅

= 0.9 

𝑀𝑢 = ∅[𝑀𝑛1 + 𝑀𝑛2] = ∅[𝐴𝑠1 ∗ 𝑓𝑦 (𝑑 −
𝑎

2
) + 𝐴′𝑠 ∗ 𝑓𝑦(𝑑 − 𝑑′)] 

𝑀𝑢 = 0.9[  2614.43 ∗ 420 (630 −
133.7

2
) + 760 ∗ 333(630 − 70)]/106 

𝑀𝑢 = 684.087 𝑘𝑁. 𝑚. 
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Deflection and Cracking in compression zone 
Chapter Three 
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INTRODUCTION 
      Ductility is a desirable structural property because it allows stress redistribution 

and provides warning of impending failure; therefore, it is a structural design 

requirement in most design codes. In reinforced concrete (RC) structures, ductility 

is defined as the ratio of post yield deformation to yield deformation which it usually 

comes from steel [1- 4]. When beams are under-reinforced by design, that failure is 

initiated by yielding of the steel reinforcement, followed, after considerable 

deformation at no substantial loss of load carrying capacity, by concrete crushing 

and ultimate failure. This mode of failure is ductile and is guaranteed by designing 

the tensile reinforcement ratio to be substantially below (ACI 318 requires at least 

25% below) the balanced ratio, which is the ratio at which steel yielding and concrete 

crushing occur simultaneously. The reinforcement ratio thus provides a metric for 

ductility, and the ductility corresponding to the maximum allowable steel 

reinforcement ratio provides a measure of the minimum acceptable ductility [2, 3]. 

On the other hand, conventional RC beams reinforced with ductile bars have 

ductility problems when the failure is caused by the compressive crushing of 

concrete in which the tensile reinforcement does not yield. This occurs in over-

reinforced case (usually not permitted by most design codes) in which, ductility and 

deformability of the structure are significantly reduced [4]. Ductility of structures is 

important to ensure large deformation and give sufficient warning while maintaining 

an adequate load-carrying capacity before a structural failure so that a total collapse 

may be prevented and lives saved. Ductility is also the basis of modern structural 

design approaches (for example, moment redistribution). In seismic structures or 

structures subjected to impact loading such as bridge beams, ductility becomes an 

extremely important consideration. 
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3.1 Experimental Program 
      The experimental program of the present work consists of casting and testing of 

seven reinforced concrete beams of size of 100x150x1500mm and three cubic 

control units of 150mm size for each beam to obtain the concrete compressive 

strength. The beams were tested under two concentrated loads. The distance between 

the two point loads was 500 mm c/c. All beams have the same flexural and shear 

reinforcement. The beams were divided into two groups; each group consists of three 

beams in addition to control beam. The concrete compressive strengths and 

reinforcement rates for all the beams are shown in Table (1) and Figure (3) to study 

the effect of the intended parameters on the ductility of these beams. 
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Figure (2.1): Details of the tested beams (all dimensions in mm). 

 

1.Materials 

 1.Cement, Corse Aggregate and Fine Aggregate Ordinary Portland cement type I 

was used [10]. Crushed coarse aggregate of a 14 mm maximum size was used. 

Natural river sand, zone 2, with a 2.71 fineness modulus was used as fine aggregate 

according to IQS: 45 1984 [11]. 
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2.Reinforcing Steel 

 Deformed steel bars of (8mm) and (6 mm) nominal diameters were used; Table (2) 

shows the mechanical properties of reinforcing bars. 

 

 

 

 

 

3.Superplasticizer (SP)  

Chloride free liquid admixture commercially named Top Bond 603 complies  

with ASTM C 469–86 [12] was used. Properties and description of the used  

superplasticizar are shown in Table (3). 
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4.Mix Proportion  

Four mixes were used in the present work; Table (4) shows the details of the  

used mixes 
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3.2 Molding, Casting and Curing 
    Wood molds were used to cast all beams. The molds were lubricated before fixing 

the reinforcing bars inside it. Then the concrete was mixed for about three minutes 

by using a horizontal rotary mixer of 0.19 m3 capacity and then poured into three 

layers; each of which was compacted by a vibrating table. Three 150mm cubic 

specimens were cast as control units with each beam to investigate the compressive 

strength of its concrete. The beams with two concrete compressive strength were 

achieved lower two third of beam section, then after initial setting was happened, 

the upper third was cast. The specimens and the control units were covered with 

nylon to prevent water evaporation for 24 hours. After that, the molds were stripped 

and the cast specimens were submerged in water containers in the laboratory for 28 

days to be cured. After curing the specimens were brought out of water. 

 

Tests Setup and Instrumentation 
     Load Measurements the beams were tested by a universal testing machine of 3000 

kN maximum capacity Figure (3.1.a) 

 

3.3 Deflection Measurements 
      One mechanical dial gauge of 0.01mm accuracy Figure (3.1.b) was used to 

measure the midspan deflection at the center of the tested beams during testing 

procedure. 
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 Figure (3.1): Dial gauge and testing machine 

 

3.4 Testing Procedure 

      The beams were painted by white color to facilitate detection of cracks firstly. 

The candidate beam for test was positioned and supported in the testing machine and 

prepared by fixing the positions of supports and load points. After that, the dial gauge 

was positioned at the center of the bottom face of the beam. Each beam was loaded 

directly at the top face with two equal concentrated loads. Loading started with an 

increment of 2 kN and continued up to failure. At each stage of load increment, 

midspan deflection was recorded. 
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4.1 Results and Discussion 

      The results of the present work were listed in Table (5). The cracking load (Pcr), 

ultimate (failure) load (Pu) and the length of the crashing zone at the top face of the 

beam (where compression zone is given). Also, deflection at ultimate load (∆u) 

which reflects the maximum deflection at the center of tested beam was listed in the 

table to explain the aims of the present study. 

 

 

 

 

 

 

 

4.2 Cracking Load (Pcr) 
      The cracking load (Pcr) was the same (4kN) for all tested beams; this means the 

lack of way of compression zone strengthening on cracks appearance. However, that 

way of strengthening takes a considerable part on cracking pattern of the beam. So, 

the number of cracks in the group A beams (increment of ρ`) is greater than group 

B beams (increment of f ′c ). The orientation of crack leads to conclude that all the 

beams were safe against shear failure. On other wise, spalling concrete was clear in 

the tension zones of beams B4, B6 and B7 besides ripping of the concrete clear 

cover; and this spalling concrete in tension zone increases with more compression 

zone strengthening generally and especially with increasing the concrete 
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compressive strength, so that this palling appears in two beam of group B (B6 and 

B7) in comparison with single beam in group A (B4). The failure mechanism of the 

entire tested beams was yielding of tension steel bar and developing crack numbers 

and height followed by crushing the concrete in the top of compression zone. The 

extension of the crushing zone of group A was greater than that of the control beam 

B1and in increase with ρ ′ while the crushing zone of group B was smaller than that 

of the control beam and in decrease with f ′ and that is clear in Figure (3.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4.1): Cracking Patterns of the tested beams 
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4.3 Ultimate Load (Pu) 
       The ultimate load (Pu) of all tested beams of the two groups was increased; that 

revealed the effect of increasing the strength of the compression zone on enhancing 

the ultimate strength of the beam, as shown in Table (6). Enhancement amount in 

the two groups of beams varies with the way of compression zone strengthening; 

focusing on group A reveals that the increase values of ultimate strength were 28, 

32 and 64% which is not in the same rate of enhancement in comparison with 

monotonic rate of increasing the compression steel ratio (ρ ′ )and this result can be 

confirmed by group B beams where increase values of ultimate strength were 12, 24 

and 40% which is not in the same rate with increasing the compressive strength(f ′c 

). Table (6) also revealed that; the increase of ρ′ achieves enhancing in the beam 

ultimate strength more than enhancement can be achieved by increasing f ′c in the 

compression zone. 
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4.4 Ductility 
         The ductility index (µd), as listed in Table (6), was calculated depending on 

(∆u ⁄∆y ), where the deflection at ultimate load (∆u ) is the last recorded value just 

before beam failure and (∆y ) is the deflection at tension reinforcing steel at yield 

which was observed from the experimental load-deflection curves, Figure (4.2), 

when the curve appearance transformed from linear part to inelastic. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (4.2)  
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Figure (4.3): Comparison among load-deflection curves of the test beams 

 

     Figures (4.3) show the similar behavior of all tested beams, with slight reduction 

in deflection from beam to another before the yield points. The reduction in the 

deflection value occurs with increase the beam strength, therefore; B4 exhibits the 

smallest deflection, however after the yield point the value of deflection begins to 

increase obviously according to the concerned load and lead to magnify the ductility 

of the beam. In spite of the ductility increase in the two groups A and B beams but 

group A achieved the greatest value; thereby, the ductility index of B4 was 3.19 

which is approximately the doubled of B1 index which was 1.62, while the higher 

ductility index in group B was 2.3 achieved by B7. On the same wise, for every two 

corresponding beam from groups A and B, the comparison revealed that the ductility 

of group A is higher than group B ones, and that confirmed from Figures (4.4).It is 

concluded remark, the compression zone strengthening by increasing (ρ′) lead to 

improve the deflection and ductility properties of RC beams better than the 

strengthening by increasing (f ′c ). Another comparison among ductility and ultimate 

load increases was accomplished to investigate the safe way of attainable 
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strengthening for the load carrying capacity, as shown in Figure (4.4). For the two 

groups of beams, it can be noticed that the increase in ductility is convergent to the 

increase in ultimate load, except B4 (with highest ρ ′) which exhibits a considerable 

ductility increase against the ultimate load increase, that means continuity in 

increasing ρ ′may be lead to improve the ductility higher than a good increase in 

ultimate load (ductility increase per ultimate strength increase is approximately 

equals 1.5). On the other hand, increasing f ′c in the compression zone can be 

improved the ductility and the ultimate strength of the RC beam but not in the same 

rate to that improving comes due to increasing ρ ′ from a side and there is no rising 

in ductility against the ultimate strength from another side. Therefore, increasing ρ ′ 

enhances the ductility against the ultimate load better than increasing f ′c of the 

compression zone. So that, the increase of compression steel rate is the more safety 

technique for strengthening the RC beams. 

 

 

 

 

 

 
Figure (4.4): Comparison between ductility and ultimate load of the test beams 
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4.5 CONCLUSIONS 
 1. Strengthening the compression zone of RC beam improves its behavior, through 

increasing its ultimate load and ductility with slight reduction in deflection values. 

 2. Strengthening the compression zone of RC beam by increasing its compressive 

strength leads to improve the ultimate strength and ductility approximately in the 

same rate. However, this rate of improvement stills less than a corresponding 

improvement rate achieved by increasing the compression steel ratio. 

 3. Increasing the compression steel rate is preferable for improving the ductility than 

the ultimate strength, besides that, raising the compression steel rate of RC beam 

means enhancing both ductility and ultimate strength.  

4. Considerable ductility increase in high compressive steel RC beam make this 

technique of strengthening safety and accomplish with more cracked and crushed 

concrete to give a further indication before failure. 
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