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Introduction 

Concrete Materials: 

Concrete is a mixture of sand, gravel, crushed rock, or other aggregates held together in a 

rocklike mass with a paste of cement and water. Sometimes one or more admixtures are 

added to change certain characteristics of the concrete such as its workability, durability, and 

time of hardening. 

 Cement: (Ordinary Portland Cement, Sulphate Resistance Cement, Low Heat Cement … etc.)   

 Water. 

 Coarse and Fine Aggregate: (Gravels + Sand), 75 % of concrete mix. 

 Admixtures: (Water-reducing Admixtures, Accelerating Admixtures, Coloring Admixtures … etc.)   

Types of Concrete:  

Plain Concrete, Reinforced Concrete, Lightweight Concrete, High-Density Concrete , 
Precast Concrete, Pre-stressed Concrete, Glass Concrete, Rapid Hardening, Roller 
Compacted, Vacuum, Self-Compact Concrete. 
 

   

   
 

Pre-stress Concrete 

Plain Concrete Reinforced Concrete Precast Concrete 

Foam Concrete Rolled Compact Concrete 
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Mechanical Properties of Concrete:  

1- Compressive Strength: compressive strength is one of the most important engineering 

properties of concrete. It is a standard industrial practice that the concrete is classified 

based on grades. This grade is nothing but the Compressive Strength of the concrete 

cube or cylinder. Cube or Cylinder samples are usually tested under a compression 

testing machine (7 and 28 days curing) to obtain the compressive strength of concrete. 

2- Tensile Strength: Also important because it effect on cracks that occurred in structures. 

It‟s very low in concrete about (10 – 15 %) compared with compressive strength. There 

are two ways to test the tensile strength in concrete: 

- Splitting Cylinder Test. 

- Modulus of Rupture.   

  

Stress - Strain Curve for Concrete : 

 

https://en.wikipedia.org/wiki/Concrete
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3- Modulus of Elasticity for Concrete: Modulus of Elasticity of Concrete can be defined 

as the slope of the line drawn from a stress of zero to a compressive stress of 0.45f‟c. 

As concrete is a heterogeneous material. The strength of concrete is dependent on the 

relative proportion and modulus of elasticity of the aggregate. 

For normal-weight concrete (2300 Kg/m3), 

Ec=4700√f′cMPa 

Reinforced concrete (RC):  is a composite material in which concrete's relatively low tensile 

strength and ductility are counteracted by the inclusion of reinforcement having higher tensile 

strength or ductility.    

⋆ The overall goal is to be able to design reinforced concrete structures that are: 

 Safe. 

 Economical. 

 Efficient. 

⋆ Reinforced concrete is one of the principal building materials used in engineered 

structures because: 

 Low cost. 

 Weathering and fire resistance. 

 Good compressive strength. 

 Formability. 

    Reinforcing schemes are generally designed to resist tensile stresses in particular regions of 

the concrete that might cause unacceptable cracking and/or structural failure. Modern 

reinforced concrete can contain varied reinforcing materials made of steel, polymers or 

alternate composite material in conjunction with bars or not. 

 

 

⋆Steel Location: “Place reinforcing steel where the concrete is in tension” 

http://encyclopedia2.thefreedictionary.com/normal-weight+concrete
https://en.wikipedia.org/wiki/Composite_material
https://en.wikipedia.org/wiki/Concrete
https://en.wikipedia.org/wiki/Ultimate_tensile_strength
https://en.wikipedia.org/wiki/Ultimate_tensile_strength
https://en.wikipedia.org/wiki/Ductility
https://en.wikipedia.org/wiki/Tension_(physics)
https://en.wikipedia.org/wiki/Stress_(mechanics)
https://en.wikipedia.org/wiki/Fracture_mechanics
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⋆Steel Bars Sizes: 
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⋆Grades: (fy / fu in N/mm2):  

240/360, 280/420, 350/520 and 400/600  

fy : Steel Yield Strength  

fu: Steel Ultimate Strength  

 

 

 

 

 

Stress – Strain Diagram for Steel: 
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Typical Structural Elements of a Skeletal R.C. Building: 

     Concrete frame structures are the most common type of modern building. It usually 

consists of a frame or a skeleton of concrete. Horizontal members are beams and vertical 

ones are the columns. Concrete Buildings structures also contain slabs which are used as 

base, as well as roof / ceiling. Among these, the column is the most important as it carries the 

primary load of the building. 

1- Slabs: These are the plate element and carry the loads primarily by flexure. They usually 

carry the vertical loads. Under the action of horizontal loads, due to a large moment of 

inertia, they can carry quite large wind and earthquake forces, and then transfer them to the 

beam. 

2- Beams: These carry the loads from slabs and also the direct loads as masonry walls and 

their Self-Weights. The beams may be supported on the other beams or may be supported 

by columns forming an integral part of the frame. These are primarily the flexural members. 

3- Columns: These are the vertical members carrying loads from the beams and from 

upper columns. The loads carried may be axial or eccentric. Columns are the most important 

when compared with beams and slabs. This is because, if one beam fails, it„ll be a local failure 

of one floor but if one column fails, it can lead to the collapse of the whole structure. 

4- Foundation: These are the load transmitting members. The loads from the columns and 

walls are transmitted to the solid ground through the foundations. 

https://civildigital.com/earthquake-behaviour-of-buildings/
https://civildigital.com/10-advantages-concrete-construction-material-concrete/
https://civildigital.com/major-parts-reinforced-concrete-buildings-framed-structures/
https://civildigital.com/3-design-philosophies-working-stress-ultimate-load-limit-state/
https://civildigital.com/basics-flat-plate-floor-system-advantages-disadvantages/
https://civildigital.com/failure-modes-beams/
https://civildigital.com/formwork-beams-slabs/
https://civildigital.com/bar-bending-schedule-bbs-bbs-step-step-preparation-sample-excel-sheet/
https://civildigital.com/types-purpose-situ-rock-tests-foundation-design/
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Structural Loads: 

1- Dead load:  The dead load includes loads that are relatively constant over time, 

including the weight of the structure itself, in addition to walls, plasterboard or carpet. 

The roof is also a dead load. Dead loads are also known (static loads). 

Density of Some Materials that using in Construction: 

 

2- Live load: Live loads are temporary of short duration, or a moving load. 

These dynamic loads may involve considerations such as impact, momentum, and 

vibration. 

 

 

 

 

 

 

 

https://en.wikipedia.org/wiki/Plasterboard
https://en.wikipedia.org/wiki/Carpet
https://en.wikipedia.org/wiki/Moving_load
https://en.wikipedia.org/wiki/Dynamics_(mechanics)
https://en.wikipedia.org/wiki/Impact_(mechanics)
https://en.wikipedia.org/wiki/Momentum
https://en.wikipedia.org/wiki/Vibration
https://en.wikipedia.org/wiki/Vibration
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Live load for Deferent Types of Structures:  
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3- Environmental loads: Environmental Loads are structural loads caused by natural 

forces such as: 

 Wind loads. 

 Snow, rain and ice loads. 

 Temperature changes leading to thermal expansion because thermal loads. 

 Lateral pressure of soil, groundwater or bulk materials. 

 Loads from fluids or floods. 

 Dust loads. 

4- Other loads: Engineers must also be aware of other actions that may affect a structure, 

such as: 

 Foundation settlement or displacement. 

 Fire. 

 Corrosion. 

 Explosion. 

 Creep or shrinkage. 

 Impact from vehicles or machinery vibration. 

 

How Loads Flow Through a Building? 

    Elements of building are used to transmit and resist external loads within a building. These 

elements define the mechanism of load transfer in a building known as the load path. The 

load path extends from the roof through each structural element to the foundation. An 

understanding of the critical importance of a complete load path is essential for everyone 

involved in building design and construction. 

    The load path can be identified by considering the elements in the building that contribute 

to resisting the load and by observing how they transmit the load to the next clement. 

Depending on the type of load to be transferred, there are two basic load paths: 

 Gravity load path  

 Lateral load path 

Both the gravity and lateral load paths utilize a combination of horizontal and vertical 

structural components, as explained below 
 
1. Gravity Load Path:  Gravity load is the vertical load acting on a building structure, including 

https://en.wikipedia.org/wiki/Wind_engineering
https://en.wikipedia.org/wiki/Snow#Design_of_structures_considering_snow_load
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Thermal_expansion
https://en.wikipedia.org/w/index.php?title=Thermal_load&action=edit&redlink=1
https://en.wikipedia.org/wiki/Soil
https://en.wikipedia.org/wiki/Groundwater
https://en.wikipedia.org/wiki/Flood
https://en.wikipedia.org/wiki/Foundation_(engineering)
https://en.wikipedia.org/wiki/Consolidation_(soil)
https://en.wikipedia.org/wiki/Structure_fire
https://en.wikipedia.org/wiki/Corrosion
https://en.wikipedia.org/wiki/Explosion
https://en.wikipedia.org/wiki/Creep_(deformation)
http://www.engineersdaily.com/2014/04/structural-components-of-reinforced-concrete-building.html
http://www.engineersdaily.com/2014/03/book-design-on-edge-making-of-high-performance-building-david-w-orr.html
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dead load and live load due to occupancy or snow. Gravity load on the floor and roof slabs is 

transferred to the columns or walls, down to the foundations, and then to the supporting soil 

beneath. Figure shows an isometric view of a concrete structure and a gravity load path. 

The gravity load path depends on the type of floor slab, that is, whether a slab is a one way or 

a two-way system.  

 

 

 

 

 

 

 

2. Lateral Load Path: The lateral load path is the way lateral loads (mainly due to wind 

and earthquakes) are transferred through a building. The primary elements of a lateral load 

path are as follows, 

 Vertical components: shear walls and frames; 

 Horizontal components: roof, floors, and foundations. 

  

 

 

 

 

 

 

 

 

http://www.engineersdaily.com/2014/01/basics-of-reinforced-concrete-structural-design.html
http://www.engineersdaily.com/2014/02/preadsheet-design-of-two-way-slabs-by-coefficients.html
http://www.engineersdaily.com/2014/03/how-to-define-earthquake-design-loads.html
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Text Books: 

 تصميم المنشات الخرسانية المسلحة / د.جمال عبذالواحذ فرحان 1
2 Reinforced Concrete Structures/Dr. I.C. Syal.  
3 Reinforced Concrete Structures/N. Krishna Rajo 
4 Reinforced Concrete Structures/ Supramanian 
5 Others 
 

First Semester Subjects 

No. Subject 
1 Working Stress Design Method (WSDM) 
2 Ultimate Stress Design Method (USDM) 

2-1 Design and Analysis of Singly Reinforced Beam 
2-2 Design and Analysis of Doubly Reinforced Beam 
2-3 Design and Analysis of (T-Beam)  
2-4 Design for Shear Requirements 
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Flexural Analysis of beam by working stress method  

Behaviour of Reinforced Concrete Beam under Loading: 

    Working Stress Analysis for Concrete Beams Consider a relatively long simply supported 

beam shown below. Assume the load (Wo) to be increasing progressively until the beam fails. 

    The beam will go into the following three stages:  

1- Uncrack Concrete Stage.  

2- Crack Concrete Stage (Elastic). 

3- Ultimate Stress Stage – Beam Failure. 

 
 

 

 

 

 

 

 

At section 1: Uncrack stage: 

1- Actual moment, (M) < Cracking moment (Mcr).  

2- No cracking occur. 

3- The gross section resists bending. 

4- The tensile stress of concrete is below rupture. 
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fc > o.5 fc‟ …………………………. Concrete is Elastic 

fs > fy         .………………………… Steel is Elastic 

fct > fr        ………………………….. Un-cracked 

   
  

  
  

      

     √   
 

Where:  

fc: Actual compressive Strength for Concrete. 

fc‟: Maximum compressive Strength for Concrete. 

fs: Actual tensile strength for steel. 

fy: Yield strength for steel. 

fr: Modulus of rupture. 

n: Modulus ratio.  

 

 

h 

b 

d 
y’ 

As fs 
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At Section 2 : Crack concrete stage: 

1- Actual moment, (M) > Cracking moment (Mcr). 

2- Elastic stress stage. 

3- Cracks developed at the tension fiber of the beam and spreads quickly to the neutral 

axis. 

4- The tensile stress of concrete is higher than the rupture strength. 

5- Ultimate stress stage can occur at failure. 

 

fc > o.5 fc‟ …………………………. Concrete is Elastic 

fs > fy         .………………………… Steel is Elastic 

fct < fr        ………………………….. Cracked 
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     √   
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Design of R.C. Rectangular Beam by W.D. Method: 

Notes: 

1- Analysis: Given a cross section, concrete strength, reinforcement size and location, and 

yield strength, compute the resistance or strength. In analysis there should be one 

unique answer.  

2- Design: Given a factored design moment, normally designated as select a suitable cross 

section, including dimensions, concrete strength, reinforcement, and so on. In design 

there are many possible solutions. 

3- Balance Section: is economical section because it is used both of steel and concrete 

properties in high level. 

 

 

 

 

 

 

 

 

 

From Strain Diagram: 

fc 

kd 

d-kd 

C = 1/2(fc k d b) 

T = As fs 

Ɛc = fc / Ec 

Ɛs = fs / Es 

Stress Diagram Strain Diagram 

kd / 3 

jd
 =

 d
 –

 (
kd

 /3
) 

N. A. 



University of Anbar                                                                                             3rd Class 

College of Engineering                                                                                    Lec.: Mohammed Nawar                                                             

Dams & Water Resources Engineering 

 

 
21 

 

 

 

 

 

 

 



University of Anbar                                                                                             3rd Class 

College of Engineering                                                                                    Lec.: Mohammed Nawar                                                             

Dams & Water Resources Engineering 

 

 
22 

 

 



University of Anbar                                                                                             3rd Class 

College of Engineering                                                                                    Lec.: Mohammed Nawar                                                             

Dams & Water Resources Engineering 

 

 
23 

 

 



University of Anbar                                                                                             3rd Class 

College of Engineering                                                                                    Lec.: Mohammed Nawar                                                             

Dams & Water Resources Engineering 

 

 
24 

 

 

 



University of Anbar                                                                                             3rd Class 

College of Engineering                                                                                    Lec.: Mohammed Nawar                                                             

Dams & Water Resources Engineering 

 

 
25 

 

Ultimate Strength Design Method (S.D.M) 

The assumptions which are used in this method: 

1- Stress in reinforcement varies linearly with strain up to the specified yield strength. The 

stress remains constant beyond this point as strains continue increasing. This implies that 

the strain hardening of steel is ignored. 
2- Concrete sections are considered to have reached their flexural capacities when they 

develop 0.003 strain in the extreme compression fiber. 
3- Strains in reinforcement and concrete are directly proportional to the distance 

from neutral axis. This implies that the variation of strains across the section is linear, and 

unknown values can be computed from the known values of strain through a linear 

relationship. 
4- Tensile strength of concrete is neglected. 
5- Compressive stress distribution of concrete can be represented by the corresponding 

stress-strain relationship of concrete. 

Safety Factors: S.F. 

a- S.F. = Max. Stress / Allowable Stress   (W.S.D.M) 

b- S.F. = Max Load / Service Load           (S.D.M) 

 Load Factors: 

U= 1.2 D + 1.6 L 

U= 1.2 D + 1.6 L +0.5 (Lr or S or R) 

U= 1.2 D + 1.6 (Lr or S or R) + (1.0 L or 0.5 W) 

U= 1.2 D + 1.0 W +1.0 L + 0.5 (Lr or S or R)  

D: Dead Load, L: Live Load, W: Wind Load, S: Snow Load, Lr: Roof Load, R: Rain Loaf. 
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Strength Reduction Factors: 

⋆ Tension …….. Ǿ = 0.9      Mu = Ǿ Mn 

Mu: Ultimate moment capacity. 

Mn: Nominal (Actual) moment capacity. 

⋆ Shear, Torsion ………… Ǿ = 0.75   Vu = Ǿ Vn 

Vu: Ultimate shear capacity. 

Vn: Nominal shear capacity. 

⋆ Compression: 

a- Ǿ = 0.70 for spiral reinforced member like column. 
b- Ǿ = 0.65 for other reinforced member like column. 

 

Stress and Strain Distribution: 

Resultant of concrete compressive force : 

C = fav . b . c 

Where: 

fav: average compressive stress. 

b: the width of section. 

c: the depth of Neutral Axis. 
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C = α fc‟ b c 

Where: 

   
                        

                            
  

The location of the resultant is usually represented by βc. 

Where: 

   
                           

          
 

α: 0.72 for fc‟ ≤ 30 MPa 

α: decreased by (0.04) for every (7 MPa) increasing in compressive strength of 

concrete. 

α: Value must not be less than (0.56). 

β: 0.425 for fc‟≤ 30MPa 

ɣ fc’ = 0.85 fc’ 

C= ɣ fc’ b a 

T = As fs 

Stress Distribution 
Diagram 

Equivalent S.D. 
Diagram 

Strain Diagram 
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β: decreased by (0.025) for every (7 MPa) increasing in compressive strength of 

concrete. 

β: value must be less than (0.325). 

Equivalent rectangular stress block is used for analysis of reinforced concrete 

sections: 

C = α fc‟ b c = ɣ fc‟ a b ………(1) 

 

Let  a= β1 . c …….. (2) 

We can find ɣ , β1 , α , β   

a/2 = β . c       ………….  a= 2 (β . c) 

from eq. (2) …….. β1 . c = 2 (β . c) ……. β1 = 2 β …… (3) 

sub. in eq. (1) : 

α fc‟ b c = ɣ fc‟ a b         ɣ= α c /a         ɣ= α c /2(β c)  
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ɣ= α /2(β1/2)  ɣ= α /β1….. (4) 

From the above equation and from the value of (β, ɣ) we can find the value of (β1, ɣ): 

β1= 2 β …. β1= 2 * 0.425 = 0.85  

ɣ = (α /β1)  = (0.72/0.85) = 0.85 …. (5) 

β1= 0.85 for fc‟ ≤ 30 MPa, 

β1: decreased by (0.05) for every (7 MPa) increasing in compressive strength of concrete. 

β1: value must not be less than (0.65). 

β1 = 0.85 – [0.05(fc’-30)/7]   

Analysis and Design of Singly Reinforced Rectangular Beam: 

a- Balance or Under Reinforced. 
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b- Over Reinforced Beam: 
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 متطلبات الكود الامريكي للعتبات ناقصة التسليح:

 

 

 



University of Anbar                                                                                             3rd Class 

College of Engineering                                                                                    Lec.: Mohammed Nawar                                                             

Dams & Water Resources Engineering 

 

 
32 

 

 

Design by Ultimate Design Method: 

1- The design of R.C. members means finding the adequate dimensions for these 

members and the reinforcement magnitude to enable the member to withstand 

maximum loads applied on it safety. 

2- Sometime, all dimensions or some of them are determined by architectures.  

3- Complete design for the beam requires determine the shear reinforcement, torsion 

reinforcement and check deflections; check development lengths and points of cuts or 

bend of steel reinforcement. All these details must be put on the beam sketch or 

diagram.   
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Ex.: Design the beam shown for the 

following data: 

fc‟ = 20 N/mm2 and fy= 300 N/mm2 

WL= 6 KN/m and WD= 12 KN/m 

ɣc = 24 KN/m3  

Solution: 

1- Find Moment (Mu): 

 

PD = 3 KN PD = 3 KN 

2 m 2 m 
 
3 m 

W self + WL+ WD 
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Table (3) :  ρmin and ρmax values 
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Analysis and Design of T- Beam 

    When floor slabs and their supporting beams are cast monolithically, they 

deflect along with the beams under the action of external loads. Therefore, slabs 

in the vicinity of the beams act as flanges for the beam. Interior beams have a 

flange on both sides, which are called T-beams. Edge beams have a flange on one 

side only, and referred to as L-beams as shown in Figure 8. Isolated T-beams, 

which are produced as precast concrete elements, are used in concrete 

construction. 
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     Effective width of the flange can be calculated as per ACI 318 section 8.10.2 which is given 

in the following table: 

     

Isolated non pre-stressed T-beams in which the flange is used to provide additional 

compression area shall have a flange thickness greater than or equal to 0.5bw and an effective 

flange width less than or equal to 4bw.  

 

Analysis of T or L Beams 

   The calculation of the design strengths of T beams depend on the neutral axis position,  

a- If it falls in the flange then is considered as rectangular sections,  

b- While it is T section if the neutral axis is at the web.  
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H.W:  Determine the design strength of the (T beam) shown in Figure below, with f'c‟= 25 

MPa and fy = 420 MPa. The beam has a (10 m) span and is cast integrally with a floor slab 

that is (100 mm) thick. The clear distance between webs is (1250 mm). 
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Design of Doubly reinforced rectangular beam 
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Shear and diagonal tension 

When a simple beam is loaded, as shown in Fig. bending moments and shear 
forces develop along the beam. To carry the loads safely, the beam must be 
designed for both types of forces. Flexural design is considered first to establish 
the dimensions of the beam section and the main reinforcement needed, as 
explained in the previous chapters. The beam is then designed for shear. If shear 
reinforcement is not provided, shear failure may occur. Shear failure is 
characterized by small deflections and lack of ductility, giving little or no 
warning before failure. On the other hand, flexural failure is characterized by a 
gradual increase in deflection and cracking, thus giving warning before total 
failure. This is due to the ACI Code limitation on flexural reinforcement. The 
design for shear must ensure that shear failure does not occur before flexural 
failure. 
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Web Reinforcement  
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Shear Strength of Beam 
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