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1.  Introduction 
 

Loads  
Loads that act on structures can be divided into three broad categories: 
Dead loads are those that are constant in magnitude and fixed in location 
throughout the lifetime of the structure.  
Usually the major part of the dead load is the weight of the structure itself.  
For buildings, floor fill, floor finish, and plaster ceilings are included as dead 
loads. For bridges, wearing surfaces, sidewalks, and curbs are included as 
dead loads. 
Dead loads can be calculated with good accuracy from the configuration, 
dimensions of the structure, and density of the material. 
Live loads consist chiefly of occupancy loads in buildings and traffic loads 
in bridges. They may be fully or partially in place or not present at all, and 
may also change in location. Their magnitude and distribution at any given 
time are uncertain. 

     The minimum live loads for the floors and roof of a building are usually 
specified in the building code. Table 1.1 (Nilson) presents Minimum Design 
Loads for Buildings and Other Structures. 
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(100 psf = 4.8 kN/m2) 
 
Environmental loads consist mainly of wind pressure and suction, 
earthquake loads, soil pressures, snow loads, and forces caused by 
temperature differentials.  
Environmental loads at any given time are uncertain both in magnitude and 
distribution. 
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 Serviceability and Safety of Structures 
A structure must be safe against collapse and serviceable in use. 
Serviceability requires that deflections be adequately small; that cracks be 
kept to tolerable limits; that vibrations be minimized; etc. 
Safety requires that the strength of the structure be adequate for all loads that 
may act on it. 
There are number of sources of uncertainty in the analysis, design, and 
construction of reinforced concrete (RC) structures which requires a definite 
margin of safety. These sources are: 

1. Actual loads may differ from those assumed. 
2. Actual loads may distribute in manner different from that assumed. 
3. Assumptions and simplifications may result in calculated shears, 

moments, etc different from those that, in fact, act in the structure. 
4. Actual structural behavior may differ from that assumed, owing to 

imperfect knowledge. 
5. Actual member dimensions may differ from those specified. 
6. Actual material strength may differ from that specified. 
7. Reinforcement may not be in its proper position. 

 
 
Design Basis:  
The strength design concept is to proportion members, i.e., to select 
dimensions and reinforcement, so that member strengths are adequate to 
resist forces resulting from certain hypothetical overload stages, significantly 
above loads actually to occur in service. 
Serviceability limit conditions are an important part of the total design. For 
example, beam deflections must be limited to acceptable values, and the 
number and width of flexural cracks at service loads must be controlled. 

 
Design codes and specifications 
The American Concrete Institute (ACI) has published the Building Code 
Requirements for Structural Concrete, ACI 318-14 which serves as a guide 
in the design and construction of RC structures. 

 
 

 
 
 
 



4 Chapter 1: Introduction Prof Dr Bayan Salim 

Safety Provisions of the ACI Code 
The design strength φSn of a structure or member must be at least equal to 
the required strength U calculated from factored loads, i.e., 
 

               Or      φSn ≥ U 
 
In which φ is a strength reduction factor applied to nominal strength Sn. 
The required strength U is calculated by applying appropriate load factors to 
the respective service load: dead load D, live load L, wind load W, 
earthquake load E, earth pressure H, fluid pressure F, snow load S, rain load 
R, and environmental effects T. 
 
For a member subjected to moment, shear, and axial load 
 
                                          φMn ≥ Mu 
                                           φVn ≥ Vu 
                                            φPn ≥ Pu 
 
where subscripts n denote the nominal strengths in flexure, shear, and axial 
load respectively, and u denote the factored load moment, shear and axial 
load. 
The load factors specified in the ACI Code are summarized in Table 1.2 
(Nilson) 
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The strength reduction factors φ in the ACI Code are given in Table 21.2.1: 
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Fundamental Assumptions for RC Behavior 
 

1. The internal forces (moments, shears, and normal and shear stresses) 
at any section are in equilibrium with the effects of the external loads 
at that section. 

2. The strain in an embedded reinforcing bar is the same as that of the 
surrounding concrete. It means that perfect bonding exists between 
concrete and steel at the interface, so that no slip can occur between 
the two materials. 

3. Cross sections that were plane prior to loading continue to be plane in 
the member under load. 

4. Concrete is not capable of resisting any tension stress whatever. 
5. The theory is based on the actual stress-strain relationships and 

strength properties of the two constituent materials. 
 
 
 
 
 
 
Properties of Concrete in Compression 
Stress-strain Relationship 
Since concrete is used mostly in compression, its compressive stress-strain 
curve is of primary interest. Such curve is obtained by strain measurements 
in cylindrical tests. Figure below (Nilson) shows a typical set of such curves 
for 28-day old normal-density concrete (≈ 2300 kg/m3). 
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The max compressive strength is reached at a strain that ranges from about 
0.002 to 0.003. 
In present practice, the specified compressive strength f’c is commonly in the 
range from 21 to 35 MPa for normal-density sitecast concrete. 
The high-strength concretes, with f’c to 100 MPa and more are used 
particularly for heavily-loaded columns in high-rise concrete buildings. 
 
The Modulus of Elasticity Ec (in MPa), i.e., the slope of the initial straight 
portion of the stress-strain curve, can be computed from the empirical ACI 
Code equation: 
                                  Ec = 0.043 wc

1.5 √f’c 
 
Where wc is the unit weight of concrete (kg/m3) and f’c is the strength (MPa) 
Ec may be taken as:  Ec = 4700 √ f’c 
 
Properties of Concrete in Tension 
It is important to predict the tensile strength of concrete. Cracks formation 
and propagation on the tension side of RC members depend strongly on the 
tensile strength of concrete. 
It is difficult to determine the true tensile strength of concrete. There are 
three methods as listed below: 



8 Chapter 1: Introduction Prof Dr Bayan Salim 

Direct tensile strength f’t   (≈ 0.25 to 0.58√f’c) 
Split-cylinder strength f’ct (≈ 0.50 to 0.66√f’c) 
Modulus of rupture f’r         (≈ 0.66 to 1.00√f’c); ACI Code f’r = 0.62√f’c 

 
Reinforcing Steels for Concrete 
The reinforcing steel and concrete are best used in combination: the concrete 
is made to resist the compressive stresses and the steel the tensile stresses. 
Reinforcement is also used for resisting compressive forces in compression 
members and beams of reduced cross-sectional dimensions. 
For effective reinforcing action, it is essential that concrete and steel deform 
together, i.e., that there be a strong bond between them. This bond is 
provided by chemical adhesion at the steel-concrete interface, by the 
roughness of the bars and by the rib-shaped surface deformations furnished 
to provide interlocking of the two materials (Fig. below). 

 
 
Steel Bars for Concrete Reinforcement 
Steel reinforcing bars (‘rebar’) for concrete construction are hot-rolled in 
much the same way as structural shapes. They are round in cross section and 
deformed with surface ribs for better bonding to concrete. At the end of the 
rolling line in the mill, the bars are cut to a standard length (commonly 6, 9 
or 12 m and in the United States 60 feet, or 18.3 m). 
Reinforcing bars are rolled in a limited number of standard diameters. 
In the USA, bars are specified by a simple numbering system in which the 
number corresponds to the number of eighths of an inch of bar diameter (see 
Table). For example, a number 6 reinforcing bar is 6/8 or 3/4 inch (19 mm) 
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in diameter, and a number 8 is 8/8 or 1 inch (25.4 mm) in diameter. 

 
 
Grades and Strengths  

 
 
Steel Stress-Strain Curves 
The two chief characteristics of bar reinforcement are its yield point and its 
modulus of elasticity Es. 
Es = 200,000 MPa  (200 GPa) (the same for all reinforcing steel bars). 
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Typical stress-strain curves of reinforcing steel are shown below: 
 

 
 
For low-carbon steels (Grade 40 (280 MPa)), the curve shows an elastic 
portion followed by a yield plateau, i.e., a horizontal portion where strain 
continues to increase at constant stress. With further strains, the stress begins 
to increase again (strain hardening). The curve then flattens out when the 
tensile strength is reached; it then turns down until fracture occurs. 
 
For high-carbon steels (Grade 60 (420 MPa)) or higher, the curve shows a 
much shorter (or no) yield plateau.  
The ACI Code specifies that the yield stress fy be the stress corresponding to 
a strain of 0.0035, as shown in figure. 
 
 
 


