
SNS COLLEGE OF TECHNOLOGY
AN AUTONOMOUS INSTITUTION

Approved by AICTE New Delhi & Affiliated to Anna University Chennai

Accredited by NBA & Accredited by NAAC with “A++” Grade, Recognized by UGC 

COIMBATORE

19CET302-DESIGN OF RC STRUCTURAL ELEMENTS

III YEAR / V SEMESTER

DEPARTMENT OF CIVIL ENGINEERING

Unit 1 : Stress-strain curve for concrete & Load combination

01-08-2023
19CET302-DESIGN OF RC STRUCTURAL ELEMENTS/Unit 

I/DR.O.R.KAVITHN/AsP/CE
1/20



01-08-2023
19CET302-DESIGN OF RC STRUCTURAL ELEMENTS/Unit 

I/DR.O.R.KAVITHN/AsP/CE

What is a stress-strain diagram?
 It is a tool for understanding material behavior under load.
 A stress strain diagram help engineers to select the right materials

for specific loading conditions. In other words, It is a graph that
represents how a part behaves under an increasing load, and used by
engineers when selecting materials for specific designs

 A stress-strain diagram generally contains three regions:
 Elastic region: This portion is generally represented as a linear

relationship between stress and strain. If the load is released the
specimen will return to its original dimensions.

 Plastic region: In this portion, the specimen begins to yield. The
maximum strength of the specimen occurs in this zone. The specimen
endures some permanent deformation that remains after the load is
released.

 Rupture: The point at which a specimen breaks into two parts.
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Stress - Strain diagram of concrete 
Concrete is mostly used in compression that is why its compressive stress strain curve is of major 

attention. 
The stress and strain of concrete is obtained by testing concrete cylinder specimen at age of 28 

days, using compressive test machine. 
The stress strain curve of concrete allows designers and engineers to anticipate the behavior of 

concrete used in building constructions. 
Stress strain curve of concrete is a graphical representation of concrete behavior under load. 
It is produced by plotting concrete compressive strain at various interval of concrete compressive 

stress (which is the loading). 
The S-S curve for hardened concrete is almost linear.

The aggregate is more rigid than the cement paste and will therefore deform less( that is it will have 
lower strain) under same applied stress. 

The S-S curve of concrete lies between the aggregate and the cement paste. 
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IS 456-Page 69
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 However, this relationship is non-linear over the most of the range, that is why micro cracks 
are formed. 

 The cracks are formed 
 at the interface between aggregate particles and cement paste as a result of the differential 

movement between the two phases 
 Within the cement paste. 
 These cracks are formed as result of changes in temperature, moisture and application of 

load. 
 The experimental or actual stress strain curve for concrete is very difficult to use in design. 

Therefore, IS code 456:2000 has simplified as below 

 For design purpose, the compressive strength of concrete in the structure in taken as 0.67 
times the characteristic strength. 

 The 0.67 factor is introduced to account for the difference in the strength indicated by a cube 
test and the strength of concrete in actual structure. 
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 The partial safety factor equal to 1.5 is applied in addition to this 0.67 factor. 

 The initial portion of the curve is parabolic. After a strain of 0.002 (0.2%), the stress 

becomes constant with increasing load, until a strain of 0.0035 is reached and here the 

concrete is assumed to have failed. 
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As per IS specifications

a) The earlier given was for the characteristic strength of a standard 150x150x150 mm

size of concrete cube.

b) But when the design is for a entire structure then the compressive strength of the

concrete will get reduced due to the influence of the soil as given in the figure.

c) For design purpose Limit state method is adopted as in IS codes. So a partial safety

factor of 1.5 is considered.

d) Therefore the design stress of concrete is taken as [(0.67*fck )/ 1.5] = 0.45 fck

e) Hence for the design problems the design stress of concrete is taken as 0.45 fck and

the ultimate strain of concrete is taken as 0.0035.

f) Thus finally results in a design curve as shown in figure.
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Stress - Strain diagram of mild steel 
If the force is considerably large the material will experience elastic

deformation but the ratio of stress and strain will not be proportional. (Point A

to B). This is the elastic limit.

Beyond that point the material will experience plastic deformation.

The point where plastic deformations starts is the yield point which is shown

in the figure as point B. 0-B is the upper yield point.

Resulting graph will not be straight line anymore. C is the lower yield point.

D is the maximum ultimate stress.

E is the breaking stress. It is the area of the whole curve (point 0-E). Energy

absorbed at unit volume up to breaking point.

If tensile force is applied to a steel bar it will have some extension.

If the force is small the ratio of the stress and strain will remain proportional
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Stress - Strain diagram HYSD (High Yield Strength Deformed) bars
There is no specified yield point for HYSD bars, the code gives the characteristic curve as given

above.
So considering the strain value of 0.002 the yield stress is noted.
The design curve almost same as mild steel and the design stress is also 0.87 fy.
But the strain at this point is different as given above

IS 456-Page 70
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Load combination (IS 875 part5)
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Characteristic Loads (IS 456-2000 Cl-36.2
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Characteristic Loads (IS 456-2000 Cl-36.3
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Partial Safety Factors(IS 456-2000 Cl-36.4
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Partial Safety Factors(IS 456-2000 Cl-36.4)
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