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STRESS-STRAIN RELATIONS IN CONCRETE

σult

σ-ε relationship for 

concrete is 
nonlinear. However, 
specially for 

(40-50%)  
σult

εult

specially for 
cylindrical 
specimens with 
h/D=2, it can be 
assumed as linear 
upto 40-50% of σult



MODULUS OF ELASTICITY OF CONCRETE

Due to the nonlinearity 
of the σ-ε diagram, E is 
the defined by:

1. Initial Tangent Method

Tangent Method2. Tangent Method

3. Secant Method

ACI → E=15200 σult
½ → 28-D cylindrical comp.str. 

(kgf/cm2)

TS → E=15500 W ½→ 28-D cubic comp.str. (kgf/cm2)



PERMEABILITY OF CONCRETE

� Permeability is important because:

1. The penetration of some aggresive solution may result in 
leaching out of Ca(OH)2 which adversely affects the 
durability of concrete.

2. In R/C ingress of moisture of air into concrete causes 
corrosion of reinforcement and results in the volume corrosion of reinforcement and results in the volume 
expansion of steel bars, consequently causing cracks & 
spalling of concrete cover.

3. The moisture penetration depends on permeability & if 
concrete becomes saturated it is more liable to frost-
action.

4. In some structural members permeability itself is of 
importance, such as, dams, water retaining tanks.



PERMEABILITY OF CONCRETE

� The permeability of concrete is controlled by capillary 
pores. The permeability depends mostly on w/c, age, 
degree of hydration.

� In general the higher the strength of cement paste, the � In general the higher the strength of cement paste, the 
higher is the durability & the lower is the permeability.





PROPORTIONING CONCRETE 

MIXTURES

� W+C+C.Agg.+F.Agg.+Admixtures → Weights / Volumes?

� There are two sets of requirements which enable 
the engineer to design a concrete mix.

1. The requirements of concrete in hardened state. 1. The requirements of concrete in hardened state. 
These are specified by the structural engineer.

2. The requirements of fresh concrete such as 
workability, setting time. These are specified by the 
construction engineer (type of construction, placing 
methods, compacting techniques and  
transportation)



PROPORTIONING CONCRETE 

MIXTURES
�Mix design is the process of selecting suitable ingredients 

of concrete & determining their relative quantities with 
the objective of producing as economically as possible 
concrete of certain minimum properties such as 
workability, strength & durability.workability, strength & durability.

�So, basic considerations in a mix design is cost & min. 
properties. 



� Cost → Material + Labor

Water+Cement+Aggregate+Admixtures

Most expensive (optimize)

Using less cement causes a decrease in shrinkage 
and increase in volume stability.and increase in volume stability.

�Min.Properties →Strength has to be more than.. 

Durability→Permeability has to be

Workability→Slump has to be...



�In the past specifications for concrete mix design 
prescribed the proportions of cement, fine agg. & coarse 
agg.

�1   :   2   :   4

Weight of 
cement

Fine 
Agg.

Coarse 
Agg.cement Agg. Agg.

� However, modern specifications do not use 
these fixed ratios.



�Modern specifications specify min compressive 
strength, grading of agg, max w/c ratio, min/max 
cement content, min entrained air & etc.

�Most of the time job specifications dictate the 
following data:
� Max w/c

� Min cement content� Min cement content

� Min air content

� Slump

� Strength 

� Durability

� Type of cement

� Admixtures

� Max agg. size 



PROCEDURE FOR MIX DESIGN

1. Choice of slump (Table 14.5)



PROCEDURE FOR MIX DESIGN

2. Choice of max agg. size 

• 1/5 of the narrowest dimension of the mold

• 1/3 of the depth of the slab

• ¾ of the clear spacing between reinforcement• ¾ of the clear spacing between reinforcement

• Dmax < 40mm



PROCEDURE FOR MIX DESIGN

3. Estimation of mixing water & air content (Table 14.6 and 
14.7)



PROCEDURE FOR MIX DESIGN

4. Selection of w/c ratio (Table 14.8 or 14.9)



PROCEDURE FOR MIX DESIGN

5. Calculation of cement content with selected water 
amount (step 3) and w/c (step 4)

6. Estimation of coarse agg. content (Table 14.10)



PROCEDURE FOR MIX DESIGN

7. Calculation of fine aggregate content with known 
volumes of coarse aggregate, water,  cement and air

8. Adjustions for aggregate field moisture



PROCEDURE FOR MIX DESIGN

9. Trial batch adjustments

� The properties of the mixes in trial batches are 
checked and necessary adjustments are made to end 
up with the minimum required properties of up with the minimum required properties of 
concrete.

� Moreover, a lab trial batch may not always provide the 
final answer. Only the mix made and used in the job 
can guarantee that all properties of concrete are 
satisfactory in every detail for the particular job at 
hand. That’s why we get samples from the field mixes 
for testing the properties.



Example:

� Slump → 75-100 mm

� Dmax → 25 mm

� f’c,28 = 25 MPa

� Specific Gravity of cement = 3.15

� Non-air entrained concrete 

Coarse Agg. Fine Agg.

SSD Bulk Sp.Gravity 2.68 2.62

Absorption 0.5% 1.0%

Total Moist.Content 2.0% 5.0%

Dry rodded Unit Weight 1600 kg/m3 –

Fineness Modulus – 2.6



1. Slump is given as 75-100 mm

2. Dmax is given as 25 mm

3. Estimate the water and air content (Table 14.6)

Slump and Dmax → W=193 kg/m3

Entrapped Air → 1.5%



4. Estimate w/c ratio (Table 14.8)

f’c & non-air entrained → w/c=0.61 (by wt)



5. Calculation of cement content 

W = 193 kg/m3 and  w/c=0.61  

C=193 / 0.61 = 316 kg/m3C=193 / 0.61 = 316 kg/m



6. Coarse Agg. from Table 14.10

Dmax and F.M. → VC.A=0.69 m3

Dry WDry WC.A.C.A. = 1600*0.69 = 1104 kg/m= 1600*0.69 = 1104 kg/m33

SSD WSSD WC.A.C.A. = 1104*(1+0.005) = 1110 kg/m= 1104*(1+0.005) = 1110 kg/m33



7. To calculate the F.Agg. content the volumes of other 
ingredients have to be determined.

V = M
Sp.Gr.*ρwVwater = 193

1.0*1000
= 0.193 m3

Vcement = 316
3.15*1000

= 0.100 m3

3.15*1000

VC.Agg. = 1110
2.68*1000

= 0.414 m3

Vair = 0.015 m3 (1.5%*1)

ΣV = 0.722 m3 → VF.Agg = 1-0.722 = 0.278 m3

WF.Agg = 0.278*2.62*1000 = 728 kg/m3



Summary of Mix Design
� Based on SSD weight of aggregates



8. Adjustment for Field Moisture of  Aggregates

WSSD =WDry *(1+a) WField =WDry *(1+m)

Correction for water

From coarse aggregate: 1127-1110 = 17

From fine aggregate:       759-728  = 31

48 kg 

extra

Corrected water amount : 193 – 48 = 145 kg 



Summary of Mix Design
� Based on field weight of aggregates



9. Trial Batch

Usually a 0.02 m3 of concrete is sufficient to verify the 
slump and air content of the mix. If the slump and air 
content are different readjustments of the 
proportions should be made.
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