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Mechanics of Materials-Concrete  

 
Concrete(Plain) 
Concrete is a composite material composed of cement, aggregates (fine and 
coarse aggregate), and water. Cement and water are binders for all 
ingredients in the mix. The aggregate generally is graded in size from sand to 
gravel, with the maximum gravel size in structural concrete commonly being 
¾”. 
 
Concrete is a mixture of cement paste and aggregate, each of which has an 
essentially linear and brittle stress-strain relationship in compression. Plain 
Concrete is considered brittle because it has no ability to show little yielding 
before failure as shown in Figure1.  
Stress (σ) is the applied load (P) divided by the area it is acting on (typically 
the cross-sectional area of the member), given in equation 1 below: 
 
                                                         σ = P/A                                              (Eq.1) 
 
Strain (ε) is the elongation or contraction of a material per unit length of the 
material. According to Hooke's Law (σ = Eε) stress is dependent on strain in 
the material. The modulus of elasticity (E) or Young's modulus of a material is 
a constant associated with Hooke's Law as shown in Eq.2. 
 

                                                         σ = E x ε                                                   (Eq.2)                 
 
 
 

  
 
 
 
 

                                                                          
                                                                         

                                                                       Figure 1 
 

Concrete plain brittle failure. Hint: (NO REINFORCING STEEL) 

ε strain 

σ (stress) 
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Compressive Strength Tests 
 
Compressive strength is the amount of compressive stress that a material can 
resist before failing standard acceptance tests. Measuring the strength of 
concrete involves short time compression tests on cylinders 6 inches diameter 
by 12 inch high as shown in Figure 2. 
Test cylinders for an acceptance test must be allowed to harden in their 
molds for 24 hours at the job site at 60-80 ⁰F and then cured in a moist room 
at 73 ⁰F or immersed in water saturated with lime. 
 
The standard test is carried out when the concrete is 28 days old. The 
standard strength “test” is the average of the strength of two cylinders from 
the sample test. 
 
 
 
      
 
 
 
 
 
 

                                                Figure 2 
Standard Tension Tests (Standard Tests) 
The tensile strength of concrete varies between 8-15% of the compressive 
strength.  
Two types of tests available, the modulus of rupture or flexural test, in which 
a plain concrete beam generally 6” x 6” x 30” Long is loaded in flexure at third 
point of a 24 inch span until it fails a shown in Figure 3 below. 
 

 Figure 3 Third point test 

H= 12” 

D= 6” 
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Flexural tensile or modulus of rupture, fr is calculated using equation 3 below. 
 
                                      0.37         ,                                                                  
(Eq.3) 
Where,      is the concrete compressive strength in ksi. 
 
The second test is the split cylinder test in which a standard 6inch x 12 inch 
compression  
test is placed on its side and loaded in compression along a diameter as 
shown in Figure 4. 
 
 

 
                         Figure 4  
 
     
 
 
 
 
 
 
 
 
 
 
 
 

Split cylinder test 
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Concrete Slump Test 
This test is used to measure the workability of concrete. A slump cone is 
placed and filled to 1/3 of the cone. A rod is used to tamp the concrete 25 
times. Fill another 1/3 and tamp 25 times. Fill the rest of the way and make 
sure its smooth on top. Slowly remove the cone and place it by side and 
measure the slump.  
Hint:You need to remember this word(Workability)a word problem might be 
asked and you need to understand the concept.  
 

 Figure 5 Slump Test 
 
Water Cement ratio 
Water/Cement ratio (w/c) is the ratio of water to cement in any concrete mix. 
High water cement ratio would decrease the strength of concrete and 
increase workability.  
On the other hand, low water cement ratio would decrease workability and 
increase strength. 
 
Creep 
Creep is the strain that occurs under a sustained load. Concrete will continue 
to deform, but at a rate that diminishes with time. It increases with increasing 
the w/c ratio. Creep increases deflection of concrete beams. 
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Admixtures 
Accelerating admixtures are used to reduce the time of setting and 
accelerating early strength and often used in cold weather, when it takes too 
long for concrete to set naturally.  
 
Water reducers will lubricate the mix. Reduction in water content of a mix 
may result in either a reduction in w/c ratio for a given slump and cement 
content or increase slump for same w/c ratio and cement content. Having less 
water and same cement content, concrete will attain greater strength. Water 
reducers are preferable in Hot weather conditions. 
 
Structure Advantage and Disadvantage of Concrete 
1-Concrete is extremely strong in compression and therefore has a high 
compressive strength 
 
Structure Disadvantages to using concrete 
1-Concrete is a brittle material and can crack or break with little warning 
2-Concrete is very weak when a tension force is applied to it since it has a 
very low tensile strength. (To address this weakness, steel is often embedded 
within the concrete at locations where tension forces are known to exist, 
making reinforced concrete. In a simple concrete beam, the steel would be 
placed along the bottom of the beam.) 
3-Because a certain amount of time is needed for hydration to completely 
occur, concrete members do not gain their full strength until much time has 
passed.  
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Concrete(Reinforced) 
While concrete is extremely strong in compression, it is extremely weak in 
tension. When designing concrete structures, engineers often do not allow for 
any tension forces in a concrete part.  
To compensate for the weak tensile strength of concrete, mild reinforcement 
is often embedded in the concrete to resist tensile forces as shown in Figure5. 
The combination of concrete with embedded steel form the reinforced 
concrete. 
 
 
 
 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5  

Applied load 

Rebar in Tension added to increase Concrete Ductility 
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Problem 1 
To achieve a Maximum concrete compressive strength.  Concrete 
curing need will be achieved in? 

A- 7days 

B- 14 days 

C- 21 days 

D- 28 days 

Problem 2 
Which method does NOT measure concrete workability? 
A-Rebound hammer-test 
B-Slump test 
C-Compacting factor 
D-Vee-Bee test 
 

Problem 3 
Best method to avoid freezing and thawing in concrete is? 
A-Decrease air content 
B-Decrease coarse aggregate content 
C-Increase air content 
D-Decrease in concrete temperature 
 
Problem 4 
Higher water cement ratio will result in? 
I-Increase concrete strength 
II-Decrease concrete strength 
III-Increase workability  
A-I and II ONLY 
B-II ONLY 
C-II and III ONLY 
D-II and III ONLY 
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Problem 5 
In order to achieve the test results from a concrete Mix on site, test 
cylinders need to be transported to the lab as soon as? 
A-2 hours 
B-10 hours 
C-24 hours 
D-48 hours 
 
Problem 6 
The percentage of water impurities that need to be present in a 
concrete Mix is? 
A-1% 
B-0% 
C-2.5% 
D-0.5% 
 
Problem 7 
Steel reinforcement in a concrete bridge footing is used to avoid? 
A-Compression failures 
B-Tension failures 
C-Compression and tension 
D-Non of the above 
 
Problem 8 
Construction started on a bridge located in College station, 
Pennsylvania in January. Average temperatures based on weather.com 
are estimated to be 20-30 degrees Fahrenheit.  
Which of the following is TRUE for the Mix design used? 
A-Decrease Air content 
B-Increase Air content 
C-Air content has NO effect 
D- No need for a slump test 


