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Abstract 

The quality of concrete used in any construction work is a function of its compressive strength. 

In this paper, analytical models are formulated to predict the compressive strength of lightweight 

aggregate concrete using the concept of wave propagation in a prismatic rod. The results 

obtained from the analytical models were compared with those of the measured values obtained 

from literature which served as the exact values and were found to agree closely. For both the 

measured and the predicted values, the compressive strength for all the mixes was found to 

decrease with increase in water-cement ratio and increase with increase in days. The correlation 

coefficient between the measured and the predicted values was found to be 0.9672 showing the 

efficiency of the formulated model in the prediction of compressive strength of lightweight 

aggregate concrete.  
 

Keywords: Analytical models, compressive strength, lightweight aggregate concrete, wave 

propagation, prismatic rod. 
 

 

1. Introduction 

The use of lightweight aggregate concrete as a structural material is of paramount importance in 

the construction industry compared to the use of conventional concrete. Lightweight aggregate 

concrete is a low-density structural material that offers a lot of advantages in the building and 

construction industries. For instance, it has low thermal conductivity, it is economical both in 

terms of haulage and handling costs. Lightweight aggregate concrete when used in structural 

floors reduces the self-weight of reinforced concrete floors. 
 

The evaluation of compressive strength of lightweight aggregate concrete is a task of paramount 

importance in both the building and construction industries as it is a good indicator of concrete 

quality [1-6]. Experimental results of the compressive strength of lightweight aggregate concrete 

are not sufficient to evaluate the quality of concrete as the results are only empirical [7-9]. 

The production of concrete for building and other civil engineering works is always a difficult 

task both to civil engineers and project owners due to increasing cost of aggregate as well as the 

difficulty in locating other materials to serve as substitute materials for civil engineering 

construction. As a result, the rate of consumption of aggregates in building and other civil 

engineering works is increasing. According to Kamang and Bingila [10], it is now possible to 

produce aggregates from almost anything provided it possesses attributes that can be tailored so 

as to produce the desirable properties in concrete. Lightweight aggregate concrete is indeed a 

promising structural material. However, the failure which occurs in the concrete made from it 

may be traceable to the missing knowledge concerning the compressive strength of the concrete 

made from it. To overcoming this shortcoming, analytical models were formulated to predict the 
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compressive strength of lightweight aggregate concrete. It is believed that research into the 

prediction of compressive strength of lightweight aggregate concrete will help in optimum 

utilization of lightweight aggregate in concrete production. The formulated models are simple 

and straightforward and not mathematically cumbersome. 
 

2. Development of Analytical Models 

Using the concept of wave propagation in an elastic medium, the dynamic modulus of elasticity 

is given by: 

  
 
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vv
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
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2112          (1) 

Where: 2V = square of velocity of wave in concrete as an elastic medium. 

Putting 20.0'  ratiospoissonv  for concrete loaded in compression, equation (1) transform to: 

290.0 VEd             (2) 

According to Reynolds and Steedman, the volume fraction of cement in the concrete paste using 

principle of absolute volume is given by: 
2
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Where 

axcVc             (4) 

aandxc,  are cement, water and air content respectively. 

= Total volume of concrete. 

The concrete compressive strength is a function of cement, water and air content respectively.  

In compact form, the compressive strength is given as: 

),,( axcfc             (5) 

 Dividing both top and bottom of equation (3) by c transforms equation (3) to: 
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For fully compacted concrete, air content is assumed to be zero. 

0
c

a
a  and          (7) 

equation (6) transforms to: 
2
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The higher the modulus of elasticity, the stronger the concrete. Therefore, multiplying equation 

(8) by the dynamic modulus of elasticity of concrete gives the compressive strength of concrete a 

particular water-cement ratio as: 


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Substituting for dE  in equation (9) transforms equation (9) to: 
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Concrete develops strength with continued hydration. Therefore, an age factor,   is 

incorporated in the compressive strength equation to cater for increase in strength of concrete 

with age.  

1  for concrete of age 28 days [3] 

and 16.1  for 90 days concrete [3] 

Incorporating the effect of age on the compressive strength of concrete transforms equation (10) 

to: 
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Equation (11) is used to predict the compressive strength of lightweight aggregate concrete at a 

particular water cement ratio. 
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Table 1: Comparison of results of the analytical model with the measured values. 

Concrete mix = 1:1.6:2.4 

Water cement ratio = 0.40 

Compressive Strength 

)/( 2mmNc  

7days 14days 28days 90days 

Expt. [ 10] 13.70 14.80 16.61 23.90 

Analytical model 13.82 16.32 16.42 22.08 

 

Table 2: Comparison of results of the analytical model with the measured values. 
Concrete mix = 1:1.6:2.4 

Water cement ratio = 0.50 

Compressive Strength 

)/( 2mmNc  

7days 14days 28days 90days 

Expt. [ 10] 8.30 10.00 10.50 15.0 

Analytical model 9.46 10.86 14.65 18.22 
 

Table 3: Comparison of results of the analytical model with the measured values. 
Concrete mix = 1:1.6:2.4 

Water cement ratio = 0.60 

Compressive Strength 

)/( 2mmNc  

7days 14days 28days 90days 

Expt. [ 10] 8.10 9.20 10.0 15.90 

Analytical model 7.56 9.17 11.66 14.65 
 
 

Table 4: Comparison of results of the analytical model with the measured values. 
Concrete mix = 1:1.6:2.4 

Water cement ratio = 0.70 

Compressive Strength 

)/( 2mmNc  

7days 14days 28days 90days 

Expt. [ 10] 6.6 6.6 8.3 9.10 

Analytical model 5.4 6.71 9.96 12.20 

 

Table 5: Comparison of results of the analytical model with the measured values. 
Concrete mix = 1:2:2 

Water cement ratio = 0.4 

Compressive Strength 

)/( 2mmNc  

7days 14days 28days 90days 

Expt. [ 10] 10.50 13.1 14.8 21.1 

Analytical model 11.67 15.86 18.0 22.4 
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Table 6: Comparison of results of the analytical model with the measured values. 
Concrete mix = 1:2:2 

Water cement ratio = 0.50 

Compressive Strength 

)/( 2mmNc  

7days 14days 28days 90days 

Expt. [ 10] 9.7 12.0 13.50 18.50 

Analytical model 8.93 12.06 13.24 17.4 
 

Table 7: Comparison of results of the analytical model with the measured values. 
Concrete mix = 1:2:2 

Water cement ratio = 0.60 

Compressive Strength 

)/( 2mmNc  

7days 14days 28days 90days 

Expt. [ 10] 7.2 8.9 9.80 15.8 

Analytical model 7.41 9.17 11.19 14.11 

 

Table 8: Comparison of results of the analytical model with the measured values. 
Concrete mix = 1:2:2 

Water cement ratio  = 0.7 

Compressive Strength 

)/( 2mmNc  

7days 14days 28days 90days 

Expt. [ 10] 5.2 6.9 8.30 13.0 

Analytical model 5.36 7.92 9.40 11.96 

 

Table 9: Comparison of results of the analytical model with the measured values. 
Concrete mix = 1:2.4:1.6 

Water cement ratio = 0.4 

Compressive Strength 

)/( 2mmNc  

7days 14days 28days 90days 

Expt. [ 10] 13.20 13.5 14.01 19.20 

Analytical model 11.32 15.2 18.3 23.79 

 

Table 10: Comparison of results of the analytical model with the measured values. 
Concrete mix = 1:2.4:1.6 

Water cement ratio = 0.50 

Compressive Strength 

)/( 2mmNc  

7days 14days 28days 90days 

Expt. [ 10] 9.6 10.15 11.10 17.60 

Analytical model 9.16 12.10 14.3 18.22 

 

 

 

 

1809

International Journal of Engineering Research & Technology (IJERT)

Vol. 2 Issue 10, October - 2013

IJ
E
R
T

IJ
E
R
T

ISSN: 2278-0181

www.ijert.orgIJERTV2IS101038



Table 11: Comparison of results of the analytical model with the measured values. 
Concrete mix = 1:2.4:1.6 

Water cement ratio = 0.60 

Compressive Strength 

)/( 2mmNc  

7days 14days 28days 90days 

Expt. [ 10] 7.9 9.0 10.90 16.5 

Analytical model 7.5 10.25 11.30 14.62 

 

Table 12: Comparison of results of the analytical model with the measured values. 
Concrete mix = 1:2.4:1.6 

Water cement ratio = 0.70 

Compressive Strength 

)/( 2mmNc  

7days 14days 28days 90days 

Expt. [ 10] 7.4 8.10 10.2 15.70 

Analytical model 5.74 8.80 10.2 12.30 

 

3. Discussion of Result 
 

Both the experimental and predicted values of compressive strength agreed closely. From 

Tables 1 -12, it can be seen that both the experimental and predicted values at water-cement 

ratios of 0.4, 0.5, 0.6 and 0.7 agreed closely. 
 

Results from Table 1 to 12 showed continued strength growth up to 90days for each mix 

proportion for both experimental and predicted values. In all, the mixes with 0.4 water- 

cement ratio showed the highest value-for the compressive strength for both the measured 

and the predicted values. For both the experimental and predicted values, the compressive 

strength for all concrete mixes decreased with increase in water-cement ratio. This decrease 

may be attributed to free water content of the fresh concrete which increased the volume of 

the pores left in the hardened concrete thereby reducing the gel - space ratio which 

contributes to the strength of hardened concrete. 
 

4. Conclusion 

Based on the comparison between the results of the formulated analytical model and 

experimental results the following conclusions are drawn.  

(i) The proposed analytical model results showed close agreement with the experimental 

values showing that it can be used as a tool to predict concrete compressive strength 

from ultrasonic pulse velocity. 
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(ii) For both the measured and predicted values, the compressive strength decreased with 

increase in water-cement ratio and increased with increase in concrete age or 

maturity. 

(iii) The formulated model can be used to predict the compressive strength of normal 

concrete. 
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