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Abstract: Concrete densities varies base on some level of mix design, several experts has express the densities of concrete 

using various grades of coarse aggregate in there mix design, these study are to express the behaviour of locally occurring 3/8 

gravel concrete also known as all in one aggregate 3/8 Aggregate gravel concrete. The development of concrete densities 

variation from experimental values compared with deterministic model simulation values were carried out in table and figures, 

from the graphical representation, fluctuation were observed in some values, while linear increase were express in some 

values, these fluctuation from the simulation values has also reflected the rate of concrete porosity varying at different water 

cement ratio and curing age, the heterogeneity of these densities from the predictive values are through variation from these 

porosity and mix proportions, water cement ratios variation were also observed to influenced the rate of concrete densities, the 

prediction of concrete densities at interval of seven day are the normal methods of monitoring concrete properties, but the 

developed model are predicting the increase of concrete densities at every twenty four hours, these method are new developed 

concept that can also be applied to predict other concrete parameters or properties. 
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1. Introduction 

British techniques of concrete mix design make use of 

British test data; this can be applied for concrete containing 

fly ash or gabs [2]. None of these techniques offer the 

traditional curves that thoroughly express the correlation 

between w/c ratio and the strength by examine concretes 

made with chemical admixtures [4, 5]. On the contrary HPC 

normally contains both pozzolanic and chemical admixtures. 

It has been an established fact that HPC mixes can be 

prepared without the use of mineral admixtures but cannot be 

without the chemical admixtures [3, 6, 7, 8, 9, 10, 11, 12, 13, 

and 14]. Normal concrete strength depend on mix design of 

NSC, it is based primarily on the w/c ratio law first proposed 

by Abrams in 1918 [5]). However, to attained high strength 

concretes, all the mechanism of the concrete mixture should 

be pressed to their limits. In HPC there are numerous other 

factors that must be considered, thus selection of ingredients 

and their suitable proportions area always difficult. Also it is 

too expensive and time consuming to apply the traditional 

empirical concepts of making alternative trial mixes of all 

possible mixture to arrive at the optimum mix. Thus, the 

measures of obtainable mix design techniques that are 

normally adopted for designing NSC mixes may not be 

precisely used for designing HPC mixes [1]. 

2. Governing Equation 
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Equation (1) is solve using method of separation of 

variable whereby we let C (z, l) =Z (z) L (l). 
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Therefore, we have a solution of the forms;  
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Which when combine gives equation (4) as thus; 
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3. Material and Methods 

Base on BS 1881 part 114 of (1983) the cubes had been 

cured; they were dried under the laboratory temperature and 

weight using a weighing machine. The volume of the cube 

was found and the densities were obtained by dividing the 

mass by the volume. The generated results were subjected 

deterministic modeling approach, these results generated 

expressed mathematical equation for different densities 

characterized 3/8 gravel on washed and unwashed 3/8 

aggregate gravel concrete at different curing age. The 

expressed equations form analytical solution through the 

parameters stated in nomenclature will be applied to predict 

the variation of densities made with locally occurring 3/8 

aggregate concrete at different curing time. 

4. Results and Discussion 

Results and discussion are presented in tables including 

graphical representation of predictive values for density of 

concrete made with locally occurring 3/8 aggregate gravel. 

Table 1. Predictive Values of Concrete Density at Different Curing Age. 

Curing Age [Days][0.45] Density of Concrete [kgm3] 

7 2168.93 

8 2173.73 

9 2178.54 

10 2183.36 

11 2188.18 

12 2193.02 

13 2202.73 

14 2207.6 

15 2212.48 

16 2217.37 

17 2222.28 

18 2222.28 

19 2227.19 

20 2232.12 

21 2237.05 

22 2242 

23 2246.96 

24 2251.92 

25 2256.9 

Curing Age [Days][0.45] Density of Concrete [kgm3] 

26 2261.89 

27 2266.9 

28 2271.91 

Table 2. Predictive and Experimental Values for Concrete Density at 

Different Curing Age. 

Curing Age [Days] 

[0.45] 

Predictive Values 

[kgm3] 

Experimental Values 

[kgm3] 

7 2168.93 2169.83 

8 2173.73 2174.67 

9 2178.54 2179.52 

10 2183.36 2184.3 

11 2188.18 2189.2 

12 2193.02 2194.09 

13 2202.73 2198.84 

14 2207.6 2203.67 

15 2212.48 2208.51 

16 2217.37 2213.34 

17 2222.28 2218.18 

18 2222.28 2223.01 

19 2227.19 2227.84 

20 2232.12 2232.68 

21 2237.05 2237.51 

22 2242 2242.34 

23 2246.96 2247.18 

24 2251.92 2252.02 

25 2256.9 2256.85 

26 2261.89 2261.68 

27 2266.9 2266.51 

28 2271.91 2271.35 

Table 3. Predictive Values of Concrete Density at Different Curing Age. 

Curing Age [Days] [0.50] Density of Concrete [kgm3] 

7 2329.71 

8 2334.03 

9 2338.37 

10 2342.71 

11 2347.06 

12 2351.42 

13 2355.77 

14 2360.16 

15 2364.55 

16 2368.94 

17 2373.34 

18 2377.74 

19 2382.16 

20 2386.58 

21 2391.02 

22 2395.46 

23 2399.9 

24 2404.36 

25 2406.42 

26 2408.83 

27 2413.3 

28 2422.27 

Table 4. Predictive and Experimental Values for Concrete Density at 

Different Curing Age. 

Curing Age 

[Days] [0.50] 

Predictive Values 

[kgm3] 

Experimental Values 

[kgm3] 

7 2329.71 2325.83 

8 2334.03 2332.67 

9 2338.37 2335.52 

10 2342.71 2344.32 

11 2347.06 2349.21 
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Curing Age 

[Days] [0.50] 

Predictive Values 

[kgm3] 

Experimental Values 

[kgm3] 

12 2351.42 2354.09 

13 2355.77 2358.84 

14 2360.16 2363.67 

15 2364.55 2358.51 

16 2368.94 2363.34 

17 2373.34 2378.18 

18 2377.74 2373.01 

19 2382.16 2387.84 

20 2386.58 2382.68 

21 2391.02 2397.51 

22 2395.46 2392.34 

23 2399.9 2387.18 

24 2404.36 2406.02 

25 2406.42 2408.85 

26 2408.83 2405.68 

27 2413.3 2416.51 

28 2422.27 2421.35 

Table 5. Predictive Values of Concrete Density at Different Curing Age. 

Curing Age [Days] [0.55] Density of Concrete [kgm3] 

7 1756.96 

8 188.87 

9 2032.81 

10 2186.58 

11 2351.97 

12 2529.88 

13 2721.24 

14 2097.34 

15 2202.91 

16 2313.78 

17 2430.24 

18 2525.52 

19 2681.04 

20 2815.99 

21 2327.6 

22 2390.76 

23 2481.14 

24 2575.4 

25 2673 

26 2771.47 

27 2879.55 

28 2444.94 

Table 6. Predictive and Experimental Values for Concrete Density at 

Different Curing Age. 

Curing Age [Days] 

[0.55] 

Predictive Values 

[kgm3] 

Experimental Values 

[kgm3] 

7 1756.96 1725.83 

8 1888.87 1882.67 

9 2032.81 2035.52 

10 2186.58 2184.32 

11 2351.97 2349.81 

12 2529.88 2534.99 

13 2721.24 2728.84 

14 2097.34 2083.67 

15 2202.91 2208.81 

16 2313.78 2318.34 

17 2430.24 2428.18 

18 2525.52 2523.01 

19 2681.04 2687.84 

20 2815.99 2812.68 

21 2327.6 2337.51 

22 2390.76 2392.34 

23 2481.14 2387.18 

Curing Age [Days] 

[0.55] 

Predictive Values 

[kgm3] 

Experimental Values 

[kgm3] 

24 2575.4 2566.02 

25 2673 2678.85 

26 2771.47 2775.68 

27 2879.55 2876.51 

28 2444.94 2441.85 

Table 7. Predictive Values of Concrete Density at Different Curing Age. 

Curing Age [Days] [0.60] Density of Concrete [kgm3] 

7 1277.92 

8 1375.37 

9 1480.24 

10 1593.58 

11 1645.32 

12 1845.58 

13 1986.03 

14 1531.56 

15 1609.56 

16 1709.54 

17 1777.68 

18 1868.21 

19 1963.35 

20 2063.34 

21 1688.77 

22 1753.23 

23 1821.28 

24 1891.39 

25 1964.18 

26 2039.79 

27 2118.31 

28 2199.84 

Table 8. Predictive and Experimental Values for Concrete Density at 

Different Curing Age. 

Curing Age 

[0.60] 

Predictive Values 

[kgm3] 

Experimental Values 

[kgm3] 

7 1277.92 1725.83 

8 1375.37 1882.67 

9 1480.24 2035.52 

10 1593.58 2184.32 

11 1645.32 2349.81 

12 1845.58 2534.99 

13 1986.03 2728.84 

14 1531.56 2083.67 

15 1609.56 2208.81 

16 1709.54 2318.34 

17 1777.68 2428.18 

18 1868.21 2523.01 

19 1963.35 2687.84 

20 2063.34 2812.68 

21 1688.77 2337.51 

22 1753.23 2392.34 

23 1821.28 2387.18 

24 1891.39 2566.02 

25 1964.18 2678.85 

26 2039.79 2775.68 

27 2118.31 2176.51 

28 2199.84 2441.85 

Table 9. Predictive Values of Concrete Density at Different Curing Age. 

Curing Age [Days] [0.65] Density of Concrete [kgm3] 

7 2106.83 

8 2111.28 

9 2115.62 

10 2119.97 
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Curing Age [Days] [0.65] Density of Concrete [kgm3] 

11 2124.33 

12 2128.7 

13 2133.08 

14 2137.46 

15 2141.86 

16 2146.26 

17 2150.68 

18 2155.11 

19 2159.52 

20 2163.98 

21 2168.43 

22 2172.89 

23 2173.35 

24 2177.35 

25 2181.83 

26 2186.32 

27 2190.82 

28 2199.24 

Table 10. Predictive and Experimental Values for Concrete Density at 

Different Curing Age. 

Curing Age 

[0.65] [Days] 

Predictive Values 

[kgm3] 

Experimental Values 

[kgm3] 

7 2106.83 2109.83 

8 2111.28 2114.67 

9 2115.62 2119.52 

10 2119.97 2114.35 

11 2124.33 2129.26 

12 2128.7 2124.09 

13 2133.08 2138.84 

14 2137.46 2133.67 

15 2141.86 2144.51 

16 2146.26 2143.34 

17 2150.68 2148.18 

18 2155.11 2153.01 

19 2159.52 2157.84 

20 2163.98 2157.68 

21 2168.43 2167.51 

22 2172.89 2168.34 

23 2173.35 2171.18 

24 2177.35 2178.02 

25 2181.83 2179.85 

26 2186.32 2183.68 

27 2190.82 2186.51 

28 2199.24 2195.35 

Table 11. Predictive Values of Concrete Density at Different Curing Age. 

Curing Age [0.70] [Days] Density of Concrete [Kgm3] 

7 1301.59 

14 1606.4 

21 1982.62 

28 2446.92 

60 2418.62 

90 2477.13 

Table 12. Predictive and Experimental Values for Concrete Density at 

Different Curing Age. 

Curing Age [0.70] 

[Days] 

Predictive Values 

[Kgm3] 

Experimental values 

[Kgm3] 

7 1301.59 1277.92 

14 1606.4 1531.56 

21 1982.62 2063.34 

28 2446.92 2421.17 

60 2418.62 2418.62 

90 2477.13 2477.13 

Table 13. Predictive Values of Concrete Density at Different Curing Age. 

Curing Age [Days] Density of Concrete [Kgm3] 

7 1849.38 

14 2205.04 

21 2421.17 

28 2572.59 

60 2542.81 

90 2604.32 

Table 14. Predictive and Experimental Values for Concrete Density at 

Different Curing Age. 

Curing Age 

[Days] 

Predictive Values 

[Kgm3] 

Experimental values 

[Kgm3] 

7 1849.38 1827.92 

14 2205.04 2231.56 

21 2421.17 2413.34 

28 2572.59 2421.17 

60 2542.81 2518.62 

90 2604.32 2577.13 

Table 15. Predictive Values of Concrete Density at Different Curing Age. 

Curing Age [Days] Density of Concrete [Kgm3] 

7 1942.03 

14 2318.26 

21 2546.12 

28 2367.07 

60 2482.51 

90 2468.69 

Table 16. Predictive and Experimental Values for Concrete Density at 

Different Curing Age. 

Curing Age 

[Days] 

Predictive Values 

[Kgm3] 

Experimental values 

[Kgm3] 

7 1942.03 1827.92 

14 2318.26 2231.56 

21 2546.12 2413.34 

28 2367.07 2421.17 

60 2482.51 2518.62 

90 2468.69 2577.13 

 

Figure 1. Predictive Value concrete Density at Different Curing Age. 
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Figure 2. Predictive and Experimental Values for Concrete Density at 

Different Curing Age. 

 

Figure 3. Predictive Value concrete Density at Different Curing Age. 

 

Figure 4. Predictive and Experimental Values for Concrete Density at 

Different Curing Age. 

 

Figure 5. Predictive Values of Concrete Density at Different Curing Age. 

 

Figure 6. Predictive and Experimental Values for Concrete Density at 

Different Curing Age. 

 

Figure 7. Predictive Values of Concrete Density at Different Curing Age. 

 

Figure 8. Predictive and Experimental Values for Concrete Density at 

Different Curing Age. 

 

Figure 9. Predictive Values of Concrete Density at Different Curing Age. 
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Figure 16. Predictive and Experimental Values for Concrete Density at 

Different Curing Age. 

Concrete densities of different water cement ratios and 

curing age were express through graphical representation, the 

study express various influence that has effect on all in one 

aggregate for higher strength development, these were 

observed on the process of developing the model that 

generates predictive values. Figure one express linear 

increase with slight vacillation to the optimum values 

recorded at twenty eight days, similar condition were 

experiences in figure two, gradual increase of density were 

observed to some point where fluctuation was recorded 

between thirteen and eighteen days, these continue to the 

point where the optimum was recorded at twenty eight day 

with best fits of both parameters. Figure three express similar 
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condition like figure one, rapid increase in density were 

observed with slight fluctuation to the optimum density 

recorded at twenty eight days, figure four the experimental 

and predictive were compared to express linear increase at 

rapid rate with slight vacillation at the optimum values at 

twenty eight days, but the experiment generated fluctuation 

from seven to twenty days. Figure five developed fluctuation 

at every twenty four hours to optimum recorded at twenty 

seven days declining slight at twenty eight days. Figure six 

express fitness between the predictive and experimental 

values, the comparison maintained its fluctuation to the 

optimum values recorded at twenty seven with slight 

declined at twenty eight days. Figure seven maintained 

similar condition like figure five and six, fluctuation were 

experienced from every twenty four hours to the optimum 

values at twenty eight days, while figure eight express it 

increase of density in like manner where the predictive and 

experimental values developed best fits but the experimental 

were higher than the predictive vales. Figure nine developed 

linear increase of concrete density with slight fluctuation 

between twenty two and twenty five thus linear increases 

were observed to the optimum values recoded at twenty eight 

days. Figure ten in the same vein express it fitness between 

both parameters with slight fluctuation more from the 

experimental to the optimum values recorded at twenty eight 

days. Figure eleven express it rate of density at seven days 

intervals, gradual increase was recorded from seven to 

twenty eight day thus slight decline at sixty to the optimum 

values recoded at ninety days. Figure twelve expressions of 

both parameters was in like manner recorded at eleven, 

gradual increase was recorded from seven to twenty eight 

days with slight decline expressing linear increase to the 

optimum at ninety days, figure thirteen maintained similar 

condition like that of figure twelve, gradual increase to 

twenty one with slight decline in linear state to the optimum 

at ninety days, while figure fourteen maintained best fits 

between both parameters thus express gradual increase with 

slight fluctuation to the optimum at ninety days, figure fifteen 

gradually increase to the optimum values recorded at twenty 

one day thus developed slight decline in density thus 

maintaining linear increase to ninety days. Figure sixteen 

express best fit between predictive and experimental values, 

the optimum values between the two parameters was 

recorded at twenty one days, slight decline in density was 

observed in linear rate to ninety days 

5. Conclusion 

The study has defined the rate of density in concrete 

formations, the developed model monitored experimental 

evaluations, expressing through analytical solutions, it 

produced predicted values for densities. The concept of 

applying deterministic model is another new developed 

concept that can be used to predict concrete densities for 

local occurring 3/8 gravel for higher concrete strength, the 

developed model can be apply to predict other concrete 

formations. The developed model express variations in 

densities, these conditions reflect the variation of mix 

proportions including variation of concrete porosities. Some 

lower densities are base on pack distribution on the concrete 

formations reflecting from compactions variations including 

higher porosities, these conditions are reflected from lower 

densities, thus the compressive strength of the concrete. The 

developed model were compared with experimental values, 

both parameters express favorable fits, the heterogeneity of 

the concrete densities has predicted the rate of compressive 

strength variation, because the rate dense in concrete 

determined the rate of compressive strength, the prediction of 

the densities at very twenty four hours in some condition 

from the developed model has also determined the growth 

rate of density at every twenty four hours. 

Nomenclature 

CO = Concrete Density 

WC = Water Cement Ratio 

NO = Constant 

S = Stress 

G = specific gravity 

Z, L = Curing Age 
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