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Abstract: This paper express a new application of determining compressive strength of concrete different from the 

conventional ways using experimental analysis through calibrations and development of empirical models techniques. 

Although previous concepts has been generating results to monitor the compressive strength of concrete, but the purpose of 

these study is to develop another method of compressive strength different from experimental and empirical solution, thus 

express the advantage of these application compared to other conventional method in concrete strength development. The 

application of deterministic model in the development of locally occurring 3/8 gravel aggregate concrete at its natural has 

definitely generated it advantage; it has been observed that these two different materials selected at different mix proportion 

has also not been thorough monitored applying this type of modeling techniques. These are to determine its compressive 

strength using this type of predictive model. These concept were used to predict the compressive strength of locally occurring 

3/8 gravel concrete at different water cement ratios and curing age, simulating these model generated predictive values that has 

expressed the behaviour of strength development from different water cement ratios and curing age, the graphical 

representations shows there various rates of compressive strength at different mix proportions and age, the strength 

development from these local materials has been expressed through the developed model, some effects that has generated some 

decline in compressive strength in some mix proportions were also observed, these influences are from variation of concrete 

porosity and permeability, these are reflected on the fluctuation of compressive strength at different figures expressed through 

graphical representation, the study is imperative because the developed model can be applied to monitor the behaviour of 

strength development of all in one aggregates in natural state including selective material that form other normal granite 

aggregate concrete, predicting there various compressive strength at different ages including every twenty four hour thus 

interval of seven days to ninety days, these are new concept that can be applied to monitor compressive strength of concrete. 
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1. Introduction 

All concrete need curing in order that cement hydration can 

continue so as to allow for advance in strength, durability and 

other mechanical characteristics. To acquire high-quality 

concrete, the placing of a suitable mix must be applied 

followed by curing in a appropriate environment, particularly 

during the early phase of hardening. According to Neville [6, 

7, and 8] refers to curing as the procedure of protecting 

concrete for a particular period of time after placement, to give 

moisture for hydration of the cement, to provide appropriate 

temperature and to guard the concrete from damage by loading 

or mechanical disturbance Curing is designed first and 

foremost to keep the concrete moist by avoiding loss of 

dampness from it throughout the time in which it is gaining 

strength. Curing can be attain by keeping the concrete 

component completely soaked or as much soaked as possible 

until the water-filled spaces are substantially reduced by 

hydration products [4, 11, 12, 13, and 14]. It is observed that 

when concrete is not cured and is allowed to dry in air, it will 
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increase only 50% of the strength of continuously cured 

concrete [5]. Further more if concrete is cured for just only 

three days, it will attain up to 60% of the strength of 

continuously cured concrete; in most cases, if it is cured for 

seven days, it will definitely reach 80% of attained strength of 

continuously cured concrete. But if curing concrete stops for 

some period and then recommenced again, it will observed that 

the strength attained will also stop and reactivate [5]. More so 

when a concrete is not well cured, especially at the early 

period of curing, it will not attained the essential properties at 

desired level due to a lesser degree of hydration, this implies 

that it will suffer from irreversible loss [7, 9]. Inappropriate 

curing would involve inadequate moisture and this has been 

observed to generate cracks, compromise strength, and 

decrease long-term durability [8, 10, 11, and 12]. There are 

factors on curing process including quality and quantity of 

cement used in a mix, grading of aggregates, maximum 

nominal size, shape and surface texture of aggregate [2] more 

so the applications of water/cement ratios, degree of 

compaction [2] the presence or depositions of some clayey 

particles and organic matter in the mix [3]. 

2. Governing Equation 
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                (1) 

Nomenclature 

Cm=Compressive strength 

WC=Water Cement Ratio 

Vs=vertical Strain 

β=Concrete porosity 

G=specific gravity 

Z, L=Curing Age 

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. Materials and Method 

ELE England made concrete compressive machine was 

used. It consists of a measuring gauge with two indicator or 

pointer (black and red). The indicator must be set to zero 

mark before testing. Load is applied to test specimen through 

two steel loading platforms, with a fixed upper platform and 

an upward moving lower platform. The lower platform has 

marking which help in centralizing a test specimen to receive 

the concentric load. At failure, the black pointer drops back 

to zero and red pointer remains in position to give the reading 

of the failure load, after the reading has been taken, a knob is 

adjusted to release the lower platform to former position. 

4. Results and Discussion 

Results and discussion are presented in tables including 

graphical representation of predictive values for compressive 

strength. 

Table 1. Predictive Values of Compressive Strength at Different Curing Age. 

Curing Age [Days][0.45] Predictive Model [Com Strength] N/mm2 

7 6.78 

8 7.13 

9 7.29 

10 7.46 

11 7.63 

12 7.8 

13 7.97 

14 8.15 

15 8.34 

16 8.52 

17 8.72 

18 8.91 

19 9.12 

20 9.32 

21 9.53 

22 9.74 

23 9.96 

24 10.18 

25 10.42 

26 10.65 

27 10.89 

28 11.13 

60 10.11 

90 8.51 

Table 2. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 

Curing Age [Days] 

[0.45] 

Predictive 

Values[N/mm2] 

Experimental values 

[N/mm2] 

7 6.78 6.788 

8 7.13 6.851 

9 7.29 7.155 

10 7.46 7.45 

11 7.63 7.733 

12 7.8 8.007 

13 7.97 8.408 

14 8.15 8.536 

15 8.34 8.792 

16 8.52 9.006 

17 8.72 9.233 

18 8.91 9.45 

19 9.12 9.659 

20 9.32 9.86 

21 9.53 10.051 

22 9.74 10.235 

23 9.96 10.411 
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Curing Age [Days] 

[0.45] 

Predictive 

Values[N/mm2] 

Experimental values 

[N/mm2] 

24 10.18 10.578 

25 10.42 10.738 

26 10.65 10.891 

27 10.89 11.039 

28 11.13 11.174 

60 10.11 12.9 

90 8.51 13.29 

Table 3. Predictive values of compressive strength at different curing age. 

[WC 0.50] [Days] Curing Age Predictive Values [Comp SGT] [N/mm2] 

7 4.35 

14 5.55 

21 6.1 

28 10.46 

60 8.85 

90 8.53 

Table 4. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 

WC[0.50][Days] 

Curing Age 

Predictive Values 

[N/mm2][Comp SGT] 

Experimental 

values[N/mm2] [Comp 

SGT] 

7 4.35 6 

14 5.55 7.71 

21 6.1 7.78 

28 10.46 10.62 

60 8.85 9.33 

90 8.53 5.56 

Table 5. Predictive Values of Compressive Strength at Different curing Age. 

[WC 0.55] [Days]Curing Age Predictive Values[N/mm2] [Comp SGT] 

7 6.79 

14 11.08 

21 8.75 

28 11.19 

60 8.1 

90 8.2 

Table 6. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 

[WC 0.55] [Days] 

Curing Age 

Predictive Values[N/mm2] 

[Comp SGT] 

Experimental values 

[N/mm2][Comp SGT] 

7 6.79 6.82 

14 11.08 10.22 

21 8.75 9.04 

28 11.19 11.85 

60 8.1 8.93 

90 8.2 9.56 

Table 7. Predictive Values of Compressive Strength at Different curing Age. 

[WC 0.60] [Days]Curing Age Predictive Values[N/mm2] [Comp SGT] 

7 9.65 

14 10.85 

21 14.29 

28 10.72 

60 8.42 

90 11.94 

Table 8. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 

[WC 0.60] 

[Days]Curing Age 

Predictive 

Values[N/mm2] 

[Comp SGT] 

Experimental 

values[N/mm2] [Comp 

SGT] 

7 9.65 10.5 

14 10.85 11.26 

21 14.29 16 

28 10.72 11.52 

60 8.42 8.93 

90 11.94 9.56 

Table 9. Predictive Values of Compressive Strength at Different curing Age. 

[WC 0.65] [Days] Curing Age Predictive Values [N/mm2] [Comp SGT] 

7 8.82 

14 8.33 

21 11.86 

28 13.21 

60 16.92 

90 10.64 

Table 10. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 

[WC 0.65] 

[Days]Curing Age  

Predictive 

Values[N/mm2] [Comp 

SGT] 

Experimental 

values[N/mm2] [Comp 

SGT] 

7 8.82 8.89 

14 8.33 8.89 

21 11.86 11.85 

28 13.21 12.45 

60 16.92 17.78 

90 10.64 10.67 

Table 11. Predictive Values of Compressive Strength at Different curing Age. 

[WC 0.70][Days] Curing Age Predictive Values[N/mm2] [Comp SGT] 

7 10.28 

14 10.49 

21 13.59 

28 13.88 

60 18.67 

90 9.84 

Table 12. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 

[WC 0.70] [Days] 

Curing Age 

Predictive Values 

[N/mm2][Comp 

SGT] 

Experimental 

values[N/mm2] [Comp 

SGT] 

7 10.28 10.69 

14 10.49 11.26 

21 13.59 14.96 

28 13.88 13.63 

60 18.67 17.33 

90 9.84 10.23 

Table 13. Predictive Values of Compressive Strength at Different curing Age. 

[WC 0.75] [Days] Curing Age Predictive Values[N/mm2] [Comp SGT] 

7 6.56 

14 9.55 

21 11.37 

28 9.76 

60 10.61 

90 10.97 
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Table 14. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 

[WC 0.75] 

[Days]Curing Age  

Predictive 

Values[N/mm2] [Comp 

SGT] 

Experimental 

values[N/mm2] [Comp 

SGT] 

7 6.56 6.67 

14 9.55 9.19 

21 11.37 11.41 

28 9.76 9.93 

60 10.61 11.11 

90 10.97 11.98 

Table 15. Predictive Values of Compressive Strength at Different curing Age. 

[WC [0.80][Days]Curing Age Predictive Values[N/mm2] [Comp SGT] 

7 6.19 

14 8.01 

21 10.31 

28 10.31 

60 12.1 

90 10.18 

Table 16. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 

[WC [0.80] [Days] 

Curing Age 

Predictive 

Values[N/mm2] [Comp 

SGT] 

Experimental values 

[N/mm2][Comp SGT] 

7 6.19 5.78 

14 8.01 8.31 

21 10.31 9.78 

28 10.31 10.81 

60 12.1 11.11 

90 10.18 10.67 

Table 17. Predictive Values of Compressive Strength at Different curing Age. 

[WC [0.85][Days]Curing Age Predictive Values [N/mm2][Comp SGT] 

7 5.17 

14 10.13 

21 10.14 

28 11.01 

60 9.66 

90 11.49 

Table 18. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 

[WC [0.85] [Days] 

Curing Age 

Predictive 

Values[N/mm2] 

[Comp SGT] 

Experimental 

values[N/mm2] [Comp 

SGT] 

7 5.17 5.33 

14 10.13 9.63 

21 10.14 9.93 

28 11.01 10.52 

60 9.66 10.67 

90 11.49 11.12 

Table 19. Predictive Values of Compressive Strength at Different curing Age. 

[WC [0.90] [Days] Curing Age Predictive Values[N/mm2] [Comp SGT] 

7 6.45 

14 10.03 

21 10.15 

28 11.72 

60 11.06 

90 11.06 

Table 20. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 

[WC [0.90] [Days] 

Curing Age 

Predictive 

Values[N/mm2] [Comp 

SGT] 

Experimental 

values[N/mm2] [Comp 

SGT] 

7 6.45 7.11 

14 10.03 10.37 

21 10.15 9.63 

28 11.72 12.15 

60 11.06 9.78 

90 11.06 13.12 

Table 21. Predictive Values of Compressive Strength at Different curing Age. 

[WC [0.95][Days]Curing Age Predictive Values [N/mm2][Comp SGT] 

7 4.28 

14 4.61 

21 4.97 

28 5.4 

60 7.49 

90 6.87 

Table 22. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 

[WC [0.95] [Days] 

Curing Age 

Predictive 

Values[N/mm2] 

[Comp SGT] 

Experimental 

values[N/mm2] [Comp 

SGT] 

7 4.28 4.41 

14 4.61 4.89 

21 4.97 5.11 

28 5.4 6.22 

60 7.49 7.56 

90 6.87 7.34 

 

Figure 1. Predictive Values of Compressive Strength at Different curing Age. 

 

Figure 2. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 
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Figure 3. Predictive Values of Compressive Strength at Different curing Age. 

 

Figure 4. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 

 

Figure 5. Predictive Values of Compressive Strength at Different curing Age. 

 

Figure 6. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 

 

Figure 7. Predictive Values of Compressive Strength at Different curing Age. 

 

Figure 8. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 

 

Figure 9. Predictive Values of Compressive Strength at Different curing Age. 

 

Figure 10. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 
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Figure 11. Predictive Values of Compressive Strength at Different curing 

Age. 

 

Figure 12. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 

 

Figure 13. Predictive Values of Compressive Strength at Different curing 

Age. 

 

Figure 14. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 

 

Figure 15. Predictive Values of Compressive Strength at Different curing 

Age. 

 

Figure 16. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 

 

Figure 17. Predictive Values of Compressive Strength at Different curing 

Age. 

 

Figure 18. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 
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Figure 19. Predictive Values of Compressive Strength at Different curing 

Age. 

 

Figure 20. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 

 

Figure 21. Predictive Values of Compressive Strength at Different curing Age. 

 

Figure 22. Predictive and Experimental Values for Compressive Strength at 

Different Curing Age. 

Figure one express the rate of compression influences by 

the rate of compaction pressured by the level of 

permeability in the concrete, gradual increase were 

observed between seven to twenty eight days at every 

twenty four hours, slight decline rate were experiences 

between sixty and ninety days, but not at every twenty four 

hours. Figure two express the comparative rate between the 

predictive and experimental values, the predicted and the 

experimental values maintained best fits expressing the 

validation of the model from predictive condition. Figure 

three experiences fluctuation on exponential rate to the 

optimum strength recorded at twenty eight days, but 

experiences slight decrease in compression strength, while 

figure four expressed similar condition, both parameters 

maintained vacillation to the optimum level thus with slight 

decrease in compression between sixty and ninety days. 

Figure five express gradual increase to a point where 

fluctuation were observed, but at twenty eight days sudden 

decrease in concrete compression were experienced 

between sixty and ninety days. Figure six experienced 

gradual increase in compression between experimental and 

predictive values, both parameters developed best fits 

fluctuation were between fourteen and twenty eight days, 

slight decrease were observed between sixty and ninety 

days. Figure seven observed gradual increase to attain its 

maximum strength at twenty one days, sudden decrease in 

compression were observed between twenty eight and sixty 

day with slight increase at ninety days. Figure eight 

expressing comparative expression between predictive and 

experimental, best fits were recorded between both 

parameters decreasing slightly between sixty and ninety 

days. Figure nine gradual increases to the optimum values 

at sixty days sudden decrease were experiences at ninety 

days. Figure ten maintained best fits between predictive and 

experimental, gradual compressive strength were 

experiences to the optimum at sixty with slight decrease at 

ninety days. Figure Eleven expresses slight between seven 

and twenty eight days, exponential rate of compression 

were experiences at sixty days were the optimum values 

were recorded, sudden decrease were recorded at ninety 

days. Figure twelve maintained fitness, both parameters 

express slight vacillation between seven and twenty eight 

days with slight decline in compressive strength. Figure 

thirteen express a fast increase in strength to the optimum 

values at twenty one days, sudden decline in compressive 

strength was observe at twenty eight days with slight 

increase between sixty and ninety days. Similar condition 

were experienced in figure fourteen, the predictive and 

experimental values expressed the rate of compressive 

strength in similar condition, rapid increase was observed 

between seven and twenty one days, while sudden decrease 

was observed with slight increase between sixty and ninety 

days with best fits, between the predictive and experimental 

values. Figure fifteen express it rate of compressive 

strength with rapid increase between seven and twenty one 

days, fluctuation were observed between twenty eight and 

sixty days were the optimum values was observed, slight 

decline were experienced at ninety days. Figure sixteen 

express best fits between experimental and predictive, but 
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the experimental express slight decline at sixty days 

compare to predictive. Figure seventeen express rapid 

increase in compressive strength thus experiences 

fluctuation between twenty one and sixty days to the point 

where the optimum values was recorded at ninety days. 

Figure eighteen maintained similar condition by expressing 

fitness between predictive and experimental values, but the 

experimental values maintained linear increase between 

sixty and ninety days. Figure nineteen express an increase 

between seven and twenty eight were the optimum values 

were recorded, it also express slight decrease in 

compressive strength. Figure twenty express it rate of 

fitness between the predictive and experimental values, 

fluctuation were recorded between twenty one and twenty 

eight days of compressive strength, but the experimental 

were slightly higher than predictive as it maintained decline 

from sixty and ninety days. Figure twenty one maintained 

gradual increase in compressive strength to the point where 

the optimum vales was recorded at sixty days with slight 

decline at ninety days. While figure twenty two express 

comparison between the predictive and experimental 

values, fitness was observed were the optimum was 

recorded at sixty days thus slight declined was experienced 

at ninety days. 

5. Conclusion 

Application of deterministic model to develop 

compressive strength of concrete was carried through 

simulation. This to monitor developed strength at every 

twenty four hours including seven days intervals to ninety 

days, the behaviour of the concrete made from local 

occurring 3/8 gravel has express various compressive 

strength rate at different curing age, these process were 

shows from the predictive values the variation of mix 

proportions and compaction at different concrete formation, 

the developed model through simulation express the 

fluctuation of some concrete sample base on the influences 

from variation of porosity and permeability’s in some 

concrete formation. Mix design variation were observed to 

influences some fluctuation experiences from the predicted 

values, experimental values from locally occurring 3/8 

gravel were compared with predicted values, both 

parameters express favorable fits, several experts has been 

applying experimental values thus empirical model concept, 

but the application of deterministic modeling approach has 

not been applied, these concept has predicted the 

developing strength of locally occurring 3/8 at every twenty 

four hours interval at the same time the normal 

conventional monitoring of seven days interval to n ninety 

days. The compressive strength development has been 

monitored at every twenty four hour interval applying this 

model, it has also express variation of strength developed as 

most concrete even developed optimum strength before 

twenty eight days, similar condition were also observed on 

the monitoring of the strength each day of curing. The study 

has express several advantage from the developed model. 
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