
                                                                                
International Journal of Engineering and Applied Sciences (IJEAS) 

 ISSN: 2394-3661, Volume-10, Issue-4, April 2023  
 

                                                                                              1                                                                     www.ijeas.org 

 

  
Abstract – Cement production is now inextricably linked to 
increased health risks and negative economic impacts. In order 
to make concrete that can entirely or partially replace cement 
in it while maintaining its structural validity and 
constructional suitability, it will be safer to use readily 
available, naturally occurring, and ecologically benign 
components. The primary objective of this study was to 
evaluate the structural characteristics of a three-binder 
concrete that used mound soil and rice husk ash as partial 
replacements for regular Limestone cement (LSC). The 
concrete cubes underwent a compressive strength test after 28 
days of curing. The Osadebe model standards for the real 
MS-RHA concrete components were the standards used for the 
laboratory work. The derived second-degree regression 
polynomial was:  
𝒀 =
𝜷𝟏𝒁𝟏 + 𝜷𝟐𝒁𝟐 + 𝜷𝟑𝒁𝟑 + 𝜷𝟒𝒁𝟒 + 𝜷𝟓𝒁𝟓 + 𝜷𝟔𝒁𝟔 + 𝜷𝟏𝟐𝒁𝟏𝒁𝟐 +
𝜷𝟏𝟑𝒁𝟏𝒁𝟑 + 𝜷𝟏𝟒𝒁𝟏𝒁𝟒 + 𝜷𝟏𝟓𝒁𝟏𝒁𝟓 + 𝜷𝟏𝟔𝒁𝟏𝒁𝟔 + 𝜷𝟐𝟑𝒁𝟐𝒁𝟑 +
𝜷𝟐𝟒𝒁𝟐𝒁𝟒 + 𝜷𝟐𝟓𝒁𝟐𝒁𝟓 + 𝜷𝟐𝟔𝒁𝟐𝒁𝟔 + 𝜷𝟑𝟒𝒁𝟑𝒁𝟒 + 𝜷𝟑𝟓𝒁𝟑𝒁𝟓 +
𝜷𝟑𝟔𝒁𝟑𝒁𝟔 + 𝜷𝟒𝟓𝒁𝟒𝒁𝟓 + 𝜷𝟒𝟔𝒁𝟒𝒁𝟔 . In this study, the highest 
compressive strength was expected to be 39.0 N/mm2 at a 
water/cement ratio of 0.55 and a mix ratio of 0.55:1:1:2, where 
5% of RHA and MS were used in place of the 10% OPC. The 
lowest value predicted by the model, 15.20N/mm2, had a W/C 
ratio and a mixture ratio of 0.47. The student's t-test was used 
to evaluate the model's applicability, and the results showed 
that it was suitable, with t-calculated = 0.303 and t-table = 
2.262. The null hypothesis, which demonstrated both 
significant and negligible differences between the experimental 
and projected values, was confirmed, and the alternative 
hypothesis was rejected. Using concrete enables OPC save 
some 10%, which brings us to our final point. Also, this 
research has demonstrated that structural concrete may be 
produced using a multivariate binder that contains more 
naturally occurring and environmentally beneficial admixtures 
while yet keeping the same strength and ensuring 
environmental sustainability. 
 

Index terms: Modelling, Optimization, Optimized, 
Osadebe, Three-variant. 
 

I. INTRODUCTION 

The demand for cement, which is concrete's basic 
component, is estimated to have surpassed 10 billion metric 
tons annually on a global scale. Concrete is currently the 
most basic and widely used construction material [1,2].   
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Concrete is a composite construction material that consists 
of water, a binder, filler, or granules [4]. It is a combination 
of a number of elements, including water, fine and coarse 
aggregates, and cement [3]. To give concrete the required 
properties, some admixtures are however added. Through 
optimization, the finest concrete strength and properties can 
be attained. The method of mathematically representing a 
phenomenon for better understanding can be used in this 
situation through optimization. [5] An activity or process is 
said to be optimized if it seeks to produce the best results 
with the fewest inputs or investments. [6].  

With the help of mound soil, regular limestone cement, 
and rice husk ash as binders, this research seeks to enhance 
the strength properties of concrete. When rice husks, the 
outer coverings of rice fields, are burned outside in rice 
mills, a waste product known as rice husk ash (RHA) is 
created. It is believed that 700 million tons of rice were 
produced worldwide, with China and India being the two 
largest producers. [7] claims that the molecular makeup of 
rice husk is as follows: 50% cellulose, 10% water, 15%–
20% silica, 30%–50% organic carbon, 25%–30% lignin. 
20% of the weight of rice is made up of the husk, which has 
a poor moisture content.  

RHA disposal is a challenge for waste managers, but if 
RHA, a tested pozzolan, in concrete to an extent substitute 
the costlier cement and is a more natural, local, and 
affordable material, then the challenge of its disposal will be 
significantly reduced [8]. At a 25% replacement ratio, 
replacing OPC with up to 30% RHA increases strength and 
corrosion resistance characteristics while reducing chloride 
penetration and permeability [10]. [11] states that a 
conversion factor of 0.8 is used to convert compressive 
strength to its equivalent tensile strength. 

The majority of people think mound-building termites 
are harmful, particularly to the agro - industry. They have a 
track record of destroying crops, trees, and other structures 
created by humans. Despite what some studies have 
suggested, not all termite species are detrimental to human 
social activity [12]. Clay and organic carbon that have been 
bonded together by termites' excretions, saliva, or other 
secretions make up a termite mound. The mounds can take 
on a variety of shapes depending on the type of termite, the 
temperature, the availability of clay, the extent of the 
invasion of termites in a specific region, and the overall site 
conditions [13]. 

Earthen mounds, which are mostly clay, are the 
product of termite activity over time and provide shelter for 
the insects. The termite secretions used to construct the 
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mound significantly improve this clay [14]. These secretions 
increase the mound soil's plasticity, making it more 
mouldable than the neighbouring soil. According to reports, 
mound clay outperforms regular clay without termite fluids 
when building dams [15]. The development of functional 
and reasonable housing for the teeming population 
necessitates the use of inexpensive materials. Research is 
currently being done to identify locally available resources 
that can be used in place of pricey traditional building 
materials [16]. To reduce the price of building construction, 
effective measures are currently being taken to largely 
replace cement with industrial refuse [17], agricultural waste 
[18], and recyclable materials [19]. 

Reference [20] conducted research on the effectiveness 
of termite-mound powder (TMP) as a cement substitute in 
the manufacture of clay-rich brickwork. The researchers' 
main areas of concern were the over-reliance on cement, the 
rise in building costs, and the health risks associated with 
the hazardous pollutants from the manufacture and use of 
cement. In accordance to the study's inferences, the 
compressive strength of the bricks declined even though it 
increased with curing and reached an ideal level at 10%. as 
TMP percentage increased. X-ray fluorescence (XRF) 
technology has been used to examine the geographic 
variations in the chemical characteristics of rice husk ash in 
the works of [21], their findings demonstrated that rice husk 
ash (RHA) has different pozzolanic capabilities depending 
on where it is located and that, because of its chemical 
makeup, certain OPC can be replaced by RHA. Termite 
mound soil is silty-sand with over 80% of the particles being 
sand and silt, and only 30% being gravel. It has higher 
specific gravity and maximum dry densities than the soil 
around it, varying from 2.59 to 2.68 and 1.63 to 1.84g/cm3, 
respectively [22]. 
 

II.  MATERIALS AND METHODS 

A termite colony in a rural area of Calabar, provided 
the disturbed sample of mound soil (MS). The hard termite 
mound was cracked open with a digger, and a nylon sack 
sealed with airtight tape contained the mound clods to 
prevent moisture loss. A total of 15kg of the material was 
gathered and delivered laboratory analyses. The leftover 
sample was ground up and spread out on a pan to air-dry at 
room temperature without any moisture. The sample's 
natural moisture content was calculated using 93g of the 
entire sample weight. The air-dried, crushed mound dirt was 
put through the tiniest aperture-sized sieve to obtain the 
finest particle sizes, and the residue that was gathered in the 
pan was dried and prepared for the concrete. 

The RHA sample was also collected at the Obubra rice 
factory in Nigeria from a disturbed pile. It was transported 
to the facility in a sealed container, and in order to 
determine their natural moisture content, 29g of it were 
oven-dried. Before being used for the study, the remaining 
10.5 kg of it received sieving to remove any unwanted 
components from the sample. The Lafarge cement 

production facility in Akamkpa was where the OPC was 
purchased. The Calabar River and Saturn Quarry, both, 
Nigeria, provided the fine and coarse aggregates. In this 
research, smooth sand with particle sizes ranging from 125 
to 250 µm was used as the fine aggregate. The average 
coarse aggregate size was 15 to 22 mm. 

With the exception of using three different materials as 
binders in the same concrete blend, the process for making 
this three-binder concrete was the same as the one used to 
produce regular concrete. This three-binder concrete was 
created by concurrently substituting RHA and MS for OPC 
in predetermined ratios. Using the 1:2:4 concrete mix ratio 
as the project's foundation, the binder for the concrete 
matrix was divided into portions appropriate for OPC, RHA, 
and MS, with 10, 20, 30, 40, and 50% of the OPC replaced 
by equal amounts of RHA and MS. These figures were 
computed using a volumetric measurement technique and a 
measured container. The production of six (6) different 
kinds of conventional concrete with 100%OPC served as the 
standard for comparison. 

The concrete underwent a number of experiments to 
ascertain its flow characteristics, rates of water absorption, 
and strengths properties. According to BS EN 
12350-2:2009, slump experiments on freshly mixed 
conventional and test concrete were used to determine 
workability. Freshly mixed concrete was put into 150m3 
molds, demoulded, and weighed after settling in order to 
determine the proportion of water absorption. To obtain an 
average value, 15 cubes from each concrete batch were cast, 
3 cubes for each of the 5 curing ages. The aging times for 
hardness were 3, 7, 14, and 21 days. In order to evaluate the 
capillary action of concrete, water absorption tests 
essentially quantify the difference between the concrete 
cube dry and moist weights before and immediately after 
curing. As a result, calculating the potential rate of corrosive 
fluid infiltration into concrete functions as a test of the 
material's resilience. 

A material's capacity to support loads on its surface 
without cracking or deflection is known as compressive 
strength. According to the guidelines of BS EN 
12390-3:2019, this process was performed on 150mm x 
150mm x 150mm hardened concrete cubes. The process 
involved cleaning and lubricating the inside of the molds 
before adding layers of the newly mixed concrete that were 
roughly 5 cm thick. Before allowing the concrete to solidify, 
the top surface was always smoothed with a trowel. Using a 
tamping rod that was 16 mm in diameter, 60 centimetres in 
length, and bullet-pointed at the bottom end, 35 strokes were 
used to compact each layer of concrete. The cast concrete 
cubes were tested using the test sample was loaded across 
the full surface area of two opposing faces by the Universal 
Test Machine (UTM)., for 3, 7, 14, 21, and 28 days. The 
loading flattened the sample and had a tendency to lengthen 
it perpendicular to the direction of application while 
shortening it parallel to the direction of application. Each 
sample was gradually filled until it broke down at a rate of 
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140 kg/cm2 per minute. The weight at failure was then 
divided by the area of each cube sample to determine the 
compressive strength. 

 𝜎 = !
!
   (30) 

where A is the cross-sectional area in (mm2) and F is the 
applied force in (N). 
 
I.S. 456-2000 states that:  

flexural strength fs=0.7f ck  (31)  
where fck is the compressive strength of a concrete cylinder 
in MPa (N/mm2). 

Similar calculations can be used to determine tensile 
strength. 

  𝐹!" =
!!
!"#

  (32) 

where Fct is the concrete's tensile strength. Maximum weight 
in N/Sqm = PL stands for the specimen's length (300mm), 
and D for its diameter (150mm) 
 

III.  OSADEBE’S OPTIMIZATION THEORY 

Osadebe's mathematical creation acted as a guide for 
mixing the MS-RHA concrete's component parts (Osabebe 
2016). Osadebe used Taylor's series to create an  
enhanced mixes model. In accordance with the theory, 
concrete is a multi-variate unit mass whose strength is 
determined by the volume variance of its component parts. 
 
Table 1: Actual (Zi) and Faux (Xi) fractions for 
Osadebe’s (4,2) Simplex Lattice 

 He also employed a regression equation as a component of 
his testing strategy. He explained the reaction Y in terms of 
the proportions of the mixture's components Z so that the 
total aggregate of all the proportions equals one.  

Z1 + Z2 +…. + Zq = 𝑍𝑖!
! = 1  (1) 

where q represents the total number of components in the 
mixture and Zi represents the component proportion. 

According to Osadebe, Taylor's Series can be used to 
extend the response Y, which is continuous and 
differentiable from its predictors, in close proximity to a 
selected point Z0. 

  
A. Osadebe's Regression Coefficients 

The unknown constant coefficients, I and _ij, of Osadebe's 
regression model equation are specified if they can be 
determined in only one way. The regression equation is 
provided as follows if the polynomial's degree is 2 and there 
are 6 constituents (q). 

𝑌 = 𝛽!𝑍! + 𝛽!𝑍! + 𝛽!𝑍! + 𝛽!𝑍! + 𝑍!𝑍! + 𝛽!"𝑍!𝑍! +
𝛽!"𝑍!𝑍!+𝛽!"𝑍!𝑍! + 𝛽!"𝑍!𝑍! + +𝛽!"𝑍!𝑍!           (29) 

 
The second-degree regression method proposed by 

Osadebe centres on Equation (29).  
B. Original and Faux Mixtures 

Regular concrete mixes cannot be used at any given 
water-cement ratio due to the simplex requirement as 
mentioned in Equation (1), necessitating a change in the 
actual components to meet this criterion. The (Zi) and (Xi) 
parts of Osadebe's (4,2) Spatial Lattice are shown in Table 
1. 
 
 
 

 
Table 2: Mix ratios and Components fractions 

FAUX ELEMENTS RESPONSE 
COMPONENT 

COMPONENT’S FRACTION 

No. X1 X2 X3 X4  Z1 Z2 Z3 Z4 
1 1 0 0 0 R1 Z1 Z2 Z3 Z4 
2 0 1 0 0 R2 0.12 0.2 0.2 0.2 
3 0 0 1 0 R3 0.061 0.168 0.25 0.51 
4 0 0 0 1 R4 0.075 0.115 0.22 0.32 
5 0.5 0.5 0 0 R12 0.018 0.09 0.21 0.41 
6 0.5 0 0.5 0 R13 0.058 0.14 0.26 0.43 
7 0.5 0.5 0 0 R14 0.053 0.12 0.2 0.41 
8 0 0.5 0.5 0 R23 0.041 0.09 0.21 0.46 
9 0 0.5 0 0.5 R24 0.03 0.11 0.22 0.44 
10 0 0 0.5 0.5 R34 0.06 0.12 0.15 0.47 
CONTROL 
11 0.6 0.2 0.2 0 C1 0.12 0.22 0.22 0.44 
12 0.3 0.3 0.3 0.1 C2 0.09 0.25 0.25 0.41 
13 0.4 0.2 0.2 0.2 C3 0.06 0.13 0.26 0.55 
14 0.25 0.35 0.4 0 C4 0.05 0.28 0.27 0.4 
15 0.55 0 0.25 0.2 C5 0.03 0.11 0.28 0.58 
16 0.2 0.3 0.4 0.1 C6 0.021 0.2 0.279 0.5 
17 0.8 0.1 0.1 0 C7 0.025 0.085 0.33 0.56 
18 0.45 0.25 0.15 0.15 C8 0.031 0.33 0.33 0.31 
19 0 0.35 0.25 0.4 C9 0.035 0.075 0.34 0.55 
20 0.3 0.25 0.2 0.25 C10 0.1 0.3 0.2 0.4 
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The "Pseudo-components" in the design grid in the first table shows the Xi experimentation points., whereas the "Real 

Experimental Components" are the Ci. 

X = AC (30) and C = AXT, where A is the negative of the C matrix.                (31) 

 

Table 3: Table of C-values based on the first table 

 

 

 

 

MIXTURE PERCENTAGES COMPONENT’S FRACTION 
No. S1 S2 S3 S4 Z1 Z2 Z3 Z4 
1 0.2 1 1 3 0.08 0.25 0.23 0.44 
2 0.4 1 1.5 4 0.071 0.168 0.25 0.51 
3 0.35 1 2 2.5 0.095 0.155 0.32 0.42 
4 0.5 1 3 6 0.018 0.09 0.21 0.61 
5 0.3 1 2.5 4.5 0.058 0.14 0.26 0.53 
6 0.25 1 2 5 0.053 0.12 0.3 0.51 
7 0.2 1 1.5 6 0.041 0.09 0.31 0.56 
8 0.45 1 3.5 5 0.03 0.11 0.32 0.54 
9 0.6 1 1.5 5 0.06 0.12 0.25 0.57 
10 0.32 1 2 6 0.06 0.1 0.25 0.59 
CONTROL 
11 0.5 1 1 4 0.121 0.21978 0.21978 0.43956 
12 0.7 1 1.5 3 0.098 0.245902 0.245902 0.491803 
13 0.44 1 2 4 0.059 0.134409 0.268817 0.537634 
14 0.43 1 2.5 5 0.056 0.277778 0.277778 0.555556 
15 0.38 1 3 6 0.038 0.096154 0.288462 0.576923 
16 0.4 1 5 7 0.038 0.306212 0.306212 0.568679 
17 0.3 1 4 7 0.028 0.080972 0.323887 0.566802 
18 0.5 1 2 3.5 0.038 0.333087 0.333087 0.555144 
19 0.4 1 3.8 7.5 0.035 0.072046 0.345821 0.54755 
20 0.7 1 5.5 9 0.032 0.345543 0.345543 0.552868 

No C1 C2 C3 C4 C1C2 C1C3 C1C4 C2C3 C2C4 C3C4 

1 0.12 0.2 0.2 0.2 0.024 0.024 0.024 0.04 0.04 0.04 
2 0.061 0.168 0.25 0.51 0.010248 0.01525 0.03111 0.042 0.08568 0.1275 
3 0.075 0.115 0.22 0.32 0.008625 0.0165 0.024 0.0253 0.0368 0.0704 
4 0.018 0.09 0.21 0.41 0.00162 0.00378 0.00738 0.0189 0.0369 0.0861 
5 0.058 0.14 0.26 0.43 0.00812 0.01508 0.02494 0.0364 0.0602 0.1118 
6 0.053 0.12 0.2 0.41 0.00636 0.0106 0.02173 0.024 0.0492 0.082 
7 0.041 0.09 0.21 0.46 0.00369 0.00861 0.01886 0.0189 0.0414 0.0966 
8 0.03 0.11 0.22 0.44 0.0033 0.0066 0.0132 0.0242 0.0484 0.0968 
9 0.06 0.12 0.15 0.47 0.0072 0.009 0.0282 0.018 0.0564 0.0705 
10 0.06 0.1 0.15 0.49 0.006 0.009 0.0294 0.015 0.049 0.0735 
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Table 4: A – MATRIX  
 

16.93212654	 7481.64997
5	

-610.621
5543	 4347.704187	 -12975.94925	 21347.35468	 -1359.47389	 -8485.25851	 -17002.77837	 7696.393056	

0.673329217	 -1283.1043
15	

28.93523
08	 -810.3781045	 2147.4108	 -3323.35047	 270.8095577	 1422.095746	 2800.815159	 -1327.0333	

-2.88544308
3	

1543.72493
9	

-126.219
0293	 999.8325162	 -2635.466913	 4395.523741	 -269.5845135	 -1898.69514	 -3443.893754	 1536.504015	

-0.87984375
9	

-1379.6991
6	

136.9781
09	 -830.5771811	 2382.640892	 -4008.491155	 224.7735035	 1651.25813	 3123.332856	 -1382.538472	

65.74659223	 9307.19348
5	

-934.970
7644	 6312.365302	 -15631.10179	 26004.35478	 -1310.065166	 -11923.5563	 -20389.70797	 9067.446301	

-100.054190
4	

-51984.465
57	

5008.998
302	 -31559.79409	 89639.47605	 -149962.2061	 9265.73064	 61523.42535	 118212.1695	 -53232.67088	

-6.28297365
9	

7406.62038
7	

-953.362
686	 4765.584048	 -12682.43413	 22161.41035	 -1272.469533	 -9508.52183	 -17044.94274	 7597.028378	

16.6037192	 -489.81056
06	

111.9940
248	 -339.1841914	 932.8473049	 -1732.25133	 -340.8147804	 1020.8938	 726.1846707	 51.19083389	

-16.8334614
3	

1121.61346
9	

72.09670
27	 685.558702	 -1863.077063	 2618.397192	 -193.7676486	 -1159.71665	 -2160.709446	 958.6040452	

14.24749386	 3681.03086
9	

-423.096
5278	 2105.233619	 -6410.41046	 10831.24408	 -526.9062057	 -4333.50363	 -8424.922701	 3707.282463	

 
Table 5: X-MATRIX 
 

1 -1.42109E-13 -2.84217E-14 -2.84217E-14 -3.41061E-13 -8.52651E-13 3.90799E-14 2.84217E-13 -1.7053E-13 -2.84217E-14 

2.22045E-16 1 0 0 -6.82121E-13 -2.27374E-13 0 -1.1369E-13 2.27374E-13 -2.27374E-13 

2.22045E-16 5.68434E-14 1 8.52651E-14 -1.7053E-13 -2.27374E-13 1.42109E-14 1.13687E-13 -1.13687E-13 -5.68434E-14 

4.44089E-16 -5.68434E-14 0 1 -3.41061E-13 0 -1.42109E-14 5.68434E-14 3.41061E-13 0 

0 -5.68434E-14 0 -5.68434E-14 1 0 7.10543E-15 3.41061E-13 4.54747E-13 -2.27374E-13 

2.22045E-16 0 -1.42109E-14 -2.84217E-14 -2.27374E-13 1 -1.42109E-14 1.13687E-13 0 -1.7053E-13 

4.44089E-16 -5.68434E-14 -7.10543E-15 -2.84217E-14 -3.41061E-13 -6.82121E-13 1 2.27374E-13 1.13687E-13 -1.7053E-13 

4.44089E-16 0 -7.10543E-15 -5.68434E-14 -3.41061E-13 4.54747E-13 -1.42109E-14 1 -2.27374E-13 -5.68434E-14 

0 0 -2.13163E-14 -2.84217E-14 -5.68434E-13 1.13687E-13 0 -1.1369E-13 1 0 

0 0 -2.4869E-14 2.84217E-14 -2.84217E-13 0 0 2.27374E-13 -4.54747E-13 1 

 

Table 6: Matrix of X – Transpose  

1 2.22045E-16 2.22045E-16 4.44089E-16 0 2.22045E-16 4.44089E-16 4.44089E-16 0 0 

-1.42109E-13 1 5.68434E-14 -5.68434E-14 -5.68434E-14 0 -5.68434E-14 0 0 0 

-2.84217E-14 0 1 0 0 -1.42109E-14 -7.10543E-15 -7.1054E-15 -2.13163E-14 -2.4869E-14 

-2.84217E-14 0 8.52651E-14 1 -5.68434E-14 -2.84217E-14 -2.84217E-14 -5.6843E-14 -2.84217E-14 2.84217E-14 

-3.41061E-13 -6.82121E-13 -1.7053E-13 -3.41061E-13 1 -2.27374E-13 -3.41061E-13 -3.4106E-13 -5.68434E-13 -2.84217E-13 

-8.52651E-13 -2.27374E-13 -2.27374E-13 0 0 1 -6.82121E-13 4.54747E-13 1.13687E-13 0 

3.90799E-14 0 1.42109E-14 -1.42109E-14 7.10543E-15 -1.42109E-14 1 -1.4211E-14 0 0 

2.84217E-13 -1.13687E-13 1.13687E-13 5.68434E-14 3.41061E-13 1.13687E-13 2.27374E-13 1 -1.13687E-13 2.27374E-13 

-1.7053E-13 2.27374E-13 -1.13687E-13 3.41061E-13 4.54747E-13 0 1.13687E-13 -2.2737E-13 1 -4.54747E-13 

-2.84217E-14 -2.27374E-13 -5.68434E-14 0 -2.27374E-13 -1.7053E-13 -1.7053E-13 -5.6843E-14 0 1 
 
Table 7: Z - MATRIX 

16.93212654 7481.649975 -610.6215543 4347.704187 -12975.94925 21347.35468 -1359.47389 -8485.25851 -17002.77837 7696.393056 

0.673329217 -1283.104315 28.9352308 -810.3781045 2147.4108 -3323.35047 270.8095577 1422.095746 2800.815159 -1327.0333 

-2.885443083 1543.724939 -126.2190293 999.8325162 -2635.466913 4395.523741 -269.5845135 -1898.69514 -3443.893754 1536.504015 

-0.879843759 -1379.69916 136.978109 -830.5771811 2382.640892 -4008.491155 224.7735035 1651.25813 3123.332856 -1382.538472 
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65.74659223 9307.193485 -934.9707644 6312.365302 -15631.10179 26004.35478 -1310.065166 -11923.5563 -20389.70797 9067.446301 

-100.0541904 -51984.46557 5008.998302 -31559.79409 89639.47605 -149962.2061 9265.73064 61523.42535 118212.1695 -53232.67088 

-6.282973659 7406.620387 -953.362686 4765.584048 -12682.43413 22161.41035 -1272.469533 -9508.52183 -17044.94274 7597.028378 

16.6037192 -489.8105606 111.9940248 -339.1841914 932.8473049 -1732.25133 -340.8147804 1020.8938 726.1846707 51.19083389 

-16.83346143 1121.613469 72.0967027 685.558702 -1863.077063 2618.397192 -193.7676486 -1159.71665 -2160.709446 958.6040452 

14.24749386 3681.030869 -423.0965278 2105.233619 -6410.41046 10831.24408 -526.9062057 -4333.50363 -8424.922701 3707.282463 
 
 
 

 

 

Table 8: Model Responses 

RESPONSE SYMBOLS MODEL RESPONSES 
Ym1 40.1 
Ym2 31.0 

Ym3 38.9 
Ym4 25.5 
Ym5 20.9 
Ym6 15.2 
Ym7 43.4 
Ym8 35.5 
Ym9 32.5 
Ym10 25.1 

 
CONCLUSION 

The chart below shows the test results for each of the 20 
design elements for compressive strength. Ten of the twenty 
sites are control points, and at each of the control points, two 
replicate experimental observations were taken. The average 
values calculated from the sample strength values are also 
shown in Table 8. 
Using the regression formula in equation 29, 
𝑌 = 𝛽!𝑍! + 𝛽!𝑍! + 𝛽!𝑍! + 𝛽!𝑍! + 𝛽!𝑍! + 𝛽!𝑍! + 𝛽!"𝑍!𝑍!

+ 𝛽!"𝑍!𝑍! + 𝛽!"𝑍!𝑍!
+ 𝛽!"𝑍!𝑍! + 𝛽!"𝑍!𝑍! + 𝛽!"𝑍!𝑍!
+ 𝛽!"𝑍!𝑍! + 𝛽!"𝑍!𝑍! + 𝛽!"𝑍!𝑍!
+ 𝛽!"𝑍!𝑍! + 𝛽!"𝑍!𝑍! + 𝛽!"𝑍!𝑍!
+ 𝛽!"𝑍!𝑍! + 𝛽!"𝑍!𝑍! 

Table 8 lists the validity of the findings based on the mode.

 

Table 9: Student t-test for the optimization model 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Evaluating the Model Suitability.  
The tool used to determine whether the model was sufficient 
was the t-test. At a 95% confidence level, there is no 
appreciable difference between the experimental and 
predicted compressive strength readings of the MS-RHA 
concrete. (h0). (2). The alternative theory considerably 
differs from the experimental and predicted values of the 

compressive strength of MR-RHA concrete with a 95% 
accuracy. (hi). 
Di is equals to YE - YM, where YE stands for experimental 
responses, YM for model responses, and N for sample 
count. 
DA (mean of difference between YE and YM) equals (D 
i)/N          (32) 

Controls YE YM Di = YE – YM DA – Di 𝑫𝑨 –  𝑫𝒊
𝟐 

C1 41.7 42.1 -0.4 -0.04 0.00016 
C2 35.5 35 0.5 0.05 0.0025 
C3 31.8 32 -0.2 -0.06 0.0036 
C4 25.51 25.5 0.01 -0.05 0.0025 
C5 20.95 20.90 0.05 -0.11 0.0121 
C6 15.17 15.20 -0.03 -0.03  0.0009 
C7 43.37 43.40 -0.03 -0.03 0.0009 
C8 35.52 35.50 0.02 -0.08 0.0064 
C9 33.38 33.40 -0.02 -0.04 0.0016 
C10 24.88 24.90 -0.02 -0.04 0.0016 

𝑫𝒊 
 
-0.12 

𝑫𝑨 –  𝑫𝒊
𝟐  

0.03226 
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S2 (Variance of difference of Di and DA) = !!!!! !

!!!
     

      (33) 
𝑡!"#!$#"%&' =

!!×!!.!

!
   (34) 

DA = !!
!

 = !!.!"
!"

=  −-0.012	

S2 = !!!!! !

!!!
 = !.!"##$

!"!!
= 0.00393 ∴ 𝑠 =0.003584	

𝑡!"#!$#"%&' =
!!×!!.!

!
=  !!.!"#×!"

!.!

!.!!"#$%
=  −-10.5867	

	
Total variance permitted in the t-test: Degree of Freedom = 
N - 1 = 95% two-tailed test significance = 2.5% = 0.025 
100% - 2.5% = 97.5% = 0.975 
Allowable total variance in t-test = t (0.975, N1) = t (0.975, 
9) = 2.262, according to the t-table. We support the null 
hypothesis and reject the alternate hypothesis because 
tcalculated< ttable. 
 

V. CONCLUSION 
The research's findings could lead to the following 

conclusions: 
1.  OPC in concrete can be concurrently replaced by RHA 

and MS. 
2. The compressive strength of RHA-MS concrete can be 

predicted using the Osadebe's mathematical formula. 
3. The highest compressive strength identified in this 

research is 35.0N/mm2, which translates to a water to 
cement ratio of 0.55 in a mix ratio of 0.55:1:1:2 with a 
10% substitution of OPC with 5% of each RHA and 
MS. The RHA-MS concrete's predicted compressive 
strength varied from 35.0N/mm2 to 15.2N/mm2, 
demonstrating that it can be used as both structural and 
mass concrete. 

4. Using concrete enables OPC save some 10%, which 
brings us to our final point. Also, this research has 
demonstrated that structural concrete may be produced 
using a multivariate binder that contains more naturally 
occurring and environmentally beneficial admixtures 
while yet keeping the same strength and ensuring 
environmental sustainability. 

5. It has also been shown in this work that more ecologically 
friendly and naturally occurring admixtures can be used to 
create structural concrete from a variety of binder types 
while keeping the same strength. 
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6 
7 
8 
9 
10 

0.000       0.718       0.906       1.134       1.440       1.943       2.447       3.143       3.707       5.208       5.959 
0.000       0.711       0.896       1.119       1.415       1.895       2.365       2.998       3.499       4.785       5.408 
0.000       0.706       0.889       1.108       1.397       1.860       2.306       2.896       3.355       4.501       5.041 
0.000       0.703       0.883       1.100       1.383       1.833       2.262       2.821       3.250       4.297       4.781 
0.000       0.700       0.879       1.093       1.372       1.812       2.228       2.764       3.169       4.144       4.587 

11 
12 
13 
14 
15 

0.000       0.697       0.876       1.088       1.363       1.796       2.201       2.718       3.106       4.025       4.437 
0.000       0.695       0.873       1.083       1.356       1.782       2.179       2.681       3.055       3.930       4.318 
0.000       0.694       0.870       1.079       1.350       1.771       2.160       2.650       3.012       3.852       4.221 
0.000       0.692       0.868       1.076       1.345       1.761       2.145       2.624       2.977       3.787       4.140 
0.000       0.691       0.866       1.074       1.341       1.753       2.131       2.602       2.947       3.733       4.073 

16 
17 
18 
19 
20 

0.000       0.690       0.865       1.071       1.337       1.746       2.120       2.583       2.921       3.686       4.015 
0.000       0.689       0.863       1.069       1.333       1.740       2.110       2.567       2.898       3.646       3.965 
0.000       0.688       0.862       1.067       1.330       1.734       2.101       2.552       2.878       3.610       3.922 
0.000       0.688       0.861       1.066       1.328       1.729       2.093       2.539       2.861       3.579       3.883 
0.000       0.687       0.860       1.064       1.325       1.725       2.086       2.528       2.845       3.552       3.850 

21 
22 
23 
24 
25 

0.000       0.686       0.859       1.063       1.323       1.721       2.080       2.518       2.831       3.527       3.819 
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40 
60 
80 
100 
1000 
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 0%       50%       60%       70%       80%       90%       95%       98%       99%    99.8%    99.9% 

Confidence 
Level 

cum. prob 
one-tail 

two-tails 

t .50                  t .75                  t .80                  t .85                  t .90                  t .95                t .975                  t .99                t .995                t .999              t 
.9995 

0.50       0.25       0.20       0.15       0.10       0.05     0.025       0.01     0.005     0.001    
0.0005 
1.00       0.50       0.40       0.30       0.20       0.10       0.05       0.02       0.01     0.002     
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df 
1 
2 
3 
4 
5 
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0.000       0.727       0.920       1.156       1.476       2.015       2.571       3.365       4.032       5.893       6.869 
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