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Abstract

Laterite-quarry dust cement block are masonry unit produce by full replacement of natural sand with appropriate mix of
laterite and quarry dust. Static modulus of elasticity is an important parameter in predicting the structural behavior in
service under load action and determines the deformations and displacements distribution concrete and similar other
structural members like blocks. In this work, a mathematical model is formulated using Mixture experiment for
predicting the static modulus of elasticity of laterite-quarry dust block. The model is tested for lack of fit and found
adequate.
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1.0 INTRODUCTION

Laterite- Quarry Dust Cement Blocks (LQCB)
are currently being used as masonry unit in the
construction buildings and other structures in most part
of Nigeria and other developing countries. They are
produced using appropriate mix of laterite and quarry
dust as full replacement of natural sand. To this end [1],
observed that “their structural properties and
performance, like any other similar structural element,
are very key and important not only to user and
designer but also for be wider adoption by the
construction industry’’. One of such properties that is
considered critical is the Static Modulus of Elasticity
(SME) which is the ratio of the applied stress to the
corresponding strain. It demonstrate the ability of
concrete to withstand deformation due to applied stress
as well as its stiffness. Specifically, it reflects the
capacity of concrete to deflect elastically. Modulus of
elasticity of concrete element is sensitive to aggregate
and mixture proportions of concrete. It is possible to
predict the structural behavior in service under load
action and determine the deformations and
displacements distribution of concrete and similar
structures like blocks from the elastic modulus of
elasticity [2, 3]. Structural designers usually estimate
the static modulus of elasticity of structural members
using models that associate this property with the

compressive strength. There are growing interests in
research for the determination of strength and modulus
of elasticity of concrete and block produced using
alternative materials considered as waste like quarry
dust and laterite. The modulus of elasticity and strength
of concrete with alternative materials was investigated
by [4]. Also, the elastic modulus and splitting tensile
strength of concrete incorporating both fine and coarse
recycled aggregates was investigated by Wang et al.,
[5]. They formulated a model for the predicting the
elastic modulus of concrete incorporating both fine and
recycled coarse aggregate. The suitability of a mix of
sand and quarry dust in the production of concrete
blocks was investigated by Febin et al., [6]. The study
revealed an increased in Modulus of elasticity of the
concrete blocks up to 30% replacement of the natural
sand with quarry dust.

There are a number of empirical models used
for the estimation of the modulus of elasticity based on
the compressive strength. These models according to [7,
8] must be used with reservation and caution being that
compressive strength and modulus of elasticity are
distinct mechanical properties that are differently
influenced by the concrete variables
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2.0 MIXTURE EXPERIMENTS AND MODEL
EQUATION

Any experiment that involves the mixing of
two or more constituents in various proportion with the
intent of measuring one or more responses (physical
characteristics) of the resulting end products is a
mixture experiment. Mixture experiment are special
design that are gaining grounds in research because of
the ease in proportioning as opposed to the conventional
trial and error method. Their use according to
Montgomery [9] has resulted in the formation of
product that are easier to manufacture having improved
field performance and reliability, lower product cost as
well as reduction in product design and development
time. Consequently, they have gain wide application in
engineering, agriculture and other fields in the last
years.

Mixture experiments are employed in solving a
wide variety of problems involving mix proportion in
civil engineering. Okafor and Egbe [10] developed a
mixture model for the prediction of static modulus of
elasticity of laterite-quarry Dust cement block. Simplex
optimization technique was used to formulate
mathematical model for optimization of static modulus
of elasticity of the blocks. A mathematical model for
optimization of static modulus of elasticity of the blocks
produced from a combination of sand and laterite using
simplex optimization was developed by [11]. Also, a
mixture experiment model for predicting the
compressive strength and water absorption of sand -
quarry dust blocks was developed by [12]

A mixture experiment is describes by Cornel
[13] as "that which the response is presumed to be
dependent on relative proportions of the constituent
materials and not on their total amount." Two basic
requirements that must be fulfilled for such experiments
are: the sum of the proportions of the constituents must
add up to 1 and that none of the constituents will have a
negative value. These requirements are represented
mathematically as thus:

Xp+Xo+ -+ XXX =1 (D)
0<Xi ST, )
Where

g is the number of mixture components.
X; (i=1to q) is the volume or mass proportion of
component i in the mixture.

It should be noted that since the total
proportions of the constituents is constrained to 1, only
g-1 of the wvariables or constituents can be
independently chosen.

A number of mixture experiment models have
been developed by researchers and are recently being
used in estimation and prediction. One of such, which is
very popular is the Scheffe’s second degree polynomial

equation for g component reproduced in the canonical
form as thus:

Y = Xasisq BiXi Lasisjsq BiyyXiXj - oooiiiiiin 3)

The number of terms in the Scheffe’s
polynomial, N is the minimum number of experimental
runs necessary to determine the polynomial coefficients
and is given as:

_ A(g+n-1) _ (@g+n-1)!
N=C, S gDyl s 4

In equation (3) y is the response function and
xi (i=1 to q) is the proportion of the component in the
mixture. For the fitting mixture experiment data, the
second degree is the most commonly used. It is
reproduced in the canonical form below:
¥ =P1Xy + BoXo + B3Xz + BaXy + Pr2X1 X + P13X1 X5 +
BraX1Xy + B2zXoXs 4 PosXo Xy + BaaXaXaeeueeeueenn 5)

The estimated coefficients in canonical
equation are obtained from the regression analysis of
the mixture experiment data. The canonical polynomial
has fewer terms than the standard polynomial and is
often referred to as the {qg, n} polynomial; n being the
degree of polynomial.

Several other researchers [14-20] have utilized
mixture experiment in solving mix optimization
problems.

In this paper, the scheffe’s model equation
utilizing mixture experiment was developed and used to
predict the Static Modulus of Elasticity of Laterite —
quarry dust cement block using values obtained from
compressive strength and the model results were tested
for lack of fit.

3.0 MATERIALS AND METHOD

The materials and primary data used for this
work are taken from author’s earlier study [10] on
model for predicting the static modulus of Elasticity of
Laterite-quarry dust cement blocks.

Cement

Limestone Portland cement (Unicem brand),
grade 32.5 obtained from a major dealer in Calabar,
Cross River State, Nigeria conforming to BS 12 [21]
was used for all the tests.

Water

Potable pipe born water supplied by the Cross
River State Water Board (CRSWB) Limited was used
for both specimen preparations and curing.

Laterite

The reddish-brown laterite samples used was
obtained from an existing borrow pit in Odukpani,
Nigeria (Latitude 05° 07.48' and Longitude 08°
20.5").using disturbed sampling technique. Testing was
carried out at the Soil Mechanic Laboratory of Civil
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Engineering Department of Cross River University of
Technology in accordance with BS 1377(BSI, 1990)
[22].The specific gravity for the laterite is 2.56.

Quarry dust

Quarry dust was obtained from the abundant
deposits at Akamkpa quarry site in Akamkpa Cross
River State Nigeria.. The quarry dust had a specific
gravity of 2.52.

3.1 THE DESIGN OF THE EXPERIMENT

A statistical software [23] was used in
designing the experiment using an augmented [4, 2]
schefee’s simplex lattice design. The design simplex is
shown in Figure 1 whereas the design is shown in Table
1. The design contained ten mixes at the vertices and
edge of tetrahedron, augmented with five more mixes
within the simplex. These five points were used to as
check point to validate the model developed. There
were also replicate points at the vertices and centroid of
the tetrahedron, making it a total of twenty point. The
design was based on pseudo component and applying
randomization.

3.1.1 Components Transformation and moulding of
the Blocks

The pseudo ratio was transformed to real
component ratio before being used for the moulding of
the blocks samples at a particular point in the simples
based on the relationship stated below:
R=AT ..o (6)

Where; R is a vector containing the real ratios of the
components, P is a vector containing the pseudo ratios,
T is a transformation matrix obtained from trial mixes
given as below:

0.53 0.63 0.80 0.9
1= 1 1 1 1

5.4 3 9 5

0.6 3 1 5

The element of each column of [T] represents
the components proportions at the vertex in the
following order Water(X1), cement (X2), quarry
dust(X3) and Laterite (X4).

A total of one hundred and twenty (110)
hollow blocks, measuring 450mm x 225mm x 225mm
overall dimensions, were moulded using a vibrating
block moulding machine. The aggregates were used in
their dry state and batching was by weight. Manual
mixing was employed. The blocks were cured in open
air for 28 days after demoulding by sprinkling them
with water in the morning and evening. Sixty blocks
each (three for each run) were used to determine the
compressive strength. The remaining 10 were for
contingencies.

3.1.2 Determination of Compressive strength

A digital Universal Testing (Okhard) Machine
(UTM) with a testing range of 0 — 1000kN conforming
to the requirements of [24] was used for compression
test. The compressive strength of the blocks was
determined using equation (7).

FO= 2 i (7)

Where fc = the compressive strength, P =
crushing load, A = net cross-sectional area of the block.

3.1.3 Determination of Static modulus of Elasticity
of Block

The Static modulus of elasticity for the block
was computed as a function of compressive strength
and density using the relation established by [8]
represented as:

Ec = 1.7p2fc 033107 (8)

Where, Ec = Static modulus of Elasticity, p = density
and fc = compressive strength

Table 1 below shows the design matrix in the
pseudo with the experimental test results for the
compressive strength and static modulus of elasticity.

4.0 RESULT AND DISCUSSION

The pseudo components mix and response
from compressive strength and static modulus are
contained in Table 1.

Model Development for Static Modulus of Elasticity

The second degree model (equation (5), was
fitted to the data set of the 20 compressive test
responses at 95% confidence limit (o ) using Minitab
[23] The parameter estimate of the coefficients and
analysis of variance tables are shown in table 2 and 3
respectively, while the normal probability plot of the
residual is shown in Fig 2.

The model equation for Static Modulus of Elasticity is
therefore given as thus:

§7 = 8705)(1 + 7062X2 + 7991)(3 + 7944)(4
+2.382X:X; -1.330X1X3 - 0.821X;X; +5.611 X,X3
+3.421X,X4 + 0.850X3X4 ..o 9)

Test for Adequacy

The p-value for lack-of-fit being 0.103 which
is greater than a (0.05). The normal probability plot of
the residual in Figure 2, reveals that the residuals fall
reasonably close to the reference line, with a p- value of
0.351 (> 0.05), indicating that the data follow a normal
distribution, hence justifying the assumption required
for use of analysis of variance. The inference drawn
from here is that, equation (9) is adequate for predicting
the Static Modulus of elasticity of laterite-quarry dust
blocks.

Comparison of Experimental and Model Result
The comparison of experimental result, with
result predicted by the model is presented Table 4.
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Table 1: The pseudo components mix and response from compressive strength and static modulus

Run Std Pseudo components Response (y)
Order Order

Water | Cement | Quarry Laterite Compressive Static modulus of

dust X, strength, f; Elasticity (GPa)

(X1 (X2) (Xa) (Nmm™)
1 5 0 1 0 0 1.87 6.9476
2 11 0.25 0.25 0.25 0.25 2.56 8.2870
3 16 1 0 0 0 2.50 8.8566
4 3 0.5 0 0.5 0 2.24 7.993
5 7 0 0.5 0 0.5 2.37 8.2285
6 4 0.5 0 0 0.5 2.37 8.0286
7 8 0 0 1 0 1.81 7.9795
8 15 0.125 | 0.125 0.125 0.625 2.42 8.6075
9 2 0.5 0.5 0 0 2.56 8.3193
10 9 0 0 0.5 0.5 2.09 8.1875
11 17 0 1 0 0 1.89 7.0700
12 10 0 0 0 1 2.20 7.6358
13 1 1 0 0 0 2.45 8.4865
14 6 0 0.5 0.5 0 2.54 8.8676
15 19 0 0 0 1 2.20 8.2145
16 12 0.625 | 0.125 0.125 0.125 2.56 8.9084
17 18 0 0 1 0 1.90 8.0343
18 20 0.25 0.25 0.25 0.25 2.49 8.1386
19 13 0.125 | 0.625 0.125 0.125 2.5 8.9417
20 14 0.125 | 0.125 0.625 0.125 2.3 8.4656

Source: Researcher’s work

Table 2: Estimated regression coefficient for static modulus (pseudo component)

Term Coef BSE Coef T P VIF
water -77261 145408 * * 21805176262
cement 288 5506 * * 61869770
quarry dust -429 503 * * 15544561
laterite -724 1145 * * 17473311
water*cement 88402 210904 0.42 0.684 510570352
water*quarry dust 89565 167144 0.54 0.604 9090126610
water*laterite 93134 1766789 0.53 0.el0 2461096106
cement*quarry dust -936 2863 -0.33 0.730 5714098
cement*laterite -852 1791 -0.48 0.644 481920
quarry dust*laterite 40 138 0.29 0.778 60035
S = 0.335646 PRESS = 5.79223

R-3gq = 79.83% R-Sg(pred) = 0.00% R-3gf(adj) = €61.67%

Table 3: Analysis of Variance for Static Modulus of elaticity (scheffe's component proportions)

Source DF Seq S5 Adj S8 Adj Ms F P
Regression 9 |4.45768 [4.45768 | 0.495298 | 4.40 |0.015
Linear 3 |1.37451 [0.35277 | 0.117589 | 1.04 |0.415
Quadratic 6 |[3.08317 |3.08317 | 0.513862 | 4.56 |0.017
water*cement 1 |2.35640 |0.01979 | 0.0197%3| 0.18 |0.684
water*guarry d 1 |0.44250 |0.03235 | 0.032349| 0.29 |0.604
water*laterite 1 (0.14650 |0.03131 | 0.031305| 0.28 |0.610
cement*quarry d 1 |0.00200 |0.01204 | 0.012043| 0.11 |0.750
cement*laterite 1 |0.12632 |0.02550 | 0.025504 | 0.23 |0.644
quarry d*laterite 1 |0.00945 |0.00945 | 0.009449 | 0.08 |0.778
Residual Error 10 [1.12658 [1.12658 | 0.112658
Lack-of-Fit 5 |0.87065 | 0.87065 | 0.174129 | 3.40 |0.103
Pure Error 5 |0.25594 | 0.25594 | 0.051188
Total 19 [5.58426
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Table 4: Comparison of Experimental and Model Result

Run Pseudo component Experimental result | Model predicted results (GPa)
Order Water | Cement | Quarry dust | Laterite | (GPa) Scheffe (pseudo unit)
1 0 1 0 0 6.9476 7.0619
2 0.25 0.25 0.25 0.25 8.2870 8.5575
3 1 0 0 0 8.8566 8.7051
4 0.5 0 0.5 0 7.9930 8.0157
5 0 0.5 0 0.5 8.2285 8.3580
6 0.5 0 0 0.5 8.0286 8.1191
7 0 0 1 0 7.9795 7.9914
8 0.125 | 0.125 0.125 0.625 8.6075 8.3081
9 0.5 0.5 0 0 8.3193 8.4791
10 0 0 0.5 0.5 8.1875 8.1799
11 0 1 0 0 7.0700 7.0619
12 0 0 0 1 7.6358 7.9435
13 1 0 0 0 8.4865 8.7051
14 0 0.5 0.5 0 8.8676 8.9293
15 0 0 0 1 8.2145 7.9435
16 0.625 | 0.125 0.125 0.125 8.9084 8.4878
17 0 0 1 0 8.0343 7.9914
18 0.25 0.25 0.25 0.25 8.1386 8.5575
19 0.125 | 0.625 0.125 0.125 8.9417 8.3651
20 0.125 | 0.125 0.625 0.125 8.4656 8.4371

Source: Researcher’s work

9

Mean 3.400058E-17
StDev 0.2468
54 N 20
AD 0.389
90 P-Value 0.351

Normal - 95% CI

Percent
8

1.0 0.5 0.0 05 10
Residuals

Figure 2: Normal probability plot for Static Modulus of Elasticity (Sheffe's Pseudo component model)

X1 (1,12)

Figure 1: A typical Scheffe’s Augmented [4, 2] simplex lattice showing the points and run order
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4.1 DISCUSSION OF RESULT
(a) Model coefficient
Equation 8, reveals that:

B> B> PBs > Po indicating that water
contribute most to the strength followed by quarry dust,
laterite and cement in that order. There are also binary
synergistic effect in the interaction between water and
cement, cement and quarry dust, cement and laterite as
well as quarry dust and laterite with the highest being
that between cement and quarry dust.

(b) Maximum and minimum predictable model
values
The model developed can predict values of
static Modulus of Elasticity of the block within the
range 6.95GPa to 8.94GPa.

¢) Comparison of Experimental and Model Result

The difference between the experimental and
predicted results expressed as a percentage of the
experimental value for all the models and responses in
most cases were all less than 5% which is quite
insignificant. This indicate that the model is suitable
and adequate for predicting the for static modulus
elasticity.

5.0 CONCLUSION AND RECOMMENDATION

A mathematical model for the prediction of
static modulus of elasticity of laterite-quarry dust
cement blocks was developed in this work. The model
can be used to predict the static module of elasticity of
laterite-quarry dust cement blocks ranging from
6.95GPa to 8.94GPa. The use of laterite-quarry dust
cement will help greatly in reducing the cost associated
with providing affordable housing for most sub-Sahara
African especially where there is abundant deposit of
these materials.

REFERENCE

1. Dilbas, H., Cakir, O., & Simsek, M. (2017).
Recycled aggregate concretes (RACs) for structural
use: an evaluation on elasticity modulus and energy
capacities. International ~ Journal ~ of  Civil
Engineering, 15(2), 247-261.

2. Gujel, D. A, Kazmierczak, C. S., & Masuero, J. R.
(2017). Stress-strain curve of concretes with
recycled concrete aggregates: Analysis of the NBR
8522  methodology. Revista ~ IBRACON  de
Estruturas e Materiais, 10, 547-567.

3. Tibbetts, C. M., Perry, M. C., Ferraro, C. C., &
Hamilton, H. R. (2018). Aggregate Correction
Factors for  Concrete  Elastic ~ Modulus
Prediction. ACI Structural Journal, 115(4), 931-
941.

4. Jacintho, A. E. P. G. D. A, Cavaliere, I. S. G,
Pimentel, L. L., & Forti, N. C. S. (2020). Modulus
and strength of concretes with alternative
materials. Materials, 13(19), 4378.

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Wang, Y., Zhang, H., Geng, Y., Wang, Q., &
Zhang, S. (2019). Prediction of the elastic modulus
and the splitting tensile strength of concrete
incorporating both fine and coarse recycled
aggregate. Construction and Building
Materials, 215, 332-346.

Febin, G. K., Abhirami, A., Vineetha, A. K.,
Manisha, V., Ramkrishnan, R., Sathyan, D., &
Mini, K. M. (2019). Strength and durability
properties of quarry dust powder incorporated
concrete  blocks. Construction and  Building
Materials, 228, 116793.

Mehta, P. K., & Monteiro, P. J. M. (2008).
Concreto:  Microestrutura,  Propriedades, e
Materiais. 3 ed. S&o Paulo: IBRACON.

Neville, A. M. (2011). Properties of Concrete. 5th
ed. England: Pearson.

Montgomery, D. C. (2005). Design and analysis of
experiments. 6ed, John Wiley and Sons Inc. New
York. USA.

Okafor, F. O., & Egbe, E. A. (2017). Predicting
Static Modulus of Elasticity of Laterite-Quarry
Dust Blocks Using Osadebe's Regression
Model. IOSR  Journal of Mechanical and
Civil, 14(1), 21-26.

Okere, C. E., Onwuka, D. O., & Osadebe, N. N.
(2014). Static Modulus of Elasticity Of Sand-
Laterite  Blocks. International ~ Journal  of
Engineering Science and Research Technology,
373-380.

Anya, C. U., & Osadebe, N. N. (2015). Mixture
Experiment Models for Predicting the Compressive
Strength and Water Absorption of Sand-Quarry
Dust Blocks. The International Journal of
Engineering and Science, 4(2), 27-31.

Cornell, J. (2002). Experiments with Mixtures:
Designs, Models and the Analysis of Mixture Data.
3 ed. New York, USA, John Wiley and Sons Inc.
Onuamah, P. N., & Osadebe, N. N. (2015).
Development of optimized strength model of
lateritic hollow block with 4% mound soil
inclusion. Nigerian Journal of Technology, 34(1),
1-11.

Osuji, S. O., & Egbon, B. N. (2015). Optimizing
compressive strength characteristics of hollow
building blocks from granite quarry dust and
sand. Nigerian Journal of Technology, 34(3), 478-
483.

Osadebe, N. N. (2003). “Generalized Mathematical
Modeling of Compressive Strength of Normal
Concrete as a Multi-Variant function of the
properties of its Constituent Components. A paper
delivered at the college of Engineering, University
of Nigeria, Nsukka.

Simon, M. J. (2003). Concrete mixture
optimization using statistical methods: final
report. FHWA Office of Infrastructure Research
and Development, 6300.

Osadebe, N. N., & lbearugbulem, O. M. (2009).
Application of Scheffe’s simplex model in

© 2022 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

77



Enang Egbe & Desmond Ewa., Saudi J Civ Eng, Apr, 2022; 6(4): 72-78

19.

20.

optimizing compressive strength of periwinkle
shell granite concrete. The Heartland
Engineer, 4(1), 27-38.

Ezeh, J. C., Ibearugbulem, O. M., & Anya, U. C.
(2010). Optimization of aggregate composition of
laterite sand hollow block using Scheffe’s simplex
method". International Journal of
Engineering, 4(4), 471-478.

Onwuka, D. O., Okere, C. E., Arimanwa, J. ., &
Onwuka, S. U. (2011). Prediction of concrete mix
ratios using modified regression
theory. Computational Methods in Civil
Engineering, 2(1), 91-103.

21.

22.

23.

24.

Nigeria Industrial Standards. ‘‘NIS 444 Quality
standard for Ordinary Portland cement’” Standard
Organization of Nigeria, Lagos, 2003.

British Standard Institute, BS 1377. ‘“Methods of
Testing Soils for Civil Engineering Purpose’’
London, 1990.

Minitab, 1. (2010). Minitab Statistical Software
Release 16 Minitab Inc. State College
Pennsylvania.

BS EN 12390-4:2000 Testing hardened concrete.
Compressive strength specifications for testing
machines. British Standard Institution, London.

© 2022 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates

78



