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Abstract

This work focuses on the development of a model relating the unconfined
compressive strength(UCS) with California bearing ratio (CBR) for soil cement
stabilization. The modeling effort has been to create a platform for reducing time and
money in the preliminary stage of cement stabilized laterite using the Box-Cox
transformation regression analysis. The trend of data collected for this Box-Cox
transformation regression exercise reveals that variations of UCS with CBR for cement
stabilized laterite can be represented by a non-linear model.
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1.0 Introduction:

Cement stabilized materials are usually acceptetherbasis of meeting strength requirement whiabftisn judged on
the results of the unconfined compressive streogtalifornia bearing ratio (Transport and Road éesh Laboratory,
1996). These tests usually serve as base desigrlbas field control of constructional works oébilized materials. They
help to determine the success of the stabilizedmadtto be used as road sub-base and base mat€lause 6229 of the
Nigeria General Specification(NGS) for Roads aniti@s [13], require that UCS and CBR tests be edrout for all soil
cement mixture to determine the cement contentimedjuo adequately stabilize the soil to meet theommended CBR
value of 180% to be attained in site mix or 160%dtant mix. The principal manifestation of thegetlhe construction of
soil cement roads is high cost of construction €tiamd money cost). This work seeks to reduce tbests by developing
appropriate regression model relating UCS and GBRément stabilized laterite.

There have been various models developed relat@§ and CBR for stabilized laterite. Adedimila awsifo [1] model
was developed based on sustained hypothesis ichpmgethe researcher before estimation of the madehmeters
according to their assumption concerning how thpeddent and explanatory variables are related. fdsearch works
views the modeling relationship between UCS and @@Rstabilized laterite by accepting an entiretypérical approach to
the choice of a relation, as there are no ruleging these parameters to each other,

The modeling procedure used for this work is tlex-Box transformation regression. The Box-Cox tfammation
allows the data gathered to develop the most appfisim as against a sustained hypothesis basikich the ultimate form
of the model is imposed by the researcher bef@estimation of the model parameters.

2.0 Modeling Procedure Adopted

Often, study data may be inappropriate for normatitbe assumed or they may be such that the ariassociated with the
treatments are not constant and seem to vary héthmagnitude of the treatment mean (HeteroscedgktiData re-scaling,

through the application of a simple transformatisrparticularly useful in these cases to enaldentbn-normality and non-
constant variance to be corrected before implarntifegential data analysis, which may depend osédhspecifications being
valid for the analyzed data. Re-scaling essentiellgnges the scale of the response data with #msfarmed metric

becoming the basis of the inferential analysis.

A transformation was suggested by [3] and is mppt@priate for single data sets. It represent sceding

method whereby the response data as a whole gerteeatecessary function for transformation. Thigraach has been
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adopted for this study in order to allow the datalee the most appropriate functional form as fartlae limit of the
modeling exercise carried out is concerned.

The Box-Cox transformation regression has been uegdmuch in the field of science and EngineeriBgamples are the
works of [7, 11, 15, 18].
A linear model of the form

i = a+ BXi+ ¢ (1)
is written as a generalized [3] model as;
YO = a+ BX; + & )
where=Y; (1) is transformed as;
@ _
ry? =Iny, 2 =0 (4)

Extension of the Box-Cox model to include the tfammation of the independent variable has been wsedthers, for
example [9, 17] etc. The presentation from herassumes this extension, but with different tramsfdgion applied to the

dependent and independent variables, erilé}r)e andXL.(’D are transformed to appear in the model as;

=g+l 4
o CetT ot (5)

A gross correlation effect has been proved by ¢§2httend the original Box - Cox transformation. dwercome this, [4]
recommended using what was referred to in [3] amatized transformation in the forms:

Y -1
Y® = T2 1+#0 (6)
YA = ¥ In(Y) A= 0 (7
where Y is the geometric mean of the untransforwagthble Y and is given by
Y= exp [XF In(Y})/n] (8)

According to [3] the maximum likelihood fl.(})) corresponds to the value for which the sum ofsgs of residual SSE(
from the fitted model is a minimum with respecfito L,o(}) is a continuous function &f If A differs from 0 or 1, then it
can be obtained by establishing an approximate1t@0% confidence interval from

Limad(4) - Lmaf}) < 0.5¢(a) )

At 95% confidence level on which this work is basied one independent componentirequation (8) translates to;

Lmad4) - Lma(}) < 1.92 (20)
The translation of this approximate confidence orgtest is that if the interval contaiis1, there is essentially no
transformation, since y =y — 1 (i.e a simple shiftthe left by one unit). If the interval contaiks0, it correspond to a
logarithmic transformation. If nether 1 or O is tained or both are contained in the interval, thei@ ofA corresponding to
the maximum value df is adopted.

3.0 Evaluation Criteria

The model estimation exercise is adjudged signifiéa terms of the parameters of the model analysisariance (t-test and
F-ratio) at 95% level of confidence and 1,5 (numiifevariable less 1 and number of observation Bsdegree of freedom.
Thus from the statistical table [10], the t-testueaof 2.571 and F-ratio of 6.61 are specified,levimodel selection is done
using parameters of normality (kurtosis and skewnesd heteroscedasticity (Barlett's) tests. Basmadthe level of
confidence and degree of freedom a Barlett’'sualste of 3.841 is specified [12].

4.0 Location of Sample
The laterite used for this work was obtained frameaisting borrow pit at Obiaruku town, Ukuani Lb&overnment Area
of Delta State. It lies on Agbor — Abraka — Warighiway in the Southern part of Nigeria.

5.0 Preparation of Sample and Specimen

The preliminary classification tests, as well agg¢o determine the moisture-density relationstepe performed for the soil

sample in accordance with [5], Method of test faitssfor civil engineering purposes, [6].

The unconfined compression strength and Califdpeiaring tests were performed on the soil-cementuma@xn accordance

with [5]. Stabilized materials for civil engineegmpurposes, [6], modified in line with the practioeNigeria as specified in

the [13].

Predetermined amounts of cement and soil were nitixesughly to achieve a uniform colour at eaclystarhe required

amount (determined from moisture-density relatigmgbr soil-cement mixtures) was added and the mgidontinued. The

various specimen used for the UCS and CBR tests eempacted within 20minutes of addition of wakerthe stabilization
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test, curing of the specimen were in line with [IBhe CBR (3No.) specimen were cured for six days/axing the end caps
of the mould and then soaked in water for one ddkile the Unconfined compressive strength afteraedded, 3 No.
specimen were cured for seven days without soaking.

6.0 Results and Discussions

6.1 Soil Properties

The results of tests for the identification of 8wl and determination of its properties are presgtm Table 1. The grain size
distribution of the soil is classified under A-2sdbgroup using the American Association of Statghidiay Transportation
Officials (AASHTO) classification.

Table 1: Properties of the Soil Sample

Characteristics Description
Passing 21.45%
Liquid limit 25%
Plastic limit 17%
Plasticity Index 8%
Linear Shrinkage 4.3%
Group index 0
AASHTO classification A-2-4
MDD (kg/n") 1946.86
oMC 9.92%
Specific gravity 2.78
Colour Reddish Brown

Using the [8], plasticity/passing B.S. No. 200 siesriteria for suitability for cement stabilizatiothis laterite soil is
adjudged suitable for stabilization.

6.2 Stabilization Tests
The UCS and CBR test results are presented in Pafllae cement increases the CBR and UCS of theamwiple.

Table 2: Strength Characteristics CBR (%) and UCS (Xmm?)

Cement Content 0 2 4 6 8 1 1
0 2
Soaked CBR (%) 2 6 1 2 2 2 3
7 8 6 1 5 8 0
7 6 4 3 8
UCS unsoaked 0 0 1 1 1 2 2

(N/mn) .
2 4 3 6 8 0 1
1 0 7 8 7 8 3
4 8 1 1 1 4 1

7.0 Regression Modeling Exercise

The following cases were formulated for use inBlog-Cox transformation regression modeling;

Case 1: UC%=«a, + B, CBR (9)
Case 2: UCS =, + B CBRY (10)
Case 3: UC8 =0, + B, CBRY (11)

WhereA is an unknown parameter to be estimated from #te. dit is usually chosen over a range of valu2${A<2.5)
with intervals like 0.25. According to [3] the maxiim likelihood (Lma4A)) corresponds to the value for which the sum of
squares of residual SSRfrom the fitted model is a minimum with respexht

In case 1, the UCS values was transformed usingahes of.. The transformed values was then used to calcthate
maximum likelihood (kay())), coefficient of determination @R F-ratio (F) and the t-test for both the const@n} and
coefficient @,) of the model.
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The results of the model parameters for the-Cox transformation regression modeling exerciselercases 1 and
considered for theelationship between UCS and CBR are shown in BaBland 4 respectively. While the graph ax
versus\ for cases 1 and 2 are also shown in Figs 1 aedpctively

Table 3: Typical Box —Cox Regression Results ( For UC®=q; + B, CBR)

A SSR loax(®) | R® F Constant(t-test) | CBR(ttest)
2.5 0.192 12.587 | 0.966 142.943 -0.829(-5.195) | 0.009(12.162
2.25 0.116 14.355 | 0.977 209.089 -0.815(-6.602) | 0.008(14.46(
2.00 0.067 16.280 | 0.985 325.816 -0.815(-8.687) | 0.008(18.05(
1.75 0.039 18.167 | 0.990 513.165 -0.829 (-11.571) 0.008(22.65:
1.50 0.028 19.275 | 0.993 663.758 - 0.859(-14.041) 0.007(25.74<
1.25 0.033 18.705 | 0.991 544.986 -0.906 (-13.662) 0.007(23.34¢
1.00 0.055 16.979 | 0.985 332.487 -0.975 (-11.489) 0.007(18.23¢
0.75 0.096 15.008 | 0.975 195.904 -1.070 (-9.510) | 0.007(13.99i
0.50 0.166 13.091 | 0.961 121.876 -1.196 (-8.085) | 0.008(11.04(
0.25 0.282 11.241 | 0.942 80.658 -1.362 (-7.071) | 0.008(8.981
0.00 0.478 9.398 0.918 55.912 - 1.579(-6.297) | 0.009(7.477
-0.25 | 0.808 7.569 0.891 40.857 -1.866 (-5.731) | 0.010(6.392
-0.50 1.384 5.673 0.860 30.712 -2.241 (-5.249) | 0.011(5.542
-0.75 2.424 3.711 0.826 23.763 -2.734 (-4.840) | 0.013(4.87¢
-1.00 | 4.333 1.679 0.791 18.871 -3.389 (-4.487) | 0.015(4.344

From Table 3 A= 1.5 gives the best model for the transformatibthe UCS data as it has the minimum sum of sq
residual (0.028), the maximum likelihood (19.2#yhest coefficient of determination (0.993) ane tiighest -ratio values

(663.758).

Fig. 1: Lmax (A) versus trends for the transformation regressfamoonfined compressive stren
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Fig. 1 shows |y versusk. The maximum likelihood occurs at 1.5 with has lower and upper limits at 1.03 ang4.
respectivelySinceA= 0 andi= are outside the these limits; 1.5 was adopted for further analy

Table 4: Typical Box —Cox Regression Results ( For UCS &; + B, CBR®)

2\ SSR Lax(M) R? F Constant(t-test) CBR(t-test)
25 0.562 8.830 0.848 27.887 0.572(2.852) 0.005(5.281
2.25 0.459 9.537 0.876 35.251 0.521(2.794) 0.006(5.937
2.00 0.358 10.408 0.903 46.631 0.461(2.716) 0.006(6.82¢
1.75 0.262 11.504 0.929 65.608 0.391 (2.590) 0.006(8.10C
1.50 0.175 12.912 0.953 100.570 0.304(2.348) 0.007(10.02¢
1.25 0.104 14.744 0.972 173.180 0.191(1.796) 0.007(13.16(
1.00 0.055 16.979 0.985 332.487 0.032(0.379) 0.007(18.23¢
0.75 0.036 18.446 0.990 508.194 0.212(-2.709) 0.007(22.54:
0.50 0.055 16.958 0.985 330.449 -0.620(-5.268) 0.007(18.17¢
0.25 0.118 14.301 0.968 152.031 -1.362 (5.898) 0.006(12.33(
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0.00 0.226 12.022 0.939 76.878 - 2.802(-5.774) 0.006(8.76¢
-0.25 0.374 10.256 0.899 44.429 -5.719(-5.334) 0.005(6.66€
-0.50 0.553 8.887 0.850 28.426 -11.815(-4.763) 0.004(5.332
-0.75 0.748 7.828 0.798 19.703 -24.780 (-4.201) 0.003(443¢
-1.00 0.944 7.044 0.744 14.563 -52.682 (-3.717) 0.003(3.81¢

From Table 4 3= 0.75 gives the best model for the transformatibthe CBR data as it has the minimum sum of sq
residual (0.036), the maximum likelihood (18.44tighest coefficient of determination (0.990) and kighest -ratio values
(508.194).
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Fig. 2: Lmax (A) versus trends for the transformation regressfddadifornia bearing rati 0o

respectively. These limiexcludesi= 0 but includesh= 1. Hence\= 1 was adopted for further analy

In case 3 (i.e equal transformationmgri,=1) suitable results were not achieved i.e no coecwe of the values of.x (M),
minimum sum of squares of residual and maxir coefficient of determination. This is interpretedntean that the collectt
data do not support the same transformation fordépendent and independent variables. The reswdte wherefor
discarded.

The results of the BoGox transformation regresn modeling exercise for two cases considered fer riflationshiy
between CBR and UCS is given in Table

Table 5: Summary of Results of Models Estimat

Model A SSR Lenay (1) R F Constant Coefficien
1 15 0.028 19.275 0.993 662.758 -0.859(-14.041) | 0.007(25.74¢
2 0.75 0.036 18.446 0.990 508.194 -0.212(-2.709) 0.007(22.54:

A study of the information in table 5, shows thathe two models, model 1 has the lower sum of szgiaf residual an
hence a higher maximum likelihood value and a Icstandard error of estimate. Also there is a greaigelation betwee
the UCS and CBR and hence a higher predictable\asindicated by? and F value of the model

Re-estimating the actual data using the adoptedlues (i.e.,= 1.5 andi,=1 for modés 1 and 2 respectively) is shown
Table 6.

Table 6: Results of Model Evaluation Test

Model Constant(t-test) | Coefficient(-test) Skewness Kurtosig Barlett's tes
1 -0.336(-3.539) 0.011(25.80¢ -1.150 0.680 0.339
2 0.025(0.292) 0.007(18.23¢ -1.190 -0.800 0.591

The result of the Barlett’s test shows that bothdete are homoscedastic. Model 1 has the smalleeval skewness ar
kurtosis value closer to zero than the other mo#lisb the constant and coefficient values are figanit at 5% as idicated
by the ttest values in bracket. Thus this model can berdeghas the better ol

8.0 Conclusion

The Box<Cox transformation regression modeling exerciseldg@ a no-linear functional form with 1.5 pow

transformation applied to the dependeatiable, the UCS. Statistical inference suggéssthe no-linear form developed
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in this work depicts a significant correlation betm UCS and CBR for cement stabilized laterites Thodel can be said to

be an improved one compared to [1] model as itehhiggher predicable value as indicated ByvRlue of the model. The

implication of the result of this work for practiée that substantial savings (in terms of money tam&) can be made in

preliminary design stage of soil cement stabil@atiin which it will be required to estimate the §®alue from a

knowledge of the CBR value using the developed madout having to undergo the process of estintatihe UCS

through laboratory measurement.
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