Influence of soil composition on compressibility of Soils
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ABSTRACT: Based on a field investigation report in Bukit Timah Granite (BTG) formation in Singapore, this paper
studied the influence of soil composition on compressibility and the correlations among the soil physical and mechanical
parameters. Firstly, BTG residual soils are composed of four different soil types — gravel, sand, silt, and clay, and their
typical contents are 0 ~ 20%, 0 ~ 65%, 5 ~ 85%, and O ~ 50%. Then, the results show that sand and silt content plays a
greater role in the compressibility of BTG residual soils, while the effect of gravel and clay content on the compressibility
is less significant. With the help of conceptual model, it is implied that the plenty of void space created by gravel leads to
the increase of C. value, while C. will decrease as the gravel content is so great (about 5%) that the void space is filled
by finer-coursed gravels. In addition, based on the concept of ""sand skeleton™, the effect of sand on compressibility content
is explained. Lastly, a correlation matrix was established among C. and other parameters through the Person coefficient

of correlation.
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1. Introduction

Soil compressibility refers to the property that the vol-
ume compression of soil becomes smaller when it is com-
pressed, and it is generally quantified using compression
index C¢ which can be used for calculating the settlement
of ground surface [1]. Therefore, it is necessary to ex-
plore the compressibility of soils.

This study is based on the site investigation report
during the construction of Mass Rapid Transit (MRT)
line in Bukit Timah Granite (BTG) Formation in Singa-
pore. Besides, in Singapore, lots of tunnels and under-
ground malls were built in (BTG) Formation, which oc-
cupying one third of the land area of Singapore as shown
in Fig. 1. Hence, BTG residual soils, produced by the
weathering process of granite, should be paid much at-
tention to the mechanical properties such as compressi-
bility. In addition, as the probability analysis/reliability-
based method is gradually introduced into geotechnical
engineering, it is practical to take soil the relationship be-
tween soil composition and C. into consideration and in-
vestigate the spatial viability of compressibility of resid-
ual soils. For example, cross correlation among
parameters is generally considered in random field stabil-
ity analysis [2], and the correlation matrix is an essential
part for First Order Reliability Method (FORM)-based
Spreadsheet method [3].

This paper firstly presents the relationship between C.
and different soil type content in BTG residual soils, and
two conceptual models were put forward to illustrate the

influence mechanisms of soil composition on compress-
ibility. Secondly, a correlation matrix among C. and other
soil physical and mechanical parameters was established
via the Person coefficient of correlation. Granite residual
soils widely distribute all over the world, hence it is
hoped that this research can provide some references in
the future actual project related to granite residual soils.
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Fig. 1 Generalized geologi-cal map of Singapore (after
reference [4])

2. Basic information about the database

For this study, the database was extracted from a field
investigation report in Singapore, and the compression
index C. was obtained by Oedometer settlement test un-
der the ASTM standard as the Cc is the slope of the
straight segment of e — log10(P) plot. This database con-
sists of 178 data points from 106 boreholes in four differ-



ent sites at the depth ranging from 0 to 25 m. To investi-
gate the relationship between different soil type con-tent
and C. value, matching the C. value with different soil
type content at the same position in a same borehole. Be-
sides, more characteristics of the BTG residual soils were
given in the reference [5]

3. Results and Discussion

3.1. Relationship between soil type content
and C.

Previous studies have figured out that BTG residual
soils is composed of four kind of soil ingredients-gravel,
sand, silt, and clay [6,7]. Fig. 2 shows the variation of C.
value with different soil type contents.

As shown in Fig. 2(a), the typical gravel content in the
BTG residual soil is much less than the other three,
generally, typically ranging from 0 % to 20%. It can be
seen that C. value does not decrease until it reaches the
peak value as gravel content is about 5%, then it
decreases, as shown in Fig. 2 (a). Fig. 2 (b) shows that
the typical sand content varies from 0% to 65% and there
is a strong negative linear correlation rela-tionship
between C. value and sand content. From Fig. 2 (c), it is
observed that the typical silt content ranges from 5 % to
85 % and there is a the strong positive linear correlation
relationship between C. value and silt content. From Fig.
2 (d), the typical clay content ranges from 0 to 50 %, and
it is clear that the relationship between C. and clay
content is less salient. However, it can be still observed
that there will be larger C. value as clay content is
relatively lower, as shown in Fig. 2 (d).
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Fig. 2 Variation of Cc value with different soil type
contents

3.2. Conceptual model of the effect of soil type
on compressibility

Fig. 3 shows the effect of gravel content in residual
soils on compressibility with a conceptual model. Fig. 3
(a) shows the soil without gravel. As gravel content in-
creases slightly, its effect on compressibility can be ne-
glected because of too much lower gravel content as
shown in Fig. 3 (b). As the gravel content furtherly in-
creases, more void spaces are created so that when the
soil is compressed, the void space is com-pressed firstly
as shown in Fig. 3 (c), which leads to that C. value be-
come larger than it is under lower gravel content condi-
tion. However, when the gravel content increases fur-
therly, the void spaces are filled by finer-coursed gravels
as shown in Fig. 3 (d), leading to a decrease of C. value.

Most of residual soils in Singapore have the degree of
saturation varying from 50 % to 100 %. In term of soil
skeleton, "Sand skeleton™ and "void ratio of Sand skele-
ton" eg are applied by [8,9]. Sand skeleton refers to a soil
structural pattern in which the sand particles form the
main bearing structure as the loading reaches a certain
level. And eg can be expressed as follows:

V oiher
e = _other 1
y Vsand ( )

where Vsng and Voiner are the volume of sand and other
type soils respectively in the mixed soils.
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Fig. 3 Gravel content effect on compression property
of soil

When the residual soil is compressed, pore water will
be squeezed out and the void ratio will decrease gradually
as shown in Fig. 4(a). In that case, if eg is less than the
maximum void ratio of sand ema, it can be considered
that the sand skeleton has formed and the stresses are
mainly undertaken by the sand skeleton as shown in Fig.
4(b). According to the test result from [7,8], the com-
pressibility of soil will be less sig-nificant due to the pres-
ence of sand skeleton, which is consistent with the result
in Fig. 2 (b).
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Fig. 1 Sand content effect on compressibility of soil

Apparently, the greater the gravel and sand content is,
the smaller the silt and clay content in BTG residual soils.
Therefore, the effect of silt content on compressibility
can be implied by the gravel content and sand content in-
directly in application. In terms of clay content, the effect
mechanism may be attributed to the mineralogy. The big-
gest problem, however, is the absence of statistical of
mineralogy in BTG soils.

4. Correlations between C. and other soil
property parameters

Ching and Phoon (2014) presented that the geotech-
nical literature is replete with pairwise correlations [10],
which is to say that it is not realistic to assume that all
soil parameters are uncorrelated. To keep notations con-
cise, the physical random variables are denoted by Y1,
Y2, ..., Y13 as shown in Table 1. Hence, the next step is
to evaluate the correlation between two soil parameters,
Y1 and Y2, and each pairwise correlation has data points
varying from 29 to 178. When evaluating the reliability
index considering spatial variability, correlation matrix
between physical random variables is essential as applied
by Goh et al. (2019) [11]. As noted previously, compres-
sion property of soil is an important variable to calculate
the ground settlement. Therefore, it is necessary to estab-
lish the correlation matrix for C. with other physical ran-
dom variables.

To eliminate the effect of units of different parameters,
standard normal random variable with zero mean and unit
standard deviation is applied, and it is calculated by equa-
tion (2) as following:

. *

X, = u,i=l,2,...,m. )
5D,
where Yi is the physical random variable of soils, Yi*
is the mean value of Yi, SDy; is the standard variation of
Yi, Xi is the standard normal random variable with zero
mean and unit standard deviation, m is the number of the

physical random variable of soils (m=12 in this study).
When considering the correlation between two varia-
bles, there for type of correlation coefficients are applied
in statistical analysis: (i) the Pearson product-moment
correlation coefficient between the physical non-normal
variables; (ii) the Spearman rank correlation coefficient;



(iii) the Kendall's tau rank correlation coefficient; and 2
(iv) the Pearson product-moment correlation coefficient 91 Pr%9% P399
between the standard normal variables. According to C =| p,,0,0, O'z2 P230,073
Ching and Phoon (2014) [10], it is observed that the ef- 5
fect of the Spearman rank correlation coefficient and the P310,03 P30,03  Oj
Kendall's tau rank correlation coefficient is not signifi- - (®)
cant comparing with the Pearson product-moment corre- 1 pu Pis
lation coefficient. Hence, the Pearson product-moment - 1
correlation is applied in this study, and it is defined as: Pa Pz

o CU- ) | P31 Pas 1

1]

v SD; \/SDJ Based on above analysis, the correlation between Cc
where Cj is the covariance between two variables, SD; and other random variables is calculated, and the
and SDj are the standard variations of two variables re- correlation matrix is given as shown in Table 2. It is clear
spectively, and pj;is the Pearson correlation coefficient. that C. is strongly related with w, €, pa, Sand content and

As the standard normal random variable has zero mean silt content, and there might be strongly correlation
and unit standard deviation, Cjj can be simply defined as: among other physical random variables such as between
C.=p, %)  and ey, w and P €0 and pq, pg and sand content, and
. o = 7 ] . sand content and silt content.
Simply, if it is assumed that m=3, the correlation matrix
(C) of variables can be obtained by equation (4):
Table 1. Definition of physical random variables
Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 Y11 Y12
C @ L L So g P S)ﬁ[\éilt ngtne% cosnltlgnt C(():r:?gnt SPTN

Note:  : Water content; LL: Liquid limit; LI: Liquid index; So: Saturatation degree; pq: Dry density; SPT N: Blow count number of Standard
penetration.

Table 2. Correlation matrix for C. and other physical random variables

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12

X1 1 0.673 0.331 0.465 0.236 0.708 -0.688 -0.227 -0.518 0.572 -0.105 -0.109
X2 1 0.535 0.692 0.594 0.897 -0.870 -0.073 -0.649 0.472 0.190 -0.350
X3 1 -0.117 0.383 0.443 -0.419 0.056 -0.498 0.007 0.536 -0.381
X4 1 0.408 0.613 -0.608 -0.028 -0.292 0.297 -0.090 -0.395
X5 1 0.218 -0.195 -0.257 -0.366 0.205 0.209 -0.323
X6 1 -0.983 0.001 -0.581 0.508 0.053 -0.231
X7 1 0.007 0.554 -0.498 -0.051 0.226
X8 1 0.249 -0.321 -0.436 0.126
X9 1 -0.793 -0.298 0.215
X10 1 -0.392 -0.038
X11 1 -0.373
X12 1

(3)The effect of clay on compressibility of residual

5. Conclusions soils is less significant, but it is still can be seen that the
C. is relatively greater as the clay content is lower.

Based on a field investigation report, several (4) C. is strongly related with o, €0, pd, sand content

conclusions are obtained about the relationship between and silt content, and there exists strongly correlation

compressibility and soil types in BTG residual soils in among other physical random variables such as between

Singapore: ® and €0, o and pd, €0 and pd, pd and sand content, and
(1) The C. value increases with gravel content firstly sand content and silt content.

and then decreases with gravel content. When the gravel

content increases to a certain level (about 5%), where Acknowledgement
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