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Abstract

In order to explore the effects of moisture content and plasticity index on
Duncan-Chang model parameters K, n, Cand R, we selected 8 groups of soft
soil with water content of 69.1% - 94.3% and plasticity index of 32.2 - 54.1 for
triaxial unconsolidated undrained shear test. The results show that C,,, Kand
nvalues all showed a downward trend, and R, variation was not obvious with
the increase of moisture content. The variation rule of each parameter is not
obvious with the increase of plasticity index. When moisture content is con-
stant, C,

uu

and n values do not change much, K increases with the increase of
plasticity index within the range of 70% - 80% moisture content, and does not
change much with the increase of plasticity index when moisture content is
greater than 80%, R has no obvious rule. When the plasticity index is con-
stant, C,

ur

Kand n decrease with the increase of moisture content, R, has no
is 20.18 kPa, the minimum is 3.72
kPa, and the maximum to minimum ratio is 5.42. The maximum value of Kis

obvious rule. The maximum value of C,,
0.517, the minimum is 0.022, and the maximum to minimum ratio is 23.5.
The maximum value of nis 1.198, the minimum is 0.150, and the maximum
to minimum ratio is 7.99. The maximum value of R,is 0.872, the minimum is
0.679, and the maximum to minimum ratio is 1.28.

Keywords

Moisture Content, Plasticity Index, Duncan-Chang Model, Unconsolidated
Undrained Test

1. Introduction

The constitutive relation of soil is the rule to reveal the internal mechanical
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properties of soil. In recent years, soft soil foundation has been paid more and
more attention. Especially in the coastal areas, the hydraulic filling of soft foun-
dation is more and more widely distributed. Compared with other general soft
soil and clay, hydraulic fill soft soil is a kind of artificial soft soil, characterized
by high moisture content and low strength. After it is used as foundation, it will
often lead to the destruction of buildings due to the excessive settlement and in-
sufficient bearing capacity in the later stage. Therefore, it is very important to
study the stress-strain relation, or constitutive relation, of soft soil.

Duncan-Chang model is a nonlinear elastic model of soil, with simple para-
meters and clear concept, which can be obtained by conventional triaxial shear
test, and can well reflect the stress-strain law of soil. Many scholars have studied
the effects of basic physical indexes on the parameters of Duncan-Chang model.
Liu Xiaowen et al [1] studied the stress-strain curves and other mechanical
properties of laterite with different compactness, and obtained the Duncan-Chang
model parameters. Chen Wei ef al. [2] studied the stress-strain curves and other
mechanical properties of compacted loess under different basic indexes through
triaxial test, and obtained the Duncan-Chang model parameters. Liao Hongjian
et al. [3] obtained the stress-strain curves of remolded saturated loess through
triaxial test and analyzed the influencing factors of Duncan-Chang model para-
meters. Wu Nengsen et al [4] studied the influence of moisture content on
Duncan-Chang model parameters of granite residual soil. Yang Xuehui [5] stu-
died the Duncan-Chang model of unsaturated remolded loess under different
conditions, and gave the intensity index of unsaturated remolded loess and the
change rule of Duncan-Chang model parameters with the initial conditions.
Zdravkovic and Jardin [6] discussed the anisotropy of the rotation of the middle
principal stress direction caused by consolidation, and pointed out that it had
obvious influence on the strength and deformation of soil, and then affected the
parameters of Duncan-Chang model. Cokca et al [7] studied the effects of mois-
ture content on the cohesion and internal friction angle of Duncan-Chang model
of unsaturated clay. Cheng Ying et al [8] analyzed the triaxial test results of ma-
rine and fluvial soft soils by using Duncan-Chang model, and gave the change
rules of model parameters and dry density. Based on the triaxial test results,
Wang Shuai [9] established Duncan-Chang model of coastal soft soil with dif-
ferent initial degree of consolidation.

It can be seen from the above results that there are few studies on the influ-
ence of moisture content and plasticity index on Duncan-Chang model para-
meters of soft soil. Therefore, this experiment mainly studies the influence of
moisture content and plasticity index on the parameters of Duncan-Chang
model.

Firstly, the basic physical indexes of selected soil samples were determined.
Then, Duncan-Chang model parameters were obtained by triaxial unconsoli-
dated and undrained test. Finally, the relationship between water content and

plastic limit on Duncan-Chang model parameters was analyzed.
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2. Project Profile

The test soil samples were taken from a blow fill site located in tidal flats and
shallow sea areas. The landform is mainly alluvial plain, and the landform unit is
delta, which belongs to the tidal landform type of estuary, sand mouth and sand
island. The main strata from top to bottom include: backfill sand, silt (blowing),
coarse sand (blowing), fine sand (blowing), silt—silt soil (blowing), clay—silty
clay, silt soil—clay. The sampling area is mainly located in the silt distribution
area, and the sampling depth is 5 - 15 m below the surface. Related physical in-
dicators are shown in Table 1.

Plasticity is the characteristic of clay, which reflects the degree of interaction
between clay and water. Figure 1 shows the plasticity diagram of the test soil

sample. As can be seen from Figure 1, the soil samples are near line A, and all

Table 1. Physical and mechanical properties of soil samples.

Test group Moisture content %

Density g/cm®  Saturation %  Void ratio  Liquid limit % Plastic limit %  Plastic index Liquidity index

1 69.1 1.54 95.5 1.93 78.4 40.4 38.0 0.76
2 74.2 1.58 100.0 1.96 79.8 28.0 51.8 0.89
3 79.8 1.50 96.8 2.20 85.5 314 54.1 0.89
4 84.9 1.51 100.0 2.26 87.2 33.6 53.6 0.96
5 94.3 1.42 94.9 2.65 100.0 48.3 51.7 0.89
6 83.8 1.50 98.5 227 89.4 44.0 454 0.88
7 76.2 1.56 100.0 2.03 75.5 433 322 1.02
8 76.8 1.53 98.2 2.10 79.8 347 45.1 0.93
Range 69.1 - 94.3 1.42-1.58 94.9-1000 1.93-2.65  75.5-100.0 28.0 - 48.3 32.2-54.1 0.76 - 1.02
Average 79.89 1.52 97.99 2.18 84.45 37.96 46.49 0.90
. B
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Figure 1. Distribution diagram of soil moisture content and plasticity index.
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are high-plastic soils.

3. Introduction to Duncan-Chang Model

Kondner pointed out in 1963 that the stress-strain curve of soil triaxial test can
be fitted by hyperbola:

&
0,—0y,=— (1)
a+beg

where: (0,—0;) is deviator stress. & is the axial strain. a,b are the test
constant, and a is the inverse of the initial tangent deformation modulus E,. bis

the inverse of the limiting deviant stress (Gl — 04 )u . Among them:

0 n
E =KP| = 2
; a [QJ (2)
2ccosp +20,;sing
= 3
(e 3)" R, (1-singp) 3)
R {77 @
(6,-03),

where: P, is atmospheric pressure, with P, value of 101.4 kPa, and the di-
mension is the same as o,; R, is the damage ratio; ¢, is the cohesion and
internal friction Angle of the soil sample; K,n are the test constant; (o, —o;) , s
the strength of the soil.

According to Equations (1)-(3), the tangent deformation modulus of Dun-

can-Chang model can be expressed as:

E[ =KF; (%] |:1 R (1_S1n¢))(01 _0-3) (5)

I 2ccos@ +20,5ing

a

This experiment mainly studies five parameters of Duncan-Chang model:
K,n,c,p and R,.

4. Test Results and Analysis

The effects of moisture content and plasticity index on the parameters of Dun-
can-Chang model was studied by triaxial unconsolidated undrained shear test.
The model parameters of the whole group are obtained by taking the experi-
mental data of the third group of soil samples as an example. The relationship
between deviator stress difference and axial strain of soil samples in group 3 is

shown in Figure 2.

4.1. Cuu 5 ¢uu

C,..9, are generally obtained by drawing Mohr circle of stress under different
confining pressures. As the soil sample is nearly saturated and does not drain
during the shear process, the force between shear planes is assumed by the

excess pore water pressure, and the friction between the soil particles does not
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exist,so ¢, =0. See Table 2 for details.
4.2. R,

R, is obtained by drawing ¢, / (O'1 —0'3)~ g, relation curves under different
confining pressures, as shown in Figure 3. ¢ / (0'1 -0, ) ~ & curves are fitted to
obtain intercept a and slope 5. Combining Equations (3) and (4), E, and R,
are further obtained. R, isaveraged, as shown in Table 2.

= 0,=30kPa
25 ® o,=60kPa
A 0,=120kPa
A
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Figure 2. (0,-0,)~¢, relation curve.

= 5,=30kPa
1.4 ® ,=60kPa
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1.0 1
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g%

Figure 3. ¢ /(0,—0,)~¢ relation curve.
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4.3.K,n

K,n through mapping the lg(o;/P,)~Ig(E,/P,) curve to obtain, as shown
in Figure 4.

It can be seen from Table 2 that parameters C,, K and 1 of Duncan-Chang
model of soft soil fill have a large variation range, while R, has a small variation
range. The average value of R,is 0.773, and the coefficient of variation is 0.08.
From Figures 5-7, it can be seen that C,, K and 1 basically show a downward
trend with the increase of moisture content, and there is no obvious rule with
the change of plasticity index.

Figures 8-10 are the cloud diagram of Duncan-Chang model parameters C,,
K and n changing with water content and plasticity index. Figure 8 shows that
when the moisture content is constant, the C,, does not change much. When the

plasticity index is constant, C,, decreases with the increase of moisture content.

0.075 3

y=—1. 1398x+0. 31293
R%=0. 93

0.07 3

0. 065

0.06

1g(E,/Pa)

0. 055 -

0. 05

0. 045 +——————————T T
0.2 0.4 0.6 0.8 1 12

1g(c,/Pa)

Figure 4. Ig(o,/P,)~1g(E,/P,) relation curve.

Table 2. Duncan-Chang model parameter summary.

Test group C,, (kPa) Puu () R, K n
1 20.18 0 0.756 0.389 1.198
2 17.07 0 0.768 0.317 0.633
3 8.85 0 0.795 0.072 0.313
4 3.72 0 0.716 0.022 0.255
5 4.28 0 0.861 0.043 0.150
6 3.78 0 0.679 0.047 0.531
7 14.87 0 0.740 0.344 0.799
8 13.41 0 0.872 0.517 0.552
Range 3.72-20.18 0 0.679 - 0.872 0.022 - 0.517 0.150 - 1.198
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Figure 5. C, ~w relation cloud diagram.
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Figure 7. n~w relation cloud diagram.
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Figure 9. K ~ (w, 1 p) relation cloud diagram.
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The maximum value of C,, is 20.18 kPa when the moisture content is 69.1% and

uu
the plasticity index is 38.0. The minimum value of C,, is 3.72 kPa when the
moisture content is 84.9% and the plasticity index is 53.6. The maximum to
minimum ratio is 5.42.

Figure 9 shows that when moisture content is constant, K increases with the
increase of plasticity index within the range of 70% - 80% moisture content, and
changes little with the increase of plasticity index when moisture content is
greater than 80%. When the plasticity index is constant, K decreases with the in-
crease of moisture content. The maximum value of K'is 0.517 when the moisture
content is 76.8% and the plasticity index is 45.1. The minimum value of K was
0.022 when the moisture content was 84.9% and the plasticity index was 53.6.
The maximum to minimum ratio is 23.5.

Figure 10 shows that when the moisture content is constant, n changes little.
When the plasticity index is constant, n decreases with the increase of moisture
content. The maximum value of nis 1.198 when the moisture content is 69.1%
and the plasticity index is 38.0. The minimum value of n was 0.150 when the
moisture content was 94.3% and the plasticity index was 51.7. The maximum to

minimum ratio is 7.99.

5. Conclusions

Through the triaxial unconsolidated undrained shear test of 8 groups of soft soil
with moisture content of 69.1% - 94.3% and plasticity index of 32.2 - 54.1, the
relationship between the four material parameters K, n, C and R, of tangential
deformation modulus of Duncan-Chang model and the moisture content and
plasticity index of soil samples are analyzed, and the conclusions are as follows:

1) With the increase of moisture content, C,, K and n values all showed a
downward trend, and R, variation was not obvious. With the increase of plastic-
ity index, the variation rule of each parameter is not obvious.

2) When water content is constant, C,, and n values do not change much. X
increases with the increase of plasticity index within the range of 70% - 80%
moisture content, and changes little with the increase of plasticity index when
the moisture content is greater than 80%, R /has no obvious rule. When the plas-
ticity index is constant, C,,, Kand n decrease with the increase of moisture con-
tent, R -has no obvious rule.

3) The test constant K, whose maximum value is 23.5 times of the minimum
value, is most significantly affected by moisture content and plasticity index. The
influence is relatively small for C,, and test constant n, the difference between
the maximum and minimum values is 5.42 and 7.99 times respectively. The
smallest influence is Rs whose maximum value is only 1.28 times different from

the minimum value.
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