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Abstract

The objectives of this research are to study the behavior of cyclic strength and pore pressure
characteristics of soft Bangkok clay which were investigated by using the cyclic triaxial apparatus
under stress controlled and undrained conditions. The undisturbed samples were collected at the depth
of 7.50-8.00 meter at the Faculty of Engineering, Thammasat University. From the physical properry
test results, it shows that subsoil is silty-clay with 78-95 o/o of natural water content, LL in the range 75-99
oh, PL in the range of 30-42 % and specific gravity in the range of 2.57 -2.73 . A series of cyclic triaxial
tests were conducted on the undisturbed samples to investigate the cyclic strength and deformation
characteristics of soft Bangkok clay. From the test results the axial strain and the excess pore water
pressure both increase with increasing the number of loading cycles in all cases. But the shear
modulus decreases with increasing the number of loading cycles. On the other hand, the damping ratio
decreases slightly with increasing the number of loading cycles. The effect of rate of loading on the
cyclic properties was also investigated. The loading frequencies adopted for the test were 0. l, 0.5 and
1.0 Hz, respectively. It was found that the cyclic strength increased with increasing of loading
frequencies for a given confining stress but excess pore water pressure decreased with increasing of
loading frequencies. It was found that effect of loading frequencies on shear modulus was minor.
However, when the loading frequencies increase the damping ratio decreases.
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1. Introduction

At present, traffic congestion has become a
way of life in Bangkok because of the growing
economy, industry and community. Therefore, it is
essential to have roads constructed on this area
which originated from the sedimentation at the
delta of the Chao Phraya River. Soft Bangkok
clay is well know worldwide in the geotechnical
field for its high compressibility and low
strength. The problem that has been found after
construction and during the working period of a
road embankment is the very high settlement
rate, which shortens the design life of roads.
There is much research that suggests that
settlement of the road embankment due to traffic
loading is greater than those from static loading,
i.e. load from the embankment itself [, 2]. It is
necessary to study the behavior of strength and

deformation of soft Bangkok clay under cyclic
loading.

To study the behavior of cyclic deformation
caused by the traffic load a simple test is
suitable. The previous results did not agree with
the real condition. The test should be more
complex such as a cyclic triaxial test, which can
simulate the field conditions and permits excess
pore pressure measurement so its results can be
accepted more than results from other tests.
Therefore this study used the cyclic triaxial
apparatus to study the dynamic properties such
as cyclic shear strength and pore pressure during
cyclic loading of Bangkok clay at Thammasat
University Rangsit Campus under stress
controlled and undrained condition. A series of
cyclic triaxial tests were performed on
specimens with various initial stress, loading
frequencies and stress ratio.
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2. Materials

Samples used in the tests are soft Bangkok
clay and were collected at a depth of 7.50-8.00
m at the Faculty of Engineering, Thammasat
University. The physical property test results
show that the subsoil is silty-clay with 78-95 o/o

of natural water content, LL in the range 75-
99%, PL in the range of 30-42 0% as shown in
Fig.1. The specific gravity of the soil is particled
is in the range of 2.57 -2.73 . Fig.2 shows the soil
is composed of 5-20 o/o of sand, 10-40 % silt,
and 50-70 oh clay.
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3. Test Equipment and Procedures

The loading of specimens was carried out
using a cyclic triaxial test apparatus. Layout of
the system and the special triaxial cell are shown
in Figs. 3(a) and 3(b), respectively. The axial
load and cell pressure are independently
controlled, and both cyclic and static loading
tests can be carried out by this apparatus. The
axial load, the excess pore water pressure and
the axial displacement of specimens are measured
by means of a load cell and a linear variable
displacement transducer, respectively.
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Fig. 3 The cyclic triaxail test apparatus for
cyclic loading test. (a) Layout of the cyclic
triaxial test apparatus. (b) Triaxial cell.

An undisturbed specimen about 50 mm in
diameter and 100 mm in height was thawed and
set between the upper and lower pistons. The
specimens were consolidated by isotropic stress
for 24 hrs under several effective confining
stress. After the completion of consolidation,
a back pressure of 2.0 kgf/cm' was applied to
the sample. The measured .B values of the
coefficient of pore water pressure were over
0.97 before cyclic loading.
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The specimens in an undrained condition
were subjected to cyclic loading under a
constant mean total principal stress by
varying the frequencies at 0.1 H40.5 Hz and
1.0 Hz and cyclic shear stress ratio at 0.20,0.25,
0.30, 0.35 and 0.40, as shown in Table L Some
tgsts were done with initial shear stress at 40olo
and 600/o of static strength before applying the
cyclic loading. Moreover, confining stresses of
0.5 kgf/cm2 and 1.0 kgf/cm2 were used in this
study in order to make sure'that the samples
were in normally consolidated condition (oj,=

0.48 ksc).

Table I Test Conditions and Specimen Descriptions

Test No o"u
(kgf/cm2)
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o,1 : Axial Dei,iator Stress

ojo = Effective Overburden Stress
" Ss : Static Strength

drb 
^ -[ 

" 
ou l2o|od

(kgf/cm') (Hz)

0.4 (ss e )  o. l  o .2o
0.25
0.30
0.35
0.40

4. Results and Discussion
4.1 Strength Characteristics During

Cyclic Loading

The axial strain and excess pore water
pressure responses with loading cycles are
shown in Fig.4. It can also be seen that the axia-
strain increased monotonically with the number
of loading cycles, since when a soil is subjected
to cyclic loading, a total strain will occur during
loading, and a resilient strain will occur during
unloading. As a result, a certain amount of
plastic residual strain will remain anc
accumulate almost constantly with number of
loading cycles and increase until the specimen
fails. At the same time, the excess pore water
pressures increase with increasing number of
loading cycles until they become equal to the
total confining stress under very restrictive
stress state.

More and more case histories describing
dynamic loading induced failures of soil
specimens have been studied and reported [3,4].
These studies invariably show that excessive
dynamic deformation developed in soil
specimens is closely related to pore water
pressure buildup and corresponding loss of soil
strength.
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Fig. 4 Typical record of cyclic triaxial test



4.1.1 Effect of Confining Stress with
Number of Loading Cycles

Specimens were isotropically consolidated
under a confining stress of 0.5 kgf/cm' and I
kgf/cm' and were subjected to cyclic loading
with loading frequency of 0.1 Hz. Fig. 5 shows
the relation between the number of cycles
causing 5% double amplitude strain and
amplitude of cyclic stress ratio. It is seen in this
figure that the number of loading cycles causing
5% double amplitude strain increased with
increase in effective confining stress for a given
stress ratio.

f = 0 . l H z

o. = u.) Kgvcm-

o. = t.0 kgflcm2

l  l0  100 1000 10000

NUMBER OF CYCLES, //

Fig. 5 Relationship between stress ratio
and number of load cycles causing 5% double
amplitude strain for different confining stress.

4.1.2 Effect of Initial Shear Stress

Specimens, isotropically consolidated at a
confining stress of 0.5 kgf/cm', were subjected
to an initial static axial stress about 40% (CYC 3-
3) and 60% (CYC 4-3) of static strength under
undrained conditions and then to sequences of
cyclic axial stress with stress ratio about 0.30
until the specimen failure. Fig. 6 shows the
relation between the number of cycles, N, and
the double amplitude axial strain, DA, with the
initial shear stress as a variable parameter. It is
seen in this figure that the cyclic strength
decreased generally as the number of cycles
increased. The test results in Fig. 6 also show
that the cyclic strength increased substantially as
the initial static stress was increased. This is
because the clay when subjected to initial static
shear stress, such as embankment load, is
unstable during cyclic loading [5].
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Fig. 6 Relationship between double amplitude
strain and number of load cycles for different
initial shear stress.

4.1.3 Effect of Loading Frequency on
Cyclic Strength

The characteristics of the test results for
various loading frequencies of 0.1 Hz (CYC l-3),
0.5 Hz (CYC 5-3) and 1.0 Hz (CYC6-3) are
presented in Fig. 7 in which the logarithm of
number of loading cycles is plotted versus the
double amplitude axial shain under isotropic
consolidated confining stress 0.5 kgf/cm'
conditions. This figures shows the effect of
loading frequency on the cyclic strength, by the
number of loading cycles causing 5% double
amplitude strain of cyclic strength increased
with increase in loading frequency for a given
stress ratio. This behavior is in good agreement
with [6-8] that a general trend showed that the
slow loading tests require longer time to cause
failure than the rapid loading test.
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Fig. 7 Relationship between double amplitude
strain and number of load cycles for
different loading frequency.
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4.2 Excess Pore Water Pressure Behavior
During Cyclic Loading

Because of saturated clayed subjected to a
cyclic loading, excess pore water pressure
increased as the number of loading cycles
increased. Consequently the shear resistance
decreased, at least until the excess pore water
pressure dissipated. Thus, it is necessary to
clarifu the behavior of excess pore water
pressure of saturated clays when subjected to a
cyclic loading under several number of loading
cycles, confining stress and loading frequency.
In this study, the excess pore water pressure was
measured by pore pressure transducer at the
bottom of the sample.

4.2.1 Effect of Nurnber of Loading Cycles
on Excess Pore Water Pressure

Fig. 8 show the relation in the excess pore
water pressure with the logarithm of number of
load cycles in each series of cyclic loading test.
It can be seen that the excess pore water
pressure increases with increase in the number
of loading cycles. Higher excess pore water
pressure was generated at higher normalized
stress ratio. This tendency is similar to that
recognized in the axial strain versus number of
cycle's relationship. As can be seen in this
figure, the pore water pressure exhibits only a
very slight increase for a lower cyclic stress
ratio, while the excess pore water pressure
increased steeply at higher cyclic stress ratio.

NUMBER OF CYCLES, //

Fig. 8 The variation of excess pore water
pressure with number of load cycles for different
cyclic stress ratio.
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4.2.2 Effect of Confining Stress on Excess
Pore Water Pressure

Specimens, isotropically consolidated
under confining stress of 0.5 kgf/cm' and 1.0
kgf/cm', were subjected to cyclic loadings with
a frequency of 0.1 Hz and a cyclic shear stress
ratio about 0.30. Fig. 9 shows the relation in the
excess pore water pressure with the logarithm of
number of load cycles in each series of cyclic
loading test. It is seen in this figure that for a
given cyclic shear stress ratio, the relation in the
excess pore water pressure during cyclic
loadings shows nearly similar tendency for the
different effective confining pressure. The
results obtained are in good agreement with the
finding of [9].

m  r , u

trl 0.9

>
. - ,  o 6

a

o ^ ^
X  v . 2

0.0
I  l0  100 1000

NUMBER OF CYCLES, N

Fig. 9 Effect of confining stress on excess pore
water pressure

4,2.3 Eflect of Loading Frequency on
Excess Pore Water Pressure

Fig. l0 shows the results of cyclic hiaxial
test by using loading frequencies 0.1H2 (CYC l-
3), 0.5 Hz (CYC 5-3) and 1.0 Hz (CYC 6-3)
under isotropic consolidated confining stress 0.5
kgf/cm'. It can be seen in Fig. l0 that the excess
pore water pressure increasing with increasing
number of loading cycles but the excess pore
water pressure decreased with increasing
loading frequency. For a given number of
cycles, higher excess pore pressure and axial
strains are generated at lower frequencies. Thus
the loading frequency dependencies on both the
excess pore pressure and the axial strain are
similar. This implies that they are interrelated
with each other [9].
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Fig. l0 Effect of loading frequency on excess
pore water pressure

4.3 Cyclic Stress-Strain Properties

It is generally known [10-13] that the
deformation properties or cyclic stress-strain
properties are expressed by shear modulus and
damping ratio. The results of our investigation,
are shown in Fig. 4. The shape of the stress-
strain curve can be adequately represented by a
hyperbolic curve. The shear modulus can be
defined as amplitudes of cyclic deviator stress
and cyclic axial strain, and the damping ratio is
defined from a hysteresis loop of the
relationship between deviator stress and axial
strain. The results of these studies in cyclic
stress-strain properties are shown hereafter.

4.3.1 Effect of Number of Loading Cycles
on Shear Modulus and Damping
Ratio

The shear modulus and the damping ratio at
any strain measured from the cyclic triaxial test
is plotted in Fig. I I and 12, respectively. These
figures are the results at the confining stress of
0.5 kgf/cm' and subjected to cyclic loadings
with a frequency 0.1 Hz. In these figure, the
shear modulus decreases with increasing number
of loading cycles, in contrast, the damping ratio
increases with increasing number of loading
cycles. Because when the specimen was
subjected to cyclic loading, the deterioration of
bonding between soil particle and accumulation
of strain, damping energy increases. Therefore,
the shear modulus decreases and the damping
ratio increases with increasing number of cycles.
The results confirm the general findings of [3, 4,
5, 8]. All of the results show that damping ratio
decreased approximately linearly with the
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logarithm of the number of loading cycles and
shear modulus also decrease with increasins
number of load cycles.
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Fig. ll Relationship between shear modulus and
number of loading cycles for different cyclic
stress ratio
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Fig. 12 Relationship between damping ratio and
number of loading cycles for different cyclic
stress ratio

4.3.2 Effect of Confining Stress on Shear
Modulus and Damping Ratio

The specimens, isotropically consolidated
under confining stress of 0.5 kgf/cm' and 1.0
kgf/cm', were subjected to cyclic loading with a
frequency of 0.1 Hz. Fig. 13 shows the relation
between the double amplitude axial strain on the
logarithmic scale and the shear modulus during
cyclic loading. It is seen in this figure that shear
modulus corresponding to each effective
confining stress increases as the effective
confining stress becomes higher. This behavior
is in good agreement with the findings of f2,3,
4, 8] and suggest that the dynamic shear
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modulus increases with increasing confining
pressure. Their relationship can be plotted as a
straight line on a log-log scale at all levels of
treatment and strain amplitude. The relationship
between the double amplitude axial strain on the
logarithmic scale and the damping ratio are
presented in Fig. 14. It can also be seen that the
damping ratio decreases with increasing double
amplitude axial strain.

I
DA AXIAL STRAIN (%)

Fig. 13 Relationship between shear modulus and
double amplitude axial strain under different
confining stresses
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However, the results presented in Fig. 16 show
that at given loading frequency, the damping
ratio increases with increasing axial strain, and
again when given axial strain, the damping ratio
increases with increasing loading frequency.
When loading frequency increases, the axial
strain decreases, damping energies decrease
together, or damping ratios increase. The results
confirm the general findings by others 12,3, 4l
for undisturbed cohesive soil.
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Fig. 14 Relationship between damping ratio and
double amplitude axial strain under different
confining stresses

4.3.3 Effect of Loading Frequency on
Shear Modulus and Damping Ratio

Figs. l5 and l6 show relationships between
the shear modulus and the damping ration with
DA axial strain due to subjected loading
frequencies 0.1 Hz (CYC 1-3), 0.5 Hz (CYC 5-
3), and 1.0 Hz (CYC 6-3). It can also be seen in
Fig. 15 that at given loading frequency, shear
modulus increases with decreasing axial strain,
and when given axial strain, the shear modulus
decreases with increasing loading frequency.

DA AXIAL STRAIN (%)

Fig. 16 Relationship between damping ratio and
double amplitude axial strain under different
loading frequencies

5. Conclusion

From the results of cyclic triaxial tests to
investigate the cyclic strength and pore pressure
characteristics of soft Bangkok clay, the
following conclusions may be drawn:

l. The axial strain and the excess pore
water pressure both increase with increasing
number of loading cycles in all cases.
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2. The cyclic strength tended to increase
as the amplitude of cyclic stress ratio increased.

3. The cyclic strength (number of cycles
causing 5% double amplitude strain) increases
with increase in effective confining stress for a
given stress ratio. For a given cyclic shear stress
ratio, the variation in the excess pore water
pressure during cyclic loadings shows nearly
similar tendency for the different effective
confining pressure.

4. The cyclic strength increased with
increasing of loading frequencies for a given
confining stress but excess pore water pressure
decreased with increasing of loading
frequencies.

5. The shear modulus decreases with
increasing number of loading cycles. On the
other hand, the damping ratio increases with
increasing the number of loading cycles.

6. The shear modulus decreases with
increasing stress ratio, which is attributed to the
apparent characteristics of the stress-strain
curve. The damping ratio increases with
increasing stress ratio.

7. The shear modulus corresponding to
each effective confining stress increases slightly
as the effect confining stress becomes higher.
The damping ratio decreases as confining stress
increases.

8. The shear modulus decreases with
increasing loading frequency. Moreover, when
the loading frequency increases the damping
ratio increases.
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