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ABSTRACT: When a soil subjected by a cyclic loading, it induced a movement between soil particles. The first
movement which caused a change of soil particle initial position was known as cyclic threshold of soil. This research
was conducted in order to investigate a cyclic shear strain threshold by using conventional triaxial testing apparatus. A
repeated monotonic loading and unloading at various densities relatives of soil, frequency of loading and strain
amplitude are shown to be linked as the cyclic behaviour in a cyclic shear controlled triaxial testing program. An excess
pore water pressure build up during the testing are shown as a main parameter to identify the cyclic threshold.
Specimen were used at relative density (D,) 25%, 60 % and 80%, with effective pressure o3” = 50, 100, 200 kPa and
frequency of loading (f) applied 0.05 Hz and 0.1 Hz. The results obtained range y; was 1,5. 107 % - 2. 102 %.
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I.  INTRODUCTION

Extensively researches were conducted in order to gained comprehensive results of movement soil granular due to
cyclic loading. In nature, cyclic loading are presented by earthquake loading, pile driving vibration, traffic loading,
ocean wave, machine foundation vibration, etc. Secondary phenomenon caused by cyclic loading is an occurrence of
liquefaction phenomenon. In laboratory, this phenomenon could be seen in behaviour of pore water pressure inside of
soil sample. Research method were commonly used by researchers are cyclic shear strain-controlled, cyclic shear
stress-controlled and strain energy concept.

Fundamental parameter which could determine an increasing of pore water pressure when cyclic loading was applied
is the threshold shear strain (y). This parameter informs a minimum of cyclic strain amplitude applied which could
trigger the build up of pore water pressure on soil sample during the laboratory testing. Previous researches focused on
pore water pressure behaviour caused by an application of cyclic loading were conducted since 1971°s. The shear stress
controlled is the most popular method was used by researchers to obtain a threshold cyclic shear strain. Initial
experimental results pointed out the presence of cyclic threshold shear strain were presented by Silver and Seed (1971),
Youd (1972) and Stoll and Kald (1977). Furthermore, it continued by Dobry et al. (1982), Dyvik et al. (1984) and
Ladd et al. (1989) with well explanation and introducing the concept of cyclic threshold shear strain in sands.
Correlation between pore water pressure and amplitude of cyclic shear strain were introduced in order to indentify
threshold point.

Vucetic (1994) was mention when an undrained fully saturated soil subjected a cyclic loading, the pore water
pressure changes with the number of cycles (N). It is depicted a very different behaviour correlated when soil in
partially saturated or dry condition. Cyclic loading application is typically decreasing the volume of the soil. Such
cyclic behaviour is depicted schematically in Fig. 1. According the laboratory results from previous research depict
there was a change permanently of pore water pressure (Au) and a volume change of soil sample when an amplitude of
cyclic shear strain applied exceeds a certain threshold value. Such as a key parameter, amplitude cyclic shear strain
distinct to be two zone of pore water pressure, Below such threshold, engineering properties and soil microstructure
remain unchanged. Then above such threshold, microsctructure of soil is irreversible altered caused by application of
cyclic loading.
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Various type of soil was examined by researches both in clean sand and cohesive soil. Dobry et al. (1982), Ladd et al.
(1989) and Hsu and Vucetic (2004) confirmed their extensive investigation of buildup pore water pressure many sands
due to cyclic loading is generally around y; = 0.01 %. Later on Vucetic (1994), Hsu and Vucetic (2004) and Uchida
(2001) revealed this value for clayey soils is significantly larger than in sands and they confirmed it was influenced by
plasticity index of soil (PI). Summarize of cyclic threshold shear strain in various soil according of author’s knowledge
listed in Table 1. This research was conducted in order to obtain a cyclic threshold shear strain in sands when subjected
a very low frequency of cyclic loading.

by
=y
T
., -
= G r,r"lJ’Gu
L 1 e -
= Gﬂul ""‘ -—
e - =G
= Gnnﬂf":-:__ - '_::..-_- — 1
1 ] = _..l' ‘-::- 2 .n-"’d- - .
T T
Te = Tew wm
1
H .I':w
= Glu:l
| 1
) CYCLIC LOOP N
bl DEGRADED BACKBONE CYCLIC LOOF 1
CURVE AT CYCLEN
|
INITTAL LOADING

BACKBONE CURVE AT N=L
Fig 1. Sketch of results and definition parameters of cyclic strain controlled (Vucetic, 1994)
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Table 1. Previous research concerning to cyclic threshold shear strain

Reference Soil classification according  Plasticity Index, Cyclic threshold
to ASTM standard Pl (%) shear strain, y; (%)
Silver and Seed, 1971 Clean sand NP 0.020 - 0.030
Andreasson, 1979 Clay 40 - 50 0.040 - 0.100
Ladd et al., 1989 Clean sand NP 0.011
Hsu and Vucetic., 2006 Cohesive soil 14 - 30 0.024 - 0.06
Uchida et al., 2001 Clean sand NP -

Il. CONCEPT OF THRESHOLD CYCLIC SHEAR STRAIN FOR PORE WATER PRESSURE

Threshold cyclic shear strain identified a microstructure change of soil granular when a cyclic loading subjected an
element of soil. This parameter appears when the soil in undrained fully saturated condition subjected by a moderate or
large shear strain amplitudes. The existing of threshold cyclic shear strain was identified by increasing of pore water
pressure. The presence of pore water pressure (U=up) changes with number of cyclic loading applied (N). During the
cyclic loading was applied, pore water pressure (U=Ug) become cyclic pore pressure (Au) which is known by the excess
pore-water pressure. It represents the pressure in the excess of u,.

I1l. MATERIALS AND METHODS

A. Physical properties of soil used in the study

The soil sample employed in this research was collected from Yogyakarta city. Figure 2 shows the grain size
distribution of the soil sample which classified as fine medium clean sand according to Unified Soil Classification
System (USCS) and have angular shape. The soils were obtained -2.5 m below the ground surface as an undisturbed
sample. Physical properties of soils demonstrate that overall sandy soil has specific gravity 2.66. The average of water
content and void ratio are 22.7 % and 0.59 respectively. The soil properties of soil sample are listed completely in
Table 2.

Table 2. Physical properties of soil sample

No Variable Content
1  Specific gravity, G, 2.66
2 Water content, w (%) 22.30
3 Voidratio, e 0.59
4 Maximum void ratio, ena 0.81
5  Minimum void ratio, eni, 0.48
6  Density relatives, D, (%) 64.00
7 Dry density, yq (gricm?) 1.67
8  Maximum dry density, ygmax (gr/cm®) 1.80
9  Minimum dry density, ygmin(gr/cm®) 1.47
10  Wet density, y,, (gr/cm?) 1.92
11 Maximum wet density , yumax (gr/cm®) 2.13
12 Minimum wet density, , yumin(gr/cm?) 1.47
13  Coefficient of uniformity (C,) 4.34
14  Coefficient of gradation (C,) 1.14
15 Atterberg limit NP
16 Soil classification (USCS) SW
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Fig 2. Soil distribution curve of soil sample

According to Fig. 2, we obtained some parameter, there are the mean size of soil particle (dso) are 0,4 mm, dyg =
0.116 mm, d3y = 0.258 mm, dgy = 0504 mm.and quantity of fines content (F.) is less than 10 %. The granulometri
testing identified that the value of uniformity coefficient and gradation coefficient are 4.34 and 1.14.

B. Testing equipment

This research were carried out by using cyclic triaxial testing which equipped with a set of controller, consisted of
controller axial load, a controller confining pressure and controller pore water pressure. A soil sample with diameter 50
mm and height 100 mm were used as a specimen during the testing. At the bottom of soil sample was installed a
porous stone. Illustration of triaxial testing equipment can be seen in Figure 3.
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Fig 3. The scheme of cyclic triaxial testing
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C. Sample preparation

A disturbed sample was chosen to facilitate the preparation of the test specimen before the test was commenced. For
each sample were prepared 350 gram of dry soil were prepared. Dry pluviation was chosen as a sample preparation
method. Firstly, soils were dropped to the mold soil sample with 50 mm diameter and 100 mm height and the other side
water adjusted to the value Dr = 25%, 60%, and 80%. Then it continued by enclosed a soil sample with rubber
membrane. A porous stone was attached at the triaxial cell base below the soil sample before the testing. During this
process, the soil will absorb the water slowly. After the specimen has been prepared, then it is transferred to the triaxial
cell. Before starting the next proces, the triaxial cell must be fully fulfilled using de-aered and de-mineralised water.

Before the test started, the specimen was isotropically consolidated and this process was conducted for one night in
triaxial apparatus. Thus it continued by saturation process. During the saturation process, applied an increasing the back
pressure and cell pressure until reach the Skempton value greater than 0.95.

IVV.EXPERIMENTAL RESULTS

A. Threshold cyclic shear strain

A series of test were carried out at various effective confining pressure (c’3), relative densities (D,) and frequency
(f) of loading applied. Thus, the data was plotted with the amplitude of cyclic strain against excess pore water pressure.
The relationship between amplitude of cyclic strain and excess pore water pressure could identify the threshold of clean
sand cyclic shear strain. The results confirmed at Figure 4 when the effective confining stress (¢’3) = 100 kPa applied
on the sample with different relative density of 25%, 60% and 80%. Two various frequencies (f) of loading was
subjected on soil sample, there were 0.05 Hz and 0.1 Hz. For those two frequencies, it depict an increasing of the pore
water pressure occurs when the threshold cyclic shear strain (y,) reaches 1.5.10 %. Increasing of density relative
influenced the amplitude of cyclic strain applied which trigger the soil particle slide each other. From figure 4 (a) and
(b) confirmed those frequencies (f) of loading trigger an increasing of residual pore water pressure. Nevertheless,
between f = 0.5 Hz and f = 0.01 Hz, they obtained the similar threshold cyclic shear strain.
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Fig 4. Cyclic threshold shear strain (y;) of clean sand at different density relatives and frequency of
loading
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Various level of effective confining pressure (c’3) were applied on a series of testing, there are 50 kPa, 100 kPa and
200 kPa. The results of testing which illustrated a comparison behavior of soil subjected by a different effective
confining pressure could be seen at Figure 5. This figure revealed a comparison behavior of clean sand at D, = 60%
with f = 0.1 Hz and 0.05 Hz. The buildup of residual pore water pressure (Au,) was noted on the different variation of
6’3, This figure depicted that the testing obtained the same value of y; when applied o’5 between 50 kPa up to 100 kPa.
Furthermore when o’szequal to 200 kPa was applied, it depicted the increasing of y.. It could be concluded that
increasing of confining effective stress on soil, it induced the increasing of resistance of soil against the shear stress.
According to the Figure 5, the frequency (f) of loading applied influenced a residual pore water pressure ratio behavior
at the cyclic shear strain considered and they have a positive relation.
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Fig 5. Cyclic shear strain vy, of soil sample at different effective confining pressure

B. Shear Modulus
A soil parameter which could identify the soil strength against shear stress of soil is known as shear modulus. The

relation between shear modulus (G) and cyclic shear strain at first cycle of loading in dense specimen (D, = 60 %) is

illustrated in Figure 6.
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During the testing, the effective cell pressures applied were 50 kPa, 100 kPa and 200 kPa respectively. From the
figure, it depicted that effective cell pressure have an influence to shear modulus of soil sample. For clean sand, an
increasing of cyclic shear strain caused a decreasing of shear modulus of soil. This phenomenon represents the soil
resistance of soil when a cyclic loading applied. Thus, a confining cell pressure was represented as a support for soil to
against a shear stress

V. CONCLUSION

The cyclic shear strain vy, is the fundamental parameter in soil dynamic behaviour analysis. Since could distinct into
two zone of pore water pressure build up during the loading, this parameter represent the initial movement of soil
particle. Due to of cyclic loading, the soil particles slide each other on their surface. Fist movement of sliding trigger
the development of pore water pressure and this phenomenon could be represented as a threshold of pore water
pressure. Two distinction of two zones as follows, first, a zone with an application of y < vy, does not induced an
increasing of the pore water pressure. Second, a zone with an application of y > vy, it revealed a build up of pore water
pressure due to cyclic loading. Furthermore, a shear modulus of soil was influenced by frequency (f) of cyclic loading,
an effective confining pressure and amplitude of cyclic shear strain. These parameters have a negative relation to shear
modulus of soil. If we increase these parameters, it triggers a decreasing of shear modulus of soil.
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