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Abstract. Site response analysis heavily weighs dynamic soil characteristics in-
cluding liquefaction potential, shear modulus, and soil damping ratio. The current
work studies the response of clayey sand owing to dynamic loads. Saturated un-
drained cyclic triaxial tests have been conducted using strain controlled loading
at different relative densities (50-80%) representing the field conditions and by
varying shear strain amplitudes and confining pressure under 1 Hz loading fre-
quency. Test results have shown that, soil's ability to liquefy is reduced when
confining pressure and relative density increased. For higher shear strains lique-
faction susceptibility, damping ratio increased significantly and shear modulus
reduced.

Keywords: Dynamic soil properties, cyclic triaxial test, loading frequency,
Shear strain.

1 Introduction

Dynamic soil parameters such as shear modulus and damping ratio impact the behavior
of soils exposed to dynamic stresses. Numerous geotechnical engineering problems in-
volving dynamic loads and soil response analysis depend on dynamic soil properties.
The dynamic soil properties are mainly responsible for the performance of soils sub-
jected to the dynamic loading.[1,2] Lot of research is going on this aspect, but, soil
properties changes from place to place, test results from one place not relates to another.
Many parameters such as relative density, shear strain amplitude, type of soil, no of
loading cycles and frequency affect dynamic soil properties during dynamic loading
[13]. Based on test results, this paper presents the experimental study of effects of cell
relative density, cell pressure and shear strain amplitude on dynamic properties of
clayey sand.

2 Materials used

Locally available sand around Warangal was collected in this present study. To identify
the fundamental index properties as specified by the IS code, experiments on sandy soil
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were carried out. In Fig 1 and table 1, the particle size distribution curve and soil prop-

erties are depicted, respectively. The properties state clearly that the sand under study
is SP.
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Fig. 1. Particle size distribution of sand
Table 1. Index properties of sand used

Index property Value
Specific Gravity (G) 2.66
Maximum void ratio(emax) 0.98
Minimum void ratio(emin) 0.49
D1o(mm) 0.16
Dso(mm) 0.34
Ds0(mm) 0.49
Coefficient of uniformity (Cu) 2.97
Coefficient of curvature(Cc) 1.44
Maximum dry density(kN/m?) 175
Minimum dry density(kN/m?) 13.15
Soil classification SP

3 Test procedure

In the current study, cyclic triaxial test apparatus has been used to conduct the set of
experiments. A series of strain-controlled undrained tests (ASTM D3999) and stress-
controlled undrained tests (ASTM D5311) are carried out to determine the strain-de-
pendent and stress-dependent dynamic response. The four factors indicated (Dr, r'c, c,
and CSR) are significantly modified in order to analyze the dynamic soil characteristics.
Dr stands for the cohesionless soil's relative density. The effective confining stress on
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the specimen under field conditions is represented by r'c. The soil specimen was ex-
posed to a maximum shear strain value of ¢ during the shaking motion of excitation.
The index value known as CSR is utilized to reveal the soil strength under cyclic stress.
The number of loading cycles is altered in addition to the previously specified param-
eters to assess the formation of extra pore-water pressure, which is utilized to identify
the different liquefaction phases. According to Kramer (1996), the aforementioned cri-
teria serve as indications of a soil's ability to liquefy, and the variance of these param-
eters is noted in the research at hand [12]. It might be challenging to choose a certain
frequency value for strain-controlled cycle tests and stress-controlled cyclic testing
when the ground motion of an earthquake encompasses a range of frequencies. The
frequency of 1 Hz was selected for the applied harmonic regular excitations for the
experiments performed in this research based on studies that are currently available on
the fluctuation of dynamic soil behavior as well as soil liquefaction with reference to
frequency.

4 Results and discussions

In this experiment, moist tamping method is used to prepare the sample. The dimen-
sions of the sample are height 15 cm and diameter 7.5 cm. By raising the back pressure
to a minimum B-value of 0.96, saturation was attained [4,5]. Specimens were allowed
to consolidate to the necessary net effective stress prior to loading by increasing the cell
pressure and letting water to flow through. Samples were then exposed to strain-con-
trolled cyclic loading in an undrained state. A series of strain-controlled undrained ex-
periments using cyclic triaxial test equipment were carried out to assess the sand's dy-
namic soil qualities. A test was performed on a specimen that had gone through 40
cycles of 0.5% strain, as can be shown in Fig. 2.1(a). According to test findings, shear
stress reduces as the number of cycles increases, as shown in Fig. 2.1. (b). It results
from an increase in the surplus pore water pressure that is seen in Fig 3.1. (c). It should
be noted that a rise in excess pore pressure causes the hysteresis loop to flatten, which
reduces the specimen's stiffness (shear modulus). This is shown in Fig. 2.1. (d). As
shown in Fig. 2.1.(c), when the pore water pressure ratio is nearly 0.9 after 10 cycles,
the sample only shows about one-fifth of the original shear strength value. The shear
stress was lower after 12 cycles, and the pore water pressure was about equivalent to
the cell pressure. Beyond this, the sample is considered to have liquefied. It should be
emphasized that the rise in pore pressure serves as the primary determinant of the spec-
imen's shear strength at any given cycle.
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Fig.2.1 (a): Shear strain vs. No. of loading cycles.
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Fig.2.1 (b): Shear stress vs. No. of cycles.
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Fig.2.1(c): Pore water pressure ratio vs. No. of cycles.
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Fig.2.1 (d): Shear stress vs. Shear strain

Fig.2.1 Results of the strain-controlled tests of sands at f = 1 Hz, o’c= 100 kPa and axial strain
=0.5% and Dr = 70%.
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Fig.2.2 (a): Input shear strain vs. No. of cycles.
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Fig.2.2(c): Pore water pressure ratio vs No. of cycles.
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Fig.2.2 (d): shear stress vs. shear strain
Fig.2.2 Results of the strain controlled cyclic tests for clayey sand at f = 1Hz, ¢’c= 100 kPa and
axial strain = 0.5% and Dr = 70%.

Sample is reconstituted as similar as to the above sand soil by adding 10% clay to the
sand by weight proportion. Saturation and consolidation was done as similar to the
above procedure for pure sands and cyclic loading is applied under undrained condi-
tions. Results were presented in Fig 2.2.

Test results revealed that for clayey sand, excess pore pressure ratio reached to lique-
faction stage at 14th cycle while for pure sands liquefaction initiated at 12th cycle as
shown in 2.2 c. shear stress increases due to adding clay to the sand while comparing
with pure sands as shown in 2.2b.

Table 2. List of cyclic triaxial tests performed (strain controlled).

Soil Dr(%) o’(kPa) F(H2) Y (%)
Sand 50 100 1 0.15,0.3,0.5,1
150
70 100 1 0.15,0.3,0.5,1
150
80 100 1 0.15,0.3,0.5,1
150
Clayey sand 50 100 1 0.15,0.3,0.5,1
150
70 100 1 0.15,0.3,0.5,1
150
80 100 1 0.15,0.3,0.5,1
150

Fig.3. displays the variances in ry at different values of y with change in number of
cycles for Dy = 70%, 6°=100 kPa. Which is an indication of nonlinear growth in number
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of cycles and excessive pore pressure. While the ru value for shear strain value of 1
reached 1 at 8 cycles, it took roughly 18 cycles to increase strain value from 0.15 to 1.
The figure below show that when the average values of ru rises with shear strain, the
cyclic variation of ru at any cycle reduced as the intensity of shear strain is raised. It is
evident that when y and N levels increases, then the probability of the commencement
of soil liquefaction is more. In other words, the specimen's tendency to liquefy rises
with a rise in applied y at any specific ru for identical N. The higher ru causes liquefac-
tion to begin more quickly.
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Fig.3. Shear strain effect on pore water pressure ratio (ru) of clayey sand at relative density
70%.
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Fig.4. Shear strain effect on shear modulus of clayey sand at relative density 70%
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Fig.5. shear strain effect on damping ratio of clayey sand at relative density 70%
Fig. 4 and 5 illustrates how shear strain affected the estimated dynamic properties.
The decrease of the shear modulus is seen to follow a common pattern. However, it is
discovered that the damping ratio rises up to a particular shear strain. The experiment
is conducted with various relative densities and the results of the higher relative densi-
ties are presented.

5 Conclusions

1. Applied shear strain amplitude has major impact on excess pore pressure developed
during strain controlled test. For higher magnitudes of shear strain, the liquefaction can
be achieved with the least cycles.

2. When shear strain increases, damping ratio increases and shear modulus decreases.
3. According to the test results, liquefaction potential of soil is reduced when cell pres-
sure and relative density are increased. Because alternative loading cycles provide
smaller surplus pore pressure ratio, more loading cycles are necessary to cause lique-
faction.

4. From the results of the first loading cycle, the dynamic soil properties are signifi-
cantly impacted by confining pressure and shear strain amplitude.

5. Although simple to use, the cyclic strain-based technique tends to produce conserva-
tive solutions for regions where site-specific data is not in available.

6. Tests on loose and medium-density specimens show that liquefaction resistance is
directly proportional to relative density.
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