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Abstract

This research examines the dynamic properties of
soils, specifically the shear modulus decrease
curves and damping curves for cohesive and non-
cohesive soils. Available research materials, such
as reports and articles, are gathered and examined
in this study to determine the elements that
influence soil dynamic features. The confining
pressure and plastic index were discovered to be
the most relevant elements for cohesiveness less
and cohesive soils, respectively. The dynamic
features of cohesion less and cohesive soils are
examined, and shear modulus reduction curves and
damping curves for cohesion less and cohesive
soils are calculated, based on these parameters.
The findings of this work may be used to disaster
mitigation, such as calculating ground reaction to
earthquakes using the shake computer programme
and then assessing building safety during a seismic
event.

Introduction

For correct ground response calculations,
appropriate information on non-linear
dynamic soil parameters, particularly
dynamic shear modulus and damping ratio,
is required in the creation of analytical
methodologies for analysing the reaction
of soil deposits under seismic ground
motion. Shear modulus and damping ratio
are often stated as a function of shear
strain in the form of relationships. Data on
dynamic shear module and damping ratio
for cohesive and cohesion less soils under

cyclic  loading  circumstances  are
summarised in this work. The findings of
this work may be used to disaster
mitigation, such as calculating ground
reaction to earthquakes using the shake
computer programme and then assessing
building safety during a seismic event.

Soil dynamic characteristics

To measure soil dynamic properties,
laboratory triaxial compression studies
under cyclic loading conditions are often
utilised. The shear modulus is commonly
stated as the secant modulus defined by the
extreme points on the hysteresis loop,
whereas the damping factor is proportional
to the area within the hysteresis loop, as
illustrated in Fig. 1. The shear modulus G
is then calculated at a strain level using the
following equation:

G=1

1
¢

Where and are the amplitudes of shear
stress and shear strain, respectively. When
the strain is less, the secant modulus has a
higher value. When is zero, the sparse
shear modulus of soil achieves its
maximum value Gmax under elastic
conditions. The following equation may
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also be used to calculate Gmax from shear
wave velocity:

G 2

max — AVs

Where Vs is the shear wave velocity in the
soil layer and is the soil density. Shear
modulus G is usually normalised by Gmax
in the research of soil dynamic features to
get shear modulus ratio G/Gmax. The
shear modulus decrease charts are shown
in Fig. 2. As illustrated in Fig. 2, when the
strain level is lower, the shear modulus
ratio is higher. As the strain level rises, the
value of the shear modulus ratio drops.
Similar correlations may be found for the
damping ratio at a strain level, which are
represented by the equation:

_ Wp
=T W,

The wasted energy is WD, while the
maximal strain energy is WS. Figure 2
also depicts the damping curve. The
damping ratio rises as the shear strain level
increases, as seen by the curve.

Fig. 1. Hyperbolic loop, non-linear soil
model with extended Masing rule to define
loading and unloading behaviour:

G/Gmax
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Fig. :- Shear modulus reduction and
damping curves of soils.

Factors affect soil non-linear
characteristics

Cohesion less Soil

Many researchers, including Seed and
Idriss (1970), Hardin and Drnevich (1972),
Iwasaki et al. (1978), Dobry and Vucetic
(1987), Ishibashi and Zhang (1993),
Hashash and Park (2001), and Stokoe et al.
(2002), have presented a comprehensive
survey of the factors affecting the shear
modulus and damping ratio of cohesion
less soils (2004). The key elements
affecting shear modulus and damping
ratio, according to their research, are
effective confining pressure’s, void ratio e,
and shear strain; while less relevant ones
include the number of loading cycles N
and the over consolidation ratio OCR.
Many  researchers  have recently
investigated factors influencing shear
modulus reduction curves and damping
curves of cohesion less soil by effective
confining pressure’s, such as Hardin and
Drnevich (1972) and Seed and Idriss
(1970), who have shown that effective
confining pressure has a significant impact
on modulus values for sands. Furthermore,
Iwasaki et al. (1978) demonstrated that
when effective confining pressure rises,
the effects of shear strain on shear
modulus reduction diminishes. Ishibashi
and Zhang (1993), Hashash and Park
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(2001), and Stokoe et al. (2004), on the
other hand, found that when effective
confining pressure rises, the effects of
shear strain on shear modulus reduction
reduces. Dobry and Vucetic (1987) used
damping curves to demonstrate that the
damping ratio rises as the effective
confining pressure rises.

Cohesive Soil

Many researchers have looked at the
variables that influence cohesive soil's
shear modulus and damping ratio.
Plasticity index (PI), void ratio e, and
frequency of cyclic loading are the
principal parameters impacting shear
modulus and damping ratio factors,
according to the majority of these research.
Many researchers have researched aspects
affecting shear modulus reduction curves
and damping curves of cohesive soil by
plastic index in recent years, such as
Kokushu et al. (1982), who proposed that
damping ratio values may be connected to
a soil's plasticity index. According to
Stokoe et al. (2004) and Vucetic and
Dobry (1991), damping ratio decreases as
Pl grows; nevertheless, damping ratio may
decrease as Pl increases at greater shear
strain levels.

Dynamic characteristics of cohesion less
soils

As previously stated, many investigators
have also studied factors influencing shear
modulus reduction curves and damping
curves of cohesionless soil by confining
pressure'm for the study of factors
affecting shear modulus and damping ratio
of cohesionless soil. He believes that the
effective confining pressure'm is the
primary  factor  affecting  dynamic
characteristics of cohesiveness soil. For

practical reasons, existing information on
the dynamic properties of sands under
various effective confining pressures
(Ishibashi and Zhang (1993); Hashash and
Park (2001); and Stokoe et al. (2004)) is
reviewed. Ishibashi and Zhang (1993)
reported shear modulus reduction curves
and damping curves at various effective
confining pressures of 27.6kPa, 55.2kPa,
110kPa, 221kPa, and 442kPa, taking into
account the effects of effective confining
pressure.

Shear modulus reduction curves and
damping curves were also published by
Hashash and Park (2001) for various
effective confining pressures of 27.6kPa,
55.2kPa, 110kPa, 221kPa, 442kPa,
833kPa, 1776kPa, and 10MPa. According
to the findings, the influence of confining
pressure on shear modulus decrease and
damping ratio rise may be more significant
at higher effective confining pressure.
Stokoe et al. (2004) discovered that
effective confining pressure did alter shear
modulus reduction curves in experiments
of shear modulus reduction curves and
damping curves under effective confining
pressures of 25kPa, 250kPa, and 2500kPa.
In general, effective confining pressure
rises as the depth of the soil layer rises.
Samples are obtained from various depths
with varied effective confining pressures
during laboratory dynamic testing to assess
both modulus and damping properties.
Effective confining pressures are divided
into four groups in this research to
evaluate the influence of effective
confining pressure fluctuations on dynamic
characteristics’=2527.6kPa, 55.2kPa,
110kPa, and 221252kPa.'m = 2527.6 kPa
effective  confining  pressure  Under
effective confining pressures= 2527.6 kPa,
the shear modulus decrease curves are
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Fig.. Influence of confining pressure for
cohesion less soils with 6’m = 55.2kPa, (a)
shear modulus reduction curves, (b)
damping curves.

Stokoe et al., on the other hand, did not
publish the shear modulus decrease and
damping curves for cohesionless soils with
effective confining pressure'm=110kPa
(2004). (4) 'm = 221250 kPa effective
confining pressure The shear modulus
decrease curves for'm=221250kPa are
shown in Fig. 6(a). Curves are fairly near
together for shear strains less than 110-3
percent, however Ishibashi and Zhang's
(1993) result is greater than Hashash and
Park's (2001) and Stokoe et al(2001) .'s
results (2004). As shear strain rises, the
curves found by Stokoe et al. (2004)
decrease dramatically.

Both Ishibashi and Zhang (1993) and
Stokoe et al. (2004) have the same
damping ratio when the shear strain is less
than 10%, however Ishibashi and Zhang
(1993) have lower values than Stokoe et al.
(2004) when the shear strain is larger than
10%. The outcome of Hashash and Park
(2001) is usually lower than both of them.
In conclusion, as long as the strain is less
than 110-4 percent, discrepancies in shear
modulus decrease curves are restricted.
Stokoe et al. (2004) produced results with
lower values than the rest.

As the shear strain value rises, the gap
between them widens. The differences
between graphs linking damping ratio to
shear strain, on the other hand, are more
substantial. Hashash and Park (2001) give
damping ratios that are all lower than
Ishibashi and Zhang (1993), with Stokoe et
al. (2004) findings in the middle. The
dynamic characteristics finding of Hashash
and Park (2001) seems to better capture

depth effects, based on the comparison of
these studies.

Hashash and Park (2001) findings may
better depict subsurface structure due to
the confining pressure impact. (191986).
The findings of Vucetic and Dobry (1991)
for soils with PI=0 are likewise shown in
Fig. 7. It is obvious from Fig. 7(a) that the
shear modulus values reported by Hashash
and Park (2001) are similar to those
obtained by Seed and Idriss (1970) and
Vucetic and Dobry (1991). Hashash and
Park (2001) provide a damping ratio with
lower values than Seed and Idriss (1970)
and Vucetic and Dobray (2001).In
dynamic assessments, it is recommended
to apply shear modulus reduction curves
and damping curves considering different
proposed by Hashash and Park because
effective confining pressure, apart from
shear strain level, has a substantial impact
on assessing the shear modulus and
damping ratio (2001).

Dynamic characteristics of cohesive

SOILS Sun et al. (1988) found that the
plasticity index appears to be the most
dominant and consistent factor in the form
of the normalised modulus reduction
relationship for cohesive soils, based on an
examination of the effects of many factors
that influence the form of the normalised
modulus reduction relationship.

The shear modulus decrease curves for
cohesive soils of various plasticity are
shown in Figure 8. Sun et al., on the other
hand, did not include damping qualities of
cohesive soils in relation to a soil's Pl
(1988). Seed and Idriss did not consider
the influence of PI as a prominent element
in their study on the dynamic features of
cohesive soils (1970). Vucetic and Dobry
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(1991) highlighted the impact of PI on the
shapes of shear modulus decrease curves
and damping curves after extensive
laboratory testing on saturated cohesive
soils with various Pl. Shear modulus and
damping ratio should be considered while
studying the dynamic properties of
cohesive soils.

As a consequence, the findings of Vucetic
and Dobry (1991) are utilised in this
investigation. Figure 9 depicts the findings
of their research. PI levels are classified
into six groups: 0, 15, 30, 50, 100, and
200. The normalised modulus clearly
drops as PI rises. The damping ratio, on
the other hand, rises as P1 rises.
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Fig. Shear modulus reduction curves for
cohesive soils of different plasticity

Conclusions

The plasticity index and effective
confining pressure are the major elements
governing the shear modulus reduction
curves and damping curves for cohesive
and cohesion-less soils, respectively, based
on the research mentioned in the previous
pages. The use of shear modulus reduction
curves, as well as the damping curves
presented by Vucetic and Dobry (1991)
and Hashash and Park (2001), can provide
a convenient basis for determining
dynamic properties for cohesive and

cohesion-less soils, respectively, according
to a number of available cyclic loading
results.

This  study's proposed correlations
between the shear modulus and the
damping ratio with the shear strain
amplitude correspond well with the
findings for plain soils. The findings of
this research may be used to disaster
mitigation, such as calculating ground
reaction to earthquakes using the shake
computer programme and then assessing
building safety during a seismic event.

References

1. Chen, Y. C, Li, Lee, C. G.,, and W. K.
(1993). “Shear moduli and damping ratios
of sandy soils in the Lanyang plane,”
Journal of Chinese Institute of Civil and
Hydraulic Engineering, Vol. 5(1), 55-66.

2. Dobry, R., and Vucetic, M. (1987).
“Dynamic  properties — and  seismic
response  of soft clay  deposits,”
Proceedings, International Symposium on
Geotechnical Engineering of Soft Soils,
Mexico City, Vol. 2, 49-85.

3. EPRI. (1993), Guidelines for determining
design basis ground motions, Report
EPRITr-102293, Electric Power Research
Institute (EPRI), Palo Alto, California.

4. Hardin, B. O., and Drnevich. V. P. (1972),
“Shear modulus and damping in soils:
design equations and curves,” Journal of
the Soil Mechanics and Foundations
Division, ASCE, Vol. 98, 667-692.

5. Hashash, Y. and Park, D. (2001).
“Nonlinear  one-dimensional  seismic
ground motion propagation in the
mississippi  embayment,”  Engineering
Geology, ASCE, Vol. 62, 185-206.

6. Hsu, C. H., Chao, S. J., Chern, S. G., and
Hwang, H. (2012). “Constructing the
comprehensive subsurface structure of
Lanyang plain,” Journal of Marine
Science and Technology, Vol. 20(2), 195-
200.

7. lwasaki, T., Tatsuoka, F., and Taakagi, Y.
(1978). “Shear moduli of sands under

Anveshana’s International Journal of Research in Engineering and Applied Sciences

EMAILID:anveshanaindia@amail.com,WEBSITE:www.anveshanaindia.com
47



AIJREAS VOLUME 7, ISSUE 1 (2022, JAN)

(1SSN-2455-6300)ONLINE

‘&:-r Anveshana’s International Journal of Research in Engineering and Applied Sciences

RERF

10.

11.

12.

13.

14.

15.

cyclic torsional shear loading,” Soils
Found, JSSMFE, Vol. 18(1), 39-56.

Idriss, 1. M., and Sun, J. I. (1992).
“SHAKE91 — A computer program for
conducting equivalent linear seismic
response analyses of the horizontally
layered soil deposit,” Department of Civil
and Environmental Engineering,
University of California, Berkeley,
California.

Ishibashi, 1., and Zhang, X. j. (1993).
“Unified dynamic shear moduli and
damping ratios of sand and clay,” Soils
Found, JSSMFE, Vol. 33(1), 182-191.
Kokushu, T., Yoshida, Y., and Esashi, Y.
(1982). “Dynamic properties of soft clay
for wide strain range,” Soils and
Foundations, Vol. 20(4), 1-18.

Kramer, S.L. (1996). Geotechnical
Earthquake Engineering, Prentice-Hall
International Series in Civil Engineering
Mechanics, Upper Saddle River, New
Jersey.

Seed, H. B., and Idriss, I. M. (1970). “Soil
moduli and damping factors for dynamic
response analysis,” Report EERC 70-10,
Earthquake Engineering Research Center,
University of California, Berkeley,
California.

Seed, H. B., Wong, R. T., Idriss, I, M., and
Tokimatsu, K. (1986). “Moduli and
damping factors for dynamic analysis of
cohesionless soils,” Journal of
Geotechnical Engineering, ASCE, Vol.
112(11), 1016-1032.

Sun, J. I., Golesorkhi, R. and Seed, H. B.
(1988). “Dynamic moduli and damping
ratios for cohesive soils,” Report EERC
88-15, Earthquake Engineering Research
Center, University of California, Berkeley,
California, 42.

Stokoe, K. H., H., Darendeli, M. B,
Gilbert, R. B., Menq, F. Y., and Choi, W.
K. (2004). “Development of a new family
of normalized modulus reduction and
material damping curves,” Proceedings,
NSF/PEER Int. Work-shop on
Uncertainties in Nonlinear Soil Properties
and their Impact on Modeling Dynamic
Soil Response, University of California,
Berkeley, California.

16. Vucetic, M., and Dobry, R. (1991). “Effect

of soil plasticity on cyclic response,”
Journal of Geotechnical Engineering,
ASCE, Vol. 117(1), 89-107.

Anveshana’s International Journal of Research in Engineering and Applied Sciences

EMAILID:anveshanaindi mail.

m,WEBSITE:www.anveshanaindia.com
48



