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Defined as ratio of shear stress to shear strain
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Measurement of G

max
Usually accomplished by measuring V.,

Direct field measurement
Seismic reflection
Seismic refraction
Seismic cross-hole
Seismic downhole, uphole

Indirect field measurement
Correlation to (N )4, q.;, €tC.
Laboratory measurement
Resonant column
Bender element
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Equivalent linear analysis

Nonlinear analysis
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Shear Modulus G

S€C

Secant shear modulus,G,,, decreases
as shear strain increases
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Cyclic loading

Secant shear modulus,G,,, decreases
as number of cycles increases
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Equivalent linear approach

Linear range (G =G
Low strain only
v < 3x104%

max)

Modulus

Reduction
/ Curve
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Shear Modulus G..... Behavior

max

Increasing factor

Effective stress
Void ratio
Geologic age
Cementation
Overconsolidation
Plasticity index

Number of loading
Cycles

Angle of friction

Grain size characteristics
Degree of saturation
Level of strain

G

Increases
Decreases
Increases
Increases
Increases
Negligible to small
increase

Decreases for clay
Increases for sand
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Increasing
Plasticity
Index

Increasing lo
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Damping Behavior

Measure of hysteretic energy
dissipated by soil during
cyclic loading proportional
to area of hysteresis loop.

Low strain amplitude ‘ Low damping ratio
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Damping Behavior
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High strain amplitude ‘ High damping ratio
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Experimental values of G,

G=21882K2\/5_0‘ (}/510-4%)
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Non degradable

Linear

Small V<Y < vy Non-linear
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Modeling

linear

bulk modulus
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Modeling

Viscoelastic model

the viscoelastic model lends itself to an energy dissipation

mechanism that is frequency dependent, in contradiction with
experimental observation

r=Gy+Cy

The normalizing quantity is the elastic energy W /&&= iGyjl
stored during one cycle
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Equivalent linear viscoelastic models

COMPLEX MODULUS

G =1/y

DISSIPATED ENERGY
IN ONE cYCLE AW

MATERIAL

TGyl

MODEL 1

G=[l+in]

TGyl

MODEL 2

Ge:ﬁ
1 =2sin(6/2)

2
zGny 121
ny J
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G[ - +qu
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Modeling

Nonlinear

CYCLIC LOOP N

DEGRADED BACKBONE CYCLICLOOP 1
CURYE AT CYCLEN

|
INITIAL LOADING

BACKBONE CURYE AT N=1
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