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Earthquake Geotechnical Engineering
Part II: SOILS DYNAMIC RESPONSE
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Dynamic Soils Properties
Soils’ static response depends on the following factors at 
least:
 Type of soil (gravels, sands, silts, clays) and its 
properties: grain size distribution, plasticity, shear 
resistance parameters, permeability, etc.
 Unit weight (“density”).
Water content.
 Stress path.
 Stress history.

Those factors influence the dynamic response in a greater 
extent. There are other influent topics.
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Dynamic Stiffness
In mechanical soil response, both shear strains and stresses are 
the most relevant parameters to be taken into account.

Basic stress – strain relationships in linear elastic materials are the 
followings: 

τ[MPa] = G[MPa] * γ[%] 

The shear modulus G at least depends on:
 Relative density Dr
 Shear strain  γ
 Strain history 
 Effective confinement stress σ´v0
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Emerges the following idea:
At origin tangent G: Gmáx or G0
Secant G
Local tangent G
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Hardin & Drnevich have proposed the following simplified expressions:

 Sands: Gmax = K2*(σ'0)1/2

3230 * (2,973 - e)2

 Clays: Gmáx = ----------------------- * OCRk * (σ’0)½

(1 + e) 

Plasticity index [%] K
0 0,00 

20 0,18 
40 0,30 
60 0,41 
80 0,48 

>100 0,50 
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Despite each soil has particular characteristics, generally 
occurs that:  

 In sands, G depends strongly on Dr.
 In clays, G depends strongly on OCR. 
 G depends strongly on γ specially if 

γ > 1E-04  or  γ > 1E-05
 The frequency of vibration has only an irrelevant 
influence.
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Damping:

Cyclic loading and unloading generates a loop whose area 
means the wasted energy in the process.

There are different types of damping:

 Radiation or geometric damping. 
 Viscous material damping (proportional to the strain 
velocity).
 Hysteretic material damping (grows with the number of 
cycles).

In soils geometric and hysteretic damping are dominant.
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Relative damping can be defined as follows: 
Max energy dissipated (loop)             A loop

x = -------------------------------------- = ---------
4π*Max strain energy (triangle)    2π Gsec*γc

2

Expression that doesn’t depends on the frequency. 
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Mathematical Models for Soil Dynamic Response
It is necessary to count on stress – strain relationships to model the 
soil development. Classical expressions are the following:
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Classical expressions mathematical models are:

 Kodner  - Zelasko (1963):
1         1                        G0*γ

----- = ----- * (1 + G0 * -------)
G         G0 τ max

 Ramberg – Osgood (1943)
γ          τ                                  γ       -R          

−−−− = −−−− ∗ [ 1 + α ∗ (−−−−−−−)]
γy τψ C * τy

Usual values
Soil        R        a        C
Sand    35   12   0,8
Clay        3        1     0,4
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 “Type Massing” response (1926), 
whose principal characteristics are:

The discharge - recharge curves are 
similar to the “virgin curve”.
The maximum shear modulus 

G0 ≈ initial shear modulus of each stress – strain cycle. 
τ0 - τ γ0 - γ

If τ = F(γ)    ------- = F (--------)
2                 2   

where (τ0,γ0) and (τ0,γ0) are the extremes of the discharge recharge loop.
That is equivalent to put the origin at the extreme of the loop [point 
(τ0,γ0)], and draw the discharge line at double scale.
The method allows having a loop for each point (τ0,γ0).
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vs = λ*fs . In resonance: λ = 4*L  vs = λ*fs = (G/γ)½

vp = λ*fp . In resonance: λ = 4*L  vp = λ*fp = (E/γ)½

E = G/[2*(1+ν)]
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Plate Load Test
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Seismic refraction survey
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Down – hole test
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Cross – hole test
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Efectos del 
Confinamiento 
(1)
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(2)
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Darendeli 2001
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Darendeli 2001
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Hardin – Drnevich relationships
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Thank you for your attention…


	��
	Número de diapositiva 2
	Número de diapositiva 3
	Número de diapositiva 4
	Número de diapositiva 5
	Número de diapositiva 6
	Número de diapositiva 7
	Número de diapositiva 8
	Número de diapositiva 9
	Número de diapositiva 10
	Número de diapositiva 11
	Número de diapositiva 12
	Número de diapositiva 13
	Número de diapositiva 14
	Número de diapositiva 15
	Número de diapositiva 16
	Número de diapositiva 17
	Número de diapositiva 18
	Número de diapositiva 19
	Número de diapositiva 20
	Número de diapositiva 21
	Número de diapositiva 22
	Número de diapositiva 23
	Número de diapositiva 24
	Número de diapositiva 25
	Número de diapositiva 26
	Número de diapositiva 27
	Número de diapositiva 28
	Número de diapositiva 29
	Número de diapositiva 30
	Número de diapositiva 31
	Número de diapositiva 32
	Número de diapositiva 33
	Número de diapositiva 34
	Número de diapositiva 35
	Número de diapositiva 36
	Número de diapositiva 37
	Número de diapositiva 38
	Número de diapositiva 39
	Número de diapositiva 40
	Número de diapositiva 41
	Número de diapositiva 42
	Número de diapositiva 43
	Número de diapositiva 44
	Número de diapositiva 45
	Número de diapositiva 46
	Número de diapositiva 47
	Número de diapositiva 48
	Número de diapositiva 49
	Número de diapositiva 50
	Número de diapositiva 51
	Número de diapositiva 52
	Número de diapositiva 53
	Número de diapositiva 54
	Número de diapositiva 55
	Número de diapositiva 56
	Número de diapositiva 57
	Número de diapositiva 58
	Número de diapositiva 59
	Número de diapositiva 60
	Número de diapositiva 61
	Número de diapositiva 62
	Número de diapositiva 63
	Número de diapositiva 64
	Número de diapositiva 65
	Número de diapositiva 66
	Número de diapositiva 67
	Número de diapositiva 68

