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Problem Statement and
Methodology

Poroelastic theory (Biot 1946, 1956, Roeloffs,
1996) Is well constructed In solving a strain-
pressure coupled system.

The geo-material and hydrogeological properties
must be known when applying the poroelastic
theory to field.

Both geo-material and hydrogeological properties
may show heterogeneous due to the Choshuishi
Alluvial Fan

Estimate the geo-material property from coseismic
data of 1999 Chi-Chi earthquake.




Poroelastic Theory

e Governing equations

v-(GVul){ d GaUZJ— d G‘?U'ZH{ 2 [65“3]— 0lgMs ||, 9 ( G AVj—i(aP):O
0X, ox ) OX \ 0X 0%, 0% ) Ox\ 0% )| ox\1-2v

v.Gv)+| 2 e | Qg | O fg0 ) O g, a( G Avj—i(ap)zo
X 0% ) 0%\ 0% X\ OX, ) OX, 0% )| 0%

(A Gaul]— d (G(Mﬂ{ d [Gauz ¢ (Gauz } d ( © AV]—i(aP):O
| 0% 0% ) 0%\ 0% X, \ 0% ) OX\ 0X, ox, \1-2v 0%,

0 4\ 0

a(PQ 1)+a((mv)=v-(xvp)

e Under undrained condition, static confined
volumetric strain efficiency can be
calculated as 4, 1 2GB (1+v,)

Ag,, pg 3 (1-2v,)




Poroelastic Theory (continue)

* Five methods to calculate the static volumetric strain
efficiency  ah 1 2GB (1+v,)
Ag,, pg 3 (1-2v,)
|. Field measurements of volume strain
I1. Fault-rupture model and dislocation model

[11. Soil mechanics

|\/. Porosity changes due to changes of groundwater
level

V. Porosity change due to vertical displacement of
ground surface
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Locations of Monitoring Wells and

N(@m)
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Volume strain from fault-rupture model
and dislocation model (method I1)
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Estimating the static volumetric strain

efficiency by soil mechanics (method Ill)
o Static volumetric strain efficiency
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Estimating the static volumetric strain
efficiency by soil mechanics (method II1)

e For sand and gravel

Copmressibility of soil (Cs) 10'~10" Pa™
Copmressibility of water (Cp) 4.4%107"° pa’’
Porosity (n) 0.15~0.25
Skempton coefficient (B) 0.73~0.99
Poisson ratio (v ) 0.15~0.35
Young's modulus (E) 69~172 MPa
Undrained Poisson ratio (v ) 0.38~0.49
Undrained bulk modulus (Ku) | 3.1*10°-3.73*10° Pa
Strain efficiency 2.3~36.9 cm/ppm




Comparison of the static volumetric
strain efficiencies by method Il and |
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Estimating the static volumetric strain
based on changes In porosity (method 1V)
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Volume strain from groundwater
level change (method 1V)

e Under undrained condition and without thermal
effect, porosities satisfy (Wang et al. 2001)

d(n,o):O dn

dt dt
 FiInd coefficient A

__A [e @ —1]
nppgc

 Calculate the change In porosity
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Volume strain from groundwater
level change (method 1V)
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Static volume strain efficient from
groundwater level change (method V)
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Static volume strain efficient from
groundwater level change (method V)
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Volume strain from vertical displacement
of ground surface (method V)

e The vertical displacements of the ground
surface are assumed to be caused by the
uniform compaction of aquifers.

e The change In porosity

(1-ny)d,=(1-n,)(d,-d)
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Volume strain from vertical displacement
of ground surface (method V)
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Static volume strain efficient from
vertical displacement of ground surface
(method V)
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Static volume strain efficient from
vertical displacement of ground surface

method V)
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Comparisons of volume strain

 Method Il: Fault-rupture model and
dislocation model : 104 ~ 10~

* Method IV: Porosity change based on

grou

ndwater level change : 10° ~ 108

* Method V: Porosity change based on

vertl

cal displacement : 10 ~ 10




Comparisons of static volume
strain efficiency for the aquifer

e Method II: Fault-rupture model and dislocation
model : 2.01-157.68 cm/ppm

 Method IlI: Soil mechanics : 2.3-36.9 cm/ppm

« Method IV: Porosity change based on
groundwater level change : 74-161 cm/ppm

 Method V: Porosity change based on vertical
displacement : 0.03 — 2.26 cm/ppm

e Roeloffs and Quilty (1997) :

Interbeding of sand and clay : 36~39cm/ppm,
Interbeding of sand and gravel : 47~51cm/ppm




Conclusions

* Properties of geo-material are required in using
the poroelastic theory. The lumped parameter,
static volume strain efficiency, can be calculated
from the different methods.

e The volume strain efficiency shows spatially
heterogeneous. This may be used to interpret
the spatial pattern of water level change in the
1999 Chi-Chi earthquake..




NI . o
-+ Conclusions (continue)

e Method Il Is easy to use for obtaining the
static volume strain efficiencies for different
solls. It requires the information of

lithology In depth and the upscaling
procedure.

e The results of method IV are close to those
of method Il. It only requires the
Information of water level change.




* Conclusions (continue)

 Method V may overestimate the strain. It
requires both data of ground-water change

and vertical displacement of grounc

surface.

e The results from different methods need to
be explored to identify their appropriateness.




