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total stress-tensor components

fluid pressure

solid matrix strain-tensor components

components of displacement of the fluid

relative to the solid frame

Lamé elastic coefficients of the solid matrix

poroelastic coefficient of effective stress

coupling modulus between the solid and fluid

solid particle velocities

fluid particle velocities relative to the solid

total and fluid densities

mass coupling coefficient

resistive friction
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2D P-SV constitutive law and equations of motion

for the poroelastic medium 
boundary conditions

at an interface

between

poroelastic media 
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2D P-SV constitutive law and equations of motion

for the averaged poroelastic medium 
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We have developed a discrete representation of a strong

material heterogeneity in the poroelastic medium and

poroviscoelastic medium in the low-frequency regime.

The representation makes it possible to model an

arbitrary shape and position of an interface with sub-cell

resolution on a uniform spatial grid. The computational

efficiency of the finite-difference grid is unchanged

compared to the scheme for a homogeneous or smoothly

heterogeneous medium because the number of

operations for updating stress-tensor, fluid pressure and

particle velocities is the same. The only difference is that

it is necessary to evaluate averaged grid material

parameters once before the finite-difference simulation

itself. The developed representation extends the

possibilities of the finite-difference modelling of seismic

wave propagation in the poroelastic medium.

We numerically demonstrate accuracy and sub-cell

resolution of our modelling on a variety of canonical

models by comparing the finite-difference solutions with

analytical solutions and also an independent numerical

method. We also present preliminary results of

investigating effects of presence of a porous water-

saturated sediment layer (described by a depth of a water

table, porosity and permeability) in local surface

sedimentary basins on earthquake ground motion

characteristics.

Conclusions

we have developed

a discrete representation of heterogeneity

of the poroelastic medium

this representation is

another proof that

the most advanced FD schemes

are powerful tools

for numerical modelling

of seismic wave propagation
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Model 

name 
Unit 

Depth 

range Type of medium 
Pore 

fluid 

Porosity Permeability 
Biot’s 

frequency 
SQ  

dKQ  
VP  VS  ρ   

m    2
m   Hz   /m s   /m s  3/kg m  

d1f1 pve -10 

1 0 5 poro-viscoelastic air 0.21 1010−
 1704 23 ∞  960 230 2100 

2 5 160 poro-viscoelastic water 0.27 10
10

−
 186 60 ∞  240 600 2200 

bedrock ∞  elastic  ∞  ∞  4000 1500 2500 

d1f2 pve -10 

1 0 5 poro-viscoelastic air 0.21 10
10

−
 1704 23 ∞  960 230 2100 

2 5 160 poro-viscoelastic water 0.21 10
10

−  113 60 ∞  2344 586 2307 

bedrock ∞  elastic  ∞  ∞  4000 1500 2500 

d1f3 pve -10 

1 0 5 poro-viscoelastic air 0.27 1010−
 2790 23 ∞  1002 240 1928 

2 5 160 poro-viscoelastic water 0.27 1010−
 186 60 ∞  2400 600 2200 

bedrock ∞  elastic  ∞  ∞  4000 1500 2500 

d1f4 pve -10 

1 0 5 poro-viscoelastic air 0.37 10
10

−
 4788 23 ∞  1077 258 1667 

2 5 160 poro-viscoelastic water 0.39 10
10

−
 346 60 ∞  2512 628 2008 

bedrock ∞  elastic  ∞  ∞  4000 1500 2500 

d4f1 pve -10 

1 0 5 poro-viscoelastic air 0.21 1010−
 1704 23 ∞  960 230 2100 

2 5 640 poro-viscoelastic water 0.27 1010−
 186 60 ∞  2400 600 2200 

bedrock ∞  elastic  ∞  ∞  4000 1500 2500 

d4f2 pve -10 

1 0 5 poro-viscoelastic air 0.21 1010−
 1704 23 ∞  960 230 2100 

2 5 640 poro-viscoelastic water 0.21 10
10

−
 113 60 ∞  2344 586 2307 

bedrock ∞  elastic  ∞  ∞  4000 1500 2500 
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viscoelastic model poro-viscoelastic model

sediments with air in the pores

water-saturated sediments

effectively viscoelastic

Because we have

an efficient and sufficiently accurate

representation of heterogeneity of the poro-viscoelastic medium

we can apply this representation

also to

models with  viscoelastic and  poro-viscoelastic parts

Effect of water–saturated sediments

on amplification and aggravation factors of the cumulative absolute velocity

Poroelastic model

Poroelastic:

halfspace lower upper

Velocities in poroelastic medium

VP
fast m s 1956 6916

VP
slow m s 757 1092

VS m s 1149 4157

Velocities in solid and fluid part

VP
solid m s 1932 6776

VP
fluid m s 1550 1550

VS
solid m s 1033 3231

Material parameters

s kg m
3

2250 2500

f kg m
3

1040 1040

Pa 2.4 10
9

26.1 10
9

Ks Pa 5.2 10
9

80.0 10
9

K
f Pa 2.5 10

9
2.5 10

9

K
d Pa 2.2 10

9
37.0 10

9

0.25 0.50

T 2.00 2.00

Pa s 0.00 0.00

m
2

1.0 10
12

1.0 10
12

Source parameters

excitation: line source

fmin Hz 0.2

fmax Hz 5

Parameters of numerical simulation

t s
1.10 10

3

h m 14

max m 34580

min m 151

5 positions of the horizontal planar interface in the grid 

labeled A, B, C, D and E

Labels A and E are framed

in order to indicate that 

the distance between the two positions 

is just one grid spacing h

Material parameters and schematic presentation of geometry 

of the planar contact 

of the homogeneous unbounded poroelastic media

Horizontal component of the solid particle velocity calculated by 

an exact method and our FD method 

for 5 different positions of the horizontal interface (A-E) in the grid

The right panel corresponds to receiver above interface

and

the left panel corresponds to receiver below interface

4 different positions of interface in the grid 

Considering position A (figure above) as a reference,

the 4 positions are at distances

h/6, 2h/6, 4h/6 and 5h/6,

h meaning the grid spacing, downward from position A

Horizontal component

of the solid particle velocity calculated by 

an exact method and our FD method 

for two couples of positions of the interface 

in the grid shown in

Figure to the right

5 positions of the planar interface in the grid 

differing in the angle between the interface and horizontal grid line.

Horizontal component of the solid particle velocity

calculated by an exact method (in red)

and our FD method (in black)

The upper panel labelled a is for receiver above interface

and

the lower panel labelled b is for receiver below interface

Poroelastic model

Poroelastic: space inclusion

Velocities in poroelastic medium

VPfast m s 1 3274 3059

VPslow m s 1 773 735

VS m s 1 2230 2274

Velocities in solid and fluid part

VPsolid m s 1 4329 4329

VPfluid m s 1 1282 1049

VSsolid m s 1 2037 2037

Material parameters

s kg m 3 2650 2650

f kg m 3 912 70

Pa
11.0 10

9
11.0 10

9

Ks Pa
35.0 10

9
35.0 10

9

Kf Pa
1.5 10

9
7.7 10

7

Kd Pa
5.0 10

9
5.0 10

9

0.2 0.2

T 2.0 2.0

Pa s 0.0 0.0

m2 1.0 10
12

1.0 10
12

Source parameters

excitation: line source

fmin Hz 0.2

fmax Hz 20.4

Parameters of numerical simulation

t s
1.60 10

4

h m 3

max
m 16372

min
m 36

Horizontal component of the solid particle velocity

(upper, middle and lower-row receivers)

calculated by 

the discontinuous Galerkin method (DG in black)

and 

our FD method

(grid spacings 1 m in red and 3m in green)

Material parameters and geometry of the poroelastic lens

inside a homogeneous unbounded poroelastic medium


