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APPLYING THE LAGAMINE MODEL TO COMPUTE LAND SUBSIDENCE IN SHANGHAI

APPLICATION DU MODELE LAGAMINE AUX PROBLEMES DE TASSEMENT A SHANGHAT

A. DASSARGUES*, Ch. SCHROEDER®* and X.L, LI**

Introduction

The first studies of the subsidence phenomena using
models based on physical concepts, were semi-infinite
elastic solid models which assume the soil to behave
like a homogeneous, isotropic hatf space with a uniform
elasticity modulus. More rigorous approaches have fol-
lowed and have contributed to significant improve-
ments in “subsidence modelling™ especially thanks to
models inciuding transient flow with coupled or par-
{ially coupled laws.

The model used herein (Charlier et al.} could be qual-
ified of a “two-step” method according to Corapcioglhu
(1984). The aquifer flow equation is solved in a three-
dimensional space and the assumed one-dimensional
solid deformation is conputed by one-dimensional con-
solidation equations.

The resulis of the 3D flow model are the time depend-
ent boundary conditions for the 1D consolidation
model. This consolidation model uses the cedometric
elasto-plastic law coupled with vertical flow, including
linear or non-linear analysis of the vertical permeabil-
ity.

This paper will present the computational schema, the
preparation of the data and the way they have been
entered in the 3D flow model and in the flow-compac-
tion model.

Computational schema (Fig. 1)

The permeability contrast between aquifers and agui-
tards (Dassargues er al., 1989) is such that the main
groundwater flows due to pumping can be considered
as essentially influenced by horizontal transmissivities
of the confined aquifers.

This fact has led to the choice of the following com-
putational schema:

» The flow model is a real 3D model (Dassargues et
al. 1988) with a complete discretization of the different
layers in the mesh, many values of the parameters (K
and S,) being chosen in the different elements to ensure

a very detailed spatial distribution. The result of this
transient model consists in the spatial distribution of
the computed water pressures as a function of time. But
the values refative to clayey layers are not very accurate
because of the very low permeability coefficients.

+ The subsidence computations are completed, coupling
in the model the vertical flow and the oedometric (ela-
stoplastic) consolidation process in the clayey layers,
+ As mentioned above, the pore-pressures computed in
the 3D model are introduced into the coupled model
as prescribed variable pressures at the aquifer-aguitard
boundaries.

- | Data of pumping and
3D flow Model recharge

- 1Initf.al conditions l
Water pressure anzlysis
in aquifers with Ss au K
constant - l Boundary conditions [

y

Water pressures in aquifers
and at the boundaries of the
clay layers

-

Flow-Compaction medel
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. with fine discretization
of the clay layers

-———— non-linearities
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function of the stress

Coupled model
for clay layers

. and pressure conditions at
the aquifer boundaries,
modified after each
time step

—————

Fig. i : Computational schema.
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Preparation of the data

A, Geomechanical data

It appears that complex and variable sedimentological
conditions have led to a geometrically complex dis-
tribution of the different geological units. This fact will
strongly influence the value of the compaction in the
different zones. For the clayey layers, values of the ef-
fective preconsolidation stress, compression index (Ce),
void ratio (e} and vertical permeability coefficient (k;)
are obtained from oedometer and identification tests
performed between 1960 and 1985 at the Shanghai Ge-
ological Center,

Results (Schroeder er al., 1990) have shown that the
first, second and third compressible layers are very
slightly overconsolidated and the DGSC layer strongly
overconsolidated. The overconsolidation of the com-
pressible layers is probably due to the consolidation
which has occurred between 1920 and 1965 (during the
main subsidence).

Initial conditions of 1920 are chosen in perfect equi-
librium with a triangular distribution of the initial ef-
fective stress {(o’;), obtained when assuming total
saturation of the layers (Fig. 2). In the computations,
the preconsolidation effective stress (6'prec} is assumed
to be equal everywhere to the initial effective stress
except in the DGSC layer which is considered over-
consolidated in [920 with a mean ratio

G prec
mml:_’;r.E‘:z 1.4

1

For aquifer and compressible layers, we assume :

Gfprec =g = {y—7vw) - H (1)
where H = depth
o’y = initial effective stress
v = bulk density.

~— TOP SURFACE

Fig. 2 : Initial conditions of stress.
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Table I : Variation range for the C. values.

Layer Range of Ce
Phreatic aguifer 0.04 0.09
First compresible layer 0.4 1.2
Second compressible layer 0.3 L.2
D.GS.C 0.2 0.4
First agquifer 0.2 .3
Third compressible layer 0.3 0.5
Second aquifer 0.15 0.2

On the basis of all the resulls of the cedometer tests,
Ce and Cy have been determined. Other values of the
identification properties, like wy (liquid limit), I, (plas-
ticity index), yu (density) and w (water content), have
helped to check the reliability of the data provided by
the oedometer tests. Indeed, many empirical relations
linking all these properties have been observed by many
authors {Terzaghi, Skempton,...).

The results of all the tests have been confronted to
these empirical relations and observed trends. On the
basis of these relations and trends, we have determined
the range of variation of the C. values for the differen{
formations of the subsoil of Shanghai (Table 1).

For computation of the subsidence, the values of A
(swelling constant) and C {compression constant} are
also determined from C,, C. and initial void ratio of
1920 (e;) using:

_,5lte) @
A=123 C.

_,alte) @)
C=23+1

void ratio is deduced from the relation :

(4)

This initial

e = Ae + €,

where ¢ = void ratio determined by the geotechnical
tests on the samples
Ae = variation of the void ratio between 1920

and the date of sampling

In the case of normally consolidated layers (first, sec-
ond and third compressible layers, first and second
aquifers) Ae is determined by :

o'i + Ag .
Ae= C; !og(lci,') (plastic part) (3)
1
In the case of the DGSC layer:
o'i+ Ao’ {6)

1

Ae= C;log [T] {elastic part)

if AG’ < (G’prec - 6’[)

or

ot o'i + A’ {h
Ae= Cilogi—E= |+ C,log |~
> g( O"i © 108 onrec

(elastic and plastic parts)

if AG" > (O'prec ~ O'1)



A difference of about 20 % in the void ratio is deter-
mined between 1920 and 1965 in the compressible lay-
ers.

B. Variation of the hydrodynamic parameters
during compaction

In soil consoclidation problems, the compaction tlow is
described more realistically if the specific storage (Ss)
and permeability coefficient (K) can vary with effective
stress {¢”). These variations iniroduce non-linearities in
the coupled flow-compaction equation.

The vertical flow-consolidation equation can be re-
duced to {De Marsily, 1981):

ko Pp_dp, )
prg-my 0z2 O d
where p = water pressure
z = vertical coordinate
= external sink or source term
= Yw = unit weight of the water
me = (nf - nfs + o)

g "=
l

with B = compressibility coefficient of the liquid
B = compressibility coefficient of the solid
¢ = compressibility of the porous media due to

the decrease of porosity

For the variation of permeability, many relations are
used, corresponding in each case to particular litholopi-
cal and geotechnical conditions. For Shanghai sedi-
ments, tests have shown the Nishida and Nakagawa
{1969) equation to be the best empirical relation. Based
on extensive experimental results on various estuarine,
recent marine clays, the relation linking the permeabil-
ity K to void ratio ¢ and plasticity index I, is:

e=4a+b - logwk &)
where a = 10 - b
b=0.011+ 005
k = permeability in cm/sec

If K is expressed in m/sec, entering the value of a in
the equation, we obtain :

K = exp (On - € + Bw) (10)

3%3 and By = (-27.6)

The value of apn, depending on I, can characterize each
clayey layer. To obtain a more realistic relation in each
case, the b value is generalized :

b=C+D-I,

where C and D are constants adopted for each layer.

where oy =

In the studied area of Shanghai, many tests have given
a lot of permeability values (by oedometer tests), void
ratio and plasticity index. Diagrams of Iy { %) versus
b are drawn for clayey layers and a linear regression
allows the determination of C and D; we obtain:

* first compressible layer b= 0213 + 0.083 I,
* second compressible layer b = 0.0167 + 0.0174 1,
* DGSC layer b = {.0885 + 0.0127 I,
» third compressible layer b = 0.176 + 0.079 I,
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Fig. 3 : Variation of the specific storage Ss.

The value of my in the equation (8) is more often de-
termined by oedometer tests assuming Terzaghi’s theory
(1948)

on 1 de dp (n

= . = My
A l+e, Ot Yot
where g, = void ratio (before testing)

At any moment of the consolidation, my varies with p
or ¢’ and, for a loading step, it can be writien :

__ fAe 12
™= U +e) Ap (12)
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Fig. 4 : Presence or lack of BGSC in the 4th fayer of the network.

where e = void ratio at the beginning of the present
loading step (Ap).

The general expression of the specific storage is

ol {3

Ss=p-g-mM=p- g-n ﬁmBﬁTl'

Usually f and B can be neglected with respect to o
{Poland, 1984}, so that

Ss=p-g- o (14)
Ss = /A - ¢ (in the elastic part)
and { 8¢ = %/C - ¢° (in the plastic part) (1)

where A is the swelling constant
C is the compression constant

The variation of the specific storage Sy as a function
of the effective swess (o) is clearly apparent on
Figure 3. There is a continuous variation of 8§, added
to a discontinuity corresponding to (he effective pre-
consolidation stress.
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' Zones where the D.G.S.C.
layer.is absent

In the coupled flow-compaction law, this variation is
taken into account by assuming that the total quantity
of water expelled during compaction {—f¥) is equal to
the time derivation of the deformation (€) (Charlier et
al.).

Data for the 3D flow model

A. Spatial discretization

3D brick finite elements with 8-nodes are used. Their
edges are line segments. The trilinear interpolation
functions are written in the intrinsic coordinates; the
Jacobian matrix is 3 x 3,

The water pressure variations in the semi-pervious lay-
ers will be badly represented if only one or two ele-
ments represent the vertical discretization of such
layers. In this case, a linear evolution will be found
between the lower node and the upper node, not taking
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Fig. 5: Vertical profile.

into account the transient effects due to the low per-
meability.

For this study (as explained before), the 3D tlow model
is used essentialy to compute the water pressure in the
aquifer as a function of the solicitations of the system.
These values will be taken as transient boundary data
for the flow-compaction model,

The geometrical 3D mesh must incorporate many
geometrical data in the discretization: location of
points where data are available, limits of geological
units or main changes in the lithological facies,

The different geological formations, distinguished in
the upper 70 m of the Shanghai subsoil by Quaternary
analysis during the hydrogeological and engineering ge-
ology studies, are represented in the model. Separations
in the semi-pervious layers are less accurate than for
the aquifer layers. The tolal arca is about 129 km? To
avoid an excessive number of elements, 10 layers of
205 finite elements have been introduced corresponding
to a total of 2,070 nodes.

From one level of nodes to the next one, only 2 coordi-
nates are changing. In this way, the numbering of nodes
and elements in the discretized structure can be com-
puted from one layer to the next one by simple addition
of an increment.

The complexity of the whole discretized structure is
very high.

As much as possible, the nodes are placed on existing
borcholes where samples were taken or where data are
available.
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The mesh takes into account all the known geological
discontinuities and heterogeneities of the represented
volume of loose sediments.

The successive layers are not necessarily horizontal lay-
ers. For instance, as shown on Figure 4, the presence
or absence of the Dark Green Suff Clay layer is rep-
resented in the 4th layer of the structure,

One of the vertical profiles in the complete meshing
network is shown on Figure 5, the location of this pro-
file is on Figure 7.

The spatial distribution of the two parameters (K and
S,) is obtained by introduction of material classes for
which the parameters are defined. Each element of the
structure is affected by one of the defined classes.

Fourteen classes of materials are used in the model.
The spatial distribution of them is shown on Figures 6
to 15 for the whole meshing network.

For these classes, the following lithological corres-
pondance can be summarized as follows:

Material | superficial clayey soil
2 upper part : clayey loam
lower part : clay mixed with silty sand
clayey loam mixed with silty sand
clay with peat
clayey loam with peat
clay
clayey loam
sandy loam
clayey toam interlayered with siley sand
silty sand
“Dark Green Stff Clay” (consolidated
clay)
12 fine silty sand
13 clayey loam interbedded with silty sand
14 fine sand
The wvalues of the hydrodynamic paramelers corres-

ponding to these classes will be discussed later in the
description of the calibration procedure.

DGO -GN LA R

164
11

B. Time discretization

A solution of the system is found after each time step,
this one is a main factor affecting the convergence. The
step size must be chosen taking inlo account :

-~ the dimension of the modelled area

— the model results as a function of time required
for comparison with available measurements. If the
measurement data are few, there is no need to have very
short time steps

— the expected accuracy of the results as a function
of the time,

These three imperatives, confronted with the available
data of this study, the pumping characteristics and the
expected accuracy, have led to the choice of the fol-
fowing time-discretization :

— from 1870 to 1920.75* : few time steps following
a geometrical progression to initialize the problem

% 1920.75 corresponds o the date : October 1st, 1924,
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Fig. t6: Time evolution of the coefficient determining the prescribed pressures on the lateral boundarics compared to the total amount af

pumping.

— from 1920.75 to 196575 : 9 time steps of 5 years
each

— from 1965.75 to 197575 20 time steps of 6
month each

— from 197575 to 1988.75: [56 time sieps of |
month each

— from 1988.75 to 2000.75: i44 time steps of 1
month each

This time division is mainty due to the degree of ac-
curacy available in the pumping-recharge data.

From an annual total value about 3.10° to 4.10° m® in
1920, the withdrawal of water increases until a maxi-
mum of 56,5 108 m? in 1960. From this year, annual
data are available until 1975, From 1975, the exact date
and value of every pumping or recharge are known and
recorded in monthly data.

This increasing accuracy with time has motivaled the
choice of a time-step still shortening with time.

C. Initial conditions and boundary conditions

The piezometric heads of the differemt aquifers and
especially of the second aquifer are not known accu-
rately before 1965, That is why some hypothesis had
o be made for the computation of imitial data.

A pure hydrostatic initial state with complete saturation
of the layers until the surface has been assumed
{Fig. 2). This initial state of stress in equilibrium before
any pumping, is the only one which can be logically
chosen. Any other initial state of the water pressures
would suppose that either the Shanghai area was
flooded, or that the layers were consolidating by dewa-
tering {(not exhibited by the results of the geotechnical
tests).

From 1870 to 1920.75, we have let the initial state of
stress evolve slowly towards a pressure distribution in
equilibrinm with the different characteristics of the lay-
ers and with the small amount of water initially
pumped.

In a first attempt, impervious lateral boundary condi-
tions were considered as an approximation of laterally
semi-infinite and horizontal layers in respect to their
thickness. Immediately and logically it appeared that
the lateral exchanges were not negligible and prescribed
head boundaries were introduced (Dirichlet conditions).

These imposed pressure conditions vary with time, The
law of variarion is directly deduced from the measured
pressures in the vicinity of these boundaries and from
the pumping rate in the modelied zone. To apply this
law in the maodel, we use in fact a multiplying factor
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Fig. 17 : Location of the 32 columns,

to the conditions of 1960. The evolution of this coeffi-
cient from its maximum value of | (1960) is shown on
Figure 16.

At the top of the model, we impose a piezometric head
equal to the absolute level of the surface, assuming in
this way that the water level of the phreatic aquifer is
situated very near the soil surface. This condition
corresponds to a marshy soil and will introduce a cer-
tain amount of natural recharge in the aquilers {situated
below) which will depend of the permeability of the
clayey layers.

The bottom of the model is considered impervious
despite the fact that it is situated everywhere in the
2nd aquifer.

Data of the flow-compaction mode!

For this study, the subsidence computations are per-
formed using a FEM code, coupling the vertical settle-
ments {geomechanical aspects) and the vertical flows
(hydrogeological aspect) in the compressible semi-per-
vious layers. The simulation is performed while impos-
ing the water pressure, computed by the flow-model,
at the aquifer-aguitard boundaries of the modelled
columns. These imposed water pressures vary with
time.

62

24

Profile of
the figure 5

Moreover, this model composed of many columns takes
into account the non-linear variation of the permeability
cocfficient (K) and specific storage coetficient (S;).
These two parameters are actualized every time step.

The 3D flow model together with the vertical flow-
compaction model constitutes a complete 3D analysis
of the involved physical phenomena. This analysis
takes mto account the mainly horizontal flow in
aquifers and the mainly vertical and delayed flow and
compaction in the compressible semi-pervious layers.

As mentioned above, one dimensional elements with
two nodes are chosen; 32 columns have been discre-
tized in the studied zone (Fig. 17).

Each column is composed of 60 elements in order to
reach a very good accuracy in the compressible layers.
The geomechanical parameters A and C are the essen-
tial data which are neceded. Additionally, we need the
calculated initial void-ratio (.} of 1920, the on and
By parameters of the Nishida relation and the effective
preconsolidation siress (0 prec).

The origin of all these data is described in detail in
this paper and in the papers above. As an example, the
detailed data of the columns 137 and 209 are shown
in Tables 2 and 3.
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Tuble 2 : Data of the column 137,
Absolute levels Elements Material A C e o g
el
+ 3,0 a4 -1.3m 6 de 0.72m 1 8,426D+02 1.053D402 0,83 7.1 -27.60
- 1.3 A - 3.86m 2 de 1.28m 2 9,030D+02 9.030D+01 .96 6.7 -27.60
- 3.86 &4 - 6.42m 2 de 1.28m 3 5.480D+02 6.958D+01 0.91 0.0 ~10.82
- 6.42 4 - 9.0 m 2 de 2.17m 4 3.001D+02 5,023D401 1.01 0.0 ~10.82
- 9,0 A -13.33m 2 de 2.17m 5 3.930D4+01 6,550D4+00 1.31 5.5 -27.60
-13.33 4 ~17.66m 2 de 2.17m 6 2.500D+01 5.000D+0C 1.48 5.8 ~-27.60
-17.66 a4 -19.89m i de 2.17m 7 3.650D+01 6,100D+0C 1.17 8.4 -27.60
-19.89 4 -25.0m 1 de 2.17m 8 2.977D+01 5.950D+00 0.82 7.4 -27.60
6 de 0,5 m 8
-25,0 & -27.5m ! de 2.5 m 9 1.152D+02 1.938D+01 0.85 0.0 -9,90
-27,8 4 -30.0m 1 de 2.5 m 10 1.039D+02 1.035D4+01 1.08 0.0 -9.90
-20,0 A -32.5m 1 de 2:;5 m 11 1.567D+02 1.567D4+01 1.04 0.0 -9,90
-32,8 A ~-35.0m 1 de 2.5 m 12 1.357D+02 1,357D+01 0.95 0.0 ~9,90
-35,0 & -37.5m 1 de 2,5 m 13 1.319D+902 1.,319D401 0.89 0.0 -9.,90
-37.5 A -40.0m 1 de 2.5 m 14 1.430D+02 1.429D+01 1.08 0.0 ~9,90
-40.0 A ~40.75m 1 de 0.75m 15 6.448D0+01 1.283D+01 1.13 7.0 -27.60
-40.75 & -42.25m 2 de 0.75m 16 5.947D+01 1.189D+01 1.15 7.0 -27.60
-42.25 &4 -44.5 m 3 de 0.75m 17 6.517D+01 1.303D+01 1.07 6.3 ~27.60
-44,5 & ~-46.0 m -2 de 0.75m 18 6.621D+01 1.324D+01 1.10 6.4 -27.60
-46,0 & -49.0m 4 de 0.75m 19 6.105D+01 1.221D+01 1.10 9.8 -27.60
-49.0 A -50.167 1 de 1.167 20 5,431D+01 1.086D+01 1.13 7.0 -27.60
-50.1674 -52.5 m 2 de 1.167 21 6.672D+01 1.112D401 1.0 6.3 -27.60
-52.5 A& =54.83m 2 de 1.167 22 5,216D+01 1.032D401 1.11 6.4 -27.60
-54.83 A -56.0m 1 de 1.167 23 6.069D+01 1.,007D+01 0.93 5.7 -27.60
-56,0 & =-58.33m 2 de 1.167 24 4.890D+0} 8.120D+00 G,98 5.7 =27.,60
-58.33 & -60,.67m 2 de 1,167 25 6.381Db+01 1.276D+01 0.94 7.2 -27.60
-60.67 4 -63.0m 2 de 1,167 26 4.576D+01 9.150D+00 0.99 6,3 -27.60
-63.0 & -67.5m 1 de 4.5 m 27 1.249D+02 2.,.226D+01 0.94 10.4 -27.60
-67.5 & -72.0m 1 de 4,5 m 28 5.680D+01 9.430D+00 1.056 7.3 ~27.60
-72,.0 & ~-90.0m 4 de 4.5 m 29 2,925p+02 2,925D+01 0.85 0.0 -7.20
TFable 3: Data of the ¢column 209
Abhsolute levels Elements materialp C e o B
L]
+ 4.0 &4 + 0.6 m 6 de 0.57m 1 4.814D+02 6.189D+01 0.88 5.7 =27.6
+ 0.6 A - 2.216m 1 de 2.82m 2 6,911D+02 8.293D+01 0.80 5.7 =27.86
- 2,2164 - 5.033m 1 de 2.82m 3 6.329D+01 1.266D+01 1.59 5.7 =27.6
- 5,0334 - 7.85 m 1 de 2.82m 4 4,988D+01 9.980D+00 1.43 5.4 =27.6
- %.85 & -10.66 m 1 de 2.82m 5 3,922b+01 7.840D+00 1.61 5.6 -27.6
- 10.66 A ~13.48 m 1 de 2.82m 6 13.712D+01 7.440D+00 1.44 5.7 -27.6
- 13.48 A ~16.3 m 1 de 2.82m 7 2.,993D+01 6.000D+00 1.48 5.8 -27.6
- 16.3 A -17.6 m 2 de 0.66m 8 2,389D+01 4.050D+00 1.18 7.3 ~27.6
- 17.6 4 ~-20.3 m 4 de 0.66m 9 3.748D+01 6.230D+00 1.00 9,2 =27.6
- 20.3 & -25.0 m 6 de 0.78m 10 5.718D+01 7,120D+00 0.89 7.5 =~27.6
- 25,0 A -26.47 m 1 de 1.47m 11 1.,339D+02 2,209D+01 0.92 6.5 -~27.6
- 26,47 & -290.4 m 2 de 1,47m 12 4.813D+01 6.020D+00 0.67 6.5 ~-27.6
- 20.4 A& =32.,33m 2 de 1.47m 13 1.,310D+02 2.162D+01% 0.88 0.0 -9.,9
- 12,334 -33.8 m 1 de 1.47m 14 1.109D+02 1,109D+01 0,93 0.0 ~-9.,9
- 33,8 a -34.43 m 1 de 0.63m 15 7.227D+01 1.205D+01 0.57 0.0 -9.9
- 14.43 &4 -41.4 m 5 de 0.63m 16 1.130D+402 1.2394D+01 0.82 0.0 -9,9
6 de 0.63m 16

- 41.4 A& -43.,45 m 1 de 2.05m 17 5.845D+01 9.700E+00 1.11 6.5 =~27.6
-~ 43.45 &4 ~45,5 m 1 de 2.05m 18 6.202D+01 1.030D+01 1.24 6.6 ~27.6
- 45,5 A -47.55 m 1 de 2.05m 19 6.007D+01 1.021D+01 1.22 6.5 -~27.6
- 47.55 & -49.6 m 1 de 2.05m 20 6.650D+01 1,091D+01 1,37 6.6 ~-27.6
- 49.6 A -51.65 m 1 de 2,05m 21 5.984D+01 1.017D+01 1,21 6.6 =-27.6
- 51.65 & ~53,7 m 1 de 2,05m 22 5.096D+01 1.009D+01 1.19 7.8 =~27.6
- 531.7 & -55,75 m 1 de 2.05m 23 31.863D+01 7.970D+00 1.18 8.2 -27.6
- 55,75 &4 -57.80m 1 de 2.05m 24 4.120D+01 8.550D+00 0.97 7.6 =-27.6
- 57,80 4 -59.85 m 1 de 2.05m 25 4.419D+01 7.370D+0C0 0.92 8.5 -~-27.6
- 59,85 4 -61.90m 1 de 2.05m 26 5.,354D+01 9.100D+00 0.98 B.7 -27.6
- 61.90 & -63.95 m 1 de 2.05m 27 5.050D+01 8.420D+00 (.98 7.2 -27.6
- 63.95 A4 -66.00m 1 de 2,05m 2B 5.216D+01 8.660D+0C0 0,88 B.3 -27.6
- 66.00 &4 -70.,00m 1 de 4.00m 29 5.108D+01 B.480D+0C 1.07 8.1 -27.6
- 70.00 & -74.00m 1 de 4.00m 30 4,312D+01 7.190D+00 1.06 8.0 -27.6
- 74,00 & -90.00m 4 de 4.00m 31 2.925D+02 2.925D+01 0.8C 0.0 - 7.2




Conclusions

AH the data needed in this mathematical simulation
have been mentioned and the way to find them has been
described. The model was run with these data and the
results are fully described in the next paper entitled :
“Computed subsidence of the central area of Shanghai”
{Dassargnes et al.).
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