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1. Introduction

This document describes the parameter identification for PZ-Sand and PZ-Clay models by using the ETS (Element Test
Simulation) software. The PZ-Sand model has fifteen parameters and the PZ-Clay model has ten parameters. These
parameters can be identified by matching the experimental data of the consolidated-drained triaxial compression test

(CD test), the consolidated-undrained triaxial compression test with pore pressure measurement (C{j test), and the

cyclic undrained triaxial test. For further information, please check the help in product.



2. PZ-Sand model

This is the generalized plasticity model for sand proposed by Zienkiewicz and his research group in References (1) and

).

2.1. Constitutive law

The invariants to express the model are defined as the following equations.

32
2 J, 6
1
J2 Esj/s/[ ...................................................................................................................................................... (21 4)
Jy= o S T (2.1.5)
1
5; =0y _Eo-kké‘ij .............................................................................................................................................. (2.1.6)
where
p : Mean principal stress
: Principal stress

O ke P

q : Deviatoric stress

0 : Lode’s angle

J : Second invariant of deviatoric stress tensor

Js : Third invariant of deviatoric stress tensor

s : Deviatoric stress tensor

.
: Stress tensor
Oj
5 : Kronecker delta
ij

The following incremental variables are defined.

dgv = dgkk ......................................................................................................................................................... (2.1 7)
1/2
d€3 :(_deijdeji) ....................................................................................................................................... (218)
ey = Ay — iy O e (2.1.9)
where

de, : Incremental volumetric strain

dey : Incremental principal strain

de, : Incremental shear strain

de;, : Incremental deviatoric strain

de; : Incremental strain tensor



The dilatancy is expressed in the following equation.
dg:(1+0£g)(Mg—77) .................................................................................................................................... (2.1.10)
where

n=p'/q : Stressratio

!

p : Effective mean principal stress

a,, M, :Model parameters

The direction of plastic flow is defined by the unit vector expressed in the following equation.

1 {dg}
ng:— ....................................................................................................................................... 2111
1/1+alg2 1 ( )

The direction of plastic flow within the hardening region is defined in the following equation. Note that this model

uses the non-associative flow rules because M I is different from M e

. rh}
—1+df2 T (2.1.12)

with its dilatancy defined as

By = (Lt (M gy (2.1.13)
where

ar M, :Model parameters

The condition of loading or unloading can be identified by the vector n as follow.

TGS > 0 3 LOAING-++++rrsseeressrersssseersssse st (2.1.14a)

7 A6 < 07 UNIOAGIIE -+ +e+ereesems s (2.1.14b)

For m g and M o the compression )/, and the extension A/, in triaxial test are expressed by using each friction

angle as in the following equations.

6sin ¢/

MC:+¢%‘, ............................................................................................................................................. (2.1.153)
3-sing,

_ 6sing,

. = m ............................................................................................................................................. (2.1.15b)
The ps is expressed in the following equations.

M- 2M,
(1+C)-(1-C)sin360

............................................................................................................................. (2 1 . 1 6)
with

C=M,IM,

The plastic modulus during loading is expressed in the following equation.

H, :Hop’Hf(Hv+HS)HD ......................................................................................................................... (2.1.17)
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H = By By €XP(—[ByE) ++evereesrersseessenssesistiiei i

é::.[d‘f d§=(de§deﬁ-)l/2 ........................................................................................................................

Hy, By, B, 7 : Model parameters

The plastic modulus during unloading is expressed in the following equation.

M, \vu M
H UO(_gJ for|—£{>1
Hy = nu U | e
Mg
Hyg for <1
Ny
where
Ty : Stress ratio at the starting point of unloading

Hyo, 7y : Model parameters

The bulk and shear moduli are defined as in the following equations.

N\ ™
X, :Kevopa[}lj_aj ....................................................................................................................................
1\ s
K., :Kesop{;;a] .....................................................................................................................................
where
P, : Atmospheric pressure

K0, K0 : Initial constants of the bulk and shear moduli

m, , mg : Exponents of the bulk and shear moduli

(2.1.18)

(2.1.19)

(2.1.20)

(2.1.21)

(2.1.22)

(2.1.23)

(2.1.24)

(2.1.25)

(2.1.26)

(2.1.27)



2.2. Model parameters

The PZ-Sand model has fifteen parameters in which twelve parameters ( A/ e M Coags aps mo, my,, K,

Koos Bo» B> H 0) are identified by matching the results of the consolidated-drained triaxial compression test (CD
test) or the consolidated-undrained triaxial compression test with pore pressure measurement (C{j test) and the
remaining three parameters ( vor Vs vy ) are identified by the Cyclic undrained triaxial test. In addition, another
two experimental condition parameters are required such as the initial effective mean principal stress ( p;) and the

overconsolidation ratio (OCR).

It is basically unnecessary to adjust the parameters (C, > aps Koo K, ) Wwhile it is necessary for other
parameters (Mg, Mg, mg, m,, Bo> Bi» Hy> Hy> V> yy ) Adjustments of A, ,, 7 and p, are
necessary to replicate the liquefaction strength accurately and the values of 7 and y, tend to increase with the

liquefaction strength.

It is required for the comprehensive estimate of the parameters to match the simulation results with the experimental
data. For example, it is only necessary to use the experimental data up to the strain level if stress fluctuates greatly
with strain and it is necessary for the effective-stress dynamic analysis to match the critical state line (CSL) as the

preferable measure because the strain level is relatively high in this case.

The results of each triaxial test are shown as follows.
(1) Consolidated-drained triaxial compression test

1) Axial strain ( &, ) and deviatoric stress (4 ) curve
2) Axial strain ( €, ) and volumetric strain ( €, ) curve
3) Axial strain ( &, ) and stress ratio (77) curve

4) Stress ratio (77) and dilatancy (9 ) curve

(2) Consolidated-undrained triaxial compression test with pore pressure measurement

1) Axial strain ( &, ) and deviatoric stress (¢4 ) curve

2) Axial strain (&, ) and pore pressure ( Au ) curve

3) Effective mean principal stress ( 2" ) and deviatoric stress (9 ) curve [Effective stress path]
4) Axial strain ( &€, ) and stress ratio (77) curve

(3) Cyclic undrained triaxial test

1) Time history of cyclic deviatoric stress

2) Time history of axial strain (£, )
3) Time history of pore pressure (Au ) or excess pore pressure ratio (L,,)
4) Effective mean principal stress ( ") and deviatoric stress (4 ) curve [Effective stress path]

5) Axial strain ( €, ) and deviatoric stress (4 ) curve
6) Number of cycles and cyclic stress ratio curve [Liquefaction strength]
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The way to identify each of the parameters is shown as follows.

H M,

It is a model parameter and can be identified by the following three ways.
1) By matching the &, ~7 curve from CD or CU test and is approximately equal to the maximum value of stress

ratio (,7 ) that the test reaches.

2) By matching the p’'~¢ curve [Effective stress path] from CU test and is equal to the maximum tangent
drawn from the origin to the residual stress path.

3) By matching the 77 ~dz curve from CD test and is equal to the intercept of line.

2 M,

It is a model parameter and can be identified by the following two ways. The value of D, xM, (D, : relative
density) can serve as a good starting value.
1) By matching the stress path shape of p’~¢ curve [Effective stress path] from CU test.

2) By matching the critical 7 where the soil behaviour changes from contractive to dilative in the case of dense

sand.

A C
It is the ratio of the critical state line (CSL) on the side of extension and compression but is usually taken as 0.80.

It is often expressed in the following equation in the case that the friction angles of extension and compression, ¢,

and ¢, , are same in the equations (2.1.15a) and (2.1.15b).

The yield surface expressed in equation (2.1.16) on IT plane is shown in Figure 2.2.1 and the condition, C =7/9,

is required in order to maintain the outer convex shape.

M/Mc

M/Mc M/Mc

Figure 2.2.1 Yield surface shapes on II1 plane depending on the parameter C



It is the slope of 7~ d, from CD test but is usually taken as 0.45.

5) « f

It is usually taken to be the same as @ .

It is in the range 0.4 ~ 0.8 but is usually taken as 0.5.

It is recommended to take the same value as m; .

It is the initial constant of shear modulus and is estimated by the value of three times the coefficient of shear modulus

at the initial effective mean principal stress following the description in Reference (2).

Therefore, using the above three times, the equation (2.1.27) and the Young's modulus E; from the initial slope of
&, ~q curve, this parameter is expressed in the following equation and can be identified more accurately by

matching the &, ~¢ curve

= =z 222
“* 214 v)P,(ph/P,)" (222)
with the relationship between Young's and shear moduli expressed in the following equation
— E i
< 2(1+v)
where
P, : Atmospheric pressure (usually taken as 100 kPa)
14 : Poisson's ratio (usually taken as 0.2 ~ 0.3 in CD test and 0.5 in CU test)

It is the initial constant of bulk modulus and is expressed using the equations (2.1.26) and (2.1.27) with an

assumption of m, =m, in the following equation and can be identified more accurately by matching the &, ~ ¢,
curve from CD test or the €, ~Au curve from CU test

= M ......................................................................................................................................... (2.2.3)
ev0 9(1 _ ZVI) it

with the relationship between the bulk and shear moduli expressed in the following equation
_2(1+v") K
Y o31-2v") 3
where

!

1% : Poisson's ratio (usually taken as 0.2 ~ 0.3 in both CD and CU tests)

It is in the range 1 ~ 10 and its starting value is usually taken as 4.2.

It is in the range 0.1 ~ 0.2 and its starting value is usually taken as 0.12.



It is a material parameter and can be identified by matching the curve of &, ~ ¢ or also by matching the stress path
shape of p'~q [Effective stress path] from CU test. It is recommended to take a value in Table 2.2.1 as the

starting value because it correlates to some extent with the relative density.

Table 2.2.1 H, and the relative density of sand

Sand Type Relative Density D, H,
Very loose <0.2 200 ~ 400
Loose 0.2-0.4 400 ~ 700
Compact 0.4-0.6 600 ~ 900
Dense 0.6-0.8 800 ~ 1100
Very dense >0.8 1000 ~ 1500

It can be identified by matching the initial slope of the first unloading curve of p’~ ¢ [Effective stress path] from

cyclic undrained triaxial test. It is in the range 4,000 ~ 10,000 kPa [=kN/m? ] and is usually taken as 6,000.

(14) 7
It can be identified by matching the slope of the first reloading curve of p'~¢q [Effective stress path] or by
It is in the

matching the number of cycles in a series of loading and unloading from cyclic undrained triaxial test.

range 1.0 ~ 15.0 and its starting value is usually taken as 8.0.

It can be identified by matching the slope change rate of the first unloading curve of p'~¢q [Effective stress path]
Itis in

or by matching the number of cycles in a series of loading and unloading from cyclic undrained triaxial test.

the range 0.0 ~ 10.0 and its starting value is usually taken as y(= y —2.0).

In addition to the fifteen parameters, another two experimental condition parameters are required as follow.

It is the initial effective mean principal stress and is expressed in the following equation.

where

o : Axial stress

0,, 03 :Confining stresses (0, =03 in triaxial test)

It is the overconsolidation ratio and is taken as 1.0 in the case of sand.



2.3. Examples of parameter identification for PZ-Sand model

The examples of parameter identification for PZ-Sand model are described using the ETS (Element Test Simulation)
software. The identification is performed by matching with the experimental data of the consolidated-undrained

triaxial compression test with pore pressure measurement ((Cj test) and the cyclic undrained triaxial test.

2.3.1. Consolidated-undrained triaxial compression test with pore pressure measurement

The parameter identification of the PZ-Sand model is performed based on the result of {7 test.

(1) Experimental conditions and results
1) Experimental conditions

Material name : T sand

Relative Density D, : 85%

Consolidated effective confining pressure o, :98kPa[=kN/m?] (Isotropic consolidation)

2) Experimental results

The results of [y test are shown in Figure 2.3.1 ~ Figure 2.3.4.

2200 1 2200 60
2000 Axial strain ~ Deviatoric stress § 2000 55 F - T .
1800 Axial strain ~ Pore pressure 1800 Axial strain ~ Deviatoric stress
,, 1600 1 1600
% 1400 1 1400 o
£ 1200 1 1200 2
.2 =1000 1 1000 E
S 2800 | {800 &5
£ 7600 { 600 £
> S
2 400 1 400 ~
200 1 200
0 0
-200 1 -200
-400 -400
0 5 10 15 20 25 0.00 0.02 0.04 0.06 0.08 0.10
Axial strain (%) Axial strain (%)
Figure2.3.1 &, ~ 9 and &, ~ Au curves Figure 2.3.2 &, ~ 9 curve
2200
2000 — Effective mean principal stress ~
1800 Deviatoric stress'
2 1600 }
[}
£ 1400 } 2
2 1200 | £
4 2
% <1000 o
z 800 F 7
/600 }
400 } 0.4 — Axial strain ~ Stress ratio
200 F 0.2
0 0.0
0 200 400 600 800 1000 0 5 10 15 20 25
Effective mean principal stress (kPa) Axial strain (%)

Figure 2.3.3 p'~¢q curve [Effective stress path]

Figure 2.3.4 &, ~q/p’ curve



(2) Input data of ETS (Element Test Simulation) software
1) Simulation conditions

Simulation conditions are assigned in the following dialog.

Assign simulation conditions

Material constitutive model |F'Z-San|:| j

Testtype Triaxial compression test j

Drained condition
" Drained fo Undrained

Al REmErEiE Mo convert (Input & QutputkPa) j

Load control

" Btress contral f+ Strain contral

Load type mMonotonic load j

Maximum axis strain Ly

Confining pressure (kMimy

Sigmal 98.000 Sigma3 g8.000 Sigma3 98.000

X cCancel ‘ ? Help ‘

# [Material constitutive model] combo box
'PZ-Sand' is selected from the pulldown menu.
# [Test type] combo box
'Triaxial compression test' is selected from the pulldown menu for CU test.
# [Drained condition] radio group
"Undrained' is selected for CU test.
# [Unit conversion] combo box
'No convert (Input & Output: kPa)' is selected from the pulldown menu because both experimental and simulation
data are in SI units in this case.
# [Load control] radio group
'Strain control' is selected in this case.
# [Load type] combo box
'Monotonic load' is selected from the pulldown menu in this static case.
# [Maximum axial strain] edit
'0.15" is input to consider up to 15% of axial strain level in this case.
# [Confining pressure] edit group

'98.0' is input in each edit box according to the prescribed simulation condition of isotropic consolidation.

10



2) Model parameters
The fifteen PZ-Sand model parameters and another two experimental condition parameters are assigned in the following

dialog. The twelve parameters (Mg, M, C,oa,s aps mg, mys Koo Koo Bos Bis H,), the initial

effective mean principal stress ( p;) and the overconsolidation ratio (OCR) are assigned in the case of ¢y test.
However, the remaining three parameters ( 77 ver 7o YU ) are assigned to be 0.0 because they are identified by the

cyclic undrained triaxial test in the next example.

Assien Parameters E]

Material parameters: PZ-Sand
M| M C | Aphat|Alph K G Betal | Beta’ H Al S G Po_ | ocr
[¥] ha-| pha-g evo eso mw ms eta eta ] (kN.l’mzj amma) Gamma-u (kN.l’rnzj
7530 1.800 0800 0450 0450 13000 564000 0500 0500 4200 0.200  1000.000 0000 | 0.000 0000 | 99.000 | 1.000
0K X cancel ? Help
# M, (=Mf)

'1.53"is input as a starting value by D, xM, =0.85x1.80=1.53
# M, (-Mg)

'1.80" is input by reading the maximum value of stress ratio up to 15% of axial strain level in Figure 2.3.4.
#C(=C)

'0.80' is input as usual.

# a r (=Alpha-f)

'0.45' is input as usual.

# a, (=Alpha-g)

'0.45' is input as usual.

# K,, (FKevo)

'313' is input by the following equation using equation (2.2.3), v'=0.25 and K. =564 shown below.

2K, 0(1+v)  2x564x(1+0.25)

ev) — f 313
9(1-2v") 9% (1-2%0.25)

# K, (=Geso)

'564' is input by the following equation using equation (2.2.2) and py = 98kPa shown below.

~ 3E; ~ 3% 55,830kPa
2(0+v)P,(py/P)™  2x(1+0.5)x100kPa x (98kPa/100kPa)’>

=564

K esO

where P, =100kPa, v =0.5, m, =0.5 and the Young's modulus E; = 55,830kPa shown in Figure 2.3.5.

11



W
(e}

45 Axial strain ~ Deviatoric stress

= Linear fitting

| Deviatoric stress/Axial strain (%) = 558.3

I
(el

S W

Deviatoric stress (kPa)
—_— = NN W W
S Wn O W

W

0

0.00 0.02 0.04 0.06 0.08 0.10
Axial strain (%)

Figure 2.3.5 Young's modulus E; =55,830kPa from the initial slope of &, ~¢ curve

T+

m, (=mv)
'0.5" is input as recommended to take the same value as 7 .
# m; (=ms)
'0.5" is input as usual.
# B, (=Betal)
'4.2" is input as usual.
# p, (ZBetal)
'0.2" is input in this case.
# H, (=Ho)
'1000' is input in this case by 85% of the relative density in Table 2.2.1.
# po (FPo)
'98.0' is input by the following equation using equation (2.2.4).

, O,+to0,+0 3 x 98kP
py = T 2 % = 98kPa [=kN/m” ]

# OCR

'1.0" is input in this case.

12



3) Load
Load is assigned in the following dialog.

Assien Load |z|

Load stage number | Load step number | Maximum axial strain | =

[

2000 0.150

3!’.003'\-40‘.!01-&&)!\-_1—‘

-

alala]lalal=]=]=
W o~ ;| e w |

[ S VR R P
[ S U S B e

=
n
1<

‘ L S0k I X cancel ? Help

# [Load stage number]
The data of one load stage are assigned for the case of CU test.
# [Load step number]
It is the division number of load step and is usually taken as 1,000 ~ 2,000 at each stage.
'2000' is input in this case.
# [Maximum axial strain]
It is the maximum axial strain which is usually the same value as set up in the [Assign simulation conditions] dialog.

'0.15' is input to consider up to 15% of axial strain level in this case.

13



4) Experimental results

Experimental results of ¢, ~¢ and g, ~ Ay are assigned in the following dialog by reading from file or typing.

fissien simulation results E|
Axial strain - Deviatoric stress l,&\;{ia| strain - Pare pressure ]
P

Ma. |Axial strain | Deviatoric stress

1 0.0000 0.000000

2 0.0070 -0.8900000

3 0.0000 0.000000

4 0.0070 0.000000

5] 0.0130 2.700000

B 0.0130 3.150000

7 0.0000 3.600000

8 0.0130 4.050000

9 0.0130 3.600000

10 0.0000 4.050000

11 0.0z200 6.300000

12 0.0130 ¥.200000

13 0.0130 8.100000

14 0.0z200 9.450000

15 0.0z200 13.060000

16 0.0z200 17.560000

17 0.0340 19.810000

18 0.0470 26.120000

18 0.0540 33.780000

20 0.0840 45.960000

| 01550 545.900000

22 0.2350 64.070000

23 0.3080 69.080000 b

(& Read result files
X Cancel ? Help

5) Simulate
The folder to save the I/O files and the file name without extension is specified and simulation can be performed by

clicking the [Simulate] button in the following dialog.

Simulate &l

Setup input and output files far simulation
|C:1F'r0gram Fileg\Forum SuWLCADatal Seat..

Folder

File name |Tut0riaI-PZ_5and_gta

X Cancel ‘ ? Help ‘

14



(3) Simulation results and parameter adjustments

Simulation results for the assigned parameters in previous section (2) are shown below.

X
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|__||E|r>_<| ' Axial strain — Pore pressure

v Display experimental res:

v Digplay analysis res.

v Dizplay experimental res

v Dizplay analysis resv

—Experimental results i

[ — Bnalvsiz results

—Experimental results

[ — Bnalvsiz results

1
Tt TAITTTTTrRT T

R A R R Sy

'
SRS

cTAaTTAITTTITTrRTTeT T
1
cTAaTTAITTTITTrRTTeT T

S [Py Py
1

6 7 8 91I:I1|1 12131415

fixial strain &

5 6

| oo

-F04--

100 4 -
150 4 -
-200 4 - -
-250 4 - -

aunzsaid auoy

Lo
' ' [ —
[T S RINIS. SRS PSP S |y
1 1 1 1 1 f —
III_III_II_ II_III_III||3
hi r al r
A
A T )
i Foeres] ST
R - Lo —
i T FE
- T -
T FE
i
e
i
A
S .
N
IIIIIIIIIIIIIII _Illlﬂjl
..... .
i
L =
[ [
o
AT
1 1 [
eI - oo
1 1 ”
F~-~"71-"~~"r=—- L |
G
e
A T A T T 1 | S
1 1 1 1 1
: : : : : =]
[ R e | = O = = O
[ R e | = O = —_
= R T R = T T = R T |
[ B ¥ | [ I —
STAE DI0JEIAA(]

fixial strain &

! Effective mean principal stress —... £|@|12| ! _Axial strain — Cyclic stress ratio £|E”£|

(T}
T T T T T T T T T N
1 1 1 1 1 1 1 1 1 [ —
1 1 1 1 ' ' ' ' '
D ) R T RSP SSISYE PRy ppp g [ —_— o
r r r T 1 1 1 i 1
1 1 1 1 1 1 1 1 1 [ —
1 1 1 1 ' ' ' ' '
D ) R T RSP SSISYE PRy ppp g [ ]
r r r T a a a T I
1 1 1 1 1 1 1 1 1 [ —
1 1 1 1 ' ' ' ' '
D ) R T RSP SSISYE PRy ppp g [ ]
r r r T 1 1 1 i 1
1 1 1 1 1 1 1 1 1 [ —
1 1 1 ! ' ' ' ' ! F —
A
[
. F —
' [
e =
' [
s =]
' [
s Sl
' [
!
T T T i i v [ o
' 1 1 1 1 1 1 -
1 1 1 ! ' ' ! |
IR A e B ey i [l o
1 1 1 1 1 1 -
1 1 ! ' ' ! |
L. S A i A T [
1 ' 1 1 1 1 |
- -L--L R P [N [P | [
' ' ] ] ] ] 1 1 [ o2
1 1 1 1 1 1 1 1 i
- -L--L R P [N [P | [
v v v 1 1 1 1 ' [
1 1 1 1 1 1 1 1 i
- - Lo - L U R [ [N | [ e
] ] ] 1 1 1 1 1 1  —
1 1 1 ' 1 ' 1 [
ettt =
P B = R = T T o R S o B ot RS
=
=

QLRSS0 21240

e e Py

3000

EEad}E J40YE]

=

toond-------,

=0

B0 -0

500

1,500

1,000

fixial strain &)

Effective mean principal stress

It is found in the above results of analysis and experiment that the deviatoric stress is overestimated and the pore

Then, a simulation should be repeated to improve these results by

pressure is underestimated with the axial strain.

adjusting the four parameters ( A/ ¢ Bo» Bi» Hy ) as in the followings.

1.80>1.75 B,=420—-6.00, B, =0.20—0.10, H, =1000 — 600

M,
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Then, a simulation might be repeated again to improve these results up to 10%
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Second simulation results using the parameters above are shown below.
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It is found in the above results of analysis and experiment that the deviatoric stress and the pore pressure are nearly

consistent up to 8% of the axial strain.

of the axial strain by the same way and the parameters are identified finally in this case as in the followings.

6.00>9.00, B, =0.10->0.12, H,

1755170, B, =

M,



Final simulation results using the parameters above are shown below.
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Cyclic undrained triaxial test

3.2
The parameter identification of the PZ-Sand model is performed based on the result of cyclic undrained triaxial test by

It is found in the above results of analysis and experiment that the deviatoric stress and the pore pressure are nearly

consistent up to 10% of the axial strain.
matching the three liquefaction strengths.
(1) Experimental conditions and results

1) Experimental conditions

2

: T sand

Material name

: 85%

Relative Density D,

kN/m? ] (Isotropic consolidation)

[

149 kPa

’
c

Consolidated effective confining pressure o

:0.154
:0.204
:0.129

Case 1

’
c

Cyclic stress ratio o, /20

Case 2

Case 3
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2) Experimental results

Casel (o, /20, =0.154)

The results of case 1 are shown in Figure 2.3.5 ~ Figure 2.3.7.
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Pore pressure (kPa)
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Figure 2.3.5 Time history of deviatoric stress (Case 1)
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Figure 2.3.7 Time history of pore pressure (Case 1)
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Case2 (o, /20, =0.204)

The results of case 2 are shown in Figure 2.3.8 ~ Figure 2.3.10.
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Figure 2.3.10 Time history of pore pressure (Case 2)
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Case3 (o, /20, =0.129)

The results of case 3 are shown in Figure 2.3.11 ~ Figure 2.3.13.
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Figure 2.3.13 Time history of pore pressure (Case 3)

Liquefaction strength curve

The liquefaction strength curve is shown with the results of cases 1 ~ 3 in Figure 2.3.14.
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Figure 2.3.14 Liquefaction strength of experimental results from cyclic undrained triaxial test

(2) Input data of ETS (Element Test Simulation) software

The simulation is performed for case 1 that has the middle value of the cyclic stress ratio in cases 1 ~ 3.

simulations for cases 1 and 2 are performed to check the identified PZ-Sand model parameters.

1) Simulation conditions

Simulation conditions are assigned in the following dialog.

Azzign simulation conditions

1000

Material canstitutive model |F'Z—Sand

Testtype |Tria}{ia|cnmpressinntegt

Drained condition
" Drained s Lndrained

Unit conversion

Load cantral

(s Stress control " Strain contral

Mo comvert (npot & OutputkPa) j

Load type |C\,ﬂ:li|: load {sinuzaidal wawe)

Confining pressure (kMim2)

[l

Diouble amplitude of axial strain —

Sigmal 45.000 Sigrmaz 49.000 Sigma3 45.000

X Cancel ‘ ? Help ‘

# [Material constitutive model] combo box
'PZ-Sand' is selected from the pulldown menu.

# [Test type] combo box

"Triaxial compression test' is selected from the pulldown menu for cyclic undrained triaxial test.

21
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# [Drained condition] radio group
'Undrained' is selected for cyclic undrained triaxial test.
# [Unit conversion] combo box
'No convert (Input & Output: kPa)' is selected from the pulldown menu because both experimental and simulation
data are in SI units in this case.
# [Load control] radio group
'Stress control' is selected in this case.
# [Load type] combo box
'Cyclic load (sinusoidal wave)' is selected from the pulldown menu in this cyclic case.
# [Maximum axial strain] edit
'0.05' is input to consider the number of cycles reaching 5% double amplitude of axial strain in this case.
# [Confining pressure] edit group

'49.0' is input in each edit box according to the prescribed simulation condition of isotropic consolidation.

2) Model parameters

The three parameters ( H vos 7 ;/U) in the fifteen PZ-Sand model parameters and the initial effective mean
principal stress ( p;) are assigned in the following dialog in the case of cyclic undrained triaxial test. The remaining

twelve parameters (M, M o Coags aps mos mys Koo Koo Bos By H,) and the overconsolidation

g’

ratio (OCR) are same as the final values in the case of previous (j test.

Assign Parameters @

Material parameters: PZ-Sand

Hun o & Pa
fkhlim2) ammrna) Gamma-u | gy e

1.580  1.700  0.200 0450 0450 313.000 664.000 0500 0500 8.000 0120 330.000 EO00.000 | 8.000 B.000 49.000 | 1.000

OCR

It g C Alpha-f| Alpha-g Kevo Geso v ms | BetaO | Betat Ha

( 0|.< x e ? Help

# H,, (FHuo)
'6000.0' is input as usual.
# 7 (=Gamma)
'8.0" is input as usual.
# y, (FGamma-u)
'6.0" is input as usual by 7 —2.0=8.0-2.0=6.0
# py (=Po)
'49.0' is input by the following equation using equation (2.2.4).

, o,+0,+0; 3x49kP
oy =2 32 3 _ X3 2 o 49KkPa [=kN/m? ]
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3) Load

Load is assigned in the following dialog.

Assien Load |z|

Load stage nurmber | Mumber of cycles [ YWave division number | Period | Initial value | Amplitude

i [:3

100 400 10.000 0.o0a 15.092

3!’.003'\-40‘.!01-&&)!\-_1—‘

-

alala]lalal=]=]=
W o~ ;| e w |

[ S VR R P
[ S U S B e

=
n

‘ ........... ¢OK ........... I x Cancel ? -

# [Load stage number]
The data of one load stage are assigned in this case because the number of cyclic undrained triaxial test is one.
# [Number of cycles]
It is the input wave number of cycles and is usually set up in reference to the experiment.
'100' is input in this case.
# [Wave division number]
It is the division number of a wave in the cyclic load case and is usually taken as 200 ~ 1,000.
'500' is input in this case.
# [Period]
It is the period of input cyclic wave and is usually set up in reference to the experiment.
'10.0" is input in this case.
# [Initial value]
It is the initial value of cyclic load at zero time.
'0.0' is input in this case.
# [Amplitude]
It is the amplitude of input cyclic wave and is usually setup o, (kPa).

'15.092' is input in Case 1 (0, /20, =0.154) by 20, x0,/20, =2x49x0.154=15.092 .
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4) Experimental results

Experimental results of ¢, ~¢ and g, ~ Ay are assigned in the following dialog by reading from file or typing.

fissien simulation results E|
Axial strain - Deviatoric stress l,&\;{ia| strain - Pare pressure ]
P

Mo, | Axial strain | Deviatoric stress

1 0.0000 0.000000

2 0.0070 0.000000

3 0.0000 0.0z20000

4 0.0000 -0.070000

5] 0.0070 0.0z20000

B 0.0000 -0.040000

7 0.0070 0.0z20000

8 0.0000 -0.090000

9 0.0000 0.090000

10 0.0000 -0.160000

11 0.0000 0.0z20000

12 0.0000 -0.090000

13 0.0000 0.090000

14 0.0130 -0.160000

15 0.0000 0.130000

16 0.0000 -0.090000

17 0.0000 0.000000

18 0.0000 -0.110000

18 0.0000 0.000000

20 0.0000 -0.160000

| 0.0070 -0.040000

22 0.0000 -0.110000

73 0.0000 -0.040000 (¥

(& Read result files
X Cancel ? Help

5) Simulate
The folder to save the I/O files and the file name without extension is specified and simulation can be performed by

clicking the [Simulate] button in the following dialog.

Simulate &l

Setup input and output files far simulation
|C:1F'r0gram Fileg\Forum SuWLCADatal Seat..

Folder

Filename | THtarial-FZ-Sand_dyn

X Cancel ‘ ? Help ‘
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(3) Simulation results and parameter adjustments

Simulation results for the assigned parameters in previous section (2) are shown below.

v Dizplay analysis resd

Axial strain — Deviatoric stress

(=]

v Dizplay experimental rest

| — Bnalvsiz results

—— Experimental resulis ||

18
12 ]
g
0
_E_

X| ' MNumber of cycles - fxial stress

S=]E3

. | T |

e A A T LN

A0 e ——————
0 b 110 15 20 25 a0

Mumber of cvcles

— Axial strain

e Py g S| PPy

Deviatoric stress

1241}

- O]

-18 +——r—r

Mumber of cvcles

| — Bnalvsiz results —— Experimental resulis ||

2 4 8 [ P A
£ 2o ey oo ety s b
m— 5 0 R e I
' Axial strain — Pore pressure |- |||:|||X| I 2k R SeECEEEE SEEEEET e S SRRt R
s Bk . CESE. TSRS TS, PoEneEe pooaed|od

v Dizplay analysis rest v Display experimental rest - 4= . i = i SRR i . i . i . .
] B 10 15 20 25 an

e e Ry

L B
(=]

— —
-2 0 2
fcial strain &)

MHumber of cycles

It is found in the above results reaching 5% double amplitude of axial strain that the number of cycles is 28 in analysis

compared to 24 in experiment.

two parameters (y,y, ) asin the followings.

y=80—755 y,=60->55
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Then, a simulation should be repeated to improve the analysis result by adjusting the



The simulation results using the parameters above are shown below.
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5 i i
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0 : i —t : I
-8 -G -4 -2 0 z 4 i} 5 a0

fixial strain &

MHumber of cvcles

It is found in the above results that the number of cycles is 23 in analysis compared to 24 in experiment. Then, the

simulation is terminated for Case 1.

To check the identified PZ-Sand model parameters for Case 1, simulations for Cases 1 and 2 are performed similarly by
changing the load condition. Their number of cycles reaching 5% double amplitude of axial strain are shown in the
followings and the liquefaction strength curve is shown with those results of cases 1 ~ 3 in Figure 2.3.15.

Case 2 : 8 in analysis (6 in experiment)
Case 3 : 45 in analysis (43 in experiment)
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Figure 2.3.15 Liquefaction strength of simulation results from cyclic undrained triaxial test
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3. PZ-Clay model

This is the generalized plasticity model for clay proposed by Zienkiewicz and his research group in References (1) and

).

3.1. Constitutive law

The invariants to express the model are defined as the following equations.

2 g, 6 6
J, > S i T (3.1.4)
J3 Sl]Sjkski .................................................................................................................................................. (3 1 5)
1
SU = O-U Eo-kkgl] ............................................................................................................................................. (3 1 6)
where

p : Mean principal stress

o : Principal stress

q : Deviatoric stress

0 : Lode’s angle

J, : Second invariant of deviatoric stress tensor

J;3 : Third invariant of deviatoric stress tensor

Sij : Deviatoric stress tensor

Oy : Stress tensor

Oy : Kronecker delta

The following incremental variables are defined.

dgv _dgkk ......................................................................................................................................................... (31 7)
1/2
dgv _( dezjdeﬂ) ....................................................................................................................................... (3 1 8)
deii = dgi], dgkkd’j ....................................................................................................................................... (3.1.9)
where

de, : Incremental volumetric strain

dey : Incremental principal strain

de, : Incremental shear strain

de; : Incremental deviatoric strain

de; : Incremental strain tensor

The dilatancy using the associative flow rules is expressed in the following equation.
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d:(1+a)(M_77) .......................................................................................................................................... (3110)
where

n=p'/q :Stressratio

’

p : Effective mean principal stress
a, M : Model parameters

The direction of plastic flow is defined by the unit vector expressed in the following equation.

1 d
h = b ettittiitieeieeieeeeeeeeeieeeeieeeeeeeeeaetatenteateeteeteeteat et et eaa et aeteat et eaaeaaeenteteaetaaeaneeneetenteaaeateaeanaenaaas 3.1.11
V1+d? {1} ( )

The condition of loading or unloading can be identified by the vector n as follow.

anGe > O : Loading ...................................................................................................................................... (31123)
anGe <0: Unloading ................................................................................................................................... (3112b)

The compression A/, and the extension A7, in triaxial test are expressed by using each friction angle as in the

following equations.

S — .
6sin @,
.= m ............................................................................................................................................. (3.1.13b)

The M is expressed in the following equations.

M = 0 —2(jlw—eC)sin3¢9 ............................................................................................................................. (3.1.14)
with

C=M,/M,
The plastic modulus of normally consolidated clays during loading is expressed in the following equation.

H = HP'f(1]) ++vereveseesseesseeessees e (3.1.15)
with

f(n)z‘l—%#%sign{ _%} ............................................................................................................... (3.1.16)

P (Y7 T O U T T I O (3.1.17)
where

H, U : Model parameters

This model is extended to describe the behaviour of overconsolidated clays by introducing the mobilized stress function

as expressed in the following equation.

—l/a
é’:p’(l_ a@ lj .................................................................................................................................. (3.1.18)

l+a M

The plastic modulus is expressed in this case as in the following equation.
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Y
H = Hop’{f(ﬂ)+ g(f){%j ................................................................................................................... (3.1.19)

with
g(&) = ﬂl(l_ é’g Jexp(_ﬂog) .................................................................................................................... (3.1.20)
MAX
QZ:J‘dé: d‘f:(deé?deﬁ)l/z ........................................................................................................................ (3.1.21)

Note that, for normally consolidated clays during loading, ¢ =¢,,,, and g(&)=0 are always satisfied.

The bulk and shear moduli are defined in the following equations.

[(ev = Kevop' ................................................................................................................................................... (3.1.22)
K, :Kesop’ ................................................................................................................................................... (3.1.23)
where

K 0, Keso : Initial constants of the bulk and shear moduli

3.2. Model parameters

The PZ-Clay model has ten parameters in which seven parameters ( K w0 K M C @, H,, 4 ) express the

ev0

behaviour of normally consolidated clays and the remaining three parameters ( Bo» Bis 7 ) express the behaviour of

overconsolidated clays and during cyclic loading. In addition, another two experimental condition parameters are

required such as the initial effective mean principal stress ( p; ) and the overconsolidation ratio (OCR).

In parameters shown above, K,,, K,, and H, are identified by the result of consolidation test and M and C are

identified by the friction angles of the critical state. & and 4 are identified by matching the effective mean
principal stress and deviatoric stress curve by the consolidated-drained triaxial compression test (CD test) or the

consolidated-undrained triaxial compression test with pore pressure measurement (Ccyy test). p,, B, and 7 are

identified by the results of the cyclic undrained triaxial test.

It is required for the comprehensive estimate of the parameters to match the simulation results with the experimental
data. For example, it is only necessary to use the experimental data up to the strain level if stress fluctuates greatly
with strain and it is necessary for the effective-stress dynamic analysis to match the critical state line (CSL) as the

preferable measure because the strain level is relatively high in this case.

The results of each triaxial test are shown as follows.
(1) Consolidated-drained triaxial compression test

1) Axial strain ( &, ) and deviatoric stress (¢4 ) curve
2) Axial strain ( &, ) and volumetric strain (&, ) curve
3) Axial strain ( &, ) and stress ratio (77) curve

4) Stress ratio (77) and dilatancy (9 ) curve
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(2) Consolidated-undrained triaxial compression test with pore pressure measurement
1) Axial strain ( &, ) and deviatoric stress (¢4 ) curve
2) Axial strain ( &, ) and pore pressure (Au ) curve
3) Effective mean principal stress ( p") and deviatoric stress (9 ) curve [Effective stress path]
4) Axial strain ( &, ) and stress ratio (77) curve

(3) Cyclic undrained triaxial test

1) Time history of cyclic deviatoric stress

2) Time history of axial strain ( &, )

3) Time history of pore pressure (Au ) or excess pore pressure ratio (L,,)

4) Effective mean principal stress ( ") and deviatoric stress (¢ ) curve [Effective stress path]
5) Axial strain ( &, ) and deviatoric stress (¢ ) curve

6) Number of cycles and cyclic stress ratio curve [Liquefaction strength]

The way to identify each of the parameters is shown as follows.

It is the slope of the critical state line (CSL) and is in the range 1.0 ~ 1.65 which is equivalent in friction angle to 25
~ 40 (degree).

It is the ratio of the critical state line (CSL) on the side of extension and compression but is usually taken as 0.80.

It is often expressed in the following equation in the case that the friction angles of extension and compression, ¢,

and ¢, , are same.

The yield surface expressed in equation (3.1.14) on TT plane is shown in Figure 3.2.1 and the condition, C >7/9,

is required in order to maintain the outer convex shape.

M/Mc

M/Mc M/Mc

Figure 3.2.1 Yield surface shapes on IT1 plane depending on the parameter C

31



It is the slope of the critical state line (CSL) and is available to better match the &, ~¢g curve.

Inthe a=0 -case the yielding surface of PZ-Clay model is equivalent to that of the Cam-Clay model while in the

a =1 case the maximum deviatoric stress of PZ-Clay model is equivalent to that of the modified Cam-Clay model.

a is expressed using the dilatancy d, at zero stress ratio and the stress ratio M at zero dilatancy from the
n~d, approximating line from CD test as in the following equation.

a=dy/M -1

Meanwhile the maximum deviatoric stress ¢ of normally consolidated clays from CU test is expressed using

the initial confining pressure p. in the following equation.

1 e
@ max :Mpc[ j ....................................................................................................................................... (3.2.2)
l+a

Then, @ can be determined by reading ¢m./Mp. in Figure 3.2.2, by solving the equation (3.2.2) or by solving

the following approximating curve equation.

3 2
a= 70198 qmax _75535 qmax +33192 qmax _5491 ........................................................................ (323)
Mp, Mp, Mp,

3.00

2.50

2.00

3 1.50

1.00

0.50

0.00
035 040 045 050 055 0.60 0.65

qmaX /Mp(‘,
Figure 3.2.2 @ and ¢, /Mp. of normally consolidated clays from CU test

It is the initial constant of bulk modulus and is expressed in the following equation.

1+
KWO — 0 ettt e—e ettt e e e ettt e et et et e e e e e et et et eeraae s (3.2.4)
K
where
K : Slope of the elastic unloading line in the e~ In p" plane
ey : Voids ratio under pre-consolidation load

It is the initial constant of shear modulus and is expressed using the equations (3.1.22) and (3.1.23) in the following
equation.
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9K ,,0(1-2v)

es0 2(1 n V) ....................................................................................................................................... (325)
with the relationship between the bulk and shear moduli expressed in the following equation
Ko  3(1-2v)
3 20+v) @
where
4 : Poisson's ratio (usually taken as 0.2 ~ 0.3)
(6) H,
It is a model parameter and is expressed in the following equation.
1
H,= 0 ettt ettt (3.2.6)
A-—K
where
A : Slope of the normal consolidation line in the e ~Inp" plane
K : Slope of the elastic unloading line in the e~ In p" plane
e : Voids ratio under pre-consolidation load

A and K are expressed using the plasticity index PI in the following experimental equations in Reference (3).

A=0.02+0.0045P] and x =0.00084(PI—4.6)
Meanwhile they can be expressed experimentally by 4=0.434C. and x =0.434Cg using the compression index

C. and the swelling index Cj.

I

7) H

It is a model parameter and is in the range 2.0 ~ 4.0 and its starting value is usually taken as 2.0.

—_—
=]
N’
!
IS

It is a model parameter controlling strain softening behaviour.
9 B

It is a model parameter controlling the stress ratio of overconsolidated clays. It is in the range 0.1 ~ 0.2 and its

I

starting value is usually taken as 0.12.

—
=
=

It is a model parameter to show strain hardening behaviour due to deviatoric stress. If it is greater than 2.0, the

effect of the hardening is obvious. It is usually set up in the range 0.4 ~ 8.0.

In addition to the fifteen parameters, another two experimental condition parameters are required as follow.

Al) pg

I

It is the initial effective mean principal stress and is expressed in the following equation.

Po = T (3.2.7)
where

o : Axial stress

0,, 03 :Confining stresses (0, =03 in triaxial test)

It is the overconsolidation ratio.
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3.3. Examples of parameter identification for PZ-Clay model

The examples of parameter identification for PZ-Clay model are described using the ETS (Element Test Simulation)
software. The identification is performed for the normally consolidated Weald Clay (OCR=1 and 24) in Reference (2)
by matching with the experimental data of the consolidated-undrained triaxial compression test with pore pressure

measurement (Cj  test).

Note that the unit of kPa [= |y /m?2 ] is read as psi [=6.894 kPa] in this case because the unit of psi is used in the Weald
Clay experimental results in Reference (2).

3.3.1. Weald Clay (OCR=1)

The parameter identification of the PZ-Clay model is performed for the normally consolidated Weald Clay (OCR=1) in
Reference (2) based on the result of [y test.

(1) Experimental conditions

Material name : Weald Clay
Consolidated effective confining pressure o,  : 30 psi (Isotropic consolidation)
Overconsolidation ratio OCR : 1.0 (Normal consolidation)

(2) Input data of ETS (Element Test Simulation) software
1) Simulation conditions

Simulation conditions are assigned in the following dialog.

Assign simulation conditions

Material constitutive model |F'Z-Cla\,r j

Testtype Triaxial compression test j

Drained condition
" Drained fo Undrained

Al REmErEiE Mo convert (Input & QutputkPa) j

Load control

" Btress contral f+ Strain contral

Load type mMonotonic load j

Maxirnurm axis strain 0.z0a

Confining pressure (kMimy

Sigmal 30.000 Sigma3 a0.000 Sigma3 30.000

o 0K X Cancel ‘ P Help ‘

# [Material constitutive model] combo box
'PZ-Clay' is selected from the pulldown menu.
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# [Test type] combo box
"Triaxial compression test' is selected from the pulldown menu for CU test.
# [Drained condition] radio group
'Undrained' is selected for CU test.
# [Unit conversion] combo box
'No convert (Input & Output: kPa)' is selected from the pulldown menu because both experimental and simulation
data are same although the unit is written as 'kPa' in this case.
# [Load control] radio group
'Strain control' is selected in this case.
# [Load type] combo box
'Monotonic load' is selected from the pulldown menu in this static case.
# [Maximum axial strain] edit
'0.20" is input to consider up to 20% of axial strain level in this case.
# [Confining pressure] edit group

'30.0' is input in each edit box according to the prescribed simulation condition of isotropic consolidation.

Note that the unit is 'psi' although it is written as ' kN /m? " in this case.

2) Model parameters
The ten PZ-Clay model parameters and another two experimental condition parameters of the initial effective mean

principal stress ( p; ) and the overconsolidation ratio (OCR) are assigned in the following dialog. The six parameters

( Koo> Koo>M, Hy, #, 7 ) are assigned in reference to the data in Table 4.1 and Figure 4.37 of Reference (2).

ev0 >

The remaining four parameters (C, @, pg,, p,) are assigned based on definitions in this software.

fssign Parameters @

Material parameters: PZ-Clay
Po
f c Alpha-f Kevo Gesn Betal | Betal Hao Mu  |Gamma (kb2 OCR
0.8900 0.800 | 1.000 26700 25500 0.000 - 0.000 165.000 | 3.000 0400 30,000  1.000
(OK X 2 1ol

# M (=Mf)

'0.90" is input based on the data in Table 4.1 (p.140) of Reference (2).
#C (=C)

'0.80' is input as usual.
# a ’ (=Alpha-f)

'1.0' is input in this case the maximum deviatoric stress of PZ-Clay model is equivalent to that of the modified
Cam-Clay model.
# K,, (FKevo)

'26.7' is input by the following equation using equation (3.1.22) and py = 30psi .
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where K., istaken as 800 psi although the K, in Table 4.1 (p.140) of Reference (2) is written as 800 Kg/cm2 .
K, (FGeso)
'25.5' is input by the following equation using equation (3.1.22) and py = 30psi .

_ 766psi

KesO - .
30psi

=255

where K, istaken as 766 psi although the G, in Table 4.1 (p.140) of Reference (2) is written as 766 Kg/cm2 .
B, (=Beta0)

'0.0' is input because this parameter does not affect the result for the normally consolidated clays.
S, (FBetal)

'0.0' is input because this parameter does not affect the result for the normally consolidated clays.
H, (=Ho)

'165.0' is input based on the data in Table 4.1 (p.140) of Reference (2).

H (=Mu)

'3.0" is input based on the data in Table 4.1 (p.140) of Reference (2).

7 (=Gamma)

'0.40" is input based on the data in Table 4.1 (p.140) of Reference (2).

po (5Po)

'30.0' is input by the followings using equation (3.2.7).

oy +0,+0;  3x30psi
3 3

Py = 30psi

Note that the unit is 'psi' although it is written as ' kN /m? " in this case.

# OCR

'1.0" is input in this case.
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3) Load
Load is assigned in the following dialog.

Assien Load |z|

Load stage number | Load step number | Maximum axial strain | =

[

2000 0.200

3!’.003'\-40‘.!01-&&)!\-_1—‘

-

alala]lalal=]=]=
W o~ ;| e w |

[ S VR R P
[ S U S B e

=
n
1<

‘ L S0k I X cancel ? Help

# [Load stage number]
The data of one load stage are assigned for the case of CU test.
# [Load step number]
It is the division number of the load step and is usually taken as 1,000 ~ 2,000 at each stage.
'2000' is input in this case.
# [Maximum axial strain]
It is the maximum axial strain which is usually the same value as set up in the [Assign simulation conditions] dialog.

'0.20' is input to consider up to 20% of axial strain level in this case.
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4) Experimental results

Experimental results of ¢, ~¢ and g, ~ Ay are assigned in the following dialog by reading from file or typing.

Note that the assigned data is read from the Figure 4.37 (p.140) of Reference (2).

Assien simulation results

Axial strain - Deviataric stress |A=<ia| strain - Pare pressure |

tal

Mo. | Axial strain | Deviataric stress | —

1 n.000a 0.000000

2 1.0000 5.000000

3 2.0000 10.000000

4 5.0000 14.000000

5 10.0000 16.500000

3 15.0000 17.000000

7 20.0000 17.500000

8

: I

0 I

X I

7 I

B I

14 I

15 I

16 I

17 I

18 I

19 I

20 I

7 I

22 I

73 I |

(& Read result files |
X cancel ? Help

5) Simulate
The folder to save the /O files and the file name without extension is specified and simulation can be performed by

clicking the [Simulate] button in the following dialog.

Simulate |z|

Setup input and output files far simulation

e IC:IF‘ngram Fileg\Forum SuWLCADatal Seat..

File name ITutDrlaI-F'Z_CIa\,r-OCRm

Sirmulate X Cancel | P Help |
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(3) Simulation results and parameter adjustments

Simulation results for the assigned parameters in previous section (2) are shown below.

! Axial strain - Deviatoric stress
v Dizplay analvsis resd v Dizplay experimental rest

R EELRLEEL e e ELREEEL s LR — Analysiz results

:P ________________ :P ________________ :P ________________ B Experimental resulis
S S S

A S I '

t t t

] 10 15 20

[v Dizplay analvsis rest v Dizplay experimental res

2':' T T T
L pTTTTTTTT T pTTTTTTTT T [T J —— fnalyziz results
ILE EEEPEPEEEPEEEEP EEEEEEE BGEEEEE o, LT RS B Experimental results
Y I [ DL NN, —
1 .---------------- b ——
Y 2 s s R
w B P Pt Pt
R Fommmmm e Fommmmmm s D RLLLEEETEE
44" Pt P P
S — —— ——— ——
n t t t
n ] 1n 15 20

fiial strain (6

3.3.2. Weald Clay (OCR=24)

The parameter identification of the PZ-Clay model is performed for the normally consolidated Weald Clay (OCR=24) in
Reference (2) based on the result of C[j test.

(1) Experimental conditions

Material name : Weald Clay
Consolidated effective confining pressure o, : 5 psi (Isotropic consolidation)

Overconsolidation ratio OCR : 24.0 (Overconsolidation)

(2) Input data of ETS (Element Test Simulation) software
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1) Simulation conditions

Simulation conditions are assigned in the following dialog.

Assign simulation conditions

Material constitutive model |F'Z-Cla\,r j

Testtype Triaxial compression test j

Drained condition
" Drained fo Undrained

Al REmErEiE Mo convert (Input & QutputkPa) j

Load control

" Btress contral f+ Strain contral

Load type mMonotonic load j

Maxirnurm axis strain 0.z0a

Confining pressure (kMimy

Sigmat e Sigmaz Sy Sigma3 e

X Cancel ‘ ? Help ‘

# [Material constitutive model] combo box
'PZ-Clay' is selected from the pulldown menu.
# [Test type] combo box
"Triaxial compression test' is selected from the pulldown menu for CU test.
# [Drained condition] radio group
'Undrained' is selected for CU test.
# [Unit conversion] combo box
'No convert (Input & Output: kPa)' is selected from the pulldown menu because both experimental and simulation
data are same although the unit is written as 'kPa' in this case.
# [Load control] radio group
'Strain control' is selected in this case.
# [Load type] combo box
'Monotonic load' is selected from the pulldown menu in this static case.
# [Maximum axial strain] edit
'0.20" is input to consider up to 20% of axial strain level in this case.
# [Confining pressure] edit group

'5.0" is input in each edit box according to the prescribed simulation condition of isotropic consolidation.

Note that the unit is 'psi' although it is written as ' kN /m?2 ' in this case.
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2) Model parameters
The ten PZ-Clay model parameters and another two experimental condition parameters of the initial effective mean

principal stress ( p; ) and the overconsolidation ratio (OCR) are assigned in the following dialog. The six parameters

( Koos Koo>Ms Hy, H, 7 ) are assigned in reference to the data in Table 4.1 and Figure 4.38 of Reference (2).

ev0

The remaining four parameters (C, &, Bo> B ) are assigned based on definitions in this software.

Assien Parameters E]

Material paramsters: PZ-Clay

Po
(kM

0.800 0800 1.000 320,400 306.000 24000 0400 1685.000  3.000 0400 5000 24000

It C Alpha-f Keva Geso Betal | Betat Ha Mu  |Gamma QOCR

X Cancel P Help

# M (=Mf)

'0.90' is input based on the data in Table 4.1 (p.140) of Reference (2).
#C(=C)

'0.80" is input as usual.

# o ’ (=Alpha-f)

'1.0' is input in this case the maximum deviatoric stress of PZ-Clay model is equivalent to that of the modified
Cam-Clay model.
# K, FKevo)

'320.4' is input using the twelve times the K., value of the normally consolidated clay ( po = 30psi ) and equation

(3.1.22) as in the following equation.

K, =12x 83001’5,1 =320.4

Opsi

where K., is taken as 800 psi although the K., in Table 4.1 (p.140) of Reference (2) is written as 800 Kg/cm2 .

Note that the K.,y value of overconsolidated clay is taken as the twelve times the K.,y value of normally

consolidated clay following the Reference (4) as usual. It is generally known that its scale factor increases with the
overconsolidation ratio.

# K, (5Geso)
'306.0' is input using the twelve times the K,z value of the normally consolidated clay ( po = 30psi ) for the same
reason as the above K.,y case and equation (3.1.23) as in the following equation.

esO =12Xm

30psi

K =306.0

where K, is taken as 766 psi although the G, in Table 4.1 (p.140) of Reference (2) is written as 766 Kg/cm2 .
# B, (ZBetal)

'24.0' is input as a recommended starting value by S, = OCR =24 for overconsolidated clays.
# p, (=Betal)

'0.10' is input as a recommended starting value for overconsolidated clays.
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# H, (=Ho)

'165.0' is input based on the data in Table 4.1 (p.140) of Reference (2).

# H (=Mu)

'3.0" is input based on the data in Table 4.1 (p.140) of Reference (2).

# 7 (=Gamma)

'0.40" is input based on the data in Table 4.1 (p.140) of Reference (2).

# o (=Po)

'5.0" is input by the followings using equation (3.2.7).

o) +0,+0; 3x5psi
3 3

Do = Spsi

# OCR

'24.0' is input in this case.

3) Load
Load is assigned in the following dialog.

Assien Load

X

Load stage number | Load step number

Maximurm axial strain

1000

0.200

DS |e| oo =]

slala|lala]la]=|=
[=10 =T [EST =70 I T PR T

[ S SR N S
& |w =2

o
n

[T

o 0K I X cancel 9 Help

# [Load stage number]

The data of one load stage are assigned in this case because the number of CU test is one.

# [Load step number]

It is the division number of the load step and is usually taken as 1,000 ~ 2,000 at each stage.
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'1000' is input in this case.
# [Maximum axial strain]
It is the maximum axial strain which is usually the same value as set up in the [Assign simulation conditions] dialog.

'0.20" is input to consider up to 20% of axial strain level in this case.

4) Experimental results

Experimental results of ¢, ~¢ and g, ~ Ay are assigned in the following dialog by reading from file or typing.

Note that the assigned data is read from the Figure 4.37 (p.140) of Reference (2).

Assien simulation results rs__(|
Axial strain - Deviatoric stress lA}(ial strain - Pore pressure ]
~

Mao. | Axial strain | Deviataric stress

1 0.0000 n.oooooo

2 1.5000 3.500000

3 5.0000 7.raooon

4 7.5000 11.000000

5 10.0000 12500000

G 12,5000 13.700000

7 20.0000 13.700000

g

]

10

11

12

13

14

15

16

17

18

19

20

21

22

73 ¥

(& Read result files
X Cancel ? Help

5) Simulate
The folder to save the I/O files and the file name without extension is specified and simulation can be performed by

clicking the [Simulate] button in the following dialog.

Simulate gl

Setup input and output files far simulation

Eaililzp |C:1F'r0gram Fileg\Forum SuWLCADatal Seat..

File name |TutoriaI—PZ_CIa\,r-00R24

Simulatemz

X Cancel ‘ ? Help ‘

43



(3) Simulation results and parameter adjustments

Simulation results for the assigned parameters in previous section (2) are shown below.

EE

Axial strain, — Dewxiatoric stress

v Dizplay experimental rest

v iDizplay analvsiz resd

16

L PR T el A=SCEEEEEEEEEEE — #nalysis results
PRI R T — W Experimental results
E 1
e S P e S e o e e e e L S e B e S e D e S e S e S e
S AP
5
TR R s S S
=
(i}

S I

v Dizplay experimental rest

v Dizplay analvsis res.

10 = -
S I
3 FE .

e S e e =T
2 4 o e
n
_2_
-4
_ﬁ_ 0
_B_
-10

.
i

v : — fnalysis results

L REEEEEEE P H B Experimental results

Pore pressure

1 N N N N N N N N N 1 N N N }
] 5 10 16 20
fixial gtrain &
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