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DACSAR stands for

Deformation Analysis Considering Stress Anisotropy and Reorientation

DACSAR Soil and water coupled Elasto-viscoplastic F.E. code

— open to the public — ‘
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DACSARs:

» DACSAR (DACSAR-original)
Open to the public
» DACSAR-MC (DACSAR-updated)
* EC/LC model is incorporated;
* Subloading surface;
* Macro element is incorporated;
Open to the public
» DACSAR-3D (3-Dimensional version of DACSAR)
Not open to the public
» DACSAR-F (finite deformation version of DACSAR)
Soil/water coupled elasto-plastic FE based on incremental
finite deformation theory
Not open to the public
» DACSAR-U
Unsaturated soil/water coupled elasto-plastic FE
Not open to the public
» DACSAR-D
Dynamic soil/water coupled elasto-plastic FE
Not open to the public
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1-DESCRIPTION of DACSAR

> Introduction
> Origination of report

> Program overview
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2-Details of theories used in DACSAR

1. Constitutive models employed in DACSAR
2. Singular point on the yielding surface (SO)
3. Yielding Judgment

4. Metastability (SO-EP)

5. Functions

6. Macro element proposed by Sekiguchi et al.

7. Bar, Beam, Joint, Shell element etc.
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1.Constitutive models employed
in DACSAR

1.1 Theoretical explanation

1.2 Demonstration
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1.1 Theoretical explanation

Constitutive
models are

discussed

here

MT Element type
0 | Elasto-(visco)plastic plane element
1 | Linearly elastic plain element
2 | Linearly elastic Beam element
3 | Linearly elastic Bar element
4 | Elastic perfectly plastic Joint element
5 | Linearly plastic Shell element
6 | Drucker-Prager plane element
7 | Hyperbolic plane element
8 | Modified Cam-Clay model
9 | EC model element
10 | LC model element

Geoenvironmental Risk Assessment Research Group

|V
9,

KOBE

UNIVERSITY



’. ’ ”’eore!lca’ exp’ana!lon

Constitutive models used in DACSAR

MT Model type
MT=0 Sekiguchi-Ohta model, includs
(1) SO-EP model
(2) SO-EVP model;
(3) SO-EP with subloading surface model(SOSS model)
MT=1 Linear elastic materials
MT=6 Drucker-Prager model
MT=7 Hyperbolic materials
MT=8 Modified Cam-Clay model
MT=9 EC model (Exponential contractancy model), includs

(1) EC-EP model

(2) EC-EVP model

(3) EC-EP with subloading surface model(SOSS model)
MT=10 LC model (Logarithmic contractancy model), includs

(1) LC-EP model

(2) LC-EVP model

(3) LC-EP with subloading surface model(SOSS model)
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’. ’ ”’eore!lca’ exp’ana!lon

MT=0, Sekiguchi-Ohta model

SO-EP model yielding surface

line

Deviator stress, q
Deviator stress, q

Effective mean stress, p'

Effective mean stress, p'

(2) Yield surface of SO-E(V)P model (b) Sketch of subloading surface

Figl.1 Yield surface of SO model
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’. ’ ”’eore!lca’ exp’ana!lon

MT=6, Drucker-Prager model
MT=8, Modified Cam-Clay model

O, L Modified Cam-Clay model

Yielding surface

Deviator stress, q
-}

-~ Effective mean stress, p'
2

Figl.2 Yield surface of DP model Figl.3 Yield surface of Modified
in principal stress space Cam-Clay model
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,. ’ ”’GOI’G!IC&’ exp’ana!lon

MT=9, EC model (Exponential contractancy model)
MT=10, LC model (Logarithmic contractancy model)

EC T LC model

e \ I M = 1.0

o - (17, =0.5

& ®

o @

- -

7] (7]

| S | 99

i) 2

S ©

> >

Q

a a

Effective mean stress, p' Effective mean stress, p'

Figl.4 Yield surface of EC model Figl.5 Yield surface of LC model
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1.2 Demonstration

Case 0 for 1D consolidation for OCR=1

Linear model | SO model | DP model | EC model | LC model

1D consolidation

for OCR=1 case 0
Value of parameters uﬁ' 4
Lame’s constant Permeability ' '
Z(kg/cm2 ) ﬁ(kg/cnf ) k(cm/min) | L
13.661 6.805 6.0¥10°
! I
7 £l
< >

Fig1.6 Boundary condition for Case 0
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1.2 Demonstration

Degree of consolidation U

0.0

0.5

1.8.

Plane strain

LE model
DP model
SO model
EC model
LC model
Theoretical

0.5
Time factor T,,

1.0

Degree of consolidation U

0.0

0.5}

1.8.

Axi-symmetric

LE model
DP model
SO model
EC model
LC model
Theoretical

0 0.5 1.0
Time factor T,,

Fig1.7(a) Relationship between degree of consolidation and time factor
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1.2 Demonstration

Pw/ Pwo Pw/ Pwo

Z/H
Z/H

Fig1.7(b) Consolidation Isochrone for Case 0 by using linear elastic model

Geoenvironmental Risk Assessment Research Group @59@9--5



1.2 Demonstration

Case (1-1)~(3-19) for the application of different constitutive models
with different value of OCR and different drainage condition

Drainage SO- model EC-model LC-model

OCR -
condition | gp | EVP | SS EP | EVP | SS EP | EVP | SS

Undrained | (1-1) | (1-2) | (1-3) | (1-4) | (1-5) | (1-6) | (1-7) | (1-8) | (1-9)

Fully
draind (1-11) | (1-12) | (1-13) | (1-14) | (1-15) | (1-16) | (1-17) | (1-18) | (1-19)

Undrained | (2-1) | 2-2) | 23) | 24) | @5 | 26 | @7 | @8) | 29

2
Fully
draind (2-11) | (2-12) | (2-13) | (2-14) | (2-15) | (2-16) | (2-17) | (2-18) | (2-19)
Undrained | (3-1) (3-2) (3-3) (3-4) (3-5) (3-6) (3-7) (3-8) (3-9)
20

Fully
draind (3-11) | (3-12) | (3-13) | (3-14) | (3-15) | (3-16) | (3-17) | (3-18) | (3-19)

. . s ) KOBE
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_ emonstration

Three types of tests including plane strain shear,
axisymmetric shear and direct shear

Constitutive model

Undrained condition &, =0 >

Drained condition

A 4

Boundary condition
Plane strain shear Axisymmetric shear Direct shear
CIU, CK,U, CPD CIU, CK,U, CPD
O ' '
' ‘ O-Z G’
7 /L\ 0 1
¥ N
O ;C '
/ /\ .
/ / \ ’
o) (g, =0) o, \__/ o! o} (¢, =0)

Figl.8 Three types of tests
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’! Bemons!ra!lon

Effect of corresponding parameter to some model is considered

Elasto-plastic Elasto-viscoplastic Subloading surface
SO model
n, =1.0 (SO model)
(N 1oy m=1

EC model n,=1.5 gz(ga)—O.lé/mln

n, =2.0 m =10

n, =1.5 £.(£,)= 0.01%/min m =100
LC model n, =2.0

n, =2.5
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Geoenvironmental Risk Assessment Research Group :\D UNIVERSITY



’ ! Bemons!ra!lon

Input parameters

D 0.076 o’ (kg/cm?) 1.0
A 0.549 o’ (kg/cm?) 1.0
M 0.961 v, (1/min) 0.001%
V' 0.394 A 0.245
K, 0.65 K 0.65
a 0.00667 e, 0. 84

@lbﬁ H@

Fig.1.9 One element F.E. mesh
and boundary condition @
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. emoanstration

Case1-1 SO-EP model for undrained condition with OCR=1
(Same with Case1-3 SO-SS model)

1 1}
P g Plane Strain(PS
ps| & ol-o! Ax1-Sym. (AS)

&
AS a Direct Shear(DS)

DS sz sz /
-30 | | 30
A

(PS)

o

Q.
\
w

1t -1t

Figl.10 Stress-strain relation and effective stress path
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. emoanstration

Case1-2 SO-EVP model for undrained condition with OCR=1

1 Plane Strain(PS) 1}
& k)

— -Q_o Axi-Sym. (AS) _ o
PS 82 Gz_ax 7) 8_
AS Ea G; - G; . (7))

D
DY ¢= Tx =
€ (%)

(AS)
(PS)

é.(¢,)=0.1%/min

Figl.11 Stress-strain relation and effective stress path
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. emoanstration

Case1-4 EC-EP model for undrained condition with OCR=1
(Same with Case1-6 EC-SS model)

o o

o o
B K7
€ S 11 Plane Strain(PS) 11
ps| €. o.-o, Axi-Sym. (AS)
AS Ea G; - G;
DY &= Te Direct Shear(DS) “K,-

line

-30 | “‘o/ | 30 | \
/ " \/ P
— C.SINPS)

Figl.12 Stress-strain relation and effective stress path
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. emoanstration

Case1-5 EC-EVP model for undrained condition with OCR=1

1 Plane Strain(PS)
P R —Q_o Axi-Sym. (AS)
~~
ps| & o.-o,| P
AS| & oi-o; Direct Shear(DS)
DY ¢: Tu
30 | % | 30
|/ .
(AS
(PS)
1 i
n,=1.5 1

¢.(£,)=0.1%/min

Figl.13 Stress-strain relation and effective stress path
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. emoanstration

Case1-7 LC-EP model for undrained condition with OCR=1
(Same with Case1-9 LC-SS model)

B B
11 Plane Strain(PS)
£ S
J e oo Axi-Sym. (AS)
P z z  Yx
AS| & 0.0, Direct Shear(DS)
DS gxz TXZ
L \ 0 \ ]
-30 10 30
(A
(PS)
-1 -1t

Figl.14 Stress-strain relation and effective stress path
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. emoanstration

Case1-8 LC-EVP model for undrained condition with OCR=1

&

S

PS| é:
AS| ¢
DY ¢

! !
GZ - GX

! !
c,—0O,
T

Xz

o

o
~ 1.
n

0

Plane Strain(PS)

Axi-Sym. (AS)

30 /
(AS)

(PS)
n, =2.5
¢.(¢,)=0.1%/min

o

Q.
ey
2]

1t

Figl.15 Stress-strain relation and effective stress path
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’ ! Bemons!ra!lon

Case2-1 SO-EP model for undrained condition with OCR=2

o
PS| é: G%_G% N Axi-Sym. (AS) AS)
AS| % 9.79 Direct Shear(DS) K-
DY ¢- T / / line
30 / 00 ' 30 1
(As) / & (%) P/p'y

Figl.16 Stress-strain relation and effective stress path
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. emoanstration

Case3-1 SO-EP model for undrained condition with OCR=20

0.3,

0.3;
- ¢ —Q_o lane Strain(PS) o
- . Q
ps|l & ol-o /) Axi-Sym. (AS) B
AS| & 9.0
Dy - Te Direct Shear(DS)
_|80 L éo 0.0
(AS) ° (%)
(PS)

-0.31 0.3l

Figl.17 Stress-strain relation and effective stress path
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. emoanstration

Case3-3 SO-SS model for undrained condition with OCR=20

0.3,

o
s s ~Llane

s/p', o

s/p'

Axi-Sym. (AS)

! !

PS| ¢é: 0.-0,
!

.

AS| &
DY ¢
55 0.0}
(AS)
(PS)
-0.3 -0.3t
m=1.0

Fig1.18 Stress-strain relation and effective stress path
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. emoanstration

Case3-3 SO-SS model for undrained condition with OCR=20

0.3;
- lane Strain(PS) _o
- (OX
pal . Axi-Sym. (AS) D
AS| &
DY &=
80 go 00
(AS) e (%)
(PS)
-0.3 03!l
m =10

Figl.19 Stress-strain relation and effective stress path
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. emoanstration

Case3-3 SO-SS model for undrained condition with OCR=20

0.3,

lane Strain(PS)
Ax1-Sym. (AS)

PS| é:
AS| ¢
DY ¢

-80

(AS)

(PS)

-0.3 -0.3L
m =100 0-3

Fig1.20 Stress-strain relation and effective stress path
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2-Details of theories used in DACSAR

1. Constitutive models employed in DACSAR
2. Singular point on the yielding surface (SO)
3. Yielding Judgment

4. Metastability (SO-EP)

5. Functions

6. Macro element proposed by Sekiguchi et al.

7. Bar, Beam, shell element etc.

. : \V'g
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2. Singular point on the yielding surface
(Takeyama,2007, Doctoral dissertation)

2.1 Explanation of theoretical treatment

2.2 Demonstration

- . \V'g
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m

Associated flow rule : & =y

oo’

Deviator stress, q

C.S.
Effective mean stress, p'

Fig 2.1 Singular point on the yield surface of SO model
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!. ’ meore!lca’ exp’ana!lon

Governing function for the singular point

Koiter’s associated flow rule: £° =9,0,. 1, +7,0.. 1,

Consistency condition: f1 =0, f2 =0

Yield function: fi(c'e?) = Mplni,Jr DFM_ g’ =0
0 p

fr(o'el) = MDlnL,—D\/g—(s :nV) -l =0

’
0

p

Plastic proportional coefficient:

7}1 _ 1 Xzz _Xlz L1
7, detX|-X, X, ||L,

Where, detX = Xl 1X22 - X12X21

D2 ' D2 i
X11 :7(ﬂ12K+3G+£ﬁ1]’ X12:7 ﬂlﬁzK_3G+£ﬂ2
p D p D

D2 / D2 ]
le =" (131[32]{ _3G+£ﬂ1] > Xzz =" (ﬂzzK +3G +£ﬂ2]
p D p D

3(n .= 3, _y_  (1-A)Kén, -2Gé
ﬁlZM- E(no:nv)’ﬁZZM' E(no:nv)an = ( ) gvno gd

Y |t-A)Kém, —2GE,|

] L] ‘j
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!! Bemons!rallon

10 1.1 T T T 1 T

~~

<
(a9
= 1
N
<

b

IGS (D]
) g

; =

S o
= o x Ag, =0.100% Ag, =0.000% | ©
o s & Ag,=0.100% A, =0.027% | ¥

5 P A+ Ag,=0.100% A, =0.058%
= ¥ % m o Ag, =0.100% Ag, =0.100% 0.8
=~ %, o Ag,=0.100% As, =0.067% .
2 o | B0 As,=0058% As, =0.100%

X v & Ag, =0.027% Ag, =0.100%

v Ag,=0.000% Ag, =0.100%

| L | | 0 7

-10

0 10 20 IST6 7 8910 20
Effective mean stress, p' (kPa) Effective mean stress, p' (kPa)
Effecti h (b) e-Inp’' relation
(a) Effective stress pat p

Fig 2.3 Simulation result of effective stress path and e-Inp' relation
near to singular point on the yielding surface of SO model

before coping the singular point
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!! Bemons!rallon

10 11 T T T T I I

—
&
2 1
2
©
—Id Q)
L S
2 0 £0.9
= =
2 0 x Ag,=0.100% Ag, =0.000% | O
o o a5 Ag,=0.100% Ae, =0.027% | P
= - o+ Ag, =0.100% Az, =0.058%
< f % = o Az,=0.100% As,=0100% | o
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L @@\ 0 o Ag, =0.058% Ae, =0.100%
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v Ag, =0.000% Ag, =0.100%

-10 , < | , | | 0.7 | | | [ |
0 10 20 5 6 7 8 910 20
Effective mean stress, p' (kPa) Effective mean stress, p' (kPa)
- ' -
(a) Effective stress path (b) e-Inp’ relation

Fig 2.4 Simulation result of effective stress path and e-Inp' relation
near to singular point on the yielding surface of SO model
after coping the singular point
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2-Details of theories used in DACSAR

1. Constitutive models employed in DACSAR
2. Singular point on the yielding surface (SO)
3. Yielding Judgment

4. Metastability (SO-EP)

5. Functions

6. Macro element proposed by Sekiguchi et al.

7. Bar, Beam, shell element etc.

. : \V'g
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3. Yielding Judgment
(Takeyama,2007, Doctoral dissertation)

3.1 Improved Yielding judgment criterion for
SO-EVP, EC-EVP, LC-EVP model

3.2 Corrected Akai & Tamura’s method for spatially
discretization of pore water dissipation

3.3 1D consolidation (coupled) for Linearly elastic
body by using two types of mesh generations

L] o ‘j
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TS 1 Improved Yielding judgment criterion mproved Yielding judgment criterion

for SO-EVP, EC-EVP, LC-EVP model

Improved judgment criterion

(1) For elastic state

g(cs', h) = f(a')— h<0: elastic
g(cs', h) =f (G')— h>0:  elasto- visco - plastic

(2) For elasto-visco-plastic state

{y <0: elastic

y>0:  elasto- visco - plastic

. : \V'g
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\% ielding ju iteri
for SO-EVP, EC-EVP, LC-EVP model

/

For SO-EVP f =MDIn p, +D-m*,
0
For EC-EVP f = mpm 2 MP .(’7 *j E
Py  Ng M
For LC-EVP £ =mpin 2+ 2MP 1 (’7_*]
Po ng M

glo',h)=f(c)-h=0

h(er.t)=a- 1n{‘_}iot {exp( 85 j - 1}}

oF .. . OF
Cie+— . . . oF
y =— do o , 1s plastic coefficient, ¢ =y
oF . OF OF oF v op’
o' 0 0s’ op'

KOBE

UNIVERSITY
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3.1 |mprovea !lleml'ng jluagmen! criterion

for SO-EVP, EC-EVP, LC-EVP model

Yielding judgment criterion for SO model at the singular point

(1) The stress proceeds on the singular point(figure 1(a))

/>0
7'/1 — =y, 8f1r +7, afzr
7, >0 oo oo

(2) The stress gets away from the singular point(figure 1(b))

;-}1>0 - oy Ofl’
7, <0 oo
{“0 - &=l
7, >0 oo

(a) Stress proceeds on the singular point (b) Stress gets away from the singular point

Fig.3.1
g : " W ) KOBE
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3.1 |mprovea !llemllng jluagmenl criterion

for SO-EVP, EC-EVP, LC-EVP model

Vi _ 1 Xy =Xy (L
72 det X _X21 Xll L2
WhCI’C, det X = X“Xzz - X12X21

D2 ' D2 '
Xy, = _12(ﬂ12K+3G+£ﬂ1j > X, :_,2(:31ﬂ2K_3G+£ﬂ2J
p D p D

D2 [ D2 '
XZIZF(ﬂIﬁZK_3G+%ﬁIJ’ X22:?£ﬁ22K+3G+%ﬁ2j
v B = a o B =y = (=A)KEm, —2Gé,
=M 2(n°'nV)’ﬂ2_M 2(n°'nV)’nV_||(1—A)Kg‘vn0—2Géd||
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. orrecte al amura's metno

Nodal point

=
Element  Quadrangular divided

Fig 3.2 spatial discretization

(a) original method (b) corrected method

Fig3.3 Method for Spatially discretization of pore water dissipation
(consolidation) be corrected
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TS 371D consolidation by using two types of mesh y using two types of mes

Pwo
(h , : , : , : , : , 1 Y A A VY
- Theoretical solution- -
_§ 0.2 = Simulation - 0.8 |
§ I I
S 04 0.6 -
o 0.6 0.4 -
S I I
2 0.8 0.2 -
| al v§
@)
1 L 1 L 1 L 1 L 1 L 0 L 1 L 1 L 1 L 1 L >
0 02 04 06 08 1 0 02 04 06 08 1 x
Time factor T Normarized excess Orthogonal mesh
v pore water pressure p /Pwo P
7T I y y y y -~
- Theoretical solution A -
é 0.2 4 Simulation - 0.8
:8 L L
S 04 0.6
o 0.6 0.4
S I I
S 0.8 0.2
T _ <l v
)
1 L | L | L | L | L 0 L | L | L | L | L >
0 02 04 06 08 1 0 02 04 06 08 1 *
Normarized excess Diagonal mesh

Time factor T pore water pressure p /Pwo

Fig3.4 Simulation of 1-D consolidation by using two types of mesh
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2-Details of theories used in DACSAR

1. Constitutive models employed in DACSAR
2. Singular point on the yielding surface (SO)
3. Yielding Judgment

4. Metastability (SO-EP)

5. Functions

6. Macro element proposed by Sekiguchi et al.

7. Bar, Beam, shell element etc.
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4. Metastability (SO-EP)
(Takeyama,2007, Doctoral dissertation)

4.1 Theoretical explanation

4.2 Demonstration
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!. I I "eorellcal explanahon

For the isotropic consolidated clay, the infinitesimal increment of

stress ratio can induce a rapid plastic shear deformation, which is
called Metastability characteristic (Roscoe et.al. 1963), this stress

state can be called Metastable state.

T
10 g

| K,=1.0 M=14 D =0.076 A=0.8 v'=0.333
<}
A 1 2
= | ] € Z(e —
'?h 5 | 03 T T T 'y T T T 03 ‘3 (Sa 8" ) T T ]
;bj I L ]
s 0.2+ . 0.2% g
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Effective mean stress, p' (kPa) Metastable area in 7 plane Metastable area
(é‘ =0. 1%) in axi-symmetric plane

Fig4.1 Metastable area
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Deviatoric strain, 2(g,-¢€,)/3 (%)

Volumetric strain, g, (%)

Fig4.2 Simulation results of effective stress path according to
given strain path for the metastable area of SO model
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2-Details of theories used in DACSAR

1. Constitutive models employed in DACSAR
2. Singular point on the yielding surface (SO)
3. Yielding Judgment

4. Metastability (SO-EP)

5. Functions

6. Macro element proposed by Sekiguchi et al.

7. Bar, Beam, shell element etc.
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5. Functions

In DACSAR program, the numerical solution of initial boundary-value
problem relies on the finite element method (FEM) based on spatial and time
discretization. For the numerical integration procedures, the integration of
constitutive equation over a time step to calculate the stress and strain
changes corresponding to the change of the displacement is accomplished by
using the algorithm to solve the systems of linear equations.

Systems of linear equations on the relation between nodal force and nodal dispalacement

AF=K-&d

where, K=" _[ B/C®B dQ° , is total stiffness matrix,
€ Q

B, = LN, is strain matrix, L is differential operator for plain problem,

N is shape function
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5. Functions

The integration technique adopted can be classified into
explicit method: Gaussian method
implicit method: Biconjugate gradient stabilized method and

5.1 Simple explicit method

5.2 Implicit (iterative) calculation method

- . \V'g
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K-8d = AF ~_Total stiffness equations

I

L' LY, e LILIK =K LLLL, e L1 SF = SF0)

g

6F(n_1)

nn

5, = ( SF, (n-1) i ij(n—l) od, J / K () \Backward substitution process

\Forward elimination process

od

ii

j=i+l

Fig5.1 Calculation process of Gaussian method
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g! ImPIICI! lllerallve’ calcu'allon me!"oa

Implicit (iterative) calculation method (BiCGSTAB)

Algorithm procedure

Allocate temporary VEeCtors p , p ,s 8§ »t »v »7
Allocate temporary reals r ,r,,a > >o

r:=AF - K -6d

o=

For i:=1 step 1 until max_itr do
=7 r
Ifi=1 then p .= , else
B = (rl/”z)* (a/a))
p=r+pB*(p-0w=*v)

End if

Solve (M - p = p)
v=K p

a =r/(F-v)

S =r —o v
Solve (M -5 =5)
t=K - s

= (- s)/( 1)

X=x+oa -p+ow- s

e

End (i-loop)

Deal locate all temp memory
Return TRUE
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2-Details of theories used in DACSAR

1. Constitutive models employed in DACSAR
2. Singular point on the yielding surface (SO)
3. Yielding Judgment

4. Metastability (SO-EP)

5. Functions

6. Macro element proposed by Sekiguchi et al.

7. Bar, Beam, shell element etc.
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6. Macro element proposed by Sekiguchi,
Shibata,Mimura,Sumikura(1988)

6.1 Explanation of the macro element

6.2 Explanation of input parameters
for the macro element

6.3 Demonstration
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31 Exp'anatllon o! tHe macro element

€ Macro element is a big physical domain which
includes foundation area and vertical drain in this
area.

€ Macro element method is used to predict the post-
construction stress changing and deformation,
especially for the plane strain problem of vertical
drain casting by using the construction method
such as SCP / SD/CVC

€ The constitutive model of SO, linear elastic, modified
cam-clay, EC and LC can be used.
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HORIZONTAL CO-ORDINATE
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Fig6.1 Sketch showing the freedom of Fig6.2 Sketch illustrating the distri-
excess pore water of a centered
macro element and those of the

adjoining four elements

bution of excess pore water

pressures around equally

spaced vertical drains
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8. I Exp'anallon OI !"e macro elemen!

VERTICAIDRAIN

[ 02 4 ol
A

/ A
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D,
\ 4 P Py P v
3 4
CL
l; —d, | d, |

Fig6.3 Sketch illustrating the proposed way of considering water flow
across the boundary between the treated and untreated regions
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P —
6.2 Explanation of input parameters

for the macro element

v Model parameters
v Radius of drain
v' Effective collector radius

v' Boundary condition

[} L] ‘j
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G! Bemons!rallon

Material parameters for macro element

2 (KN/m?) 11 (kN/m’) o, (kPa) K, k (m/day)
1.338 667 9.8 0.65 8.64*%107
Three Kinds of cases
Case Sx ( = Sy )(m) Sz (m) a (m) b (m)
1 2.0 1.0 0.2 1.12838
2 1.0 1.0 0.1 0.56419
3 1.0 2.0 0.1 0.56419
<ﬁ> yertical drain
SZ
Fig6.4 Macro element < Y
model with a vertical drain |« s >|
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Fig6.5 Relation between degree of consolidation
and time factor for macro element
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2-Details of theories used in DACSAR

1. Constitutive models employed in DACSAR
2. Singular point on the yielding surface (SO)
3. Yielding Judgment

4. Metastability (SO-EP)

5. Functions

6. Macro element proposed by Sekiguchi et al.

7. Bar, Beam, Joint, Shell element
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7. Bar, Beam, shell element etc.

MT Element type Application element is used to represent

. Flexural members in a building frame
2 Linearly elastic Beam element . Columns in a building frame

. Sheet pile walls

. Reinforcement in reinforced earth structures

: . . Tie backs for anchor walls

3 Linearly elastic Bar element :
. Springs

. Structural Braces/Struts

. Interface between soil and rock

. Interface between fill and concrete retaining wall

W N =B~ W N =W N -

4 Elastic perfectly plastic Joint element . Interface between soil and reinforcement in
reinforced earth structures

4. Rock joints/fractures

5 Linearly plastic Shell element Supporting structure in the ground

1. Saturated soil inducing fills and foundation
7 Hyperbolic plane element 2. Mass concrete structure

3. Rock
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Fig.3-1 Embankment as cycle way in north of Takeo I.C
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-Fractical use
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Fig.3-2 Sketch for one typical part of the embankment
with its foundation and the boundary conditions
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=-Fractical use
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Fig.3-3 Monitored and Simulation results
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