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Axial Strain (%)
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Deviator Stress (kPa)
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Deviator Stress (kPa)
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Deviator stress, q(kPa)
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Input Voltage (5V/div.)

BE test for Unreinforced Clay
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Deviator stress, g (kPa)

Deviator stress, q (kPa)
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(\;N ] el = =
<_H 8 Parameters=w+m*log(c,/ P, )

o . — — — —
DN B Al ;w,=9.337, m=-0.199, w,=9.295, m,=-0.332
H"N 6 O A1l,;1.786,-0.997,0.928, -3.721

< | A A2 ;0.871,0.764,0.717, 0.276

‘_;"' 4 v AZ,;1.107,0.498, 0.981, 0.10

<_ & C2;0.291, 0.302, 0.204, 0.027
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Confining Pressure, o, /P_
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| Parameters=w+m*log(s,/ P_ )
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B n;w,=26.34, m =4.252, w,=63.883, m=123.41
o 504 © &i16.774,-0.399, 40314, 74.312
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3% 3.12 MGHE 3gtng ¢ BA

Soil Parameters Component equations Fig.
A 9.337-0.199% Jog 1(04/P )  fOF 05<50kPa
11 9.295-0.332% 1og 1)(03 /Py, fOF 03>50kPa
4 1.786-0.997% Jog 1/(03/ Py 107 03<50kPa
12 0.928-8.721% 1og /(03 /Py fOF 04>50kPa
Fig 3.140
A 0.87140.764% 1og /(04 /Py [OF 04<50kPa
21 0.717+0.276% Jog (03 /Py 07 04>50kPa
A 1.107+0.498% |6, (04 /P, O 05<50kPa
2 0.981+0.100% Jog |1(04/P,,)  for 04>50kPa
Calyey |_Ci (0)=1 | No variation with @, -
Soil 0.291+0.302% Jog (05 /P,  for 0.<50kPa Fig 3.140
GO | 0.204-0.007 log 10(04/P,,) for 0.>50kPa e
26.34+4.252% Jog (05 /P,y for 0.<50kPa
n 63.883+123.41% oo 1 (04/ P, for 0.>50kPa
. 16.774-0.399% 1og,1(04 /Py 07 05<50kPa
40.314+74.312% Jog | (04 /P, 7 05>50kPa
Fig 3.141
) 9.337-0.199% Jog /(05 /Py, 07 05<50kPa
9.295-0.332% log (04/Py,) 07 04>50kPa
5 9.337-0.199% Jog (05/P,,)  for 05<50kPa
9.295-0.332% Jog |1(04/P,,)  for 04>50kPa
A 1.090-0.700% oo ,1(04 /P, 0 04<50kPa
11 1.107-1.927% |6g,(04 /Py O 05>50kPa
4 1.090-0.700% Jog (04 /P, 0 04<50kPa
12 1.061-1.362% 16g,1(04/Pu) 07 04>50kPa Fig 3.142
P 0.887-0.239% 1og |(04/P,,)  fOF 04<50kPa
21 0.878-0.847% 1og,1(03/ Py O 04>50kPa
A 0.887-0.239% Jog 1(05/Py,) 07 05<50kPa
2 0.892+0.116X oo 1.(03/P,)  fOF 0.>50kPa
sand C(0)=1 | No variation with g, -
c (0) 0.723-5.448x% log 10(03/Patm) for 03<50kP6l Fig 3.142
2 0.778-1.561% Jog 1(05/P,,)  for 05>50kPa
0.00 for 0,<{50kPa
n 0.141410.052% Joor, (0,/P,. ) for 0.550kPa
. 0.00 for 045<50kPa
0.110+7.823% Jog 14(03/Puy) " 04>50kPa Fig 3.143
. 0.247+0.352% 1og /(05 /P,y for 04<50kPa
0.268+1.864% Joo | (04 /P, ) o 0.>50kPa
5 0.245+0.532% Jog (05 /P,,) for 04<50kPa

0.236-0.119% Joo 1 /(04/ P,

for 0,>50kPa
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log 10(_Pm):10g W B+ - log 10(?;) (3.33)
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7hAR

(1) =234 Ha

= A8 2] (constitutional equations)< 1|14 2] (partial differential equatio
-ns ; PDE )¢9 FHZ vepd=d], 3142 W (analytical method) 2.2 & F-3f

e g A wEggelolol sa 27 AAxASe ad FAd =

Establish constitutional equation

Define the partial differential
equation(PDE) form

Identify the initial condition and
boundary condition

Create
the grid or element

Numerical analysis
FDM
FEM
FVM

¥ 3168 FAI s A o] A
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grid point

boundary
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finite differerences

approximation
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19 3.169
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(1) AgSA 7483
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displacements or forces

Stress / Strain Relation
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divide element of continuum

assumption of
distribution in element

displacement

selection of suitable strain field

introduce of
material

constitutive law

calculate iteration
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boundary force
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part
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Program process
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K START component \

- Initialization
Unchangeable BFT component Provided
segment -calculating boundary condtions by system directly

SOLV component
K - solving algebraic equations
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- calculating element matrix
Changeable Generated
segment by formula

U component
- post-processing calculations
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19 3180 FEPGS| X7

Compiled and linked

GIO command

~_~

Generating FE program
FE computation

Y

Partial differential equation descriptive files
(VDE, PDE) and algorithm files (GCN, GIO)

Pre-process

IH
1o
;OM

9 FRAAN) A 2 2

(348)° vteRH wpel o] Aot®l MGHEC] <9

Al
2]

W

ToR

A

—

o

A& (piecewise

oloh e A

€]

A

d

ahof )

Jep 7] 9

B
el

0

.

-

7h&-dlell

=]
HEAHo g

= 2 719

linear) 2!

gl o] €]

o

o}

EAPOR

59

bilinear, trilinear %=+ multilinear

—t

G
M

)
my!

0

%!

3

(3.48)

wgol 2AHEY. o714

=
[}

g2 9]

=
=

€]

- 175 -

Ao ;=[] - Ae
3 o] Wl

[e)

v 2 v

1

k)
hA

(quasilinear or nonlinear elastic constitutive model)©] 2}

A, " SHe A2 &

71l A A



{de gy =[B {83, (3.49)
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def MGHE
loop i (1,izones)
loop | (1,jzones)
temp1=-0.5+(sxx(i,j)+syy(i,j)
temp2=sqgrt(sxy(i,)"2+0.25+(sxx(i,j)-syy(i,))"2)
s3=min(temp1-temp2,-szz(i,j))
if s3<0 then
s3=0.0

end_if
s1=max(temp1-+temp2,-szz(i,j)
ge=s1-s3
if ge<0 then
qe=0
end_if
temp3=2+(coh*cos(frixdegrad)+s3+sin(frixdegrad))
temp4=1-sin(fri*xdegrad)
gm=temp3/temp4
Em=k1+Patm+(s3/Patm)"nd
if s3<50 then
Dtof=9.337-0.199+log(s3/patm)
Dtos=1.786-0.997+log(s3/patm)
Dtot=0.871+0.764+log(s3/patm)
Dtop=1.107+0.498+l0og(s3/patm)
end_if
if s3>50 then
Dtof=9.295-0.332+log(s3/patm)
Dtos=0.928-3.721+log(s3/patm)
Dtot=0.717+0.276+log(s3/patm)
Dtop=0.981+0.1+log(s3/patm)
end_if
eref=(1/Dtof*Em+(1-ge/(1/Dtot«qm))*2)
ex_1(i,)=(-syy(ij)/eref)
if s3<50 then
ita=26.34+4.252+log(s3/patm)
ki=16.774-0.399+l0g(s3/patm)
alp=1.117+0.894+log(s3/patm)
bita=4.678-0.568+log(s3/patm)
end_if
if s3>50 then
ita=63.883+123.41+l0og(s3/patm)
ki=40.314+74.312+log(s3/patm)
alp=0.802-0.106+log(s3/patm)
bita=3.901-3.033+log(s3/patm)
end_if
Dang1=cos(pi/(ita/(ex_1(i,j)*em/gm)+1))
Dang2=cos(pi/(ki/(ex_1(i,j)xem/am)+1))
Bang1=cos(pi/(alp/(ex_1(i,j)xem/gm)+1))
Bang2=cos(pi/(bita/(ex_1(i,j)*em/gm)+1))
Dtemf=0.5+(Dtof+Dtos)
Dtems=0.5+(Dtof-Dtos)
Dtemt=0.5+(Dtot+Dtop)
Dtemp=0.5+(Dtot-Dtop)
Atof=Dtemf+Dtems*Dang1
Atos=Dtemt+Dtemp+Dang?2
Ctos=1/Atof
Ctop=1/Atos
Ctof=1
if s3<50 then
Ctot=0.291+0.302+log(s3/patm)
end_if
if s3>50 then
Ctot=0.204+0.027+log(s3/patm)
end_if
Ctemf=0.5+(Ctof+Ctos)
Ctems=0.5+(Ctof-Ctos)
Ctemt=0.5+(Ctot+Ctop)
Ctemp=0.5+(Ctot-Ctop)
Cpar1=Ctemf+Ctems*Bang1
Cpar2=Ctemt+Ctemp*Bang?2

Eec=Cpar1+*Em=+(1-qe/(Cpar2+qm))2
bulk_mod(i,j)=Eec/(3*(1-2+nu))
shear_mod(i,j)=Eec/(2+(1.0+nu))
end_loop
end_loop

; refference modulus for calculate axial strain
; not exact, but reasonable random approximate

; theory

; tangent modulus
; bulk modulus
; shear modulus
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Pre-processor FEPG.GID
Or
Component program PRG

[]

| Component program STARTl

(

*)l Component program BFT |

—)| Component program E

FE
calculation @

program
[ component program sOLV |

<>

| Component program U |

<>

Whether or not
iteration ends

Whether or not
time calculation ends

Post processor FEPG.GID
Or
Graphic program FA

& transient

iy

a9 3183 HAE AR

1. O [}
AAxA At EEk

o

1
o

w#a7] getel 4 (338) LH -~

ko

rob
Ay
o

-
o
g
o=
T o

O—TT' 1_1/ v v O 67»7-
Ogo| _ F v 1—y v 0 €
02z (1 + 1/)(1 - 21/) v 1% 1—v 0 €., (3.54)
Jrz 0 0 0 05—U 67',2
wol $-WAE WA BALAAL galerkin Wl olshe] Ao
A AL e & AT olg e



fvs P g ,}Eg_g ; (1—V)a’V+JrV€m6822 E - av+

S o5 e o VAV [ o o =WV
J(V%S% E_ (0.5-)dV (3.55)

= rV(fx5u+f25w)dV+ er (T Su+ T Swyd"
a9 3184= FEPGE T-§3t7] fste] AAd MIsde=s HAddgAs ve
WE @58 Tde AMPgge A=A ek 247 @5E FLACY

FISH% 3 A°] fFAFsHAl 23 €t
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defi

disp u v
coor r z
func exx eyy ezz ex

y
coef vn sxXxn syyn szzn sxyn
%ol %2 W Y

c6
C6
exx

eyy=
ezz=
=+{u/z]+lv/1]

exy:

stif
d St=

+eyy;exx|xpv+
+exy;exylrshearfactsvol

vol =
eyy old {vn/z}
SXX_0ld=sxxn
syy_old=syyn
szz_old=szzn
sxy_old=sxyn
temp1 05*(sx>< old+sy2v E))
temp2=dsqrt(: ?xy old+* T) (sxx_old-syy_old)**2)
SI ma_3=absit p1 te

sigma_3.1t.0.0
S|gma 3=0.0
endif
sigma_1 ab (tel mpHsteme)

=g
? 063%00)
qedf
tempS 2*(coh*COS fri*3.14/180)+sigma_3+SIN(fri=3.14/180))

mp4=1-SIN(f *314/180

qm—tempS tem

nz -k+pat S|gma 3/ at)**nd
n‘ S|gma

1 109+0, 7*LO 10f|gma Sié/p
1.09+0.74LOG10 (();

d101:0.88770 239+LOG10(sigma_. 3
dtodp]fO .887-0. 239*LOG1O sigma_
endi

S Ot
dtof=1.107+1.92/+ G1O(f gma_. 3:4
sigma

L G10(sigma_3 S
116+LO G10s?gma ?

a_3le.
|ta=0.0+OI)*LOG (|
*LOG10(SI
0247+ 352+ O 0 |gma6§

a 0247+O 352+ OG10(sigma_

a_3, 0@1,10 ) lhe
ita=| 01 +1 052*LO (S|gm 3/§>at
kl 0. 11 7823*L 0

P 268+ 864 1 |gma 3
a O 6-0.11 *L G10(sigma_ pat

dangZ:COS 3. eyy old *em )j
S(3. / F (eyy_old *em ) %

bang2— ?31 b abs eyy_old)+em qm) )

mf= O GE ?Itof

5+(dtof-at

dtemt=f 05* tot+dtop

dtemp=0.5+(dtot-atop)

atof=dtemf+dtems*dang1

atos=i d)em +dtemp+dang2

ctos=1/atof

cto =1/atos

=1
|f (SI ma_3.le.100) then
.723-5.448-LOG10(sigma_3/pat)

d
|f Si ma 3.0t.100) then
d% 19561 ﬂ G10(sigma_3/pat)

ctemf 0.5+( tof+ctos

ctems=0, 5* ctof-ctos)

cteml 0.5*(ctot+ctop

ctemp=0.5+(ctot—c top

cpar =ctemf+ctems*bang]
?r2 ctemt+cle5n{>*ban92
time.LT.1.5+dt) then

dang1:COS 3. ?(/( ?eyy old) /qm 1

F
E _t= cpar1*em*(1 —qe/(cpar2+qm))**2
f = E 1. 1.
S?mﬁ I/ +;€)// pv)

+v/z]

+ul/r

+ex exx% (1.-pv, *fact*vol+[?><x eyy{ pv*fact+vol
? act=vol+eyy:eyyl Jxtact+vol

load=+[ul*fuxvol+[v]*fv=vol

end
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A=2.33E-7m/sec, 42000 step

Horizontal direction
fixed \

Boundary

Confining
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Deviatoric Stress, q(kPa)

Deviatoric Stress, q(kPa)
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£ 313 84 4834

parameter value
cohesive strenght, . 1000pst
internal friction angle, ¢ 0
loading modulus exponent, 0
atmospheric pressure, P, 2116psf
loading modulus number, g 47
poisson’s ratio, v 0.48
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step 13
Contour Fill of unodal, w.

0.015968
l -0.28557
-0.5871

- -0.88863
- -1.1802

- -1.4917F

-2.0948
-2.3963
-2.6978

- -1.7932

19 3200 sFFEA 1314 dEbWl MGHE 29 28 <12 W 9]

step 13
D\splay “Wactors of uncdaO,JunodaOI factor 2.09727,
Deformation ( x0.5): unodal of Load_Analysis, step 13.
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