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The objective of this research is to study and develop an elasto-plastic model to predicting
behavior of soil samples in cyclic and monotonic loading. The modified cam-clay model is adopted as
the main platform. It has been modified to properly simulate the behavior of Bangkok wet clay. A
kinematic hardening function allowing the plastic strain development inside the main yield surface was
developed. It expressed the the plastic strain (inside the yield surface) by proportionality the distance

of the current stress condition to the bounding surface.

It was found that the developed model compared with experiment for monotonic loading.
The results were good prediction with application to Bangkok wet clay. In summary the parameters
used for Bangkok clay are ¢ ~ 0§52 , CR~ 0.1088 , RR = 0.0247 , G = 5000 kPa ,
A = 060-0.75 , B, =092490 , m = 410-6.10 , and h =0.00000001
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2.1.1 Green Model
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2.2 Elastic - Perfectly Plastic

FeanTinNsRLNAN Non-Linear Elastic a1anifly Elastic - Perfectly Plastic Ingi3uinns
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- Deformation Theory
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amiunasrinlll4diunsA1uant iauuy Loading — Unloading  184usazuLAaNaad

o

flasiaansReuliuiin Tedues AUaNNAFINIBIULLANAN I

au a9

AN974 2.1 12/ — AaL@aUa9n1s kg Deformation Theory

¥ a
A A UBLAL

Deformation theory of plasticity

- Simple formulation - Continuity problem near or at neutral loading

- Allow hysteretic behavior - With the exception of unloading ,

behavior is-still-path - independent

Variable moduli models

- Simple - Continuity problem near or at neutal loading

- Good fit of data

- Allow hysteretic behavior

- Easy to fit

- Suitable for finite element implementation




- Flow Theory
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1. Yield Surface fC
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NINNINAITUN Perfectly Plastic Material @98 Yield Surface Naipdaun n1shaziina

Plastic Strain l#fiseLile Stress Path IARRAEINIGNER §915 Loading Condition @18130%1 Plastic

Flow 16fa1n Consistancy Condition uansatilu g1 2.2

f=f WAZ df :idgij =0

Gaij

e lafifaziinngAnssn UL Elastio (el ANI9ana 1104 Stress 711 WWiat L Domain

f<f

c

ATNIONNIAFTHUIRING ANTINULL Elastic Taefluqnil Stress fvagjuu Yield Surface

f=f1 LAY df =id(7ij <0

80‘ij



- Flow Rule
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\NnTUE LAY Yield Surface Wazssndndiiia Plastic Flow aziianisiasanasnuaaniag aznaulun

. > e 4 pa v da ,

qaANBnATuilen Nl DE lussudeiiianisieaeunlindiuaes Stress i wiiinain  Plastic
Deformation #afiAaannis 1w ( Loading ) wazamwdy ( Unloading ) mmammmag’lum'amm
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j — Ojj~) uay Plastic Strain Increment vector , (g P agléfiAnsuanaasnisulasuaes
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- Generalized Stress — Strain Relations
AN3AIUIDS Stress  MANTUMN A IAEUAY Hook s Law  waz Flow Rule adldlu

aung (2.3 ) azlgtuesannislusiiy

ds.
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e dA Ae Proprotionality Factor

d1=0 aglf f<f, wita f=f ui df <0

dAi>0 a<l¢ f=f, s df =0

nn1gmAn - dA Teennsld Consistancy Condition

df - of Aoy =0 | 1 e (2.7)

AN Yield Surface @1H"30LAAILAIININNNANTLARY Stress fadanAdasiU Yield

Criterion

f(oj+doy )= f(o;)+df =1f(oy)

N9 Stress Tnedngdidugilaes Strain azls

do, = ds, +%d|15ﬁ - 2Gde, - zedzai+ (%—s—@dllfsu -{28)
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ij
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264, —2cso|/1ii+(1—§jouli5ij -0
0o ooy doy; \3 9K 0o
Tng First Invarant . | Snldaannei = j Al
dII:BK{dgkk—d/l of 5”J .................................. (29)
6Gij

#nsuns Al adlu Consistancy Condition waadngUsaudsludazilovn - dA




2.2.1 Tresca Model

£ Hydrostatic Pressure fAntaavizeliiinanisnusanisiia Plastic Deformation uaz

=
N
-1
U

Yield 1897anaM1T0uanY Surface THAS

f(sij) =f,

f (‘]2' Ja) = fc
&13un3ld Tresca Criterion ( Maximum Shear Stress Criterion ) lAWB319ARAAIAA
yield \ila Maximum Shear Stress HAngeinauuAzauiivszivdiangn  dwiunsil oy 20, 2 0y

Tresca Yield Condition #8130l @8eaniili 44013 (2.11)

e 0,,0;4 A Maximum wag Minimum Principal Stresses Ua¢
k = 72 Stress W19n Yield 283d@anaInnsauldain Pure Shear Test &9

mmmﬁﬂﬂugﬂmm Principal Axis

((O'l —02)2 —4k2X(0'2 —0'3)2 —4k2X(0'3 —0'1)2 —4k2):0 ......... (2.12)

visaenaideldlugtlues Stress invariants - J,  uay  Js

f —f, =43," -273," —36k?J,” + 96k *J, —64k ® =0

91300190 Yield lu managen w01 = 0,0, =03 =0 Tresca Criterion

a, =2k

¥1Mn1991@ Tresca Yield Criterion (lugt! 3 J5 Tngild 2.5 (a) asindaazldgy 6 winew

PWNATUUNLLEY  Hydrostatic Axis aziiudnlumuiuaianiasresnuinazinaniain Hydrostatic
Pressure fing/aslaiinstfuilgelnai@a&andn” Extended Tresca Criterion “falsuansag/lugiln 2.5 (o)
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NANTUININITANUITUNN Stiffness Coefficients U84 Tresca Model MNANNNT (2.14)

of
E_O .................................. (2.14.3)
1212322 72K 23, 96K (2.14.b)
0,

.................................. (2.14.c)
A - s,
0,

2.2.2 Von Mises Model
a 1 =

1unn9911 Von Mises Yield Criterion ( Maximum Shear Energy Criterion ) An9naziinig

Aewnfinasnes Plastic Buadeinndsnuazanaufisanings | Distortional Energy Wa ) finian

'
A A

undsanusietFunarresdaniivazaungluianiaiiunauenuinssiuaziwnnuaaiind Wq

fanuinenrasleensety J,  agldfinisFananetnawiledn  Octahedral Shear Stress Criterion 9

mmmmegﬂﬁqiﬂ%mumﬂﬁﬂu
f (S ij) k3 fc
f(J,) = fe

iraenateulilugtlaed Stress invariants
AT, =3,-K=0 P ... (2.15)

annsoideulugilaes Principal Axis

1 2 2 2
g (o _022)2 + (0, _0'33)2 +(03 _011)2 +60,," +60," +60; -k?=0

...(2.16)

ﬁmsmn@gm Yield 1 n13nageL wnu o, =0,,0, =0y =\(®n Mises Criterion

o =\/§k

y

) WanFauWaunanagdauain Simple Test azwindn k #ldaan Von Mises Criterion
AWYINAL J3 1ok #l§an Tresca Criterion IngiAngeganAwIneléian Von Mises Criterion ay



1"

wnnnaitldann Tresca Criterion laifiu 15 % &1ldnanageuieniu Seanunsn vedds - Plane az
\Wiudn Tresca Criterion azagjnelu Surface 224 Von Mises Criterion ﬁx‘igﬂ‘ﬁl 2.6

AzIWiudN Von Mises Criterion WA1TtUIHANIENLUAY Intermediate Principal stress i
Yield #aemausdi Tresca Criterion lallgtihdanilunAnazfiansanus Maximum shear stress  Winiity
atelafnlunisAuaniiagld  Numerical ﬁmiziﬂumuﬁﬂugmﬁ Yield Surface azyinlin1sAWIN

Plastic Deformation RaNanA L4

A1514 2.2 Uan — Taldeuad Tresca Waz Von Mises Model

a5 TG

Tresca

- Simple to use - Only Total Stress
- Corners

Von Mises

- Simple to use - Only Total Stress

- Yield Surface Smooth

#11N1991@ Von Mises Yield Criterion tilugi 8 #5 lugiii 2.7 (a) azwindndmonumdie
i Tresca Yield Criterion usiaziilunasnssuenauIanunuaes  Hydrostatic Axis aslganistliuilgs

Iusisann TeFandn “ Extended Von Mises Criterion * %1115 Yield Surface wlagliiflu gﬂﬁ 2.7 (b)

d 0 A Rl (217.a)
an,

of 1

T T T e, (2.17.b)
RPN

of (2.17.c)
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2.2.3 Coulomb Model
Tuanuiuaseudonidsashiuliuegiu Hydrostatic Pressure sogian@iuisnldasnis

984 Coulomb Criterion daigualutl 1773
f (Il"]2"]3) :fc

A3l Coulomb Criterion An41%74 2 Criterion ANA19NTLAY wazlunTIaUaTUNN
#1115 Geotechnical Materials Waziln1911e1  Hydrostatic Pressure NAAN70A LA A9209LIAR 1
( Granular Materials ) TasiazifianisaiiAduLEas Shear Stress Waz Normal Stress N3enI# Element

NINNIA494AT Element aziuls @enagflugyl aunia (2.18)

|z-|_+_o-tan ¢_C :O .................................. (218)

e C,¢ ARA1 Cohesion LAY Angel Of Internal Friction i (I):O ANNITAEANA
waa T=c néenily Tresca Criterion Wa% Pure shear c=k
NAUNINANTUN Coulomb Criterion Iaainuin (o, 0,, 03) ilu Principal stress

wluteuls o > 0, > oy awnsndnglaunislvale

%(O-l _0_3) — _%(O—l +O_3)Sin¢+c CoS ¢ ...............

vnnsnlasugiannisluslumenaes  1,,J,,60 (Lode Angle)

0 =%cos‘l —Bﬁ Js

2 3J22

o
IA
e
IA

Wiy

2 1
= —./3,cos8+=1
O, \/5 2 31
2 2 1
=—.J,cos(0—=x)+=1I
o, \/§ 2 ( 37[) 3 1

o, :%\/ICOS(Q-I—%?Z')-I-%“
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. : 4 .
NN 5 o), o, Wenlaswannisesluglues 1,,J,,0

f —f, :%Ilsin¢+\/%{(l+sin¢)cos9—(1—sin¢)cos(9+§n)}—c cos =0

.
nia

\Havi1n19910 Yield Surface U Principle Axis 1192103 azléinl 6 wdenily
anums Tugili 2.8 adnlsinannamesenluwiesfifinislnngin anmisld ¢ ¢ dldlARY

NNINARDUNILIPIAS RN 7S LATUN I AR LA L AIRA1A9 Tael Chen 1982

A15749 2.3 18 — AaLdeuas Coulomb Model

daf daide
- Simple to use - Corners
- Its validity is well establish for many soils - Neglects the effects of intermediate
principal stress

NANFUININITANUILNUN Stiffness Coefficients 289 Coulomb Model AMNENNNT (2.22)

i = sin ¢ .................................. (2.22.a)
1

< q %[3(1 < sin g) sing+V/3(3 # sin ) cos 6] 2

- i)
+—[3(1—5m¢)00519 x/_(3+sm¢)sm0] (2.22b)
8J," sin 30
of

3(1 —sin ¢) cos @ —/3(3 +sin ¢) sin @
1, 43, smse[( 2 \3(3 +sin ¢)sin )]
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2.2.4 Drucker — Prager Model

A3l Coumlomb Criterion azsiasld 1,,J, uaz J, (v 0) Fepaudanay
] =l o . . dl . o o ¥ al/
QQEﬂﬂLL@:NﬁmMWIuﬂ’]iﬂﬁuqm Plastic Deformation N384 Yield Surface avsunnsldaulaeialy
ey Surface NFauan U1 lW Finite — Element maldnisiamzdaasuseinnniszin adnalana
Drucker — Prager Perfectly Plastic Model ( Drucker and Prager , 1952 ) nnsszannelananng
#n g, 189 Coumlomb Criterion aan i gluuuesannsireauazyinlif Yield Surface Liane3

W 7 - Plane Wuasnaumszinandnares J; eanld

f(ll"]z):fc
f:all+\/3:k .................................. (2.23)

Tne o,k falpnudusiisiu Coumlomb ‘s Material Constant €, ¢ ) wnng
) o ’ P I~ .
11/ Yield Surface Uu  Principle Axis (0-1’ 0,, 0-3) mimgﬂmwmmamu Hydrostatc Axis )
Af"Ei “ Extended Von Mises Criterion “ uansagilu 31/ 2.9
dvinnagifsauiensenang Coumlomb Criterion il Drucker — Prager Criterion 9197

WReniunfg Compression wnts @ — = i Coumlomb Criterion a1 o, K mnuansiu

3
2sin ¢ 6C cos ¢
T T Wl e e (2.24)
J3(3-sing) V2 V3(3 - sin ¢)
Mnaieudulsc@ns azle
a1 2sin ¢
\/5(3 —sin ¢)
_ | .6C cos ¢
J3(3 = sin ¢)

R UAMFUANY Tension wnw & =0

o - 2sin ¢
V3(3 +sin @)

K = 6¢c cos ¢
\/5(3+sin ®)
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AN919 2.4 18R — TalAe a9 Drucker — Prager Model

dan daide
- Simple to use - Excessive plastic dilatancy at yielding
- Can be matched with the Coulomb Model - Can not reproduce the hysteretic
by a proper selection of constants behavior within the failure surface
- Computer codes available - Can not predict the pore pressure build — up

during an undrianed sub- failure cyclic shear

loading

- Limit analysis techniques can be used

- Satisfy the uniqueness requirement

( Associated flow rule )

WATUININITATUILYA Stiffness Coefficients U89 Drucker—Prager Model AMuaNnIg ( 2.25)

of

2 EF S50 NN (2.25a)
ol

O B Al R e, (2.25b)
8. T2,

i:o .................................. (2.25.¢)
al,

2.3 Elasto — Plastic

= £

AMNNNTATUIUTRIAT Perfectly Plasticity Model wiuldan Daugazdnisaniladena Elastic

¥
a K o

waz Plastic usideualililszandldiuaunanadl Plastic -Strain Natiwindwilunsdlaasnisagnialu
. = o o @a o v ° X o 9 a X o o =
Yield Surface 138 TuANEANRA NalHlULSIasuLLl B lHRARNRANA ATURAEfaNg s 1T
Waun luasusannlu Elasto - Plastic laweaneuudtlymmanilvunld

Tnenqufiuguaes  Plasticity 45U Hardening Material  #Ad1ndudaundt Elastic
Perfactly Plastic Wasannnisaniuaes Kinematic Hardening A< Isotropic Hardening iafiaz
asuNAUNetN 8 1FNNINILRNT89UIULL Monotonic  Ua¥ Cyclic Loading lun1sld Elasto - Plastic
ANugnumleuiu Perfect Plasticity Model upiAaiuiidl Hardening Rule fsidnuntsainnsnedung

IFRNaAUFail
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- Flow Theory
dmiudaniszinn Work — Hardening Hausyngiufiiiaades i Loading Function

Hardening Rule , Flow Rule , Drucker ‘s Postulate

- Loading Function
Loading Function fiA@ Yield Function aasn1silaaugilinaasias Suiledsnann Plastic
Deformation insiasuuadiiieifia Plastic Flow Inevia-ll aziaulumenaes  Stress State O
Plastic Strain gijp ,  Hardening Modulus K
_ p
f=1f(o;.& k)

¥
! =X

A a " - va 1 A = = o A
n1nazinA  Elastic — Plastic fFaLia Stress HANANAUAUNITEALN

a

o

UKA Yield Surface

wdonniiannsiadenfaued Boundary 613 3171 2.10 413U Plastic Deformation @arinuun 1

f=0 /i df =idaij >0

aaij

ARNETL Perfectly Plastic Material ZiiangAnIsNuLL Elastic nels

of
f<0 e f=0 uaz df =—do;; <0
80"-

- Hardening Rule

Perfectly Plastic Material lAvinisdszanaimnfnssnaniniaiia  Plastic Strain lifes
AzREAWINTIAYT ANNANIMAAeILsINgIN TuAHTUAUAINITUIUNNTNLIUYeY Plastic Strain 11
19 Yield Suface Waauisaua guing wuazA s Hardening Rule azuantiegtuuunisilasussnann

PN ~ £ - & 4 4 a2 aal

ANMRIUNIANITEUDUANATNNENLTNNINLTULN Yield Surface T9RTIUNA 3 33

1. Isotropic Hardening
2. Kinematic Hardening

3. Mixed Hardening

AuiuIielin Plastic Flow @& sy Isotropic Hardening  azlinn139e1a9a9 Yield
Surface usiqnAudnaarliiaauulas usdmiu Kinematic Hardening awiiindn Yield Surface la
HannspenefousaziianisndausinlaauyusaLuny  Hydrostatic uavazindauag i Stress Space
#71 Mixed Hardening az398vi9 2 WLLLsnidnAae iy

dl 1 dl o Y le [ a v v

felunmane Model  iauseanundudeunin lunsliruesivanyfgiuresaine lu

2 o

nslde1u Hardening azduunlduiflu Mixed Hardening snnigaiiiasainlngasnmdasriu Differential
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204 Yield Surface wazsiaundniswaunllgngfinssuaesdunialianinzaasussuuy Cyclic Loading

uay Dynamic Loading T4azedunasialyl

- Flow Rule

ATANTULRS Plastic Strain Wudndauaes Stress T Perfectly Plastic Material /&

de.” = dli

[
: oo

Wea di A9 Iu1Are9 Plastic Deformation

of
—— Aa #ANI9T849 Plastic Deformation
80‘ij

a1n dgijp gt dA

da :i~idamn .................................. (2.26)

H do,,

Wa | A® Hadening Modulus auagiiu Stress , Strain uaz History of Loading

T L LA T (227)

" H\be, ™ )oo;

wendeuu iy « Associated Flow Rule * Sailuuuuinnldiuiallusiiesainngfinssy
1aeianniiAInssudausn ldifumuniuaslafinasldausfgiuiiagy “ Non - Associated Flow Rule

Wnunlg |, Plastic Potential Function ( 9 ) @n1saidiaisgnnigia bulle

dgp_l of q 00 e (2.28)

ij . U0y,
s A oo

ij
T4¥AN19799 Plastic Strain wansat/lu g1l Unit Vector Tu 3171 2.12 uaz 9171 2.13

- Drucker ‘s Postulate

Amiudanilszinn work — Hardening  @111snfienaléan  Drucker * s Postulate 4151

'
o

FapNAADAIN NAMNNAIIUNNTAUBTAY Drucker ( 1951 ) IaenstiaLFinan Basic Requirement 1d1

andanilsziny Perfectly Plastic aunsnadunalnaazidenls

q

AN Stress — Strain  lugl 2.14 (a) N19NNTRY Stress do; M AANTINNT TR

Strain , dg; ¥WiAA Scalar Product ,  doyds; >0  daufusiduuiianisaniiiaan

n1snseinTedussniaten uazinlidanuu egluantusiiiadasnin wsalEund work — Hardening
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T o ~ @ al 6 o §va A o X
wazitwneaiulunsdivasgtl 2.14 (b) aziudussnauaninangzin MlfAsuiiiuavau aannns
anasTes Stress |, d o 7119 Scalar Product doyde; <0 inlidagianig lddiadasnn
a d’g e = 1 o .

AL YTBLTENIN f;mﬂixm‘w work — Softening
innnsasundanilsvinn work — Hardening tiaag luaniazannadidiadussnisuann
AILNIANNNITANEITBY  Drucker (1951 ) NiLALAWULAD
Ao % ° o Aaia = a X
1. sznaneinnsliusanszinag ldeuniAnaduunniiaa
2. damiulunisliusenseninuuy Cyclic uwuudinsay azldaunifaniadluuondialius

o =

waziieInN1aanuss ndaniiaaniy Elastic anuaazldamwintueued
dl P dl = dl o = 1! 1 a o o o
nunldfidunuiiisainnisedeusneasiulaldinainninszinzesussnauengniy

stluuvrasnisin il lunnsaawsnainisouansls lumesaes

do;de; >0
wsedudunnsuaniuayle

e p

do; (de;  +dg;" ) >0
o o A ¥ dl %
dwiulunsdiifinnsanusaduiieasas

daijdgijp >0

NUAAAAIN Elastic g

innnsfansanaIndantaunm Perfectly Plastic aeld 511124 Jagiiluilaineniy Suusn
~ o o gy a ; . A o~ o o = =
Husanszyivnliina Stress do, agnaeli Yield Surface iadusaneuaniNNIziIiANTARa LN
984 Stress 111110 ABC aunsziaulmay 1i300uN01a9 Yield Surface @Mazilus Elastic Stress WAt
wintluludures ABC wazaziia Plastic Flow Naludwmz Yield Surface wayszninaiiia Plastic
Flow aziinnsdaesndsuasning aznduliqaidnanaivienudu DE  feacliauagiudunis

WulupauinIgIige az1idn  Scalar Product 9199 Stress VeolRs . = o %) WAZITUN
1] 1)

Lﬂuﬁﬁﬂ@’m Plastic Strain ZQ’WN’]?OL%EIHL‘E'%@NTH?

p
(o —oy*)de;* +dode,” >0

o

W oy * dlugeiiininidenandsdedmiu Stress  dwiiudanilszian Perfectly Plastic Asiild

NANINLAD

(o — o "‘)deijp >0
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- Hardening Plasticity Models
Tugufiaeliaes Hardening Plasticity Models 1181aidieulaifly

f=(o;.6°k)=F(o;.&"°)-k*(e,)=0

ij ij?
\la €, MA@ Effective Plastic Strain Tuag/fiu History of Loading 74 Effective

Plastic Strain Path

- Isotropic Hardening Model

Strain Hardening

Isotropic Strain — Hardening Models Tmﬂﬂl"mvl,ﬂ R29NAE 2 BEiNg

1. Yield Surface 184n139tRAvRTanuAaLTin flifinann Shear Stress

2. Hardening Surface Fafnannemsnnsilasitlasns Plastic Volumetric #nliAnns
Wasuasmuneaes  First Invariant | .
fegUivilveannsdnunsn Buslfidu

f =f [Uij X (5ijp)’ K(gp)]

e Oj A8 Stress Tensor

X (gij p) A Hardening Parameter #9114 Function 2184 & P

x(&,) Aa Material Parameter % @aiilu Function 489 Effective Plastic

Strain
1

&) zcj(dgijpd“"ijp)i

Tne C  urAsTuagiu Yield Function 1w

a 1 g #5U-Von Mises Yield Function
3
1
(a+—)
C = \/_ A5 Drucker — Prager Yield Function
1L
(Ba® +2)?2
2

N of, ox P, of ok
° do, Yoox agij" ! Ok 0¢,
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df :6fC da__+afc OX p+8f oK

© ooy X o,

p , 9
TAeNNUNU dEij A7N1TOU1N Hardening Modulus I

H__af ox 09 _~of dx | dg &g 2 (2.29)
OX agijp 00 oK dgp ooy 00

Work Hardening

NANTUN Isotropic Work — Hardening Model mumaﬁuﬁmmmmL%uvl,élﬂu
f =floy,xW,)]
Wa 4 WU Function 289 Plastic Work Wp

W, = Iaijdgijp

G Consistancy Condition azls

df = do, + 9K gy o
ofer Ok dW |
190
df :idau o dx_ ,ds," =0
oo ok dW

Tneinagumnig dgijp A1M1909N Hardening Modulus 161

of dx BAONNQANO IO ... (2.30)

a;
ok dW, " o0

- Kinematic Hardening Model
Gerneral Derivation

Yield Function @ 5U Pure Kinematic Hardening gaunradeuls

f :f(o'ij _aij)
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warwuald o MliiAansulasuresqngudnanszes Yield Surface Tu Stress Space

Tnevialdinmualiidy Function 284 Plastic Strain | & % Consistancy Condition azlé

of
df =— (o, —;) =0
2o (O )
T
oa
df :id i _ A 9% de;” =0
ooy 00y 0Og,
NINNTUNY dsijp ieseannaun Hardening Modulus
B0 00 e e (2.31)

H = ;
00, . 0g, " Jdoy

- Mixed Hardening Model

Gerneral Derivation

NAAINIIUIRGA LUARINUAATIRAN 739N TLIM 9N Isotropic Hardening tas Kinematic
Hardening (3end1 Mixed Hardening Aisitidn Yield Surface Ravkanssenesuazilasusnumidl

wianiu dadunginssnlneiaqliaes Anisotropic Hardening Svannnsoguvialluesannisls
p
f =t oy —ay,x(5,°) <(&))]

4 Consistancy Condition

1
df = (doy, 2day)+ 0 X gep 0 T K oy Pde,”)2 =0
00 OX 6gijp oK 0O¢,
138
0 1
df = A g5 O (il HL K g oL 0K (4, Pde, )
8aij 80'”- 6gk|p OX agijp oK &,
NINTUN dgijp e deInIIvn Hardening Modulus
da.. 1
H_ of Oay g o ox &g +i aK'C(dgijpdgijp)z ...... (232)

" 0oy 0g," 00y OX 9g," 0oy Ok 06,
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- Generalized Stress — Strain Relations
Tunguf) Elasto-Plastic Uandn Strain MANIW Usznausiag Elastic Strain uay Plastic
&

Strain MWNTY aziWiudn Plastic Strain Miisau a3 ldlaangnisiva ( Flow Rule ) uazen i 9

P ' ' Py o e -
Fannimagey azinasenn € @anaqdesiy Stress Mivuau IneldAanuduwus Stiffness Matrix

(Cija)
do_ij = Cijkldgkle

wupnnduiug dey =dgy +dey” gl

dGij = Cijkl (dey, _d8k|p)

{10 Flow Rule

of
daij =Cijk| (dey —dA )
Oy
wnudn A4 deagflugiialilaeid d2 L do,,
H|o0o,,

ale

1| of of
do'ij :Cijkl (dey _ﬁ{ﬁ 2y damn}ao_kl)
o Of ANLAABA
oo

ij

i do'ij :Cijkl ;;f &y _Cijkl %{aidamn}i a )
oo T

" mn
Il

af dGmn :I.‘+‘i af Cijk| af =C:ijkl i dgk|
0o, H do, 00y oo
of
7Cijkld8kl
of do _ 0 ij
oo mn 1 of of
m 1+— Cijkl
H do, 00y
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azls
iCijk|d‘9k|

1.4 do, . = il

H oo, H 4 of of

doy "o K

iCijlddgkl
4 00 e, (2.33)
of of
H + Cia

0 0oy

3.3.1 Lade — Duncan Model

Failure and Loading Criteria
Lade wa¥ Duncan (1973) lavinnnsdanmaneauzianizuead Cohesionless Soil gl

Mnnmaaauluates Triaxial AUAUNNATaUEIUAZUNTILLES O 149Lias Monterey NAN1TNARALILAAS

317 NAZLAANINAHLANAINTBITUIATRS Intermediate Principal Stress , b

VHiud LT nnTRanunsan

wazaNnTnLandetflugles

(0, = 03)
(0, —03)

Wugudidewy  Triaxial

maldRaulaaes 07 <0, <03 <0 qyipuag b

Test \Wawain O, = 03 wazildeusin 0, anglil 2.15 lfuansanuduiugainmunai

TNz
Lade U8z Duncan (1975) lAlawangnisitmlaaanunsniliauet/luinenaes Stress

invariant 18l

158 | LAY |3 ABAT invariant 194 stress tensor

1
o P X X . i . . . o =K
WUUSNaaINAF 9 TuTIT LI isotropic elastic — plastic: work = hardening ~ ANWNNA

MARAINNIIMAGaL Triaxial wazaingln 2.16 ,2.17 unisthuanaaeunvinnisdaulie

o

N33R
Tugaasannisnsdtimlaidu

3
-l =0
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A A P
N%Phal Lmﬂlﬂugﬂﬂjm NANBUUD stress

ff:Js—%IlJer i_ihe’:o ............................ (2.35)

27 kK,

a¢/lugued loading surface aziilu

1 1%
f,:J3—§I1J2+ n 1,° =

Flow Rule

Lade waz Duncan (1973) 1NN13ATIQ4aLNANIINARALURITIANIGADY Plastic Strain
funafilganmsduandanld Plasticity Theory Wnaiuihimala  ddlfugnsuanismaaeyuegiu
gﬂﬁ' 2.18 uaz 219 284 Triaxial Plane azlddndwilnunseriouiuuaslauu fidnnsmes
Plastic Strain LﬂummrﬁlﬁﬂﬁlﬁmLﬂugumemﬁ’m%u%\mwmmuLL'1_|'1_| Compression Waz Extension
wallluadivininasiunalu Triaxial Plane

A aFeUTE Ui UEANIARENed  Lade uaz Duncan (1975) lflauameni
AR Yield Function We3eNga Plastic Potential Function, ¢ e

di=1"—x,0,=0 NI e, (2.38)

isnanauanslugiansdauisues Stress uwunaulspe

_£|132+ L_L|l3:0 ......................... (2.39)

=1J
J 3 27 «k,

o

Wa Ko fludiasiBivliueduaunges Stress uaziANANRUSIUNANI9T9Y Plastic Strain Uu

Triaxail Plane  @130919 Compression WAz Extension 4lALAAIA22E19989HANNINARBIAUTUAY

nedaudulugin 220 uaznsuldsundasies g, FAuduiusiudn Stress , & ufe

K, =Ax +27(1-A)
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ﬁl 3| Idl % ¥ dl ¥ ¥ ] U
bR A Lﬂumwuﬂmmﬂmumw”l,mmnqmmmag@mimmu LASTUNINTBY K, BETTUIN 27

o

dwiunsal Hydrostatic Ui g = g, T19PRLTA

Isotropic Work — Hardening Rule
UNATRINTAALDY Plastic Strain iU Stress @u1safazunlsiann Work — Hardening
uwazn1sianyAg Ll Non - associated flow rule ARNANTUEIZMI Plastic Work  #1ldann

W = Iaijdgijp

p

wazanEan1mmaaedlugln 2.21 nldarnsamidatlszaanlagldiiy Function

W

p

S @eaw,)

a '

A & Ay a P = -1 = ) L oa X

We &, Ae AENsulnaazanyRIflANwNTY 27 AU K, wazdaailazlslil Plastic Strain NATLLAY
- oda , b A o X $ _

alsiifipauiiininaIuann Plastic Strain AZHUAZTNOANTINLLL Elastic iNATWAUnIeiaieqn K = K

AUAT A

8

loF
a= Mpa T
Pa
~ A . e . ] i
wa P, A2 atmospheric Pressure waz O3 @A initial confining pressure  491AN M |
wlfannsuinsdausennidna tazdn  d mldandigeanies (x —x,) wazadnaunsi

NANTNILAITIAI NI T ATUINIAN AR Plastic 1ARan

_ ad x
" h-d(x-x)f

dw

\Ha3ANqAen9Ba Stress War  dxe @W1goIn dW ) lauazanniiili non — associates flow rule
° 3 1 . . k'Y
M 1¥ANIMIAY Plastic Strain wldaan
0
de,” =d1-9-

00
innnsanglannislaidu

dw
di=—-"
39
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o dﬁlo o o KX K o o ] .
LLUU’Q’W@@\?HW’]H’]?‘]J?U‘JJ@QI@Hﬂ?udﬂﬂm@@qﬂﬁ]%mﬁ‘ﬂ@’mﬂ[ﬂﬁ) \iW  Stress — Strain 189
a A

AunliTAans@anusly | intermediate principal stress , shear dilatancy  WaY stress path  fiaNnd

nath i ldiuwgAinssnluuuy 3 JfvesAumilen (Lade uaz Musante , 1978 )

M15149 2.5 48R — UaLds Aag Lade — Duncan Model

dan daide
- Simple - Suitable for cohesionless sail
- Effect of intermediate principal stress - Straight line meridian causes some

contradictions at high compressive pressure

- Smooth

Isotropic Work — Hardening 1@ualngl  Lade Wag Duncan ( 1973,1975) THaunnaea
Loading Surface gninuualnennsifinfeIuiliinaINnIfAAeNsAn Aa1N150uARs Function AN i

AnfluguiunisAua

fralg® WG (2.40)

1

1
f =|13—’<(Wp)(§|13—§|132+~]3) ..................... (2.41)

Tradn g duAai Tuagauinaes Stress MAAaW wazLtlu Function MU wiinan Plastic 43y

=

Plastic Potential Function Wgisiiluannns e

1

1
g=|13—K2(Wp)(5|13_§|1JZ+JS) ..................... (242)

e Ky il Function 284 &

71MN19UNAN Stiffness Coefficient 484 Lade — Duncan Model ANHN&NNNT (2.43)

of 2 1 . 1

E::ﬂl _K(Wp)(§|1 _EJZ) ......................... (2.43a)
o 1

=5 kW)l

oJ, 3P, (243b)




T VY 2 OO (2.43.c)
— =K
=Wy
g 2 1., 1
E o3k, -2
5|1 1 2(9 1 3 2) ......................... (2.43d)
L
aJ, 3 T (243.e)
09 _ >
= 2
8J3 ......................... (2.43.f)

Hardening Modulus, H #1131 lunstl Isotropic Hardening W@aiuatflugivialyl snuaxnnis (2.30)

~ of dx g

o;
ok dW = oo

. 0 dx
WA — ey ———  adlw H

3 1 1
H :?g[l—d (x —Kt)]z[ﬁm SPLIE +J3j

Tadn @,d  uaz K¢ (fluAn Material Charecteristic wnldannnmmaaasly

U a ea
vinsliAnng



3.3.2 Cambridge Cam — Clay Model
nsAuAdRdsduiunsiINslduuusasemAtinAaasiUAWAIN  dantsznn
Strain - Hardening (Faffuannusanendeianindlulssmadenne nialdnisiiaes Roscoe taanns
1289 Drucker et al. (1957) wwinsuimundiunanasey Triaxial Lm\i’lugﬂﬁ' 2.22-226
sanauelull 1958 Lﬂu'ﬁuﬂmmm Strain — Hardening ~ @195UAY  wazianIniaualng
Roscoe(1963) l&Ffuviaanunluvisdeda * Critical State Soil Mechanics ” %qﬁmqwﬁ%ugmj
{RenfnseB1ne Stress — Strain 7114 Strain — Hardening Waxsau Schofield ay Wroth ,1968
WUBLLLAN AR
‘17%1%’5’1@@\1 GLuﬁumﬁmmﬂmmumuu Normally Consolidated La¢  Lightly Overconsolidated An
Modified Cam — Clay Model uaglilupunse Aie Granta —Gravel Model wazldanyfigiu Volumetric
Strain @nunsngaunaulftiedan Shearing Strain @ nisagdeunaulimenilull 1958 annisiaue
289 Roscoe uaz Parry uandlilugifl 2.27 wazanansnag I
1. Rosce surface FANLNIGIALIRILINTB2a19TuswTlanaas Normally
Consolidated uag Slightly Over Consolidated frsunnaALTauslLauns eI eTR
2. Hvorslev surface AANLUNTLAUIRILINTAIFae19lUALILTIT89 Heavily Consolidated
fwsumnaduae s dlaunssidm
3. Critical State Line Lﬂu@mﬁﬁﬁmmmmmmuLL?@Laﬂunﬂﬂianwin\inﬁawmmmmu
Undrained 1@ Drained fngaziiudufiiinannnissiafuaes Rosce uaz Hvorslev

Surface M&uazliiAa Shear Distortion ATUNNTAL Stress TuiAasuilag

4. Elastic Wall Lﬂu‘wqﬁﬂﬁmmu Elastic 1An3uiafaatnaluluy Over Consolidated

Rosce waz Hvorslev Surface %mmmuﬁ‘ﬂﬂ’i’] State Boundary Surface ( e.g., Rosce
Wae Burland, 1968 ; Atkinson Was Bransby , 1978 )

Roscoe 831189181%11119 Projection & Critical State Tuunu p - q aldfudunsai
e =0 Hfaniduaginliamiensuanaaiiile

9203311 Original Cam — Clay Model unlilaginnsans@ — Rosce Surface Adne < AU
gUvagnnazguiiuusiarnnstinldinnisiunuadilfieaz 1A Large Shear Deformation wnnndn
LANARRLTIsZE L9 Stress Titiagndadas Lﬁmuﬂumiﬂi”uﬂqﬂﬁﬁ%u Burland(1965) 'lsmniaua i
Imﬂmﬂﬂﬁ'ﬂmﬂugﬂqﬁ LasfindnAanNaItnsalng Rosce LAY Burland (1968) %wifamiﬁﬂu%
Modified Cam - Clay uansatlugidl 2.28 Sel418luunn 3 ffuazfluduunises Model saaniing

i WawnsialfdAuEiauguaNIW W Cap Model , MITET , MIT E3 il



A1974 2.6 18R - TaLdaUae  modified Cam — Clay Model

v a k7 a
1A RIS

- Simple , qualitative judgements regarding - Isotropic form , circular trace in deviatoric plane

material behavior are easily made

- Material parameters may be determined from - not applicable to heavily over consolidated

conventional triaxial test data clays

Roscoe az Burland (1968 ) l6Mn19s@1e Modified Cam — Clay Model %uimmﬂu
WLLIRNARLUL Isitropic Nonlinear Elastic Strain — Hardening Plastic amgﬁdﬁm?lﬁmm Volometric
Strain aunsadiaunduléiunadan uay auyF i Elastic Distortional Strain (Shearing Strain) HAlu
Autiuay Elastic Volumetric Strain L1 Nonlinearly '%uﬂ%iﬁu Hydrostatic Pressure LLaxiﬂ%u@g:ﬁu
Diviatoric Stress flunannislunaguiAa Bulk Modulus W&z Shear Modulus — @NNNIDUMARNUANNNT

vialann Auansatflugi 2.29

e =e,—Alnp

Wea € Aa Void Ratio 1e9au laaien A {lue1 Material Constant wazaInn1308uti1Mineaan

e=e, —xlnp

e e, uaz g luA1 Material Constant
Aastunsilaauees Void Ratio tiaifinn1sildawaed Hydrostatic Pressure @iy

Consolidation Line azl#

de :—ﬂd—p

p

\Wia p \flu Current Hydrostatic Pressure Lia dp dunaindvaes Hydrostatic Pressure Waz
Ausunnsnauussaanay i

de = —K'd—p

P




ANAMNANRUTITdeNI9LAsuaes Void Ratio, (e WY Volumetric Strain de, w7 de,

de

de, =%
T lrey)

PINFNNIUIBY Volumetric Strain #lns

A

_—dp
(L+ey)p

de, =

| { @ : - X - . e
UATANN1TNN AU Elastic 289NN TLYRY Volumetric Strain , A&,

g K
d A LLF A
T e
dauitdiaunguldlly daudiilu Plastic vldlns
de” = F kb dp
(I+eq)p

e Deformation Theory

p e
UazyAN Elastic Bulk Modulus , K azla Tangential Bulk Modulus

K:_Mp .................................. (2.45)
K

<l

a1nnasiianasany@l Distortional Strain #eniflugus azlé Elastic ShearModulus,, - G aziirngs
WNeWeUi  Elastic Bulk Modulus -, K© thazlildnanin lunasaauand
@1n30idiens Surface 189 Modified Cam — Clay Tuunuaes P —+/Js  iflugiladd

Tugi 2.30 awnsadauluanniadu

J
f:pz_p0p+M_22:O .................................. (246)

wldanaadnzesuny P wiawnsndeuldluailugiaes invariants Stress , 1, J
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f =1, |1|1+_2J2:0 .................................. (2.47)
Wa 1% dudr 1 fqesiazesunu
ANdNUsTaInT NN Tl deuaessaulls Hardening Modulus ,  H uaznnilasuaes  Plastic
p
Volumatric Strain, d&y @unsamlalng
ﬂ. = L3 0
dgkkp =_(—)od|l (2.48)
(1 NG 0 )I 7~ .
38
o MN8N
digh= S L2807 Ida B 0 Nl (249)
(4 =)

Critical State Line Nldd1iUAUARAAAALEY wWFTeaN190M"IFa N Von — Mises

ANNNINENAIRENYBMLUINABIATI]  Inen1sasnun  Stress Path 284 Lightly
Overconsolidated Clay lun1smadauiuil Drained Triaxial Compression Test ﬁlmgﬂ 2.31 ‘1’7{%
Bu
yaday a1nqm A B B ian1silaeues Elastic u Void Ratio fuseunislussdsialauiega C Tos
sniulfu Elastic — Plastic aunszvisludeqn D Tailuqm Failure

lugil 3-4Rvee Modified Cam —Clay | gl Roscoe waz Burland (1968) wandlugtl 2.32
uwamd Hvorslev Surface - 14§9xAU  Coulomb Surface ¥t{li Coulomb Criteria ‘ﬁlﬁqm Failure  danieq
Tugdl 3 fAdlugil 6 wiaendsnda  a19liuus Space Diagonal § w3 Roscoe Surface  desmfiu
Hvorslev Surface ﬁﬂm ABCDEFA ufii3endd Critical - State Locus (fhudiilak 2 Surface 13
Farriu waznnsuwdauaesnenes surface iunnswdau Volume

NNIWUIT8Y Cambridge Model Hagununamanauuy IEn1sauanuuLdsidesome

13 5uATeymuLL Boundary Value Problem udatinllansimziunginssuaesnuluiamenes

#1151 Modified Cam — Clay Model  @4qu190u@md Function 289 Strain — Hardening

¥
Surface 1#gail a1n

9,

=l =1, (e ")y +—
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Toe 1, A8 Function 189 &
| a P )
1 A 9ANAYUU Yield Surface
M Ae Material Constant 289/

71MN19UNAN Stiffness Coefficient 289 Modified Cam — Clay Model ANN4NN1T (2.51)

of 0

2 =1, (251.a)
al, 1~

o _9

01, ey g e, (251.b)

Hardening Modulus, H dnsulunge Isotropic Hardening 183 Modified Cam — Clay

Model 1atuagTugll

ot 9,0, of

H —_—
8| 10 agkk p agij p ao_” .................................. ( 2.52 )
insuwnuatsely H o acld
0
H:_3(1+eO)I1I1(2|1_|10) .................................. (253)
(4 ~=x)

3.3.3 Generalized Cap Models

AMNNIANEIFeNlALUILUIANARKLL  State Boundary Surface  Insianiziinigen
Rosce Surface 11M1n1siliudgalud Tae Dimaggio Uae Sandler (1971), Baladi waz Rohani (1979)
InefdeFanTaeialidn Cap Model

Cap Model Tn1sAuatlLIY Increment Theory d1udunisAnuaeludiaid  Hardening

L. o Ao oal X Y a ° 0% = = T =

Plasticity 21833aqRNAmantR Tuediu goungiiuazieal  neauwnlinanlnaianuseliacuazs
° a A A s P Yo a 2 e o Al = =
ARRLLAELATHIADEINTNANNNS YRS Drucker's Postulate -~ Fnuandiuaunseded linanauinasd
naREIUNAaNNfeRuaqlazTiu ( Sandler et al, 1976 ; Sandler , 1979 ; Baladita Sandler , 1981 )

Loading Function ~ #145U Cap Model Nuanslugid 2.33  any@dnduuu Isotropic
uwazilsynavliusog 2 dow Aia Failure Surface Awdudanilszinn Perfactly Plastic ,f, = (1,,J,) =0
uwaz Elliptic Strain — Hardening Cap , f. =(1,,J,,X) =0

I8 Cap Az18N808NATNLUILNLLEY  Hydrostatic Axis  NM9LAREUNTEY Cap azlau

S X . . . .
mUQNTm NITINNIUNTRAARIUAN Volumetric Strain WAL Hardening Parameter , X

X :X(gkkp) ‘1){?7@ X(&‘v p)



AnIANTTRU8Y Dilatency WAy Compaction 81aazasung lumenil
fnatilagnisiarsninsaetendinis Consolidated lifian A sngln 2.34 agld
. 4 . p . -
Plastic Strain fignsnsnAunsldanannis X =X (&) dvvetegnaunuiag seaduliain
ADNB uaziin Yield Tunan B annisnanyAguiy Associated flow rule inlHiiAnnsenesn
289 Plastic Volumetric  1unannn liian1silaauaes Hardening Parameter , X anfilinany
. _ N Y ewy oo ay . X .
1Wd91 Strain — Hardening Tdanunsadaunauls inldnnsuasiaaes Cap innTuetnsmaiiinsaunszi
Tilogiqn B vinliinnsuia@uaas iAn19wes Plastic strain agluuuaia uaz Plastic Volumetric wgans
o = X o o o ao b . Py v ° o
agnaf  danalnuuuililueuadidnivinldiassnsanrauan dilatancy lddeiluaausiasnisdiniy
AUNATE 7] T

a

Model Hsfarinunldiuiiu ( Sandler WA Baron , 1976 ) Tazaauli Cap ( Hardening )

Aamssenasarindubilfidanismasatuias ”Lun?tﬁﬁzﬁmgﬁdﬁﬂW?Lm?i@uﬁq%uﬂgiﬁmmmmﬁa;mjm
Plastic Volumetric Strain wa% Cap llgnxnsndiaunauls Fanead AU e AT AU A
194 dilatency ﬁﬁmmm@;qqié’ QAR ALAY Fan3NUANAINNNSRANANASATRUR L Confining Pressure
r?ﬁ‘*] @:Lﬁudmumiﬁhm?{me‘?{@g‘mgﬂmm Perfectly Plastic Wag Strain — Hardening & 3U Cap
Model 5v’iﬂﬁmmmﬁﬂﬂﬁmqmvlﬁumrmmmﬁw%u@mmuu‘”ﬁm@ﬁm

Cap Model fldfinasiiluimmnitelsidnannuaiansounnis Tnanisiiiunanisny
2898m31N"15 19 g Lmeqﬁmim’m Anisotropic a1l Yield Surface mewqﬁmimm Viscoplastic
32199019 Yield (e.g., Nelson , 1978 ; Sandler kaz Baron , 1979 ) ﬁﬂﬁiﬁﬂﬂﬂi‘xﬁmﬁﬂ*ﬁh\mfﬂﬁwmﬂ
TneiannzatrdainllAuanininaieusngesruluanioy wEumylg (e.g., Nelson , 1971 ; Sandler
WAy Baron , 1976 ; Nelson Way Baladi, 1977 )

WAAINIWENWIYEY  Cap AInemAmautNilaqiiuildnsAwaniwuy Strain — Hardening

Model agLlvisunnag/li Chen (19801982 las Mizuno Wz Chen (1986)

AN914 2.7 12k - AaL@auas Cap Model

fiaf fa1Re
- Satisfy the theoretical requirements of stability | - Trial and error method to fit test data
- Givea proper.control of plastic dilatation -~Isotropic in form; circular-trace in deviatoric
plane
- Applicaable to several material - Relatively complicated




Tneviolufigtuusaes Cap Models nilasldiuaguane iy g
1. wuuung ( Elliptic Cap Model )
Elliptic Cap Model

1.1 Failure Function axs# Winilawiu Drucker —Prager Function

f=al, +J, -k =0

.................................. (2.54)
i—Ol 2.55

5|1 .................................. (2.55.a)
Of ey 5 e, (2.55.b)

A, 21,

We o war K iludipeiresfundacnduiusiu Cohesion ¢ Az angle of friction ¢

WATAINNIIAUATRY Sandler (1976) |, Baladi Wag Rohani (1979) wlugtlasnislus

f=\/j;—[a—be°'1]=0 .................................. (2.56)

We a,b uar ¢ wldain Material Constant

wazangUuilalaenisiaueses Desai (1982)

f=al, +f™M +3, -0

.................................. (2.58)
of
——=at e e (2.59.a)
al,
of 1 (2.59. )

.2,

Wa  a, B,y usr 6 awnsomldannimmegenludiesd]ifing

1.2 Strain — Hardening  @1®sawlisuag lugiues gilesangglsisan

f =0, -Lf +R%J, —[x —L(H] =0
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ol ,

i: 2 (261.b)
oJ,

Wa | Aeawmaes | fqpgudnaaesassuar L) =1 dwdu | <0 nadlusedn
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] @ ' i | | . . X | o p
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de, ~ =deg 3l E S0 439 | <1, yas I <0

~0 nenaAu

AuFL Hardening Modulus , H ngen Isotropic Hardening 84 Elliptic Cap

H 1o X =D, -LO)]
D(g,” +W)

2. uwutdluszuny  ( Simple Plane Cap Model )

Simple Plane Cap Model

Bathe (1980) , Sandler (1976) 14 Plane Cap #1151 Rock Material @apaneiiiL Cap
Model uansaglu 317 2.36 uaziauaannigsinlunisAu Al

2.1. Faiilure Surface 1129 Drucker — Prager AAnuAdafy
fo=al, +4J, -k =0

2.2 Compression Plane Cap Surface

fo=1, —x(g") =0
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a, O (2.65.)
i =0 (2.65.b)
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wanenminngaeafel Mdfuuuuees Surface Modified Cam-Clay — wanannstl5uud

Surface A nEiangunnauinanuadaulsnalaeiasouls 2 v enisAuIe Normally

'
A A

Consolidated Clay wazifinsiauils 2 fia 15U Bounding Surface Tagliannsomldaniesasiianiag)
a1aaziflugiluuuaes Function ¥3aA1A97 H9811190UAAY Flow Chart 199n1sATUanslugif 3.1 uasdl
ABNTANUIUANNAALIAST

3.1. §UA1 Parameter A115UNT9ANWIA T9RT9UNA 9 Fa a1n1sautieaantaiily 2 Usznn

3.1.1 A miupnantifnesfy ien1sAIUslugae Normally Consolidated Clay
A, Ki@yes,G, A ,B.

3.1.2 A ufunuANTRa9AY an13AUanlLEa9 Over Consolidated Clay
m, h

32. FuAn 9110 25 0 3 LgegpA1ENAREIMILNITAIWINS
3.3. Auanulagld Strian Control 11n13091A Axial Strain Increment , dga

3.4. AR Strain Increment

41N Undrained Condition Ae, =0

Ag, +Ag, +Ae, =0

3.5 ATUIUUIAUANLRIRIAY - G, K

K :(1+e0)p/

K

Ty
a K

3.6 ANWIUUN plastic strain NN

A msunsld  Yield Surface

2 o 9J
f.o=1,"-2B.1,1, +M—2—I1

c 2
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3.6.1 AU ——

60‘ij

o8 o a, & a,
do; Ol 60'ij oJ, ao-ij

1

3.6.2 AUINY hardening (H)

dwiunsld Yield Surface lunsel Normally Consolidated Clay

(l=ey)
A=K)

H =12 (2B,1," =B.1, —1,)(1, -B.1,)1,°

dwstnsld Yield Surface lunsgl Over Consolidated Clay

o

H' =H +H(|1, ‘]Z’gkkp)m
0

3.6.3 AU dAi

of
gcijkld‘gkl
di= -
H + ai Cija %
ofeps ooy

[tiadaniflu Associate Flow Rule a21g ~ f =0

of
gcijkldgkl
dA = d
H + of Cijkl of
ooy ooy
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Wasanniflu Associate Flow Rule azls f = g

dgij P =dA i
00

3.7. AIUITUUN elastic strain WAY stress NNHNAU

; de.°
3.7.1 muaum Ug;
o' p

3.7.2 AU do;

do. =CdE"
j i

3.8. ANWITUUN Stress WAZ Strain MARTUIL NNTALIRTLER 1
News; =Oldo;; +do;;

Newe; =Oldg; +dg;
o : o da X ° J o
3.9. ANUAUNA plastic strain MAnaulnasAfKe et udn Y

Newe,” =Olde,” —de,”

3.10- Walarnansulunsdumdndn ) antwianasaiuan Tnandulun e 5. vinnng
AMAUMIAN E G, K Tusiwazann Stress lavinnisawanamn I, J, udivaldlunsauaniagaziin

nsAawanshliFae) azvgaile waz- Critical State/Line 289, Drucker-Prager (1956)
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Hardening Parameters ( H ) @aiflunisanniazmsaudsinanivainnismaaay uaadnelaia lunsias
-ﬂl o o 1 [ v -ﬂl o 1 :J/ £% 1 6o -ﬂl v
Pvnfusieiun dinsaueannisiazdaulamaniu - Weglugresilsdfurasnimasauiliann
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ANTENNNNAR Bounding Surface  Tann @ NNTn12n8TAANNTRY Modified Cam — Clay el ld
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q1n Consistency Equation , df =0 Stress 4 Yield Point az@1u150%1 Hardening Taainu dgij P
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WNUAI AN (4.6)
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=2 1R ¥ = o o dld =3 £ al o o
qInnsAnEnLdIfudasinsiRuLLLA aeanaNInua uinn nasldngugdniy
% o 9;/ ¥ o 1 dl £ % =2 a a a lﬂl ] %
nsafuuuanaesiu] deduesdiedunisnenansiiazarieudanginssutes Auasenegniels
AN19ZBINNT WU ( Loading ) UA¥AAKSY ( Unloading ) usfdsliasnsaninuienanimmaaaulfngi
Tdin51433 Empirical  andszansldsaalnaniudaniglad  Modified Cam-Clay fimilauiulagas
% a 1 | dl o v ° v v a ' lﬂl Zl/ o O % % v o
IinaluAnseuusinisnazliulinanisamnalinssiumuus szt ldeenn Faaldiaui
" 4 oy 3 o o o DM ey o
Critical ~State  euamINsILRIavAUlUN IR LILLLIA aeNeTINT3d e AT ld e lduLLANa0Y
piRnTiNsRRILLNe Wi nIsnATAAZILE AN AR LNTT LSS ans annisld Cap Surface
dsngindszendldldnluianusiasdszinnuside@ena dn1e Empirical snifuldaeudrsduanly
nsmsaudsunldluuutaiaasusnl46a 1unnvinline Peak Tuhudauusifiden Ae arunsatszens s
AuAuuaeLsznmn
o %’/ o 1 vl 172 ° ¥ o o !
satiuanilyussnann liinisaaslduuuanaasiagldnisAunauuunasiusguing Cap
Surface waziu Modified Cam-Clay ~lasiaandanaasusaziuuanaasunld A Cap Surface @a1unIn
4519 Peak luAudauldauAnismAasieessautlsdudaunin  waz Modified Cam-Clay wANAsf 6
rannusidedninlunisman  Peak lufudaulusumdandesnisliinalaadalddmuin  Normally
Consolidated Clay €414 Associate Flow Rule iNawLAN NISATMINKAN Trial & Error aglidinalmely
sumulisaas  Yield  Surface liuauasilaauianiaausaspansduliaisnsanauaulideau

ANNI0UARAIIBNNIANTAIN Modified Cam-Clay Mgl 4.1 uazarsnsnidiauduanniss Tuunuaes

Invariant Stress

(Il—Bcll)Z 9J,

('10—Bc|1°)z+M2(I1°—Bc|l°)2:1 ......................... (4.9)
bo M =AM, . M =pa _0SIN4
3 —sing)
(|1—Eacll°)z+i/l‘]§=(|l—BC|1°)Z

02
1

2 2
—-2B.1," +B,°I



44

f:|12_28c|1|10+i/\|]2_|102+ZBCI102:O ............ (4.10)
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A5 4.1 wanIAdatNeAaulsnlElun1sAu 0

Feanssauls Modified Cam — Clay LS NaesTia¥ Tl

A 0.28133 0.28133
K 0.09989 0.09989
(0] 0.567 0.567
e 1.70 1.70

G (kPa) 8000 8000
B, _ 0.60
A, 1.25

4.2 MSNAIRILLLINABILNa L E81115U Over Consolidated Clay
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nafiaztien Multi Surface snldficutiveaniilugn 2 noud) Nlenldiuensimm

WULRN AN AAIUI DS hiigaaniily




47

1. Bounding Surface

2. Two Surface

' '
adaa 1

7 2 AFRNENUFNIAT axiAFAwIn Hardening Modulus  Anefy UAREAMANNNST
wiewiu Ae 1WN1991n13  Non-Linear Interpolate AN Hardening Modulus — {1R7NNNTATUIDAKLIL
Normally Consolidated Clay FannasuanilaeluiLdaesildAzae Bounding Surface  Tag/l438
uffiloymiuy  Boundary Value Problem

N13ANUIN Plastic Strain 184 Bounding Surface FRININITAUIULAEINIAR Hardening
Modulus ?{uwfm Nc State wudaldnag Interpolate A1 Hardening Modulus 84 Oc State ANHLLLILIUBY
Bounding Surface Fagualae Dafalias , 1982 me@%ﬂugﬂ‘ﬁ' 4.3 TaaauadnAn Hardening Modulus

984 Oc State AN170M lFaINgNNI9A

Ho=H+H(,, Jz,gkkp)——(555) ........................ (4.15)
-
mel

H:12(%%(3,(—))(280|10_Bc|1—|10X|1_Bc|10>10 ......... (4.16)
S, = qABN483104 Stress Point il ,°

5 =  sssithann o; ™ oy

1 M, [
H(l,, Jz,ekkp)z((/;i)) 1+| UCI h o s (4.47)

7= wusgwany W,

Il

Tagian  m,h s Material ‘Constant
nan1sAtuanulaeld Bounding Surface  duamenanisAuanimnguanlil

9117 4.4 D4 31071 4.31 nsAsld Isotropic Consolidation
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UNN 5

ANTANUI U AN AN AN NS UNT 9N

dl % 3| a =< o d’l dl o o 1 v 1
nnuniudadiunisesunefanannisiugunlilunsimuiuazsisasnanislden dounns
s ldszgnsiuniamaaay Consolidated Undrained AUAMuMEEANgann  uazdaniswisautlssine
IAJ v o tﬂl o é’ Y o % a oA
Tevnn liaInnIsaaeLLATN1TAMINL Teuuudnaesilamisn idiunimeasesluiesdimn1sveenis
. . ' v o Iﬂl v o 9_/:’/ o
NAFBLLLUY Compression WA Extension TnastannlfiensoudsnldarnnisduwAvuniionis
AIRAZING ANIINTRAUMHEaN816N1INIEINeeUMLLANANS Cyclic Loading  wULR1A@SRI LA
Adepfatinudngunsa i iuAuwmileaf Normalize lalaiunnzaniunisldis Shansep
° A Y o ° vy ae XY ao 4 R P
wuuAnaes il fulgsdansuntmesetlunnsidatiduidoulsienun 9 fv @edaFmun
annimageuluiesdiEnisiasuazainnisAiuinidagnis Trial & Error  Insannsnasdouds

VN AgINTaAnuaNtRsne) I
5.1 Compression index , A

lFannsagey Isotropic Consolidation &l 3 J5 aawlunisAnilafanisnszinves

Aa &£ o \ a . 4
WINLUL 3 HFl TNNNARANTTINAURN Plastic Strain
5.2 Recompression index , K

1fa1nn19anKsNT89N1INAFBLILLIL Isotropic Consolidation  tntaziiuasiansiin
Plastic Strain 1iuiu azifiasaniseriestvedio K K nlsdannguia8 Modified
Cam — Clay @wnsnwn bl Stiffness UazAn Bulk Modulus #lsaanaadaziily Tangent Bulk K

Modulus ,
5.3 Void ratio ; €

dWuArEuFuresdndoudasdtendainnsm e =log p: Aldurannnasmagey  Isotropic
Consolidation  IagnlnAudardndudasdnadumiiasuldninanmozreamiluanizsiuian
panIzavtiuianlEnnsmeageuainAn Compression Ratio (CR) way Recompression Ratio ( RR

1
' =

) daduAtpanaesniu amn lidiudndn A, K uaze TP uiusiv

5.4 Shear modulus , G
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TUn1IABRIE1TL Elasto — Plastic Model & 15U Normally Consolidated Clay aziiiian
Elastic Strain #Anteeiietnllifieudy Plastic Strain wifiy Over Consolidated Clay ANAIN&N9%4 2
1 a 1 o A . . a £ U . .
ANRNRRAZTHANYINT N TR Plastic Strain §ATUAEININ Elastic Strain 41N

45U modified cam — clay WgANgINNINFIU elastic ( unloading behavior ) agunelAlae

ﬂ"lgwﬂ'ﬂ\uﬁu swelling , K Fatin v Tangent elastic bulk modulus , K

1+e
K = {=—"0tp
K
A7n  Isotropic Elastic w1 ldangmsdneun uazdou Elastic Shear Modulus  H35117

g9eNNINNE1HB9AIN AN Elastic Shear Modulus aziasuliminauinrasnisndeusiouazsziuues

AiAulunsi sy ldiununaiaesdoulunfaalidua1ad Gearaazmnlaan

Constant (i.e. Poisson’s ratio, U = constant )

G
541 —
K

542 G

Constant ( O varies )

uana il Wroth (1971) lévianisddelaalimaandnlanunauiunuantiluniena

Aranfresnulnauusingn G aamnsomlaain Function 284 G = f(p, e, R)

G G
—| =|=1A@+CInR)
p ocC p nc

o STl AN

We | = uar C  anyiduidurininaesian

5.5 Angle of friction , ¢

yuduamunelumasAuaINuanImeastl Triaxial  Talauslae Couloum  Azduariy
WORANITHIBIUULANADY AB AxidufIAILANTIANINITIAALUNT8Y  Plastic Deformation  A1Nn"g
AuadlneldNuRaAa N ( Yield ‘Surface ) uavazianuduiudiudg waB T9A

c

sananazidusautlslunisaduAi Plastic Deformation Luriu

5.6 Yield Suface Parameter , AC

Wurasiaes Surface  MnliAAnsilasuglaes Yield Surface  @vindAwiniL 0.5
Azl Modified Cam - Clay uaztinfipiiee ) aziinaliiin  Strain Softening 17N Plastic Strain 4in

wnlpedrdAINIn azifin Plastic Strain Wee TaaA1 A, uaz By funlfainnislditasddinaes
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gnlnaiauiudeyaluesamaasuilduiainnismagen Consolidated Undrained a89aumilen g

]

Tuanw Normally Consolidation

5.7 Yield Suface Parameter , Bc

\flurasiaey Surface MliARNT9lAasugtlaes Yield Surface  Mdisenauiuiuen A,
Tnedndidtes) aziinaliiA1indsiuusaaeu Undrianed Shear fuazinunazlipindsiuusaaeu

Undrianed Shear 44
5.8 Bounding Surface Parameter , M

TdAuANNG AiNgaNY8INIaLTA Plastic Strain 289096l Over Consolidated Clay @4iaualng
Dafalias ( 1982 ) dainnsunlillfinuLa1aed Elasto — Plastic agendneaanelunsgiaas multi surface
1 z 2 ) o dl o = o U d‘ $%
A m uar h Hinldaannisaasieassgn natananainnasawamllnFeumnsuiudaganlaun

aINNMIAgaL Consolidated Undrained #edauntiaainaluganin Over Consolidation

5
He =H +H(, Jzigkkp)—
1ol (50_5)
1
H:12%(2&“0—BCII—I1°XI1—BCI1°)1°
p _(1+e> 1 |Mc|m
H(,, 43, & )_(/1_’() — h

5.9 Bounding Surface Parameter , h

Iﬁmmﬂquﬁnﬁmmmﬂﬁm Plastic Strain 28403t Over Consolidated Clay T9AUD

Imel Dafalias ( 1982 ) wieuiudueA1 ' m

nsiuuuanaesllldlun1smaaey Cyclic Loading duazfieslinisiinnsmaAnasiaed
wULRNaRIdMTLARLAR s TRA L dFaFauFesney Inan1stinainnsdl Monotonic Loading  {luuan
annsinnimaaetluiesljifinig nnsddelldinisinAumiaslungammiisneuaianisinenzi

NINIIAIMNAIGNT) EMTLAU
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5.10 AULUHULNUILIULIINA

Brenner (1982 ) 1N19MA%aL CIUC U89AATHRLTNMUNINA Raninaynslsnig
wansnan1Inaaau gl 5.1

A1519% 5.1 WARIALLSN LA RNINA W BULILFLIULNGNG ( G, =105 kPa )

Input Parameters

[0} 28.94°
A 0.281
K 0.100
€, 1.7

G (kPa) 8000
m, 4.75
h 0.00000001
A, 0.68
B, 1.55
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511 AuwmlganuFiauilannszqas 29udn aynsilsinis

Manzoor Ali ( 1978 ) vinnnsneaauluguiniuAumianisumnuana Inaagunsldniels

129NN Uezanns 40 Alawwms unusFumuinusitnidinezen Saldnszadne ) iuRumileaFinm

TungemnafidsznavldfasRumtiandutuune ndeiuususuniuaziiaauainisnlunisdnsald

'
a A, a a

g9 andeyanquianzanisouentidn iWuaundeunin anioaulilauiie 17.00 wWasasaznufunse

al

FALULLALABNTUINANA VU AUTIUANAAL %ﬁuﬂ%ﬁﬁmiwmm@uﬂuﬁuﬁfﬂglummﬁﬂ 1.7-2.2

Az wazthuimmageuindeiuusadeunun sz
nawsiransaaieldaatauaduEuAunane 1.4 % LazHAINEGS 2.8 i negevilag

Ennsmuaunnpdaufivesnasadeusia i Theldsnansalunamasey 0.0018 it

Ifuan1smnaey uay General Properties wapaNanaaaueg gL 5.4-5.6 , 5.8-5.14

M1579 5.2 qmﬂuﬂﬁﬁ'ﬂﬂmmaumﬁmu?wmﬂauwszq‘m 2anIn aynsilsng

Depth Depth
Properties

0-3.0m 3.0-80m
insitu water content (%) 100 4+ 30 65 +10
insitu viod ratio AR e HL0) 1.8 4+ 0.20
degree of saturation (%) 95 + 2 96 + 4
specific gravity 2.73 T 0.1 2.7 £0.01
liquid limit (%) 102 £ 9 80 + 6
plastic limit (%) 40 + 5 29 +2
plastic index (%) 62 + 7 51 +7
liquidity index (%) 87 + 28 67 13
total unit weight” (t/m~*) 145 & 0.04 158 % 0.05
colour light brown to grey grey
organic matter content (%) 43 + 0.3 3.37 4+ 0.67




M1919 5.3 ﬂ’l‘a‘ql‘fi’ﬂ’ﬂid AUlUNITNARALUDIAIDENS
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isotropic
Depth
series | type of test Consolidation state | test no. Consolidation description
(m)
Pressure ( kPa )

cell pressure

1 5
Kept constant
Measurement

2 15
of pore

o CluC T [sotropic

Pressure ,

S 25
axial strain
and deviator

4 40

stress

M1919.5.4 uansmlsnldruInauuiaFiiuilaunszqas (G, = 36 kPa)

Input Parameters

() 10°
A 0.7309
K 0.1658
€, 3.7

G (kPa ) 5000
m, 6.1
H 0.00000001
A, 0.68
B 4.9
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512 AUUEEINILTIIMUURILIN

Shawkat Ali ( 1975 )N1n19ANHFRat9ALIAENINIANALNA U LABINARALANN AL

'
=2 [

U TaE19aINNgImnLsenind 30 nlalums TlsriupanaAn 1.5 WA ATINTUIRIFeE19AY
InuETNIuAN 118 %uazilinde NaCL ¢ 10 HAANIIN/ANT NIN1TNANAUL TN 1.5 Faluananaidy
Wiy 300 % uwazluiniidnldannussdumesindinde NacL 8¢] 35 NAANIIN/AMT NINTTFDUNIY
AzLNILRT 60 (B.S) LLmﬁﬁma‘Lﬁﬂ'ﬂuﬁﬁnLﬁuﬁﬁﬁfsﬁwmaﬁmmmlm,i
n1sANAzNaUin UNIATI AR uAKENANN 14 it Segnaanuunaniog AT luunedd
\nAe NaCL ag 35 Ha@Anasw/ T,rmjﬁa@ﬂw%\mmﬁv‘hﬂwmmuﬁLﬁumu@uﬂ'ﬂmmmﬁu 143 uag
{PNED 2.8 ila immaaeulagld Isotropic Consolidation  39aiainnada Pore Pressure fas
NANARBLLAAIANHUANFAINTEY OCR Va4 faadialuusay Maximum Past Pressure  LaAIHa

naaavag/lugili 5.16 5.186.20 ,5.22 ,5.24 5.26 ,5.28 ,5.30 ,5.32

M1579 5.5 AMANLANT lUT29R N EIUEIIIRUALLN

Properties Depth 1.5 m
water content ( average % ) 95
liquid limit (% ) 110
plastic limit (%) 43
clay size fraction ( < 2.L) 56
Activity 1.2
liquidity index 0.77
specific gravity of solids 2.71




;1574 5.6 meﬁfqLtﬂem%ﬁ']mmaumﬁmu‘%mmuumgwh (0,=10psi)

55

Input Parameters

[0} 27.8°
A 0.357
K 0.081
e, 2.28
G (Ibs) 2000
m, 4.25
h 0.00001
A, 0.60
B, 1.40

M99 5.7 uansmanilsnldmuanauimiausionuualgin (G, = 100 psi)

Input Parameters

0

[0} 22.57
A 0.357
K 0.081
€, 2.28
G (lbs) 2500
m, 3.40
h 0.00001
A, 0.60
B, 1.15
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;1574 5.8 lmmﬁ'mﬂsﬁ’l‘i’ﬁ'\mmﬁumﬁmu?mmﬂumgm"l (0, =500 psi)

Input Parameters

[0} 21.34°
A 0.357
K 0.081
e, 2.28

G (lbs) 3000
m, 5.20
h 0.00000001
A, 0.62
B 1.30

M99 5.9 waRsmanLlsnldAuanAuIMdEILEIIMUUAIgin (G, = 1000 psi)

Input Parameters

[0} 15.54°
A 0.357
K 0.081
€ 2.28

G (Ibs) 6000
m, 4.10
h 0.00000001
A, 0.70
B 2.00
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Chi — Ho Wang ( 1974 ) 7AgauaufiANNan 1.0 — 1.5 AT kAT 2.5 — 3.0 was taeld
nszuanuIaduduguanats 10 e luuSnunaieauiniugessund usnnininisfnenimensa
189119949 Ineld Back Pressure Winifu 30 psi i3 lianfasiaain 24 4qlue azvinnnmeagdeuiiie 95 %

2. a ¥ e 4 d . ve o
229n198NAAaeT naaeaulngldinIAcLANNITIARauIaIN TAARWsR luulauny Taelddnsnie

Tunsmagay 0.0018 Howd - Telduansuanagavatluglf 5.33 ,5.35

#1574 5.10 qmauﬂ“ﬁﬁa‘lﬂmmaumﬁmuﬁqmuumgm'ﬁ

Depth Depth
Properties

1.1-13m 26-29m
natural water content ( % ) 101 = 4 120 £ 7
natural void ratio 2.82 3.2
degree of saturation 97 + 2 100 * 1
specific gravity 2.72 £ 0.02 273 +0.02
liquid limit (% ) 96.5 + 1.5 121 + 2
plastic limit (%) 315 4+ 05 39 2
plastic index 65 + 2 82 4
activity 0.97 1.2
dry density (g/cc) 0.71 0.65
color dark brown grey
grain size distribution
sand (%) 4 7
silt (%) 29 25
clay (%) 67 68
Ko value 0.7 £ 0.02 0.65 £ 0.02
organic'matter content ( % ) 3.98 4.34
salt content ( mg Nacl/ 100 g soil ) 505 1200
PH 7.0 7.5

General Soil Properties of Weathered Nong Ngoo Hao Clay [ after Wang ( 1974 ) ]




58

A1579 5,11 Auandanalluashumiiaaudianuuagiin

Depth Depth
Properties

1.0-1.2m 25-27m
natural water content (% ) 9% L3 123 + 3
natural void ratio 273 £ 0.08 325 T 02
degree of saturation 9% £ 2 100 £ 1
specific gravity 2.73 £ 0.01 2.72 0.0
liquid limit (% ) 6 081N 88 121 4+ 2
plastic limit (% ) 315 + 05 39 +2
plastic index 65 + 2 82 Tt 4
activity 0.97 1.2
dry density ( pcf) 456 413 39.7 + 1.7
color light brown grey
grain size distribution
sand (%) 4 7
silt (%) 29 25
clay (%) 67 + 0.5 68 + 1
organic matter content (% ) 4.0 435 *005
salt content ( gm / liter ) 5 7.5
PH 58 + 0.6 875 + 1

General Soil Properties of Weathered Nong Ngoo Hao Clay [ after Chang ( 1974 ) ]




;1574 5.12 meéfqu,ﬂemi'ﬁ'\mmﬁumﬁmu‘%nmuumgLvi'\ (0,=20psi)
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Input Parameters

) 25.12°
A 0.7309
K 0.1658
€, 3.70

G (lbs) 1160
m, 5.40
h 0.00000001
A, 0.75
B, 1.90

A1979 513 uansmauLlsnlaAusnAuuiaausianuuasgivin Anisotropic ( G, =20 psi )

Input Parameters

) 31.37°

A 0.7309

K 0.1658

e, 3.70
G(lbs) 1160

m, 5.90

h 0.00000001

A, 0.72

B, 1.71
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=

Hwang Zue-Ming ( 1975 ) ﬁflmi‘wmmuﬁumﬁmﬁﬁmmuumgm’w TIBLYUNNANNNTIUNNS

11 20 Alawwms FaaeneAugniiuluszAtaInan 2.50-3.00 wns Tadufumiaanndstesaaianinig
Wiulaaldnscuanunadudiududnans 10 4o ieldszazioan 1-5 34 aunszisAwfANIsaNFaMIUN

95 % uanvag/lugii 5.38 ,5.40

M99 5.14 uanssauilsnldAmurnauimaausionuasgin (G, = 60 psi)

Input Parameters

) 20.14°
A 0.7309
K 0.1658
ey 3.70
G (Ibs) 2500
m, 4.70
h 0.0000005
A, 0.55
¢ 0.92




5.13 Pietrafitta Clay
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A1914 5.15 wananilsMldAurnimuLniien Pietrafitta ( G, =760 kPa )

Input Parameters

) 24.50°
A 0.357
K 0.081
e, 2.28

G (kPa) 8000
m, 450
h 0.0000001
A, 0.67
B 1.40
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MANWIN 2. wansaAuIlaelgllsunsuitaludn 6.0

Option Explicit
Dim pr As Double
Dim Rann As Double
Dim Kapp As Double
Dim e0 As Double
Dim SMG As Double
Dim SMK As Double: Dim SMKoc As Double
Dim C(6, 6) As Double: Dim Coc(6, 6) As Double
Dim p As Double
Dim g As Double
Dim STRES(3, 3) As Double
Dim Et As Double
Dim Step As Integer
Dim poc As Double

Dim goc As Double

Private Sub Form_Load()
Dim i As Integer
Dim DSTRAIN(3) As Double
Dim 11 As Double
Dim 10 As Double
Dim DFI1 As Double: Dim DFl1oc As Double
Dim DFJ2 As Double: Dim DFJ2oc As Double
Dim M As Double
Dim Phi As Double
Dim DFSTRES(3, 3) As Double: Dim DFSTRESoc(3,3) As Double

Dim HH As Double: Dim HHoc As Double

Dim RLAM(3) As Double: Dim RLAMoc(3) As Double

Dim DRLAM(3) As Double: Dim DRLAMoc(3) As Double
Dim RLAMDA As Double: Dim RLAMDAoc As Double
Dim DSTRAINP(3) As Double: Dim DSTRAINPoc(3) As Double
Dim DSTRAINE(3) As Double: Dim DSTRAINEoc(3) As Double
Dim DSTRES(3, 3) As Double: Dim DSTRESoc(3, 3) As Double

Dim DI1 As Double: Dim DI1oc As Double
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Dim DRJ2 As Double: Dim DRJ2oc As Double
Dim DSTRAEP As Double: Dim DSTRAEPoc As Double
Dim DSTRAEE As Double: Dim DSTRAEEoc As Double

Dim STRAIN1 As Double

Dim RJ2 As Double

Dim DIO As Double

Dim CC As Double

Dim STRESoc(3, 3) As Double
Dim Moc As Double

Dim 10oc As Double: Dim [0oci As Double
Dim 10i As Double

Dim RJ2oc As Double

Dim m1 As Double

Dim mo As Double

Dim h As Double

Dim Delta As Double

Dim Ocr As Double

On Error Resume Next
pr=0.5
DSTRAIN(1) = 0.00002 ' 0.0002
DSTRAIN(2) = -pr * DSTRAIN(1)
DSTRAIN(3) = -pr * DSTRAIN(1)
STRES(1, 1) = 6# ' reference
STRES(2, 2) = 3.75
STRES(3, 3) = 3.75
STRESoc(1, 1) =4.83 ' input
STRESoc(2,2) =3
STRESoc(3, 3) =3

Rann = 0.357 ' (1.48-1.09) / Log(4)

Kapp = 0.081 ' (1.43-1.2) / Log(10)

e0 =2.28

Phi = 0.401425728 ' 0.4383817749 =25.12 Degree

' 0427606 =24.5 Degree
CC=0.73



mo =2.5

h =0.01

Debug.Print Rann, Kapp

10

M = (6 * Sin(Phi)) * 1.6 / ((3 - Sin(Phi)))

11 = STRES(1, 1) + STRES(2, 2) + STRES(S, 3)

Moc = STRESoc(1, 1) + STRESoc(2, 2) + STRESoc(3, 3)

0=

10i =11

0oc = I1oc

[0oci = Moc

Ocr = 10i / 10oci

RJ2 = Sqr(((STRES(1, 1) - STRES(2, 2)) ~ 2 + (STRES(S, 3) - STRES(1, 1)) ~ 2)/ 6)
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RJ2oc = Sar(((STRESoc(1, 1) - STRESoc(2, 2)) ~ 2 + (STRESoc(3, 3) - STRESoc(1, 1)) * 2)/ 6)

STRAINT =0

Step=0

p = (STRES(1, 1) + 2 * STRES(3, 3)) /3

g = (STRES(1, 1) - STRES(3, 3))

poc = (STRESoc(1, 1) + 2 * STRESoc(3, 3)) /3
goc = (STRESoc(1, 1) - STRESoc(3,3))
Debug.Print Ocr

Call Stiffness

Open "D:\Bee\Fcap\zBounding-Cap.cal" For Output As #3

GoTo 11

M1=11+ DI
[1Toc = Moc + Dl1oc
RJ2oc = RJ2oc + DRJ20oc
RJ2 = RJ2 + DRJ2

0=(2*CC* M +Sar((2*CC*NM)~2+4*(1-2*CC)* (N "2+ (9*RJ2"2)/M"~2)))/(2-

4*CQC)

l0oc = (-2*CC *Moc + Sgr((2*CC*I1oc) *2+4*(1-2*CC)*(Moc ~ 2+ (9*RJ20c * 2) /M

~2)/(2-4*CC)



1"

STRAIN1 = STRAIN1 + DSTRAIN(1)

STRES(1, 1) = STRES(1, 1) + DSTRES(1, 1)
STRES(2, 2) = STRES(2, 2) + DSTRES(2, 2)
STRES(3, 3) = STRES(3, 3) + DSTRES(3, 3)

STRESoc(1, 1) = STRESoc(1, 1) + DSTRESoc(1, 1)
STRESoc(2, 2) = STRESoc(2, 2) + DSTRESoc(2, 2)
STRESoc(3, 3) = STRESoc(3, 3) + DSTRESoc(3, 3)

p = (STRES(1, 1) + 2 * STRES(3, 3)) / 3

g = (STRES(1, 1) - STRES(3, 3))

poc = (STRESoc(1, 1) + 2 * STRESoc(3, 3)) / 3
goc = (STRESoc(1, 1) - STRESoc(3, 3))

Call Stiffness

Step = Step + 1

RJ2 = Format(RJ2, "##,###0.0000")

STRAIN1T = Format(STRAINT, "##,###0.00000")
p = Format(p, "##,###0.0000")

g = Format(q, "##,###0.0000")

poc = Format(poc, "##,###0.0000")

goc = Format(qoc, "##,###0.0000")

DSTRAINP(1) = Format(DSTRAINP(1), "##,###0.0000000")
DSTRAEE = Format(DSTRAEE, "##,###0.0000000")
DSTRAINPoc(1) = Format(DSTRAINPac(1), "## ###0.00000000")

DSTRAEEoc = Format(DSTRAEEoc, "##,###0.00000000")

Print #3, Step, poc, goc, STRAIN1T *100, p, g, DSTRAINP(1), DSTRAINPoc(1), DI1

Debug.Print Step, poc, goc, p, g, STRAIN1

DFI1=2*(1-CC*10)/10i ~ 2
DFJ2=9/(I0i*M) ~ 2
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DFIMoc =2 * (I1oc - CC * 10oc) / 10oci * 2

DFJ2oc =9/ (I0oci * M) ~ 2

DFSTRES(1, 1) = DFI1 + DFJ2 * (STRES(1, 1) - 11/ 3)

DFSTRES(2, 2) = DFI1 + DFJ2 * (STRES(2, 2) - 11/ 3)

DFSTRES(3, 3) = DFI1 + DFJ2 * (STRES(3, 3) - 11/ 3)

DFSTRESoc(1, 1) = DFl1oc + DFJ2oc * (STRESoc(1, 1) - I1oc / 3)

DFSTRESoc(2, 2) = DFl1oc + DFJ2oc * (STRESoc(2, 2) - I1oc / 3)

DFSTRESoc(3, 3) = DFI1oc + DFJ2oc * (STRESoc(3, 3) - 11oc / 3)

HH=-(12*(1+e0) *10* (11 -CC*10) *(I0-2*CC * 10 + CC * 1)) / (Rann - Kapp) * 10i " 4)

m1=RJ2/11

If 0.98 * 10 <= I0oc Then

Delta=0

Else

Delta = Sgr((11 - Moc) * 2 + (RJ2 - RJ20c) * 2)
End If

HHoc =-(12* (1 +e0) *10 * (11 - CC *10) * (I0-2* CC * 10 + CC * 1)) / ((Rann - Kapp) * 10i ~ 4)
+(1+ed)*(1+(M/m1) " mo)*h*Delta/((I0 - Delta) * (Rann - Kapp))
If RJ20c = 0 Then
HHoc =0
End If

RLAM(1) = DFSTRES(1, 1) * (C(1, 1) * DSTRAIN(1) + C(1, 2) * DSTRAIN(2) + C(1, 3) *
DSTRAIN(3))

RLAM(2) = DESTRES(2, 2) * (C(2, 1) * DSTRAIN(1) + C(2, 2) * DSTRAIN(2) + C(2, 3) *
DSTRAIN(3))

RLAM(3) = DFSTRES(3, 3) * (C(3, 1) * DSTRAIN(1) + C(3,2) * DSTRAIN(2) + C(3, 3) *
DSTRAIN(3))

RLAMoc(1) = DFSTRESoc(1, 1) * (Coc(1, 1) * DSTRAIN(1) + Coc(1, 2) * DSTRAIN(2) + Coc(1, 3)
* DSTRAIN(3))

RLAMoc(2) = DFSTRESoc(2, 2) * (Coc(2, 1) * DSTRAIN(1) + Coc(2, 2) * DSTRAIN(2) + Coc(2, 3)
* DSTRAIN(3))

RLAMoc(3) = DFSTRESoc(3, 3) * (Coc(3, 1) * DSTRAIN(1) + Coc(3, 2) * DSTRAIN(2) + Coc(3, 3)
* DSTRAIN(3))
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DRLAM(1) = DFSTRES(1, 1) * (C(1, 1) * DFSTRES(1, 1) + C(1, 2) * DFSTRES(2, 2) + C(1, 3) *
DFSTRES(3, 3))

DRLAM(2) = DFSTRES(2, 2) * (C(2, 1) * DFSTRES(1, 1) + C(2, 2) * DFSTRES(2, 2) + C(2, 3) *
DFSTRES(3, 3))

DRLAM(3) = DFSTRES(3, 3) * (C(3, 1) * DFSTRES(1, 1) + C(3, 2) * DFSTRES(2, 2) + C(3, 3) *
DFSTRES(3, 3))

DRLAMoc(1) = DFSTRESoc(1, 1) * (Coc(1, 1) * DFSTRESoc(1, 1) + Coc(1, 2) * DFSTRESoc(2, 2)
+ Coc(1, 3) * DFSTRESoc(3, 3))

DRLAMoc(2) = DFSTRESoc(2, 2) * (Coc(2, 1) * DFSTRESoc(1, 1) + Coc(2, 2) * DFSTRESoc(2, 2)
+ Coc(2, 3) * DFSTRESoc(3, 3))

DRLAMoc(3) = DFSTRESoc(3, 3) * (Coc(3, 1) * DFSTRESoc(1, 1) + Coc(3, 2) * DFSTRESoc(2, 2)
+ Coc(3, 3) * DFSTRESoc(3, 3))

RLAMDA = (RLAM(1) + RLAM(2) + RLAM(3)) / (HH + DRLAM(1) + DRLAM(2) + DRLAM(3))
RLAMDAoc = (RLAMoc(1) + RLAMoc(2) + RLAMoc(3)) / (HHoc + DRLAMoc(1) + DRLAMoc(2) +
DRLAMoc(3))

Fori=1To3
DSTRAINP(i) = RLAMDA * DFSTRES(i, i)
DSTRAINPoc(i) = RLAMDAoc * DESTRESoc(i, i)
DSTRAINE(i) = DSTRAIN(i) - DSTRAINP(i)
DSTRAINEoc(i) = DSTRAIN(i) - DSTRAINPoc(i)

Next i

DSTRES(1, 1).= C(1, 1) * DSTRAINE(1) + C(1,2) * DSTRAINE(2) + C(1, 3) * DSTRAINE(3)

DSTRES(2, 2) = C(2, 1) * DSTRAINE(1) + C(2, 2) * DSTRAINE(2) + C(2, 3) * DSTRAINE(3)

DSTRES(3, 3) = C(3,.1) * DSTRAINE(1) +/C(3, 2) * DSTRAINE(2) + C(3, 3) * DSTRAINE(3)

DSTRESoc(1, 1) = Coc(1, 1) * DSTRAINEoc(1) + Coc(1, 2) * DSTRAINEoc(2) + Coc(1, 3) *
DSTRAINEoc(3)

DSTRESoc(2, 2) = Coc(2, 1) * DSTRAINEoc(1) + Coc(2, 2) * DSTRAINEoc(2) + Coc(2, 3) *
DSTRAINEoc(3)

DSTRESoc(3, 3) = Coc(3, 1) * DSTRAINEoc(1) + Coc(3, 2) * DSTRAINEoc(2) + Coc(3, 3) *
DSTRAINEoc(3)
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DI1 = DSTRES(1, 1) + DSTRES(2, 2) + DSTRES(3, 3)

Dl1oc = DSTRESoc(1, 1) + DSTRESoc(2, 2) + DSTRESoc(3, 3)

DRJ2 = Sgr(((DSTRES(1, 1) - DSTRES(2, 2)) ~ 2 + (DSTRES(3, 3) - DSTRES(1, 1)) ~ 2) / 6)

DRJ2oc = Sar(((DSTRESoc(1, 1) - DSTRESoc(2, 2)) ~ 2 + (DSTRESoc(3, 3) - DSTRESoc(1, 1)) ©
2)/6)

DSTRAEP = DSTRAINP(1) + DSTRAINP(2) + DSTRAINP(3)
DSTRAEE = DSTRAINE(1) + DSTRAINE(2) + DSTRAINE(3)
DSTRAEPoc = DSTRAINPoc(1) + DSTRAINPoc(2) + DSTRAINPoc(3)
DSTRAEEoc = DSTRAINEoc(1) + DSTRAINEoc(2) + DSTRAINEoc(3)

If Step = 2000 Then 'Or DSTRAINPoc(1) > DSTRAIN(1) Or DSTRAINP(1) > DSTRAIN(1)
Close #3
Stop

Else: GoTo 10

End If

End Sub

Private Sub Stiffness()
pr=10.49
SMK =p * (1 + €0) / Kapp
SMKoc = poc * (1 +e0) / Kapp
SMG = 8000 ' 3000 lbs

C(1,1) =SMK + 4 *SMG /3
C(1,2) =SMK-2*8SMG/3
C(1,3)=SMK-2*SMG /3
C(2,1)=SMK-2*8SMG/3
C(2,2) =SMK +4*SMG/ 3
C(2,3) =SMK-2*SMG/3
C(3,1) =SMK-2*SMG/3
C(3,2) =SMK-2*SMG/ 3
C(3,3) =SMK +4*SMG /3
C(4, 4) =2*SMG
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C(5,5) =2 *SMG
C(6, 6) =2 * SMG

Coc(1,1) =SMK + 4 *SMG/ 3
Coc(1,2) =SMK-2*SMG /3
Coc(1,3) = SMK-2*SMG /3
Coc(2, 1) = SMK-2*SMG/ 3

Coc(2,
Coc(2,
Coc(3,
Coc(3,

—_
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End Sub
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