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Bearing Capacity of Strip Foundations on Anisotropic Clay

Using NGI-ADP Constitutive Model
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Abstract

In this paper, parametric studies of anisotropic shear strength of clay were performed to determine
bearing capacity factor of strip foundations on clay by using NGI-ADP constitutive model. The two
dimensional plane strain finite element was employed to determine the undrained bearing capacity factor
as a function of dimensionless variables of undrained shear strength obtained from three modes of
shearing, including undrained tests of triaxial compression (TC), triaxial extension (TE) and direct simple
shear (DSS). The computational results obtained from geotechnical software, namely Plaxis, were
compared with the exact solutions to verify the capabilities of NGI-ADP constitutive model in design

practice.

Keywords : Anisotropic shear strength, Strip foundation, NGI-ADP constitutive model, Bearing capacity,

Parametric study



Ladkrabang Engineering Journal, Vol. 33, No. 2, June 2016 99

1. Uni
FITUMAVOIAUMHEIINGANTTUMIS VT UROU
iWlunun Anisotropic 3o liiarnis Tavaaauiauuy
Anisotropic ﬁlﬁuﬂéﬁﬂ Mode M3IROUUBINITNATDY
ULV U3ENeudie MINAdoULTISATINIAY
(Triaxial Compression, TC), MINATOULUTIAIEY
UNY (Triaxial Extension, TE) Qg N1TNATDUNIT
INPUATI081418 (Direct Simple Shear, DSS) Fams

3 csy Y = a 1
nageuniauiee lgnamsilasunanievesriie

]
v A

1139%an (Major Principal Stress, G ) NUANANAUAIN

uﬁmiugﬂﬁ 1(a) [1] @z 1(b) [2]

Foundation

REEA

Active

Passive

zone
J b an

mh T

L u_dJ
Triaxial -~ Triaxial

. \ S | .

extension r y compression
test test

Simple shear test

(a)

31U 1 wansi)asunan1aveIniIeusHan (Major

Principle Stress, G,) UANANIUYIANMINATD

(a) Mode M3ADY (b) NANIVDINUIGUTINED

A < " a ' o
131N 1(b) szt lannan e Ines IMan
Y
YoansamInaaeuIzuana1eny luaiuldgiu
3IN430 Active Zone NANNYBIHUIUTINGN (T)
1< A A A o 1% a
wilunuaaamsell B = 0° dmSumanadeuaulu

4
ﬁ’)uﬁﬁnﬂiﬂi"]ﬂf}ﬂﬁﬂﬂﬁi‘)llll“]JlllLiQélﬂﬁ"lmmu

(Triaxial Compression, TC) AMTUHINUAUYDY
NUIBLT 4 (Stress Path) 730 TR M85 Dus AR
wu'iszuienii Active Zone (s,,) 14

fRINAIU Active Zone NANINVDIHUIGLUITIWAN
wildsunnumnaniiu B uhdumlagiiogsznis
0-90° uddm 3 uanoiaz1¥mnaae @
MINAFOUMIIABUATIOE1918 (Direct Simple Shear,
DSS) il B = 45° dmSuvmmaduvoaniiiens
(Stress  Path) 321 T1/89A 181895 vusuRouuuw 1y
ixmﬂﬁymsqﬁumﬁqﬁagjiwdw Active Zone 111
Passive Zone (s )

F1M5 VAU Passive Zone TUNANIUDINUIY
L3INEN (G) ffuuaumser B =90° dwsums
nageuauludiuiiaunsnldmsnsnaeunsans
AUUNU (Triaxial Extension, TE) AMTUMIMUAY
VYOIN UL (Stress  Path) 331 1DaAidasuusa
doununlussu1ev i Passive  Zone (sy) 19
R O N R R R L T R P R A R GRER TR R,

kY

= @ ) d' Eld' a c:l
Lﬂ@uﬂﬂﬂ'ﬂmﬂifJﬂ‘VImlﬂ‘ﬂﬂﬂﬁnﬂﬂﬁﬂﬂﬁﬁ)ﬂﬂuﬂﬁﬁnl

Manadovuaadnglugili 2

Oy Oxx Tev . .
Undrained Triaxial - U.udxam(?d Durect
Compression (TC) Simple Shear (DSS)
2syrc ... failuze Sypss | failure
' 161 :
3 —=* G3 :
_1.. f ,l,,
A T Eyy -
EyfTC EyTE |Gz Vss
Nl
:_,ﬂu_m (b)
28T} ¢ i
failure
Undrained Triaxial
Extension (TE)
(a)

4 1 o @ w A

5UN 2 ANUFURUTIEH MBS VLT AN OUAD

b1}

A Ay ydAy v a o
ﬂ'J']ﬂJ!,ﬂifJﬂVlllﬂ'i/lllﬂi]']ﬂﬂ1§1/lﬂﬁ'ﬂﬂﬂu°ﬂﬂff’]llllﬂﬂ (a)

TC uag TE, (b) DSS

Tuednianuisennune ladnudangAnssums
@ A < . . A 1 @ a
Fuusueuiunuy Anisotropic 30 liduisvesdu
w217 11 1951914398909 Sambhandharaksa [1],

Kurukulasuriya et al. [3], Zdravjivic and Jardine [4]



100

!
al a

AFA17ANANTYITS TN 33 @1uf 2 Nauiew 2559

q

s lUDsAumiiengoungunn 15uIUIov0
Chim-oye [2], Sangtian [5], Satawiriya [6]

Grimstad et al. [7] TA%a111 NGI-ADP Constitutive
Model 1o 1@ a1115014 181 T1)s1n53 Plaxis2D

A
S,p WD

(Brinkgreve, [8]) Tasansatloun s o

UA? SUDSS’
1 umsinsziilygmimaismnssussainaiin 1é
Tagnsq d115U51802198A1NNIANYDI NGI-ADP
. = A a Y
Constitutive Model anunsnany i@y 1a 1 [7-8]
J av dyd =2 4
yalszaanvesnuIteiinemaanyinines
2 1
MAWUNFIUUDIFIUTINAUIADIHBIUUAUMTE)
. . an Jan 4 an
U Anisotropic 35 1W luad@uduny 2 dgn
o ) L4 Y 4
Wnnlfimaeatosamuesilymil Taoldmsouly
~ . o v
FLUIUANIATYA (Plane  Strain)  uaziImualy
o [ I
HUV31a09909TaqlunyY NGI-ADP  Constitutive

Model

2. ms‘mﬁ]é’munmummgmsm
MImmdaunmuflateduaavead iy
gniluauonsusnlag Terzaghi [9] FuauoaANNS

MAITUUT UV ANIUYBIFIUTINVUAUR HEIUD

Ed
v A

Isotropic 1Adadl
q= N5, (D

Tag q ﬁammﬁumﬁlmmﬂﬂm (Average Bearing
Pressure) ﬁﬂmﬂmmgmﬂﬂ s, AOMAITULTURDY
w'hiszineivesdumiles sotropic 11az N, A1
urlee s MIAIUANIUYPIFINIIN (End  Bearing
Capacity Factor)

@031 Davis and Christian [10] Taauafaasuns
LUAMUVDIAMHHBIVUANIMTEILUY Anisotropic
Tao143% Limit Analysis @i N_ i 1@ unanas
UNUATI (Exact  Solution) Tastanuduwusiual
M&aduns afoud Idvinmsnageuan i fo
S sUPmﬁﬁﬁmmLﬁauﬁqmmmuﬁyﬂzgﬂ

UA> “UDSS?

taoglugidaosdanis1§d0@ (Dimensionless

Parameter) 710 b/a sauaaaluannsni 2

b _ _supss
-= = 2
a o Syl Syp

4 o v w A Ay v
N'ﬂullsUGUENﬂTG'Nﬁﬂllﬁ\uﬂﬂu‘ﬂllﬂ{ﬂ'lﬂﬂ'lﬁﬂﬂﬁﬂu

awishawnsaflouluTdsunsy Plaxis fos, >

o v w

Supss > Sup 1AEMAITVUT IR UNNINNGARD AT

UDSS

usuRoun lannmanagounuuns AT, s,
A o v w A Sy 9
iﬂ\‘lﬁ\ill1ﬂ@ﬂ1ﬁ\‘ii'ﬂui\1m®u‘ﬂqﬂﬁ]Tﬂfﬂi‘ﬂﬂﬁﬂ’ﬂfﬂi

MoUATIBENY, s, tazipelgane AT

v
1

A Adyy = o &
Woun lAnInmsnagouusIAIdmLNY, s, uAN
NGI-ADP  Constitutive Model 13150800 1% s,

"o PN { { {
A s, 1A AAUUNTAVDR b/a Mnigadiiuly

8@ b/a= 1.183 Fuilumin ldnnmssnaniie s,

= Subss

[

AT UHTWUAMUVBITIUTINUUAUMHEDY
Anisotropic awe Iaeg Davis and Christian [10] 29N
Normalize A28@1/3e104@2f0 5, Ua s, Hadiaa

luaumsn 3

N_= . 3)
SE.L.%_"SEJ.F
a <Y an Jaa 4 o
Nﬁﬂ']ﬁ']Lﬂ3'IZWﬂ?ﬂ?“ﬁ]lwlluﬁﬂalﬂuﬁ‘ﬂgu1ﬂ']
o o o ) . 4 4
1581019113988 9 Davis and Christian [10] sWoN2L

ASIVAOVAIINYNADIVOINUUT 1809 NGI-ADP
dmsumahnlsluaueenuuy

3. 93%ﬂ1§3!ﬂ§1$ﬁ!!ﬁ$ﬂ1ﬁﬁ1‘ﬁuﬂ!!UiJ‘ﬁ'Ii‘IEN‘IJ?N

ey

Y
Aav A

u3en ¥ T sunsu I ludd A ud Plaxis2D
T8 Brinkgreve et al. [8] Jumssiasauaz inszim
wamagueailan
3.1 LVSIA0IVR AU T
a o Jaa o ya =)
Msuasizn Iludoaudsiaoaldaumiien
I aa o a aa & va o
Wudawuauuulsunasaealia Falnauauiaiag
11U NGI-ADP 803181 Tugdauedaiomadsuns g
Y v
Wounvyluszueiivesduviedn 1danns
o g 1A
naaeUIUVNTIBATIMNIY (E/s,,) = 500 (1Tua1nle
v o o o a L4 .. ya
Aunal)dmsumsInTIzyiv Limit State 1ag1433

TWlugaamud [10]) Teetlyudsaniunelu (@) =0



Ladkrabang Engineering Journal, Vol. 33, No. 2, June 2016

101

sasdauvesilves (V) = 0.495 Fuilugaeiana
namansvesaum iy liszineimie lufims
wasulauFalsines vazaumitondudumy 14
wietinninude Weightless Soil ¥4l Y = 0ms
Svualiaulifnieiminmesznssdan
nudalifnaveaniieiminuazsninaves

4 9
WIMUNUIINN (Surcharge Factor) [9] dariuAmmn
do o I~ a a
903 MAWVANIUYDIFIUI NI UNAINENTNA

2
b/a Wiy

3.2 (ou lvmsindeuduazieusannsziuy
1370
I 1 4 .
Jyvudunvugiusinerraetilos (Stip
Foundation) VUTLUIUANNIAT UA (Plane Strain) ¥4
nuudIaerzgnIIaouiisIns uAeIVeIAINN I
0.5B 1119991032 UIVAUNIAT (Symmetry) VOVAN
1 (4 '
voauvuiaed liTmsmasunn LI IULaZIUIAY
Y ] zi ~ Y
YyoudegauazvoyNga luaunsnmdoun 1dlu
UUI5U TUEIUVIIANUAUIRABLUNNIY (Average
. o 1< o
Bearing Pressure, q) %Qﬂmammumwmmmu
' 3 Aa < < .. .
NFLNPUUUNUNANNNANULUIUNTINN (Rigid strip
. =) o 4
footing) 5180Z198AVDILUVI1A0IA28 U1

Plaxis2D ttaadlugii 3

2.5B

q

B/2 Anisotropic Clay

Suas Supsss Sup
uU,=0
1.58 v
y
L X

U:=U,=0

a N Jo w
5‘1]7] 3 !,l,mJmaaﬂumiml,n/\lm@mimmu‘ummu

b1}

Y95 151040 11511051 Plaxis

1 Jaa 4
3.3 Tasavne W ludoamud
o I =
UV ULV UITEUIVANIAS8A (Plane
q" 1 a | c? 1 d. =
Strain) TaeFudruawdududiuglammasunuyil

4
15 9A60 (Node) tagnidsusinalugudiu 12 9a

] ] I Qy 1 1 9
(Stress Points) N304 Iaseveeonusudaivgesly

LHUVAIDIAGIGA (Very Fine) Aanuanaalugii 4
2.5B ;I

51 4 dedaTasaie Il ludoamud

a d
4. HaNIIAUAITH

d‘ % 1 a oA

E‘]J“V] 5-7 !Lﬁﬂ\?ﬂ?’t‘)fﬂ\?ﬂallﬂﬂ'lﬁ'J‘]Jﬂ‘U’t‘NﬂiUuW”l

§IUIING1IAOIHOIVUAUIN YUY Anisotropic WA

A wa v ) ) 2 4
ﬂﬁulﬂﬂ'lﬁ'J']Jﬂ‘]Jﬁgﬂﬂﬂﬂ?ﬂlﬁuﬂ"ﬁl?f‘l‘lﬂ'lil‘WlIgUusU'ﬂQ
ANNIAS BAIN DU (Incremental Shear Strain Contour)

¢ A o a4 A 2

UAZNINADINTIAADUAININUUYY (Total Increment

= = U A
Vector) Lﬂiﬂﬂlﬂﬂﬂﬁgﬁj%ﬁ’nﬂﬂimﬂﬂ b/a=0.3, 0.5

o o A Y & = o
uag 1 a1ua1ay LWE]Glﬂlﬁuﬂﬁwaﬂigﬂﬂqlﬂﬁﬁmlﬂﬁ

9
b/e sona lnmsitiavesilymiil

-

(b)

5171 5 nalnmsiavesilyigiusinenaesiie

)}

VUAUINIIBIUY Anisotropic 1 b/a = 0.3 (a) 1dU
A 3 = J
MINVUYRIANUATEARDY 1AL (b) 1IAINDS

A oAl l
NITLAADUAININUUVU



102

!
al a

AFA17ANANTYITS TN 33 @1uf 2 Nauiew 2559

q

(b)
517 6 na'lnmsiavesilymigusineaesiie
VUAUNHEUIUY Anisotropic 1 b/a = 0.5 (a) 1dU
A 2 =~ A 7
MINVUUVOIANNATIANDY 1A (b) INADS

A o a4 L
NITLANDUAININNUU

(a)

(b)

5171 7 nalnmsiavesilymigusinenaeiie

D

a = . . A Y
UVUAULK UYLV Anisotropic N b/a =1 (a) LAY
A 4 a A 7
ATNUVUVDIANUATIAROU 1AL (b) INNDT

A o ad g
NITAADUAINNUUU

11031 5-7 nuina lnmstiavesilymigiusin
1 4'1 a = d'd 9 1
812981 HIVUANMHEING b/a 1BY 1¥U ba = 0.3

v 4
iag 0.5 fl]%!,ﬂﬂﬂﬁlﬁuﬂﬁlwu%uﬁlli’Nﬂ’ﬂllLﬂgElmﬁﬂu

. I g y Y 1
(Incremental Shear Strain Contour) (1)1 wunnAenn

prpn P 9 2 A ' o [ A
ATANY b/a W11na 1 ¥3e819N1 1 SMsUNTAUNTA
b/a = 1 Wunalpamsiandnyuzmieuiums

WAty Isotropic

6.0
[ | ==Present study

5.5 1| = -Previous study by Davis and Christian [10] |
: /

5.0 7

g : //
= 4.5 : >
N Cd

i s
[ P /
oo —

4.0 ==

3.5 [ el ) Il L Il L Il L el ) el )
0 0.2 0.4 0.8 1 1.2

0.6
b/a

1 o o & T o w
gﬂﬁ 8 ANUANNUTIZTHINMAILUNMIUUBITIU
Y g Yan o W w =1 Qs:
310 (N, Auauls 155aveasidasunsuneung
a1ty (b/a)

[ 72=97.34%

b
n

(6]

»
o)

IS

N From Present study

3.5 4 4.5 5 5.5 6
N_From Davis and Christian

51 9 msnfSeuiteuanuuanaraves N ldan
9
NUITeHLAZUITEURY Davis and Christian [10]

5U7 8 uarasnnuduiuisznieiawunniu
Y Y Yan o W w =
Yoeg 1510 (N) nudls 13Navesidesunsudeu
2 v
MUY (b/a) Taslssuneususgnineainla
as Jaa < Y . Y
910733 I luddauddreTisunsy Plaxis  Tasls

1LUVD1899 NGI-ADP Constitutive Model NUHARAY



Ladkrabang Engineering Journal, Vol. 33, No. 2, June 2016 103

lueAnueq Davis and Christian [10] 71141191035
& A I '

Limit Analysis %919 I umamasaiunga (Exact

Solution)

@

Haf 1#910 Plaxis A9A1 q M30ANNAUMABULA
J o & o ano 4
mu ndnihedaaduduls 15Nadinaaslu
A 4 1<l 1
aumsn 3 e lhidun N,
Ay ¥ 1 Ay Y a o a A
vinwad ldnudiainldasinauiseluedaiinn
(=] T a 1w 4 v =Y
AnIuanties uavziFuIR e b/a w1 Tael
AR’ =97.34% IndiAeany 100% asfiuaaslugl o
9
nnwamslSeuieunanuaainsoasllaimsly
1UVI1a09 NGI-ADP Constitutive  Model 811151
Yyruseshasunmuinavesgiusinasiilosuu
a ~ . . v = Yy o
AUty Anisotropic 93 1iwamasn Indifeanuy
H . any A
HAIMAIIUATY (Exact Solution) Tagnamasii Idazll

Y T 3 Y & @ 1 .
MmMregnInantesdilaeaneni (Conservative)

5. a3l
dyo =2 o v w A '
unanuihinavensdnyisiaesuaeuuny 1y
minuynianvesammioalagnisldunuiiaes
. . Y ad Jaa J
NGI-ADP Constitutive Model #2835 1 Tuddanua

aa § a 4

HUUAINAVUTEUIIANMATIAIND AT IEHH WA

]
a vaa

Zo o & 7o o Yaa
w3 mdauanudItanuiladsuvesdnils 15ua
voIfaasuusunaun lduannaasu Tagnsnaaol

A B v o
usaRoumuHuUFlszaelidre mInaaeuusida
auunu (TO), MINATDULTIAITININY (TE) uay
MINAFTOUMIINBUATIVE148 (DSS)

9191511/F80iNeV NV Davis and Christian [10]

v Ea
wuan ldainauiselusdaiinminniiauised
< 1 A (Y] 4 [ a1
@n11e8 uAIITUIMIAUIND b/a MR 1 UATR =

Y a o A
97.34% Ind1Aeafin 100% 91ngUN 9 uag 10 @130
P2l 9 13 . .
a3118731m15 1410131909 NGI-ADP  Constitutive
Model d15uilgyrusosiiduunniuinavesgiusin
AvLiloIUUAMNTODY Anisotropic 21 NAIRAH
ya o . .
TndiReesnuranasuase (Exact Solution) lAgHa
a 9

2 ¥ ' 3 9 £ o '
Lﬂaﬂ‘ﬂllﬂﬁ]gllﬂ"luﬂﬂﬂ’lu’dﬂu’ﬂﬂﬁﬁﬂﬂ’d@ﬂﬂﬂﬂ’ﬂ

(Conservative)

6. 19NA1301999

[1] S. Sambhandharaksa,  Stress-strain-strength
Anisotropy of Varved Clays, Doctoral Thesis,
Massachusetts Institute of Technology, Boston,
1977.

[2] W. Chim-oye, “Effect of Anisotropy to Shear
Strength Behavior of Soft Bangkok Clay”,

Journal of Science and Technology, 18(4) pp.
50-59, 2553.

[3] L. C. Kurukulasuriya, M. Oda, and H. Kazama,
“Anisotropic of Undrained Shear Strength of an
Over-Consolidated Soil by Triaxial and Plane
Strain Tests”, Soil and Foundations, Vol. 39, No.
1, pp. 21-29, 1999.

[4] L. Zdravjivic, and R. J. Jardine, “The Effect on
Anisotropy of Rotating the Principal Stress Axes
During Consolidation”, Geotechnique, Vol. 51,
pp. 69-83, 2001

[5] N. Sangtian, Vertical Direct Shear Test to
Simulate the Field Vane Behavior of Soft
Clay,”Master ~ Thesis, Asian Institute of
Technology, Bangkok, Thailand, 1996.

[6] R. Satawiriya, Undrained Shear Strength
Anisotropy of Soft Bangkok Clay, Master Thesis,
Chulalongkorn University, Bangkok, 1982.

[71 G. Grimstad, L. Andresen, and H. P. Jostad,
"NGI-ADP: Anisotropic Shear Strength Model
for Clay". International Journal for Numerical and
Analytical Methods in Geomechanics, Vol. 36, pp
483-497,2012.

[8] R. B. J. Brinkgreve, PLAXIS 2D Version 8
Manual. A.A. Balkema Publishers, 2002:
www.plaxis.com.

[9] K. Terzaghi, Theoretical Soil Mechanics, New
York: Wiley, 1943.

[10] E. H. Davis, and J. T. Christian, "Bearing
Capacity of Anisotropic Cohesive Soil". Journal
of Soil Mechanics and Foundation Division, Vol.
97, pp. 753-769, 1971.

[11] S.W. Sloan, “Geotechnical Stability Analysis”.
Géotechnique, Vol. 63(7), pp.531-572. 2013



