UN 13
MMA45LLLSILRAUNBIAY
(Shear Strength of Soil)

&
13.1 iawilnsasil

¢ s A L

NARALIAAN WIANIFTUUTNRDUIRIFN  (Shear Strength of Soil) WNIEDIAIFIFIU

=

1 -:Jn ot S gass = 3 - o A o o o
AannsiRangeganauatnnsniulilenliidt® vieWmane (Faiure) wdnnnsaaiTaliifeiuus

) = [~ o o4 o nﬁ‘ ¥ ﬁﬂl = 1 kN
GourasrwdundnnisdrAnyisaedinz Waldlunanaruaiui snaeduraniI?iun g
vmldnfinonssialugtiuusne]  wssiuiugudridnluniseanuunniiugiAn s giumn

(Foundation ~Engineering) 1% NITAANULLTIUIIN NNIAAPIZHLATLTAINANMNATA  NIT

aanuuuiaseaFafuusafusudng (Lateral earth pressure) maaznanaluunsalyl

laasinlindsfuusa@ewaasdudniinain 3 guuuvssil

1, waaTinasannrdaiuszvanasiamy (Interlocking of Particles)

A o

L' &
2. WiMAEAYY  (Friction) 7euaafuiaulnfudelA w28 RN UL eI as9RIN TN
= =
AR
3. wea@enul (cohesion) sendnefiuiiandnmuedrulugiflunsaainiszalifinlneuss

=Y ﬂg = Qs -3 n::a
THANAZH A LU UANN I FUN DN LN

FepunsanHens g uaaminvdn AR uRAER AL NInndPuErazBERANIn  ANALAaY
TudunmeRsinuaat s NI nuuud 1 wazuuud 2 daunisdaaenluiuuiiuadntlueaunn

anugauui 3 ifudaulugy
d =, o, -
13.1.1 Raulun1s3dhuas Mohr-Coulomb (Mohr-Coulomb Failure Criterion)

Mohr (1900) diauanquffiiaatumdsfiussfauasdiu taafidefusaiauaashud
AN AUMUNEUIIRRUENAn D FEuIUATR  (Failure Plane) ARt wEnTiLnsE e A
lneaniudagouiumionusadeain (Normal stress ¥ae Shearing stress) LAzANANTRIBIAU
(c usz 4) maAPaesAURaRaanusuusedean LazWRaLINRaUgIg AT UITRAILARS

gt 131 (2)
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wiotusidougeganiiudndouiumiseusamain o s2wnliUR  (Failure Plane) 14

AunTAH
7, =f(o) (@M 13.1)

anaun1sd 13.1  dnfuRunarealialudulsinamanfaiuisadsranouindsiune

]
&y

\BaUIDIAUNAIRINENNTIT99  Coulomb  (1776) TaflAwiiunidaausedaugegalaauanadly

stlasannsdumss (linear function) dastalalil

T, = c+0'tan¢‘ (mum&ﬁ 13.2)
weh c = AN cohesion
¢ = zgul,ﬁﬂmmunwlu (angle of intemal friction)
(8] = WUELNUNTZHILIUR (normal stress on the failure plane)
T, = MABLUTRAY (shear strength)

1 A 9 ) ]
FIALUNNTN 13,2 4195uilF8n31 “Mohr-Coulomb failure criterion”

Shear stress, T

g’

0 —

[~

iffective normal stress, o
@ (b)
31/% 13.1 Mohr-Coulomb Tailure criterion

TuAuLLLBNFY (Saturated soil) SNUNTARYY WA MUstuIaiauNA  (total normal

stress) RNanlpgauleAanamuaaulltunliz@ning (effective stress :O") UAzWUIHUNAY

1
o

11 (pore water pressure : u) WuiAa
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oc=0"+u

1 I
aziulddmioeusslszAninananioeusaiATLANNO AN ITUNIR AUATY) Aeuann

A ] Vo 4
aunish 13.2 wrauasolldeulasai
7, =c'+o'tang’ (ANN177 13.3)

A 1 i 1 . { : . . =l (-
Taehan ¢ = @1 cohesion T4lY sand waz inorganic silt dAWVINAL ©
waZluRULLL NC azllA ¢ ~ 0 uazluhuuuy OC sdlAn ¢' > 0
N X , -
¢ = Hmﬂﬂmmﬂuwug’mm@d effective stress (friction angle,

based on effective stress) Fauanalelumnsen 13.1

ANPNA 13.1 UGRIAN ¢ 1asFRuTlincing

Soail type &’ (deg}
Sand: Rounded grains

Loose 27-30
Medijum 30-35
Dense 35-38
Sand: Angular grains

Loose 30-35
Medium 35-40
Dense 4045
Gravel with some sand 34-48
Silty 2635

aInauNTh 13.2 wazannsh 13.3  luannisuguuansaIudRusssudnamio

LIIBOUGIAALATMUIELINIRIN o 4ma1iE Tasuandliifiusindunsvigd 13.1 (b) Gand

{
=5 = 1 =

v
Wi1aLAN99UF (Fallure envelope) Befuusazaiaiazlimiiaui

o e o

13.1.2  wuldura4ss LN AR NLFLAaY (inclination of the plane of Failure
Caused by Shear)

AINANATEURTY Mohr-Coulomb  failure criterion  S1RANTEUNAAEUNTINAALLIANNG

Whwudrazansodsuldet lugtlaesmdbiausaudn (Principle stress) 18 anngl#l 13.3 uams

UG
Qy @ adm B |

Wilwdunmwaauaanisitd®  (Failure  envelope)  1asiauazAtRfsediacsnanrasnas

] 1
ey AR

(Mohr's circle) dnfariuidunsmaauam i 44 o qpfudall (3a d) Aadluwicausd

q

stUMIATR  WeRINgA e AEAAENALIETIIIL AgnudafiAnntes de  mefiAn1eed
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aJI o  ar o <t =
UNN 13 NIRITULTIBALABIAL

71/

szununsTRTwes TnefszunuresndiiFasioyd 0 fuszuiuaemiausuanAsLanasa

N 13.2
ITANNNTOUNRRITINN bad = 20 = 90 + ¢’ vTe
) = 45 + % (@NN15% 13.4)

anglf 13.3 szl

ad _ 4

— = sing {&UN15N 13.5)

a

i~ (@NN199 13.6 (a))

fa  =f0+ Oa=c'cotg'+
(@NN159 13.6 (b))

LA E = G_li
2
\ = | = W
UARANANNISY 13.6 (a) WATEANNITN 13.6 (b) asluaunish 13.5 qzlé
c,'-o,'
sing’ = 2 v}
1 1 O-l +O—3
c'cotg'+——
Wae o =g Lysing’ ’ ﬂ (@unnsh 13.7)
1-sing’ 1-sing’
atalsfim
1 + sin ¢' '
ﬂ =, tan? (45+£)
1 —sing' 2
LAY
08P an s L)
1 —sing' 2
azlé
(@1N13% 13.8)

o' =o! tan® 45+(i +2¢ tan 45+ﬂ
1 3 2 2
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L

t:il = -

UNA 13 NNAIFULIURDWIBIF
v [ ] & 1

fariannaunisd 13.8 Weath U 1Flunsdiveenuiausaianun (total stress) MINFEN b6

¢ uay ¢ azld

o, =0, tan’ [45+%)+2ctan(45+§) (ﬂumﬁ‘ﬁl 13.9)

8/ 2 3’1 = /dl 1 %” o
mﬂﬂumﬂumamumumﬂ@mlmm ang mmmmmmmwmﬂﬂuﬁ‘:mwan

~ & Y o | a
(major principal plane) emzmwﬁﬂummm@lmmnmnw 11 widasuse lunoasu (Stress in

Soil mass) waziEI@MNsoMIszUL EF M@nsnaduandliiulugli 13.2 deaztinlullunas

WAANINTAT AR L

71 13.2 szUUMAN (Major principle plane) WAzTTUILTIBNISILRA (Failure plane) 1847

h

= ¢’ lan &'
d

L«,’
;"L Shear stress
Q L.

0"3 a g
Effective normal stress

o

717 13.3 24nana83 Mohr uazl§uaLIIRNIT31R (Failure envelop)
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13.1.3 NTNAFBUNIRITULS IADULDIAULLIIATHAUIUNIFTSUIEUN

lwrLIunMegeuNTBeuiet19Ry  antrnireruneun lursuiensdauaiinasa

© o = d'v 1 8 dJ = ra{ &s %’ ] ar nh:‘i' = 1 =4 o

fndndausasdundnald Tennsdmafilfainanunisszunaunsnaiuasdigaiun limieusiu
wazn g unmestigmiishaiu Teatmasowanndymide

b b

- fywatssnineesduludasnady —  asldwimfwesuouliszeieun

{Unconsolidated Undrained)
E2
- Hywiadasningesiuludoasatens —  agldwimilivefuuuszoiein

{Consoclidated Drained)

nsvaaeuRdIFLssRauInIALuLNNIUINMTT e i 3 guuuRe

3
1 navegauuulissnnei (Unconsolidated Undrained Test ; UU Test)
L0 1 3
Tunisedauaz lidiinislifinseunseanainuiamulid e dunauni s Ren
- 2
ANEITN WIRTUAAUNISIAAUNNIARALRIENTN 13
1 3
2. NMSVARDLLLLNINNSIZLNEEN (Consolidated Undrained Test : CU Test)
1 t 4 b7
NI ARALLLUAINITIE IRz A e NS LN AANNISI NUIRRLA L
papnauiazinlurusunsdnluAseuuniaaean  SuweneANdn g aneem
as 2;’ =y 3 91%’ BJA 1 = o o/ ’0" 3 g,
saartdnazitiasima liunszunaeenlfillansladniugasmeain ntauysniudn
ANAINAIUEI B NIRAURWAI BENANTEN IR
LY
3. NMedaLuLUTELNewR (Consclidated Drained Test; CD Test)
= s bd? = h-%
NINARBLAZITAS A TN RN LNHRaNa NN ARUIARARAIAT  LAEANS

¥ o ¢ a iy < g e U a o =
wmﬂ’auﬁi:m’mﬂﬁ*zmﬂfzﬂ’ﬂﬁlﬁ"m"m’( L'W‘ﬂrl,uﬂqqumuu’\mLWNT“IUN?@@HH.’N%NH@EI

U

FIARALIAN

13.1.4 mesneaasiudaslfinmedrusummulsiunsmaiiaais saau

(Laboratory Test For Determination of Shear Strength Parameters)

nenaaaunIniiarnaaziNendunmeauannisiT®  (Mohr envelope) WazaauAls
PRINNAINTURBURMFURY (Parameters of Shear Strength) TININARBUNIRAFULINEDUTES

- | easd as 1 él’:‘l
AuilvanefsAanalUtiAe
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1. psnedeuLLLNTITidauiaeAse (Direct Shear Test)
2. NIVARBULULSLUINERASNNLNY (Triaxial Test)

3. NINARBULLLEUWS B ALNLFER {(Unconfined compression test)

or &1 o - = = ol as
uastlaiingnadauNaeFuLsuRauluauINgn 2 TEAneil
1. mswm@uimaiﬁﬂuﬁmmmgm (Vane shear test)

2. NINAAKBUNIINERINNIRTFIU (Standard Penetration test)

Jansnaneuuuy  Triexia  asdunlnuuindige  wszaranaesantiznimeaeuls
IndiReeivanwessuanfinign  diunimmeaeunuuusdpunuagiazinlfianizRumiles
] :’; = 3 = t=‘iI I o o ] £ = ar 1
Wi daunimesaulunipsunaitefnsanlifieuiudetuimeaey feinTsunIudaadt
teenddaifiaufunimeaauluteslfizFinmslsenimasetuunluaunuaznanotwaden

luunaeanastanzdnsiany (Subsoil Exploration) fialyl
-13.1.4.1 napaauuuUni2idauinemss (Direct Shear Test)

dunismaseunuumsdausiiatnapiuniuisglungas (shear box) sewassliiulugly

13.4 uazgln 135 wanwaerasdannaaunsiaeulnemnse AnwusiuaTaasnnalnegd

| R o 1o A :J/ qHI A N = d' -] o 9 = L . )
@qﬁfq]ﬂﬂﬁﬁ]@ﬂ%ﬂu‘ﬂdﬂ]u“ﬂuﬂu@’]uqﬁ‘ﬂLﬂﬂﬂuﬂiﬁﬂ’lNLLﬁ\?L’Q’ﬂ‘l«l‘ﬂﬂﬁ‘:‘ﬂ’] m”Lummmwaulummum
ez UEU
Normal force
" Loading
plate

Porous stone

Shear
force

{  Shear box

Porous stone

U 13.4 weunwLARINNINRARL Direct shear
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] -

AAaY Direct shear

= ar 1 1 9 1 g as L= 1 dla/ v

n1snedavazsireusiesilunany Wldutaaimin  wEeanUuA NRGeInITuaINIT
Ly W

Tusansznidesiaasel 2 dunel AanaslimiaglsafieainnIznaAesies1efy (Consolidation

1y
Stage) waznslvvuoewsBewiufioeene (Shearing Stage) ANINAGBLATAINITONI VMUY

v o B
Talazunenin {Undrained Test) PIALLLILITZLNEINN (Drained Test) uANIMNAGRLLLLITLEHUNAY

] v a P - a % 1 TN P = L ar %’
M lfauInaseunuuuszunsiuinndn s ldfun muukivegey oA ALl
w39 (pore water pressure) i 0 2EAABALIAN A lmidnensasin  Gotal stress) HAN
bl Fa
wduuiaussss@nsua (effective stress) daupumianaznaaevinasiasldniaausafieanii
Vi Wwelddungesalagnisdaiaonaietin (Consolidation) ldunnfign aintuaziaaulntnng

2 ar ot dlix d!l 19 L = s %’ = é’ 1 2’/ dw
GL‘HLLNQWEW?’W]‘DWN”IH"I Lw'ahfLmnmLmmummumumulrs’ﬂui:mﬂwumﬂuu

nanegavinaldnsie (sand) un13vedey 1AERINANTNARBIAINITONIAT UWILLIS
LARNANNNT A9
Normal Force

O = Normal Stress = - - (ﬂuma‘ﬁ 13.10)
Cross-section area of the specimen

wazutazusaFuluLIndey (resisting shear stress) @unsnunldaingunis
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Resistant Shear Force

: _ (Aann139 13.11)
Cross-section area of the specimen

T = Shear Stress =

Tomang% 156  aufuduaasmendenmiosusagan  (Shear  Stress)  fiunag
WaguUUa199A2880e (change in the height of the specimen) uwazAUANTUSIZUING
' P ar dj Qs . n:ﬁl = P oar 1 cgd’

WIEUTURDY (shear stress) AUNMTAREUE (displacement) Ta1msnasLNelsdemalLiil
] Qr & ) =4 cj I 9,
ARNRINTFNUNIuEaLsIgauTIDIna e ag luan e (Loose sand) Usznaudioe

usndanuszudndapuatnafen  donaemaenegluan s (Dense sand)  axilus
1 9 %

Interlocking  seuinailmRuRNIuInN IR li AN “Peak shear strength® WHENAN displacement

dufinmusielt] Interlocking  azgninanuaMATANSMUNINRBLTUBUTaTAaR M ALAR AN

Indipsadungienaan (Loose sand) FENAIMIRSUNILISAREN 14 qauIN “Ultimate shear

strength”

Shear smress

a oA 223 i

Shear displacement

Expansian

Change in height
of specimen

Compression

. Lodsesand
7L 13.6 Ngezudna shear stress WAZNTLLUREULLIBIAIINGITIBIFIDENS

i shear displacement 81U FLAUNIVEURINTLIG LAZAUNTIRLHUTLE

FAaTUSIAZANIT MR AR F IR AN AT LLSREY (Shear Strength parameters) ¥#a

Wuraumn1sdR (Failure Envelope) Tnsimnsindwuneusa@an Ultimate (Uttimate shear

Stress ; T, Aeawulelsasiaan (Normal Stress ; G) lunsl dry sand P1CG = G
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ot :’/ [ >4 i 1 =4 as 1 = .
FAUUAZLT N ITNADRTZNT NUUIELTURDY ALUUNEWTNs=RVEnNa  (effective  stress

G U

Taafidn T, amasunldangunis

T, =0c'tang’ (@un15h 13.12)

I3
= 1

§9A0 ¢ 189 dry sand Fewidu 0 uszAigu@aaniuniely  (friction  angle)

L7
#1709 LA NAaNN13IadAITH A AT U A LA LRTIAR

AN, o
$=tan” | — (AuN19n 13.13)

f

pavasansmldangln 137 wilunsdlfiualin in-situ saldnatauiudaannuniieueg

o o

w1 A o ensazlidugud Teeazatuisauildainansinaednsan Failure Envelope Aidmfiu
LNW y 189

g’ (Ivin®

0 :
200 10 20 30 40

s
=)

Shear stress, T (kN/N2)
=

0 50 1049 150 200 250 300
Eifective normal siress. o' (kN/m?)

9119 13.7 N9MAINIIN T8 SRR AT ULTURE UA MU RUNT I LT

a

A
nl#ann1vmaad Direct shear test

¥ ,‘ c s = ql o’

#IUNITVARALUKLILTZUNENY  (Drained Direct Shear Test) fuazldd@uivfududo
(Saturated Soil) AsazldAFAnaN A TsiuTEsazatunsnat L liRe  Auasuiivaandluasy
#imAa Normally consolidated clays Al Over-consolidated clays lasinsaW7naamsEning

WIBLSIRaN  (Shearing Stress) UMW LINUsZAVTHA (effective stress) AxANaMUAILAALNY

PIREY:
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-

Qverconsolidated clay
=o'+ o'an g’
(c'#0)

Shear slress at failure

Normally consolidated clay
= o'an g (=0

P —
»

T

Effective normal stress, o

L ) [

7111 13.8 Wuaauan3 iR wiuAumilaanldainnismasas Direct shear UULsELNEUN

1 kT 1

A1ngiln 13.8 dwranlaansith (Failure Envelope) 189Ruiagestinagumnsnaiuie
ngazdiuldidndn ¢ weshnalla Over-consolidated  clays  azfiAMdInndn Normally
i dbI [ dl 1 b2 [T "2 nil 1 ] 1 =Y =
consolidated clays  mawdunannaanuar ludiadeNd uungn “An ¢ 289AUNUL NG /=3

Ardszanmuguduasen o 18RuLLL OC AzilAmInndaue”

-13.1.4.1.1 fafuazdadeaaanimmasauwuiunsueuinumse (Direct shear test)
173

TpannmepgaunLufunsudaulnemse  (Direct shear test) URdeAuLazdalde
garalylil

v

Aan

- NN9VRAAUNT IAHLATETAIN PINTINITUARINANIINARALN LT

priy I A . Ll , = o Hyea a
- eresfelunaesiaflananeanmudlidunn - namagauseaiuieanléiialadn
v &
aziflunisszivein (Drained Test) wWialdsznen (Undraincd Test)
= A s Qs &= i i
- AT wnnzaniunIsaReuiUAUNIBuse  (Dry  sand)  Aneagauly
v

ANBOUEITUNEYN (Drained Test)

- wraslam A gNNdINIIMaGaLLLLILNE AANINY (Triaxial Test)

4

YRLAE

w
(-

- aznsuaMazhlauRennzan ATy anusonmuaniezauiaunasia

AEATTRLA

q

&
- AMIRAYNANINTERINS AN AR LT lARILNN
- NITAYLANAINANLY TunsnaaaunleeIn R9uNnEiuNIIAAULLLSTLNY
W
WININNTT

=Y

- szunumsTTRgnaituue e luwuasmuienasslildssunufisauuaigai Li
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] ]
= ir ar 1

- AuAntFalus s i NN NeEaL AXAANEIEALINIRINNITREY WA lHAINTaNN

o9 9

eat  49r

Ruduihdanutla (Corrected area) laaesimaldiuniutisnsn  lunisanuans
-s' i 1 1 1% o
Tea1a A il gnitaain
- wihtisuReauasfinliadanenaannisilasuidas  (deformation) M09

WWATLAAAATLA 13.9

608

)

o 400

Shear stress (KN
Shear stress (lb/in?)

~
=g
=

Horizontal defermation

. %
Dimension of specimen in the direction of shear force
&

g1 13.9 nangnegay Direct shear wuuszinsduuiumiiaonuy OC

-13.1.4.1.2 Auuzindinlilaee Direct Shear Test (General Comment on Direct

Shear Test)

Tuflysaesniseanuungiusnie] Ul vildluduwdedlyuiluntsmdyudaani

. . ] = ar ol i ir ) A { os
(angle of friction) ?zm’Nmunmamﬁhnaﬂ%‘wgm?’m (agin 13.10) %m@mmg’mﬂﬂﬂ’m:

q

1
O ar o 4

Wupaunds, wan vidald Audumdefuusafay (Shear Strength) AREAAIITNENITBIRNT

ANanuTZ1INg ﬁuﬁugmmnmmmmlﬁmn

t,=c,+0'tand (@un13d 13.14)
Toedl ¢ = dmsBianiz (adhesion)
o = yuBuanulsrBvEnassudnefuniudanildvingausin(efective angle

of Friction between the soil and the foundation Materials)
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Foundation
niaterial

<—— Interface

7171 13.10 Pndudasyudrsdanaldingausan A

q

fmsunns e fiiuniluannisd 13,14 anungnunliannnisneaes Direct shear
Test rﬁ’mmmmugﬂﬁ 13.11 ﬁﬁla@zﬁmﬁq5’@qﬁllﬁ’ﬁqgﬁusﬁﬂmldmwﬂdmré’\“mﬂ'w (bottom
part of the direct shear box) Az AL RN T N AR ee AT naNaA AT
A7 tan © ANANNITR 13.14 UdININIUNUAIMY Relative Density (D, ) uazAIARINEIUTE99

i ﬁil 12 - r-'J ¥ ] g’r
(Void Ratio;e) mugﬂw 13.12 WARBANTLNIR O = 100 kN/m® (14.5 Ibnnz) W14

Normal force

Shear
force

UM 13.11 uamInsmAasy Direct Shear #l4MIAN Interface friction angle
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Relative density, D, (%)

n 100 75 50 25
2 ‘ T
Nm.'m al stress
¢'= 100 kN/m?
Lo U (145 bind) T
08 e - oo - +
Do g | Sand
'lf.? RS =l
Z T ! Concrete
= 0.6 N
= f T
= Wood
(U P AN ;
Bt “on PN _i 1
‘ Stee]
0.2 .
€rin = (.51 Cane = 0.716
A
0l | : i :
2.0 1.9 1.8 1.7 1.6 1.5 1.4 1.3

lie

A 1 dl 1 1 dl
719 13.12 wapee tang’ or tand Nen 1/e s 7 o =100*’C1"%?2

-13.1.4.2 NMINARAUBLULLNSARINILNL (Triaxial Test)

]
=

aod o s = o oA o Ao
nsneagud sl udinlonnnngaluiaqi iiasonlinanmmaagsiiizananiniign
k4 1 v
n1sagaudsiassoin lEfufuynalia waznnantwmsszuginlunimesey (isluiuy VU

Test, CU Test, CD Test) Awnl¥ntmmasaudaninlndiReeiuaningssuanpunnfign anwne

wisnsllanianaaeunanslugli 13.13
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Axial load

Air release ,!L ]
Loading ram

valve ™ { [

Rubber
ring L~ Top cap

: - Porous disc
Specimen enclosed
\~ in a rubher

Water
menmbrane

\__\

Flexible tube

i - ;
i - N | : Porous disc
> 4 :

Sealing ring

To cell pressure control

G‘; Qj
Connections for drainage or
POTE PrEssure measurement

JUR 13.13 ununnuansgLfinaadn1snARRLLLIL Triaxial Test

RIngUmaetmiiduginsanszuaniuinanugidssnn. 2 whasadudu

k4
& =y

o dll ar 1 d’ i L7 dl o ar L o= A =3
AULINANY “JNﬂQﬂﬂqﬂuquﬂuWJﬂﬂ’N“ﬂﬂz[F"]'E‘NQH‘I/J;NﬂQF;IQQF;I’N"N@ﬁ‘ﬂG]QEIEIW\?T@I‘HLLMM@HVI WU

dl g & 1 ar 1 dl v’ ?; o« 1 !
wguntsynuiuUuasdaTaiiedng  alfainisoszinaiaanainsinasnala lusyndng

nsnavagayiaeazfisnuseesnty uwardanduduimpouguet namaseutuwsnsesliausiu

L
=  ar

79U (Confining pressure ; G,) wiAwead9fulasALANIBIAAIENATARNNAL T4TY

b1 P v b
naulliFandndunaun e aRaAIetn (Consolidation Stage) annfuazideudusietalinauninfiy

B Aunsziaieamits (AG,)

1 1 v
WSANARINLUILAY (Deviator Stress | AG,) TefazliiAnGy
v

=

. . , B : - » , .
Trafipsnusulnaseusulinaen TnadunsuilFundndunaunisiaen (Shearing Stage) Wi

ABWUIEILIATNWLILAY (W AaTRNAWINAL O, +(AG,),

v t
fay wieusa&nfianniign  (Major Principal Stress) AauWI8LaamNNLWILNUEAT

[ < i ( <4 -:l’ -1 T 1 o -=ll 8 =]
Wi o, HAG,), Wawindmdisusadeu o seuuidugud wazwdiausudniesiga

(Minor Principal Stress) Aawdasusanssnifinszinseunanszuansetamuilaniity G,
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-13.1.4.2.1 AMINARBLULLTZUNEIN (Consolidated-Drained Triaxial Test ; CD Test)

ol = ar 1 I=J ]
lunsid CD  Test  1Bumsaasdusisatnazilaeuuladllluszudenimeney  uae
winawedindsuusageuasldeanuiaglugUmisousssz@nnanindy. Wesnnisvaaey

wiuilazimanuiuindugudnesnnan  whaussdussdarhiomdieustss@nias  nng

ar o

nagavazlfiaousulaesaufuandlugdn 13.14 (Confining pressure ; G,) fuscotigAuLA

a9

sRauNeziamNAUdn (u) MReTuszinaeeniung TasazwudnApNAunAiRuaw (u) 3

L4
AuLsdunuanuAulaesey (Confining pressure) AMH&NNNTAIN

uc T
5= o, (84n199 13,15)
fmef B = wisimesAnNsutnges Skempton (1954) Aaugmelumngneh  13.2

{Skempton's pore pressure parémeters)

(W (&)

A &’ i
51 13.14 CD Test lunevnaae Triaxial (a) sivatinenials confining pressure

(b) nsladdn1dues deviator stress

PTG 13,2 A1 B HORUEANTENFDLAIULNIENATLTIAYE A

Theoretical
Type of soil value
Normally consolidated solt clay 0.9998
Lightly overconsolidated soft clays and silts (0.9988
Overconsolidated stiff clays and sands 0.9877

Very dense sands and very stiff clays at high
confining pressures 0.9130
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wilpeinltiudadnsuRumiisndaudntn (Saturated soft soils) B azflAniszuins 1.0
TuanuRsuwileoudedusin (Saturated stiff soils) B AazdiAtdszunnuiasndn 1.0 lepazidiy
THannmneed 13.2

1 i v b3 1 1
anthudaunlupuszunseanaunnerAuuan  IBuRsIassuiianas  (Av)  miunand
=al 5 = q’/ d! =II o 1 -dl = d‘a" as as g
WnTuauianszisa e unmremulduldeulsireaanduganszuaunisdasiamen

fauasadagli 1315 (a) anduasiinioeussninuuouny (Deviator Stress) Fradmnsiiidne
i ) - I B

' . ¥ e .
daldimuduin (A Adetuiveauilszineeanauiieudagnsannat (Au, = 0) TuRa

Q o gi’ 2]
dnFunisneasuuiuiiayladn
WUIBLSIANIINLSZAN NS (total and effective confining stress)
g, =0} (ANN159 13.16)

LRSS

Wi'nf;lui‘\‘l’é'mmuﬂﬁ‘xa‘lﬁmﬂﬁ@ﬁaﬁa (total and effective axial stress at failure)

o, +(Ao,), =0, =0 (@NN159 13.17)
Tneif
G, = major principal effective stress at failure
O, = minor principal effective stress at faiiure
G, = Confining Pressure 7itdidnlil

(Ac,), = whausanamuwuawny a4 209175 (Deviator stress at failure)
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AV,
Compression Expansion

Aog

(5) Axial strain () Axial strain

AV
Compression Expansion

Cormpression Expansion

(@ (e)
A { s 1 ol .
517 13.15 CD Test (a) MafaanulauBuinsaefoatnsainnisila confining pressure

(b)  FWaunseLINe deviator stress AU axial strain AIWFLRUNTIEURIN
uAZAUMTEqULL NC clay () @eunsvszndnd deviator stress iU axial
strain &19FufunTaude wazfwuiaouuy OC clay (d) sl Aeulas
Rnaslusunseuan wazduviaouuu NC clay ilald deviator stress 14
11 (o) nsilaanlasBumnslufunse iy wasdum s oc clay e

14 deviator stress 11l

4 E— .
TR 1315 (o) AANINREAUNELIINARINLUIUNY  (Deviator Stress) ugiueq

AINWETEANNUUARNS (strain in the verlical direction) 2B9AMNIIEURIHIRSAIUWLL NC Clay

:J <A o 1 . <l
s 13.15 (c) AenewRemMIREusaNARINUWILNY (Deviator Stress) luglaBapaINLATEANIG
WiIFe  (Strain in the vertical direction) 2BdRUNIIELULLATAULLY OC Clay Imegilnig

whawaraulafudeldiuussarnsauansidiiulugli 13.16
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J SumTIEnaIN . Funinaiin
7U7 13.16 uwuatsasnisirdausnaauda il IWussdniuAunsavan wasRunsanuy

1

INFDENAUAZTINNIMAZAUMLINIAUBIAINUAUIATFIY  (Confining  Pressure) 9
1 ar 1 a A & s k4 13 = = 2= g B i
wansafunane A Teednfideldanuausaudunnniy AusrgnisawlitiRsmaniinus
) . 5 o Il 1 1
AINBIILNY  (Deviator Stress) ndudaanslugld 1817 wazgl® 1318 Teainusnig

NAABLRLAINTAI AeNaNTanaflAvanene  uasiduaauanifTEul aannisan nidududa

Taedsznanifuaenantasnas Teaaursoutaaantéity 2 nsdiRa

13.1.4.2.1.1 NINAUNTBUARUIMTEIULUE AL NR (sand and Normally
consolidated clay)

NgUf 1317 waselesrUILYELWANIGAUR (Failure envelope) WAZAINYN ¢ 191

R =

§ ar
ANNT0%Y principal plane aingunis 6 = 45 +% sranuaeIn1TUmRd Ul naNnng

7, =0'tang’ (@NN159 13.18)

Effective
stress failuee
euvelope

Tr=o'tan '

Shear stress

Gy =0 o =09
Normal stress
J— (A6,) >
[Py —

1:1 1 Y o qas %
U9 13.17 udteusalseAvERauussuIUNISI TRAINNIMARB LI LLTSUNEUN LIUNGIE KAy NC

clay
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-13.1.4.2.1.2 neeiaumilaouuusawduiudng (Over-consolidated clay)

g 1318 UAAITNILIIUNTGINRA (Failure envelope) Teaziiudnaziiin Slope @89

9aART9 ab WAZT be leedaarae ab azfly Slope vevludaeiiiAn cohesion (¢) #An

1 g
= o &

fuunuy f9m a Aellanniszasindeaiuusaideanda

Tf-

=¢'+0'tan g (AuA"37 13.19)
uazlugaerae be azifly slope Ruamddfidiurasfuludas Normally consolidated 4

Wildpuguinissana bl

T, =c'tang’

v
FaUIEUILNNTITR  (Failure envelope) RefigeauuuAaludisnas Over-consolidated

uaziudaeaaa Normally consolidated

b
f Nornally
Overconselidated J_ consolidated .
S [ — :
5
¥
b
5] b
=
" |
}
|
¥ !
o) &) i
) t l
E |
¥ i
ghy=ay 5 =0 o,

Normal stress

517 13.18 wisawslszRVENAUNTZWIUNTSITRRINNIINARALILLLSZUNEUN LY OC clay

1 o 2 o ] =1 ar ¢ o L T | = =
MMInAsaLLULszUstnna s matdu wreaialtudiandduiusumiaoniauy

Fnlinne nmamegevAslifuiiansninlunia§im
-13.1.4.2.2 ManpaguLLUNNIzLneLn (Consolidated-Undrained Triaxial Test ; CU Test)

i dy 1] ey =} o o % '3 9 =4 = ql 1
ﬂ’ﬁ“ﬂfﬂﬁ‘ﬂ'LILLUUH’Q:ﬂﬂﬂHI‘V]ﬂHNﬂqi‘@@ﬁmﬂ’]ﬂu’ﬁﬂﬂﬂﬂyﬁ‘m udraaaulaunisiinmia

, v ¥4 X )
USIAINLUILNY (Diviator stress ; AG,) Tegldfinasszunaannuduinidicay (Au,) aunseiie



d e e -
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'

= o g}z ar ¥ P ¥ z ar 1 oo X .
Asre  (AG), Anlupnuduiadindy AUy  Haulsdumundoaussmifindy  (Deviator

Stress)
T = 24 r
Ao, (ANN13N 13.20)
e 4 = wisAwmafAuAulnges Skempton (1954)

(Skempton’s pore pressure parameter)

TnafNqndriR (At Failure) Avwnsfieefaudud (4) amnsndauldlae

- (Aud)f

4 =4,= (@unnsh 13.21)
(Ao'd)f

3
=5 ]

= T = s = D - | ;l,
TetoeLndaes 4 veshuvanaailadAnsssialili

0.5 04 1.0

- Normally Consolidated clays

05 T4 0.0

- Over-consolidated clays

LATRINNTO WA A LARINANSNT 13.3

FN9 97 13.3 WA fmas 4,

Aunelugninuaniuan 2.0-3.0
At luan nudulunane 0-1.0
Aunstluaninruuuan -03-0
s - w

Aumiiuafenulonin 15-25
s, -l ilyins ( - " .
Auwtsandawdling 0.5-1.3
R -J e ] e - o v
Adwiludiidawwiwbsnmdngen | 0.3-07
- =l vni - - -
fuwilinaigawbunudsndisan -0.5-0

iU NAM LA RN T U T WRaUN TR A MILAUNANANN Wia Rl NE ALY
=y 1 (=1 o 1 - o i A
Unflazidnduuanauszaznisgused iy dwandlugld 1319 (6 TupnuEAnTlaesAny
1l Y = n!'w 1 = Y s % dl =: &' = =1 1 g = [~]
neey wsaRuwieRdalnul nRR N suamANTuasHATunanlwudanen waaATY

1 [ dl -2 | 'Y ﬂ:ll c!l d' ar [ dl
avlutrandsilesannaygniadaduiiualdunasieaeunaanainiu fauanslugldn 13.19 (g)
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AGy

Axial strain

(<

Acd

Axial strain

{c)

AV,
Compression Expansion

Ay

t)

{e) (&

;;ﬂ‘ﬁ' 13.19 CU Test (a) sivatnanialsinisld confining pressure winld (b) Asifaeutla
3unAsaa9fantneannisild confining pressure (c) u@minield deviator
stress (d)  WRILNTANTZUIN deviator stress NU axial strain A1 WFLAUNTE
WA WATARWTHEAWLL NC clay (e) @eunswsywdna deviator stress AU
axial strain AFURUNTIBUIY LasRuwliaauuy OC clay (f) WaRINTIHAN
nsilBeitlasaes pore water pressure iy axial strain @NUSLAUNTIEURIN
warAuuiiauuy NC clay () s sHAINTasaT9a pore water
pressure AU axial strain @1FUAUNTIEULL uasAuUiaauuL OC clay (e)

Imﬂgﬂﬁ 13,19 (a) WAAIDNNNTIEANNALIALAIY (Chamber confining pressure) gﬂﬁ

13.19 (b) Lmmﬁqmﬁ‘m%’iﬂwd,ﬂmﬁmmmmﬁu‘ﬁ'amm (Av) mmmﬁllﬁu%’u gﬂﬁ' 13.19 (c)
AONNIANVLALISATNLLILNY (Deviator Stress) gﬂ'ﬁ 13.19 (d) ABNITWABAUUIELTNNAMN

WWILNU (Deviator Stress) HILMA9ATNLATUAN NUUIAITIBNAUNTIENAIN (loose sand) UAZ
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AULLL NC Clay g 13,19 (e} AaniswAamMineuNAINELILNY (Deviator Stress) lugdl

YRIAYNNLATE AN ALIBIRUNTELUL (dense sand) WazAuLLY OC Clay

= & v
TansnagaunuUiay e

nm

o o
Major principal stress #qAati# (total) =0'3+(Aad)f =0, (®1N159 13.22)

o ass

Major principal stress #a AALR (effective) = o, —-(Aud)/. =0 (ANN199 13.23)

= aas

Minor principal stress %mu (total) =0, (RUNNTN 13.24)

S gas

Minor principal stress “ﬁ’ﬂmu (effective) = o, —(Aun, )f =0 (ANN199 13.25)

FaptihamuiaziumeagauiaruadesANuAusaL AU fuuse A1 Gaeanig
nageLAzFNITanANnaN1as Mohr Wi lusdaeswiseusssan (ananduiivlugl® 13.20)
wazusosusatlss@nas  (wnsmduilsslugdi  13.20) uamdureuwnrednsIlE  (Failure

envelope) g ldannisanndududalosszuinufusananaes Mohr

Effective stress
Lulmc envelope —
cy= G tan ¢ \‘ S‘P

Tatul stress
failure envelope
=0 tand

Shear stress

12
07 G ¢y 6
= b
('ﬁ”ff)f (Aud)f

Normal stress

2919 13.20 WUIBHIIINLAZWUIEILTSERNBHANIZUILNTITIR 411U CU Triaxial Test

U

=

a1ngd® 13.20 T (Auy), = AuAtinneanR Aaduacls

o, -0,=0 -0} (#NN"97 13.26)

4 < . :
Teausouandliiiulugl 13.20 duey
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- 13.1.4.2.21 naolpunauasiuwienuuusauiuln®  (Sand  and  Normally

Consoclidated Clays)

Autszinnilazlsidan Cohesion (C) R lFaNNITT80EUTTUILLAINTIL LTI UAN NG
r, =ctang (@1N199 13.27)

heh o =
¢ =y

“consolidated-undrained angle of shearing resistance”

WHILWTNTIH (total Stress)
juhqsRresnanusesannssinfiudy  normal stress  wiai3nd

< ] = o e i’, 1 1
angilaziiulifantsfissuunisdiineaeddugloeanicausesen  wezluglaemioeiug
= a o gen . T o o 4
UseBnBraRainliszuiuntsitR (Failure Envelope) Heasauiuasdinasilugln 13.20 3

AINTTUNLUIRINFTLIB {Failure Envelope) YBINTENULQEILTIUTERNERARNANNT

7, =o' tan g Uuazivhivannslunstl €D Test Tugh 13.17 duias
-13.1.4.2.2.2 nsfimunilenniuapudiiuln® (Over-consolidated Clay)

netifnutuiisswiuntsitFiluglaesviisausasnainnsouandidinlugd  13.201 @9

W a'b' 8aN17auandlARINaNNOg
7, =c+oiang, (@170 13.28)

warludu b o' aniiulumnaonduiuiluaunis® 1327 Tagwnsauanaliiiulugy

N 13.20.1 1w

TJ'"—'-'{.‘"PO'I.}!H 4

Shear stress

Y

!
+

&
Normuit strass

917 13.20.1 wdeiugeraniiszununsath Taeldannnismaaas CU Test 10fuuuy OC Clay
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nMMmAgeLWLL CU Test Hazldwandeundnuuusyunesdn (CD Test) aaduiiiew
wnndr  wmmzannsans umafuusa@euluglaasnbeusilssdvinalddumaeiuiy - CD
£
Test uenanifmauiidfuusaiaulnegivesmbsusmudndon  Aseunsodnlldanls
2 ]
ndrendn
-13.1.4.2.3 nManagaukuLldszinasin (Unconsolidated-Undrained Triaxial Test; UU

Test)

nvaaeuls s iinisrstnsineana N eI RARRATLIUANTNAADY A9ANNTaNN IS
J . vl . Ak Ny ™ . . ¥
w@mmwmuuwLﬂmm'l.wﬂfmwmﬂ@u () HIRNAMNABUNA AR LT 29NTEARIATEIN (u)
wazAuAuaAnaNludmaden (Au) s deaaslugunim 13.29

u =u,+ Ay, (Axn15H 13.29)
fasTuRIngunIsd 13.16 uazaNmsh 13.20 uazan u, = Bo, , Au, = AAc, Waaazld

u = Bo, +2AO'J = Bo, +"A7(cr1 —0'3) (@un199 13.30)

o pasy

manaaauuLiazifidusaninanisiis (Faiure Envelope) iludunsandyuidaani

N
el (4) whiugud  uazindeiuusadeuluglaesidaeusunldssngtn - (Undrained

=

shear strength ; ¢,) Wawinwmzdazlinbausmnamuuiauny o TR (Ac,), fR1

wirAuynwnanaas Mohr lddnazldwiaansaseusing (Confining Pressure) awnawinlugfinna

pauamesagli 13.21

y
i

Tolal iptrc::s;

Mohr's circles
at Tuilure e,

‘
Shear stress

/ \ T Failure emvelope & = [
=, e

G3 Gy Gy Oy Ty G
Normal stress
1

717 13.21 MILUNIMLIUNNANTES Mohr NeeuunsailiR (¢ =0) Galdan

1Y

NINASBIRLIL UU Test UuBTnnuwdunansisauysal
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AnaNNITR 13.9 E1F ¢ =0 udrazld

. =C=C (ﬂuﬂ’]ﬁ‘ﬁ 1331)

a qs

Toe® ¢ = Adefuuraauuuvlissunesinteazdanvinfuialiaasosnanaas Mohr
(Undrained Shear Strength and is equal to the radius of the Mohr's

Circle)

gl 1822 farsonmageng P TeeldFuusssusandiu (Confining  Pressure)

= aan U

| e el K @ P o o H - Yo
NITAM| 03 Iﬂﬂlﬂuﬂq?i‘zﬂqﬂuq@@ﬂm'JﬂLﬁJﬂNﬂq?ﬂmﬂ'lﬂqﬂuqtmﬂﬂﬂuu?m AIMNUULRAUIUILIFIAIE

=

USMANTHAMHUWINNY (Added axial stress) Wity (AG,), Iaeldinsssuieun wufiAe
o= o, +(AC’¢),J-(A%),~ =0, —(Au,), (@unns 13.32)
Haz

o} =0y =(bu,), (@Nn13% 13.33)

waziilafansunsioneng R Zeldfuniinusafusaudng (Confining Pressure) Wil O,

v ¥ v Ny o e 4 - FARPP Y | o 3
Tneliiinagsznatiaansos  RelnmsdafamaitlasanysalRandulfifinmioe s e LAY

. S AAR AP Lt '

T Ao, Ieeldfinsszingin Mudessiaududniuswdly Ao, iy Ao, tesann B
o a PEP Heoras b b oA AL o =
= 1.0 dwfunsdifuwiiantudn Auiingaifaaenamuacd

oy, + Aoy, = Au, = o, + Ao, - Ag, =0, (AN137 13.34)

d 1 L ) @ = = | @ 1 1
Fasunsnsuazinfumicausandniszdniuatesfigaaasietn P (leunisideu

a  as

fating feluvnni@ausaetne R 1HHRReAr snneus AR LU WA NT N Ausiating

Ay

v 1 1 ¥ @ b
P A (AG,), wazianusuhnfisduluiunaunindawdy (Au), Ay o qa9d

) = o =l'9; d‘ N . . . =
whaurssaninantiasnan (minor principal effective stress) A

q

[(0y-Aay)] ——[Auc +(Au, )f] =0, —(Au, ), =03 (@un37 13.35)
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|

LAz uaAnLsy ﬁ“ﬂﬁm@wmn 2361 (major principal effective stress) Aa

[0'3+A03+(Aad)f} [ u, +(Aud)f]=[0'3 +(A04)f]“(Aud)f

=0,-(Au,), =0 (8NN3 13.36)

Total stress
Molr's circle ,”'m

at mmm

Nonuwal stress

Shear stress

T — |-<— (aay —».

}q—(m,,;, ———
l it "__{4 ATy = A, H
=
3117 13.22 The ¢ =0 concept
Aadubildrazldmbausssusauiutuminluifacldaman Mohr Tugilmioeiue

Usevsaaiuounuofuane  uazaanauynaelusmioeuserin (39naN P UATNNGN R) Uay

mioeilsx@nsea (naN R) azfAnminny wiaridauladnmumiianafaeaunn
-13.1.4.2.4 4auazda@ea9dn 1N AR ULLLTULIN P AN WA

TR AN ARBLFUNST AR (Triaxial Test) a1N1t0LART DA Larda daueaaniInegaay
&

Ieieasalili

o o
Uan
L4 LN
- AINTOATLANNITIZUNEUN ﬁammmwmmunnﬂmwmmm?sa:mﬂm
L A s ’; H =)
-~ g9 nAenslAs UL ReeANAUEY uaznisRtulaaBuinsreasRuldazaan
- ANFNFZANEABINUNL LTI URIZUILN TR ADUE A NENANINNTN
o gemy . =3 é.’ = ) =
- 22U (Failure Envelope) WiATULMSzUI LN BRUWENE R

' g}/ t o P
- @HFTANTILANTITTBIUUIRILTIFNLRAALTH ﬁu@uﬁaa ANILR
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as dli‘/ = 1 as 9 o
- ATVARALIMNAZAL  IURFRINNTAIHNASBEANINNG  wazdNNsnsu LT i ase LAY

stuvyiAmdunIagaufasinating (Extension Test)

AnLAe
- nsvadaveeIn MAgs uarldazmanifiang

- INAAEL AN N AN AR AL LUTZ LT
A Y o =y = , ¥ ( v 4
- nswnuiwihdansainfianuesan  (Strainy - ge analdidldgndies  iflesann
= aj. d’l‘ CJ L ar or [={ 1 2
anuFgundnuiwhaadsat wnausualignias
- mMadnsiarzueiatunsasauviniundie (Isotropic) amuziluaunazsazliiviadu

NNFNU (An Isotropic)

- 13.1.4.3 NINARELLULSUNILNWAEI ULAMMTEAENAY (Unconfined Compression

Test on Saturated Clay)

aal gdl o a = =4 o ! 9 [ kg _
dsn1egeuiinnszanfuRumilaafmezdnmagauaslfanususausnu  (Confining
- e A2 o L & o/ o = \ :J/ dl = 1 1
Pressure) WiiudAus asinlineaavldianiziuaumisasizduilesainaunsa i mionus
| 1 or :J/ d s 1 o BI’ 1 1 o
danuwdy  dulwilanismagaulfaudusausuiniugud  Swwngacndhsusmdndon
figm (Minor principal stress; O, ) azdlAnvinfiusud seuansmugl® 13.23 doundasisamdn
A v v y 1 1 o 1 o a’
NINAGA  (Major principal stress; O,) asfAnyifumisnusamuiuany  wEafaInaLLL
wseBAUNWAEY (Diviator Stress or Unconfined compressive strength ; q,) ANUAAIANNZL

13.23

o
o

Total stress Mohr's
circle a failure

’I Shear stress
o
I
o

o
L

Q
iy
Il
<

a,=q,
Normal stress

:1 ,
919 13.23 nemmgaL Unconfined Compression




UNH 13 ASIFULTURDUTRIFU 429

winenalafimnA g, asdAniluBaseainandusausou (Confining Pressure)  Aailu

L TN

A duwuLFusntiangnun (Fully Saturated Clay) s1agié

2 2 v (@un199 13.37)

ar

:}I o at = . . ‘=g.
Tae g, = MfnaLuLLSSALNALY  (Unconfined compression  strength) a4
aursodszinnuldainmased 13.4 TeazdszunnuAtannnimaaaslaeld

wsasilalunisvaaesluglf 13.24

i

517 13.24 1p3asfienaaay Unconfined Compression Test
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AN997 13.4 ANNANAUETYUIN Consistency LAZAN g,

9.

Consistency kN/m? ton /it
Very solt 0-25 0-0.25
Soft 25-50 0.25-0.5
Medium 50-100 0.5-1
Stiff 100200 -2
Very stilf 200-400 2-4
Hard =400 =4

manaseuiiazlfanantes  Mohr fagUfl 13.23 TnensnaseLiiaslinimiinesaes
frdafuusadasuuslalsinetin (Undrained Shear Strength) @usuBumilndurinasidading
gauanuaduns My (¢= 0) uasdudaiiuninanaad  Mohr O EY AP Y
wivasinminfusriainan Mohr sanduns Fausssdidivlugdl 1323 Aefudiarson

AUNIT 13,9 udnazls

G, =0, tan’ (45 + %) + 2ctan (45 + %) (aun1sh 13.38)
Wla O, =O0usz ¢=0
anuazls o, = 2ctan 45°
= 2c

1 ¢=ll = 1 ;l,' o :Jt 4
Wel ¢ =c, = T, AANANNIT 13.31 ﬂﬁ‘mmﬁ‘mmﬂﬂmmuim:mﬂmmwmz’l.m

o - J
% =?’M’13Jﬂuﬂ’lﬂ’1 13.37 1ued

-13.1.4.3.1 e Auas i@ 189n1en AR AL LTS LT IWN LA

=l

o = ‘ ol 9 8/ o g
AIVARBLLLLFLLPLNWLAEN HTafuasdaide fasialiil
W o

an
o oo @ o
- iiuneaaunnT etILaz AL .
AnLAel
- anunsorn lAfuR W
1 1y
- dmfufuninediaesdaaniunigls (6=0)  azinldnimesauliaqlignees

wazilasainaunsf 13.38 azfindnsautsaasfulsinlinnsmaranaazliignsiasls
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13.1.5 MMILAUNRINRUIBLTY (Stress Path)

RNNANTNASES Triaxial Test @unsniguslamiulugiaamiafurasnioauss (Stress
path) gafludunsviananisidaslasreanuosusslua s winnsennfesiaasinam
wasuilas 35nsliduninauales Lambe (1946) TnevnaduaesndseusaazAnnnsmaanidas

= ( ) o 1 v = = = [l
AATNUILLIABUGIGALUMNNANTES Mohr  FWAFUS A ARG 19N T IR il aaniaus

TptiA AN UTIRY p ez g kAR lALAE

t 1]
o +0 -
p=1"% (ANN"99 13.39)
2
e L A 2 o
R (Axnngn 13.40)
&
p F
oL - £
o LW
& ,,f—’——j-a
i e
g -/ D
A =7 4
-z ‘ B
J/’, D!
szﬁ’_'; i45° A clzc'l
o I |'"Aﬂ'd+| o, 0% 0rp’
et (AGy) > |

=J = 1 ] ] ar
7 13.25 1R8I NABANIHIENIN ¢’ was p’ AufL

CD Triaxial Test U1s NC Clay

lagazaunsosaastiadunanismuaesiotusslasnugly 1325 Gadugdiuands

NSMAFALULY  CD Triaxial Test lunstdwesiuwuu NC clay udiqniFuneauiiazldus

v
deviator stress Azl G, = 0°,= O, A4l

, O.+0, '
=f=a§ =0, (@NNN97 13.41)

LA
r

. 03;0‘3 ~0 (@NN"9R 13.42)
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AwiuReuladasuin p uay g Wasgauunshian 1 dewanmnugli 25 uax
wasannaiuliifiald Deviator stress udazldl o', = o+ Ao, = 0,+ Ao, anlaule

G, = G, Wil li@auaenasaas Mohr gl A Tugti 1325 Aelusiees p' uar g Az

Waaullae

'+o. (o,+Ac,)to; A 7
f=01J2rO'3=(3 2@) 3=o—;+A;—d=o—3+ ;‘f (@1N1TN 13.43)

bR

, (o3+Ac,)-o0; _Ag,

= (ﬂum@ﬁ 13.44
q 5 > )

R4 puas g ameodedldlug? 13.25 fahunfadlddn D Aeangianasanan
1849 Mohr (top of the Mohr's circle) @’m‘&mﬁ’mﬁ‘ﬂd Deviator stress Mi3atiauis o R
AddialFan Au, wihin (Ao, wifeglfainansas Mohr ldFesq  AamgUuuuasaunsh
1343 upzdunsh 1344 ufereiigaudasndidy D Fuhumden D 40 “Stress

=&

e o o’ | |
Path” uaudu ID azvinyd 45" fuWWasILYWEe Normal Stress Imefiqn D armaqanfie

=

Qe @

Iy ’
FetheqRaTRLaD  (Failure condition) Astiwealédnganan 8 Reqaliniouusedeqsitn

g q

(Failure stress condition)

AmiuAumtaauuusaudunf (Normally consolidated clay) ssuLNT3LR (Failure
envelope) @1xTaMlFAINaNNT 7, = o' tan g’ uazidn OF TugLv 13.26 Tefimaguideariuiy
g

} d § as = o i
i 13.17 FafeifutlsasmununisT® (Modified failure envelope) @sfifaidy OF Taidu

k4 !
wuudfutlgetinasEand gy 'K G910 K, gnisouasslilag

g = p'tana (&1n15H 13.45)

Imefl QL= yu# modified failure enverlope MyMALLLITIY

q
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F
P
o
N el
© c
= D
I A I
2 Vo
i \ 1
Al
\ 1
ol
\\ |
yl
'y -
0 0; =04 o o;=0") o, 0.0p
h{ (1‘30”)11‘ > |

= s |
5109 13.26 poudNAULszwdg ¢ Uas o

ANNAURULIZHINN ¢ use OL anunsamnléangli 13.26 Teuan

Do
tanQl = ——
o0’
o.ll__o_31
| Z5="¢n W /
Azl tanQl = —2—= 7% (A4N159 13.46)
o, +0; o"l+o"3
2
'
LAY sin ¢’ - Lo
00!
T, =05
——— Ll N E
azld sing' =—2 - = %% (@un19% 13.47)
o), T, o' +a'y
2

RINANNNT 13.46 ULATANNITN 13.47 uAqaz5

e sing’ = tanQl (ANNN97 13.48)

¢'=sin™ (tanc) (ANN197 13.49)
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]
=3

mngﬁﬁ 13.27 LAMIDINTITNRER g-p' AWFUAaeteRuLUY Isotropic R CU Triaxial
Test Fuflufmuuusasauviulng (Normally consoildated caly) FefdnBuiunauiasldus
Deviator stress asllf G',=G',= G, axlfl p' =G, W8z g = 0 ﬁaﬁﬁ@;@ﬂmué’q HATARIAIN
18us9 Deviator stress fioldagla

o =0,+Ac, —Au,

e o, =05 — Au,
b4
ar o b
flavlu azls
b 14
o +0 Ao =
e I oL -t BNy V) (@un1gn 13.50)
2 2
LAY
r !
o —o. Ao =
ql_.:__l_i:_i (AN 13.51)
2 2
f
P
"o
] 8

E Effective stress v o Hm “ "

é Molw's cirele g R Ay »—»{ Ml s Tt

& S o

L G Y
¢} o' Fi "t G, 0% 0T’

g% 13.27 nruduanImdean-niannsrsening ¢ uaz p' dnsu

CU Triaxial Test 1114 NC Clay

AIURINAN P’ LAY g’ AINANAITR 13.50 UATANAITR 13.51 LTAza UITnNReANIAN

L ]

U WHuazanmisvasessfaclddn U uasiiqnitdh (At failure) tasiontteazls

+(Ao~d)f

:zo_
P 3 5

~(Au,), (aunsfl 13.52)

LR

"o (Agd)f

3 (ﬂuma“ﬁ 13.53)

q
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AMNATEY p' WAY g TUANANST 13.52 uATANNISA 1353 @1dunInaznaaniaan U

wazildmiedurasmieussdady  IUU Taige U Andemsuidules  Modified  failure
envelope 130 OF Tnaglsaingl® 13.26 %39 Lambe (1964) tauamatialunislssidnad
nsngesiauLLTiunTiula (elastic Settlements) WATNIINIARILLLIEAAAANEN (Consolidation

setlement) 9§ NaguuAuviaa laeldnsBunisasamdieusy (stress path) fa

1 & &
NATIUTERITIIAU

13.1.6. n1snedauluguINAIRTLMATAALUSIRIATAIRSULTILRRY (Field Test
for Determination of Shear Strength Parameters)

nsnaasulusnduiiiunndmiunsesntiliuairaniludesdoul Taiunm

9
wiaanulu 2 38sepall
-13.1.6.1 mswmﬂ@uimﬂiﬂuﬁmmm‘gm (Vane Shear Test)

qda‘dt (=] dll © o o =4 = =l 1 = = GL | L
dstliflunmaneuivenfdsiuuss@eutesuniansaunaiutunans lugleeinady
Fuussidaunuulisyuiadn (Undrained shear strength) dnmmuzasslufinninsgiuuandlugli
13.28 Tedsznavdapludiafflawawiiiu 4 lud@efnfufiuugy lufaumsgiuazgnnaieszsy

dl 9 & 4 2 28 s os as = nlz = = = o o a :s‘
VIRENNTIARAN LL@Q@\?ﬂHHﬂﬂWHHU@QH@F]ﬁ"]ﬂ\‘m'ﬂuﬂ‘j‘ﬁﬁﬂ\ﬂ‘]_mﬂL’ﬂ@uﬂu@uﬂ]‘]_lﬁl m‘l:muum@;wgmw

§alomz a1l AT UM AN S UL BB UTEY ALl

— ¢ — >
917 13.28 unumwiasslufinfldnaaau vane Shear Test
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AangUy 13.28 61 T Asuselingegm (Maximum Torque) Tl lUlulamusisinuniy

Trefufnanusafummuwfudsaesdui asuiuusedundouazineeasluiiasuaniniugy

]
=

N 13.29 (d) Aadu

T=M+M+M, (ﬂNﬂ"l‘i‘ﬁl 13.54)

Two end

uaz T uAF WA NAse I lAann

M, =(dh)C,» (%) (RN 13.55)
Strface areo Monrent arnt
Tnem  d = Lé’uﬁiﬁuﬁuﬁnﬂﬁdm@diuﬁm (diameter of the shear vang)
h = mmqwmiuﬁm {height of the shear vane)
c = nAuaurasRuuuLliszLnetn (Undrained Shear Strength)

!
] =4

gaunsssnunuduasinesadluiia (M)  azanansamAldfsellaanuRAnisnseans
1earnduusuRausanslugf 13.29 (b) Tewauisauwivasnlaily 3 uuuhe

ik ﬂ’]ﬁ‘ﬂﬁ‘x@’]mﬂugﬂmumﬁﬁm {Triangular mobilization)

1 !
=l = =l

0w w = A 4
NIRITULINLRAY  (Shear Strength) ardmIAf c, EN'%:NﬂﬁN’]ﬂVlﬂﬂ‘lﬂWﬂUU@ﬂ‘]m\ﬂgﬂ

nansrUenTesAuudeazAee aassnEess widumse (inearly) auuwhiy 0 ARseqn
NRRS A PLEAN
2. nagnszangluanmizasdnana (Uniform mobilization)

MNA9FUUsNAAY (Shear strength) axdlAasfiiaaiuiae c, PaanuduIUALINATY

UYRIFIBENG
3. msnszaneitugiidenasludn (Parabolic mabilization)
o o o p a4 = P = =l =
ANRITLLTRAU  (Shear strength) azilAAf c, m@zummﬂmgmmauuﬂﬂmmgﬂ

NNNTEUANYRIAUURIazAae anawnEeny WhaudulAewisludn (parabolically) auunilu 0

!
=

AsAnNaNaNTaIRIa819

q
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(@)
7111 13.29 Derivation gunasi 13.57 (a) TuinuslAumusaussiaau (o) ANLANKY

Triangular inobilization
of shear strength

[ d o d
| ) Ll 2
ry T
T : Uniform mobilization
I of shear strenpth
C |
H !
i
I
X i
d d :
fe————3 -1 3 -

Parabolic form of
mobilization of
shear strength

MR

PRINIFNTLAE AW BIN UL uaauwluie

437

TntgaunsausaINInszanareasusmnuu uiladneBenagd 1329 (o) ldimnu

UM 13.30

==b_

gu

nsznusuiUwinludn

ML IURN Y UEELEND

=
nsrnudluguaniniion

/
o

Cw L
F~y-

i

F v

-4

»]
-

F Y

3

F 3

e ¥

”

%
- w
-

i5)

=

F
-~

e 0N
=

.
|
.
I
.
|
|
.
|
.
i
.
|
H
J
:
1
)
.
|
- o
e e
|

13.30 LAAINNTNTZAE AT a9UUNE M AL TLE R
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AniusatnTeeindefuusaden (Shear strength) Auaamuglh 13.29 (b) 1Nufide

i
o gy

usedism (Torque ; T) MqedtRarnsanliann

dih d o
T= Tlc, + 42 (ANN199 13.56)
2 4 '
4138 - _ T ,
u 2 3 ]
e +ﬂdf (ANN19 13.57)
2 4
=i 1 o & as ::l
Tred B = 7 RAMMTUNNTNTZANEALLLATHINREIN
(Triangular mobilization)
PR —— ;
B :—3~ ANNFUNITNTZANEIFID MUAN I DUS AN ANS

(Uniform mobilization)

ANMFUNITNTZAE FIR MR NHOIE WA TLAN

B =

| we

{Parabolic mobilization)

L v ¥ t
NSNARLNTING  ArunsanaaeuvialuiasljuFintsuasluarnlnenimaaesisneiiag

| o i | N | v 1 .
singfumssnlufiagsdnluieswiRmnsas iy lafdawmdutugudnans 13 mm (Em) WAz

]
=

ATNGUIAL 25 mm (1 in) Teeudaslugd® 1331 wsiluguinazldludamuiinanslugi
13.32 ZedBaNnannuIAegIl ASTM (1994) delunamsguilin hid = 2 udvazld

=
[INANNMN 13.57

¢, (kN/m?) = T(N-m) (&NN3T 11.58)

(366x107%)d (cm’)

haz

L{BS) (@unnsT 11.59)
0.0021d°(in.?)

¢, (/i) =



:s' L =4 =
UNY 13 ANRITULNLBRUTAIAL

Reetangular vane Tapered vane

517 13.32 lwilanldviaaas Vane Shear luauiu

Tnerunauda luaunluinasflaunalug ndrdauaslfiiuluame 135

439



.:{I @  ar ar = =
UV 13 NNATUUNIRAUADIAY

440

AT 13.5 uaasaunagasluen 1lunnenaaad Vane Shear Tuaunu

Thickness Diameter
Diameter, Height, of blade, of rod
Casing size mum {in.) mm {in.} mm (in.) mm {in.}
AX 38.1 (14) 76.2 (3) L6 (&%) 127(3)
BX 50.8 (2) 101.6 (4} 1.6 (%) 127 (%)
NX 63.5 (21) 127.0(5) 32y 12.7 (})
104.6 mm (4 in,)" 92,1 (3%) 184.1 (75) 32(H) 12.7 (H)

* After ASTM, 1994

“Selection of vane size is directly relaled to the consistency of the soil being tested; that is,
the softer the soil, the larger the vane diameter should be.

*Inside diameter

= 1

aglafimunimeseduauuazldatgaiundiamauiusse Wawinnismasaslugun

Tdansunsamuanlddinimeasiiuyldszunadvsalimezarsasiinisszunein s

]
=

Feldanalilduniannlsdnaman A

k1)

kY
o e

U

Bjerrum ~ (1974) FaduRus LA T RWAaRNTH

(Plasticity Index ; PI) Hufifia

=lc (N30 13.80)

ufVene Shear)

| Cu(de.s'ign)

e ¢ fn ¢, Aldluntseanuuy

u{design)

1 dl 8 o ol
A1 ¢, ldarnnisinnisneaediesliiiauipsgiu

Cu(vane shear)

(vane shear Test)

A = FgnlFuni(correction factor)
= 1.7-0.54log(PI) (@un"3¥1 13.61)
P = PUUNANARNTR  (Plasticity Index)

] 1 1
fﬁﬁﬁf.l@mﬂ'?’i_ll,l,ﬁ' (Correction factor;?\.) ﬁiﬁﬁﬂgmum‘ﬁmmuﬁ@ Morris ez Williams

A = 118" 1 0,57 (dwsu PI>5) (@un159 13.62)
LR
A = 7,01 + 057 (Fwmfu LL>20)  (aun1sh 13.63)
Toa®  LL = fnmmonudsuinas (Liquid Limit)
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-13.1.6.2 NITNARBUNITNTANNINTHU (Standard Penetration Test)

hd 1

msnagauLULl ariidennsaiazannnsaung uantRIesRumNITHEAINANFI 109
r/ & < ar 1 8 1 a9 s ar = = Ly L 2s &
Tupulagsumuinsedwliesnn  TeeArmAsuusaaeuaridsslaaduanlunisd il

. w

fayawuugrusnipaiarizsusnandn  witedeffelianisonmageudneaeiuaiuld to
medunalpepsaunazldfinmafiusatidiuen Faserdunisudaanaanisnaaed A4aznsaudn
Tupuidneuzduls  laedagiuiirsasiafildnaaeudnuandeuanlugli  13.33  Tauaasns

“Pocket Penetrometer”

3% 13.33 Pocket penetrometer

13.1.7 AanadlanuasAuuiien (Sensitivity of Clay)

drfuRumiienlusssued  Welassadugninanesiondeull  Ardsiuurarasiuduf
azanadlddnaBanin  “Henwladaseninaausnw  aaunsomlélaenimaaeuingares
FnaeaAuIiE RGN (Undisturbed) LAZNAGE LN BIRnat AT R uanw
(Remolded) Imﬂﬁwum’tﬁ@gﬂuamwLﬁmﬁuﬁ@ﬁm'm%w,m:mmumLmuc,vhLﬁy Taenanig

noseUazuanslimNgln 13.34



LN 13 NNAIFULILADUIRIRL 442

Axial strain

517 13.34 Unconfined Compression strength A1ufUALMEYY undisturbed was remolded

e lasensdaeuan naesmuuiee (Sensitivity of Clay) & xaaunléiannaunis

Lﬂ?
=he

qu(undr‘.s-.'t.'rbed)

S = (ANNT5N 13.64)

t
qu(remaided }

el fgasmumiaailnfiudaazeyludas 1.0 T 8.0 Wiy adlsfauludn
g - e o & = " oM et \ &
Pfarsanaznes (Flocculent marine) ANIENRautANTLS 10 Wea 80 iaafilsanisuiiueniiaz

wamaIALlugLR 13,35
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Sensitivity, S, (Jog scale)

e “('SIigHrly‘ssmiuivc,'. ——

P L

Insensitive

71 13.35 nsuuenafinaesAuniluouuiug1uaes Sensitivity

i
o ala

puniA1aonlosags  Wegnnsenunziien  AMAUNIUNITTULNIBRUAZAAAINN

1
=

[ t; = g ar [ .- | =i 18 ¥ & = =) ar 1 =3
ﬁ]ﬂuu@ﬁﬁ]@@ﬁ‘ﬁﬂﬂﬁ‘a‘:')ﬁﬂ?ﬂﬂﬂﬂLﬂF;IQDLNDL‘HLﬂmﬂqﬁ‘ﬂﬁmﬂulﬂﬂmuﬂ\iﬂﬂ’m Fi NITABNENTN  LWEIE

=3

Az R ANg@swafnaN AAaIN ARSI IAATUANN 13.4 Fuusald 12 T/m® wedn

8 1 1
AUt S, =4 uwdan1AsFuusssinty 0.5 T/m® audwsadluazsiasmndl s, iwatduwuaniely
nraanLUUguInstely

13.1.8 M3lszaaAIANANNLESERIN Undrained Cohesion (c,) Nu Effective

Overburden Pressure (o)

nstszaniddn ¢, iU o) (midsausaneviugeged iuluilagiieg Iuauindsaoudaiud

e

8 '
dawa unnunssuaadlumnmd 13.6
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=
=
=h.

A1319% 13.6 N9szaANANAREIEWING ¢, WaT oy

Reference Relationship Remarks
, CgvsT) " . )
Skemptlon (1957) —— =011 + 0.0037(F1) For normally consolidated

0 . lay
PI = plasticity index (%) ey

Cyysry = undrained shear
strength from vane shear test

CifvsT) . . .
Chandler (1988) ”—,J = 0.11 + 0.0037(P!) Can be ased in overconsoli-
¢ dated soil; accuracy £25%:

. —
ol = preconsolidation pressure . . Y
T T ¢ P not valid for sensitive and

fissured cluys

. ) , Cy : a s
Jamiolkowski ct al. {1985} — =023 =004 For lightly overconsolidated
Te clays
Mesri (1989) S — 022
T

CMV
’
T/ overconsulidaied

()
P
o uormally consoldated

OCR = overconsolidation ratio

Ladd et al. (1977) = (QCRY™

TR o anursan i naunrracdnrdiusanduliudn®  (Over-consolidation ratio)

{ oA aa
Tauamaldainun comprassibility of Soil #afiAa

O-C

OCR = (AUN15% 13.65)

Oy

nedl o = viaausnaiugeganldfunnluens (pre-consclidation pressure)

o

oy = ‘WtifmLLNnmﬁUQdmmﬁ?ﬂuﬁ@ﬁﬁu {overburden pressure)

q
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o & 9 W ar & & <
13.2 tQWﬂwquuLu@“q ﬂqr\NE LL@$F1'J'1NL°1I’1°L'Q°LHW@ﬂﬂ'\‘iwugﬂu“ll’mm’a‘lm‘w

=
LIEl1d
2’/ as I g
13.2.1 aMnuanIsnAaaL 4 ﬂ‘j\‘i"ﬂﬂ\iﬂ’]‘é‘%ﬂﬂﬂﬂ‘]_lLL‘LI'LI‘é“LlLLNL@lﬂutﬁ]ﬂﬁlﬁ‘ﬂm‘i_li‘ﬁ‘l_l’mu'l
(Drained direct shear test) UUABMTEEILUL Normally consolidated Toei®
TUNAUDIFIDLINY = 60 mm x 60 mm
ANNGITENFIBENY = 30 mm

InsNaNINARELLERIANNANTNAIAD 11T

AN3NT 13.7 Ldmaeant snaaausiaatingludain 13.2.1

Test no. Normal force Shear force
(N) At failure (N)

1 200 156

2 300 230

3 400 310

4 500 385

fatia@eunsWIaceusadey o AedtR  Aumdiewseuing (normal stress)

v
1 Q N i . A
wazm ANHIBEANIY WUUSTUNEYY (drained angle of friction: @) anns WA@emuld

ool o
I

rb A o 1 - o 2’/ i
anlandAunvesfasne (A) = 0.06 x 0.06 = 3.6 x 10°m° Auduanms1ed 13.7

Arasiaz s
9197l 13.8 Auansing anENsadl 13,7
Test Normal Normal Shear force Shear Stress,
No. force, N stress, G @ at tailure, s ®
(N) (kN/ m®) (N) (kN/ m?)
1 200 5556 165 43.06
2 300 83.33 230 £3.89
3 400 111,11 310 86.11
4 500 138.89 385 106.94
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aneetsuanuirati ldd@gunmWlaseil

gj‘ﬂﬁ 13.36 NTINT=UTI19A Normal stress WALAN Shear stress

Shear stress (kN/m?)

0 T — T T T

0 100 200

Normal stress (kN/m?)

NANTAINN ¢ azhiuyNreadunTinyNAuLwIuNy X (Normal Stress) azld

Q

PN ¢'= 38

=
a8’ o

] = 9“/ a
muumuummmummiwmm:mﬂm = 38

Normal Force

(a) P1ANANNITR 13.10 0’ = Normal Stress = -
Cross —section Area (A)

i Shear Force
(b) W1AINENN9F 13,11 : T = Shear Stress =

Cross —section Area (A4)

k-

andrldasanmaaaUlAsiianaunish 13.2
T, =ctotang
43.06 = (Q) + 55.56 tan ¢'
¢'= 37.78°

A = [ = 1 A 1 2
FapadnlnareduA a1 uldannaw
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13.2.2 AIN&NNITVBITTUILN TR LB uT AL Is2@nBua (cffoctive stress failure

envelope) AUFURUNsIEBaINIAETIIN1IIM ARSI FULTRBUIALMTY (directed shear test)
w 3 r

A8 T, = O tan30° Anludmeasewuuufuuradaaununszunaun (drained triaxial test) H4lu

2

AurlaBeaiuazld Confining pressure RldlY (G7,) = 10 Ib/in® Aeduasun

13.2.2.1 A9AIRUARILSIFNIUAT UMY (Deviator Stress) #apMIR ((AG,))
13.2.2.2 sz mudyngesszunt ORI Rassu1uu&n (major principal plane)
13.2.2.3 w1 Normal Stress (G°) WazA1 Shear Stress (T} fsinatinufianisiln

FTUNLINANN 30° AuszunUwan

RN 13.2.2.1 aanannst 13.8 drusuRunianaan (¢ = 0) azld
o, =0’,tan (45+¢
>, 1Otan2(45+£)
2
G, = 30lbfin’

FadUANNANANTR 13.17 azld
o, =0 +(Aoy),
Uﬁoﬁf: G’ -0

30-10

20 Ib/in®

falumlausemuuuunuiiaaiti = 20 bin’

13.2.2.2 89NANN1IN 13.4 a1 4

@l
8 =45+
N2

Tufonnaedszunun s TR 1H R A s uman (major principal plane)

Frati o = 45 +%

- 45+
2

S = 60°
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13.2.2.3 AMN&NNST 11.24 uRx 11.25 azls

O (LUrzuLTR) = 01203 + 1793 00520
_ 30 ;10) + B0-10) cox60) =15 ibrin?
= % 00
2
- MSW(@O)
2
= 8.66 Ib/in’

13.2.3 §ufuAuwiiaauuy Normally consolidated a10N189ARBILLLELUSBRAAINWNN

WULSZUNEN (drained triaxial test) Baazls
15 Ibfin’

Confining pressure Pladnly (Chamber confining pressure)

WIBUIFNNRLILNY (Deviator Stress) NqaRYIR 34 Ibfin®

A6 anlvdagld G, = 151bfin”
(AG,), = 34 Iblin®

<«
ar  os

fariusnauniTh 13.17 agle
G, =0,=0,+(A0c),
G, = 15+34 = 49ib/in’

v
ar  ar

farfangnmsi 13.9 dwiufwwileauuy Normally consolidated axlé

‘G, =0,tan’ (45+ %)
49 =15tan’ (45+§)
¢ = 32.09°

L HNBEaNTedRY = 32.09°
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13.2.4 dwiuRAwmiluouuy Normaly consolidated i@ antuaasiin (4) = 28°

[
ar e =

TN MARALLLLLTA AR NN WILUTZUNEEN (drained triaxial test) AuAaaeNaTRwUqeLs

AMMUITU (Deviator Stress) A 30 Ib/in® AIURMY chamber confining pressure (C')

=4 ] )
Aayinlng

S o

1 AMngun1Th 13.8 §auduRumtaquul Normally consolidated (¢’ = 0) azl#

G, = O tan’ (45+%)I&mﬁ G, = 0+ (AG)),
G, + 30 = G'Stan2(45+22—8)
G, = 16.95Ibfin”

Aatiuarl® Chamber confining pressure (o3) = 16.95 Ib/in®

13.2.5 TUA1SNARALILIUANTEUNEY  (Consolidated-undrained  test)  LAUMMTEILUL

Normally consolidated fRtiRuaqldnanisnaasssssialil

G, = 15lo/in®
Deviator stress, (AGd), =11 Ibfin”
Pore pressure, (AO‘d), =7.2 Ibfin’

] ¥
AMMUALANUULLNNTEINEUY (Consolidated-undrained friction angle) uazyidem

NULLLFZU (drained friction angle)

697 antandaglél G,  =15Ib/in”

anaunt 13.17 azld G, = O, +(AC,), = 15+ 11 =26 Ib/in”

-:i' Q o & =l . 4=il b 4
an@un1TR 13.9 dmfuAumuiisauuy normally consolidated W1 ¢ = 0 avld

O, = O, tan’ (45 +§)
26 = 15tan’ (45+§)
@ = 15.56°

Iy Y
Faiuy R AN LU LTzUedn (4) WHvindu 15.56°

q

HAZ

anaNnen 13.23; 0", = O, + (Auy), = 26-(7.2) = 18.8 Ib/in®
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AMNANN1N 25; 0, = O, + (Auy),

INHARAINANNNTT 13.8 & FURWwMEEWLY normally consdidated

Q
|

—

@

w
I

04 .43°

.
I

W 1 £
AanuyEdaanIuIunassUen (¢7) Ty 24,43°

13.2.6 AnNnsnadauLLuNNTRaulsensatuseteRunadany lundaaninaeu

(Shear Box) WA 254 mm x 254 mm 1ANaALEadlumIted 13.9 a9uInNaddauTadny

neelugaagninzie
13.2.6.1 Tuan iy

13.2.6.2 Tuannzuaou

A ar 1 :
A13799 13.9 Ban1snaaavradfqateludad 13.2.6

=G, tan” (45+g)

7.8tan’ (45+%)

16-(7.2) = 7.8 lo/in

Wsaseann (ka) 500 1,000 1,500
UsSLABUGIAN (Peak, kN) 4.95 9.80 14.50
LSILRBUAIAN (Residual, kN) 3.00 6.25 9.35

3591 PuTwiinnaednaas - 0.064516 m’
ArwansAudongUdumanaslas
A1919f 13.10 Aaildannishuansluded 13.2.6
wileuseseann (kN/m?) /6 152 228
WUIELSLABUGIRA (KN/m?)
ANNIZRUY 76.7 151.9 224.8
WUHLIRAUAIANG (KN/mM)
ANITWRAIN 46.5 96.9 144.9

inldndannsWldmadalud
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A=iI ] ] :‘r o 1 = ﬂil ]
gﬂﬂ 13.37 N9LAANANMUIEILIANRN NUUUIBUILRDUNANIIZHNT

300
E | 224.8
g200#“.”.___,,_.__......,,,,_..,,.__,,,,_...,,_ e
8 | 51.0
o 144.9
b
B 400 b T S S
2 6.7
@ 6.5
0 . | ‘ ‘ ‘
0 100 200 300

Normal stress (KN/m?)

ANneAssld ¢ ., = 457

¢' (W)

32°

13.2.7  AINNIInAgeUnananuIaafietfumiactune TaeRsniskeulsnms

(Direct Shear Test) luan wliszuiatin (Undrained Test) lanan1snaaeau sl

ANE19N 13.11 danisnadausaatieludan 13.2.7

WUIELLTINAFNATN
) 50 125 250
(KN/m”)
WULEILIURDY 04 §ATTTR
’ 61 83 119.5
(kN/m”)

13.2.7.1 RaUN1495LLa9LA8W (Shear Strength) 19951
13.2.7.2 Sdumliadeasuiinnvegesinedausdndnuny  (Triaxial Test) Imald

Mioesasusaudu (Confining pressure) 100 kN/m® A4MIUUIRILTIWANNAN

A,

fign o qad

=

1 £
8911 Tuan1naaasd AL @auns WA ids e U
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LYY

2171 13.38 NIMLARIATMUIBLINARIRIN LATUNIBUIUREU D AATT]

— 200 ——

- |

___E- i

S ]

=

” 119.5

B A0 e e e e Ll T L ____.__

g - ..

»

o

1]

£

w

B T T T (3 T T T G —l T g T T 1 T T T w1 T T T T T T T | Al i S E B () e S B B i
100 0 100 200 300
Normal stress (kN/m?)
o 2 ' Q
i azls c, = 47 kN/m wer ¢g'= 16
N axld o = 302 kN/m®
= 8/
Wrapann lAainannig
1 -six16°_ 1+sinl6”’
oy = [100+2x47x

1+sinl6, 1 -sinl6’
= 300.85 kN/m”

o

13.2.8 A1NN19N ﬂﬂ@ULL‘U‘Uﬂ’]‘i‘L%@utﬂilCﬂNﬁ’U ﬁ".]'a%’_i’]\flauﬂ?’]ﬂltﬁﬂﬂﬂ’]?ﬂﬂﬂ’ﬂﬂﬂdﬁ

A199R 13.12 ndssuanianegayluden 13.2.8

Faeinad o (t/m?) G, (t'm’)
1 5 3=50
) 10 5.75
3 20 11.25

-13.2.8.1 AIWINIARAAUTIAIFY

-13.2.8.2 AWILMIBHIAUN 2 AIMUILLTIUAN  LAZIZUALAUUNLUSSURNNIZNT ol

2 oA

g
AR wazavanansesafludnanisdafment  uavdaansideuanas

Qs

ARl

2.2
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g 13.2.8.1 NNAURAUIAIAU

a3l
ek
e

annsagli ¢ =0 uay ¢'=30°

13.2.8.2 Wiheusaudnsat1ei 2

F9BMFR AL
G, =G, =10tm’
G, =KO,=5tm

Tnefi K, = 1-sinf=1-5in30° = 0.50
TN TIRDY

= gaAmy

(G, T) =(10,5.75) uasdufaiuiduteuiunnisill

s

t
13.2.9 NINAABLULLLMNBARINLAWLLY CU TARan Imaapusell

AN 12,13 NANITNARALT W WTa% 13.2.9

g, (kN/m?) 70 140 210

Ao,

(kN/m?) 217 294 357

a o =4 = A 2 ’ =1 < =
FUINIAIRDUIBIAN UazanuaRiffszydimasdufvaiinla

o o 9 a 2 R 43
AN mﬂ‘u@gjammmmmm“lmrﬂ'mmmdmu

' C !
P14 13.14 AAlAannnIsATURns

(kN/m ®) 70 140 210

G,

C, (kN/m®) 287 434 567

INANENT 13.14 @usaidauna wlasasatilil
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v {kN/m?)
A

€

200

N.
+ & (kN/m?)
I 50
317 13.39 uamanauszudna o, Az o,
anngagldl ©, = 50 kN/m® uaz ¢ = 18.5°

ANAINNFLEaRT LA RGN A sl uAUIT AN WS ALLUULAWA

as

13.2.10 annsveseuiduaaulaeldluinursgulduadel

j ! =61 N-m LL = 68.4%
D = 2R = B85mm PL = 34.1%
H = 100 mm W, = 71.3%

fnauNAdINNITNgzaEmadnI AdRaunaNiuaRasinare luld e N dNe

q

RAANI DN AL RauLL I s UNE TN TR AL

69
c, = ! = ol =69,808.5 N/m”
7(2R*h + %R") 7(2x 0.0325%x 0.11 + %x 0.03257)
= 69.81 kN/m’
Lﬁmmn Pl = LL.-PL = 68.4-684.1 =34.3%
pognulfunt A =1.7-0.54l0g(Pl) =1.7-0.54 x log (34.3) =0.87

Coc, = AC, g =0.87x69.81 = 60.73 kN/m”
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13241 MvageULULUNSRAMINuILLsinas  wasuuy sz fudethaiy
wiltndush Wuaduandlumsad 13.15 Taafaetafawadusiogudnats 38 mm amuens
76 mm

-13.2.11.1 aan1duRaurasnuluglaiensmy (uunliszungnin)

-13.2.11.2 asniduaewrssfulugimisauslsz@ning

A17997 13.15 HANTNAGBL

nN1IAAaL G, (kN/m?) LPILUILAU(N) Aj(mm) Av(mm)
= 1 100 282 -10.98 -4.8
g 2 200 448 -13.9 -6
& 3 400 853 -17.8 -8.6
s 1 100 199 -10.32 0
;Ea 2 200 200 -12.21 0
ﬁ 3 400 216 -16.17 0

A, = T/4x38" = 1,134 mm’
VO = AO ID
as o L oA e o = am
8N S Wudvrss ol AaatR A = v+ AV) /(0 + A

1 :7
R1INN 13.16 ArumuAnsreloidssie i

2 2
O, (kN/m”) Ac, o, (kNm)

ng
v+AViem”) | +Aiem®) Alem’) 523 Uszdnius  (kNm®y  swn UscAntue

gkt

1 81.393 6.502 12.518 100 100 225 325 325
80.193 6.25 12.831 200 200 349 549 549
77.583 5.82 13.332 400 400 640 1040 1040

(o)} )] EN w e

86.193 6.568 13.123 100 - 152 252 -
86.193 6.379 13.512 200 - 148 348 -
86.193 5.983 14.406 400 - 150 550 -
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RMNANT97 13.16 Ww@eunsnaz lé

T (KN/m?)
600 -1-
400 ,/523-5"
’ﬂ,cii_\ ~
- ~ %
-
200 -~ A b 1
""—'y\ A
_+_ i i /N \
75 . | NP ! o, & (kN/m?)
I e, g

/

a5 4 ;
* ‘ | ] I i ¥
M-éi{»w“_( 4&6\%600 goc 1,080 1,200
X

.“'L--d
N h
N /s
~ -~
a3 -

adi S

T ]

71i#1 13.40 newAdpulAanEn TR 13.16

annsald ndadewrasuuldszuein o, = 75kNim”

AndsiRausashulugtwidausasefivdug ¢'=35 75 kN/m®

ez @ = 23.5°
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a _a =
3. Tlandwagauanusiaisalunisandmszilnelszannldanag  iwaunly

d =y J = [-]
HuMNLNATAUATI b BNITHIY

o

13.3.1 3w winnsleen  IMduREnmiasensnasiraneinudeniie  Taaladd
Fratnafuduun  (saturated clay) H1vAReUMAFLLINIREUIaRUlPEAENIYAGEIFLLINER

9 1
ATHUNULUUIZLNEIN (drained triaxial test) lmeaan1snaaeLanalafadl

|

Faneine®l 1 : chamber confining pressure = 70 kN/m’

215 kN/m?

deviator stress at failure

Faaeine® 2 © chamber confining pressure = 120 kN/m®

260 kN/m”

deviator stress at failure

Iy
o

radulugruzddenslaanlszanydv AIATUI MW T 189N 1A FULIILRAY (shear

strength parameters ; ¢’ ,¢') 19spusnaehaied il lunsesnuuugiusnsald

£ osm

a0 o A A Y . =i
A8¥17 AaBEaY 1 HUIELaUan {principle stresses) NN17IURAAR

angunsh 13.16
o, =G, = 70kN/m’
LLﬂz’Q’WﬂﬂﬁJﬂqi“ﬁ 13.17
o, =0, =0, +{AG,),= 70-215 = 285 kN/m’
fantnedi 2 Slwdaausevan (principle stresses) fnsitRRe
NN 13.16
Gy =0, = 120kN/m’
LL@L’@qﬂﬂNﬂ’]?ﬁ [l

2

G, =0, =G, +(AG,),= 120 + 260 = 380 kN/m

fnldaudurugainaunisf 13.8 azld
] ]

& &
G, =0, tan2(45 +—1+2c tan2(45 +—)
2 2
Fadusnetned 1 azld

1

285 =70 tan2(45+%) + 2¢' tan2(45+%) (ANN"371 13.66)



lﬂl < o o/ =l L=
UMY 13 NIAITUUIIRD WY BIA L

380 =120 tan2(45+%—) +2¢’ tan2(45+%i) (RUNTN 13.67)

AINANNIT 13.66 WALANNITH 13.67 61 13.67-13.66 azl4

!

95 = 50 tan’ (45 +%)
¢ = 18.08°
unuan ¢ aslifluaunish 13.66 azls

¢ = 55.07 kN/m’

AT T AIRETI8INALUTNRDY = ¢ = 55.07 kN/m® , ¢ = 18.08°

13.3.2 WeeauA  lesunisdndnelimasaun At uaun s lunde L aeu e fiun

Minflugrunlunsneafreaszdiednresdss (Fenawitarniia TnempaeULLLN TR u AR

(directed shear test) \ANANIVNARDLAIN

; N .
AN9199013.17 Han s adaufiatiialudan 13.3.2

WINFaRIR (KN) 76 152 228
WIAAUGIRA (Peak, kN) 76.7 151.9 224.8
WINLRAEUAYAS (Residual, kN) 46.5 96.9 144.9

[] 9 1
TN unuEn Araain ety 0.064516 m

Qs

& : Ay 1 4
Inguiaannizdrraaniniuiuiivuiuanamiugdail

P e 1,860 DL W
. st

i o
u

LS
j=d
<
=

:Jll’ -

[ . LT .
H,_ 4‘31- S A Py, =208 ans Wl

'/ ROSK

5171 13.41 uanstuBud Ifannisdrgaatudei 13.3.2
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Teuetesiualdun ifa e Auinmideiuus@ieueessiu

ganuuLINsnediegusnsiely

(T)

459

a4 unng

Elith S AN AZIABNLIAIANY  (Residual) IWsazasin A ANAIF UL
\aoutiangn
AN3197 10,18 WAPIATFNG] Fémanddaanasdl 13.17
WsAsan WLIEUSIAIRN wrudauAIdg WHIBUIIAB A
(Normal Force) (Normal Stress, G*) (Residual shear A4 (Resicual
(k) (kN/m?) Force; Sogua (KN) | Shear Stress ; T)
(kN/m”)
76 76/0.064546 = 1178.00 46.5 720.75
152 2356 96.9 1501.95
228 3534 144.9 224595

fatiiantsnin lUndennsmaznine Normal Stress was Residual Shear stress 181

<~ 3000
E 4
2
£
- 2245.95
§ 2000 - oo - 19
@
- 501.95
o ]
0 TR - AN AN T IRAN =S S
] . 20.75
i ]
- N
3 _
14 0 Ty e I — :
0 1000 2000 3000 4000
Normal stress (kN/m?)

317 13.42 wamana i lgmInang1ei 13.18

annaazldyudeaniu (g') = 32°
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patiaIntun e fegLasfaesiansanAn total stress (G), pore water pressure
1 » 9
(U) uaz effective stress (G ) NAAENFARBLUGATESTURAY, AAszAUNliRY wazqn
angarasiunieazls

] W

- Papuugrrastusy axld

() =0
u =0
(O} =0-u=0

s

= R [
- Panszaut ety Azl

Cc = V..o = [(1890x9.81)(2)Ix 10° = 37,08 kN/m®
u = 0
(o} = O -u=237.08=0=37.08 kN/m*

q

. fadnsgasestunmy Azl
G = Youeh + VoueH, = [(1890x9.81)(2)+(2050x9.81)(4)]x 107 =
117.52 kN/m’
u =20

G'= G-u=117.52-39.24 = 78.28 kN/m’

@ 1
fatuazlanAsiunsiaureciy (1) wildangunisy 13.2 fe

7, =c'+o'tang’; ¢'=0 wnuilusune
a2l 1, = o+tand
= 78.28 tan32°
i, = 48.91 kN/m®

AR RS ULILRNYIN AU 48.91 kKN/m®
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13.3.3 lunsreafwatasieasmm@udwilod - medfumunlddidnafdnaesiuls
1 T 1 E
YnsaaeLAumiaaduietiauilddlddrainnimagau sl
AusasusauFuilddinlu (Chamber confining pressure ; G,) = 200 kN/m’

WL IAUNENTNNTIgR (Major principal stress ; G.) 19adB = 180 kN/m’

AHALNEIRUTAAITR (Au,)) =180 kN/m°

TUgIUETAINTVR I ENAIAININ

13.3.3.1 fszuumaianaalumsesauiiiogy 57° Aumnsy  AsiiasAtuaman
WUIEILTIFIRNUAZIIELIIREULLEINTILR LA VAL R UAIGATR
FREiNg

13.3.3.2 faumiiandeduldl &' = 24° usy ¢’ = 80 k/m® Rauaadldiiiuininlung
o = PV S | o = = |
AananevFan1saTRauRaIuUNIzwIL 0 = 57° unuilazifinssunuaadntioni
BRI

! %
13.3.3.3 awwienluda 13.3.3.2 gniisthmineted aunseieddilunismeany

1
=

WUUszUneUT (Drained) Taeld G, = 200 kN/m® Anwdssusadundnnuinign

T AT [l pre PN TN (R IR LR

8N 13.3.3.1 TiszunuatTi (0 = 57°) als

O, = 480 kN/m’

G, = 200 kN/m’

v
o ar

auanauntsh 11.24 agldawmiqansadsann (o)

(6] B g cos 2 0
9 2

[480 + 200 J+ [480 ;200 ]COS 2 (57)

i

2
283.06 kN/m°

a
I

Fauanaunisi 11.25 arldauiasusaiaay (T)

. [u] 6in2 0
2
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= (LO ; 200 ]sin 2 (57)

127.90 kN/m”

1
o o -]

wialfmdoausafeainis=aninassunLng
(92 =0-u
283 — 180 = 103 kN/m”

petiuanannish 11.25 azldmseusuaaugegaazvioygn 0 = 45° fuuuosu
o, — O
T, =|—4—21sin20
2
480 — 200
[—2 ]sin 2 {45)

140 kN/m®

13.3.3.2 vusz B = 57° aldan
o' = 103 kN/m”
-] a’ o == x dl
MAsLLsay (T) azlfainaunisy 2

¢+ G’tan@'

Tf
80 + 103 tan&'

125.86 kN/m”
) 1 =5 c!’ = d%’ n:d‘
AR LT HRAWN LN AT WL (T)
T = 127.90 kN/m®
-3 ] 8 o = 1 = l=!| = dp .3
ALFUTIAINIRIULNIBEN < WUERN AU ATUL LT U LN
i a = = dg’
. NNTRINAL AT AT
uuszuUreteusuRangian O = 45° azls

(480 +2oo] [480 —200] .
+ cos 90

6]

2 2
340 kN/m®

G =G-u = 340-180 kN/m°

fatunindefunss@ny (T) wilsann
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T = ¢+ 0 tang’
80 + 160 tan 24°

151,24 kKN/m’

=}

1 1] 1 5 i [ o a %4
auuinlddndaivisusa@eutAiuandy (140 kN/mY) 18a O = 45° ududunidanis

FUusaReuRaslAININTUATE (151,24 KN/MY) WAZHANNTN fasunsWanane wiansatnashd

= &
Lnagy

13.3.3.3 nenasauiuuiszune i (Drained) WaBURE AL (Auy) = 0
ﬁaﬁ’u o qaN159R O, =G, = 200 kN/m” LuszuILnIsHInane ©) = 57°
anaNnsT 13.2 axld
AAsfUNssdaY (T) = ¢’ + O'tan &
[o"]+200 L 01200

=80+ cos 114° ] tan 24°

o', =200

WL (T) sin2(57°)

s )

UANAARITALF Wildeusa@ay = AAFULTARaY

7 =T,
e ' 4200 o' -2 .
57200 i :80+(6120 y S F# cos114°]tan24
0.460",- 91.35 = 80-0.22C°,+ 44.52 - 0.09C", + 18.11
0.330", = 233.08
(0% = 709.03 kN/m’

1

faruA s AN UssAnsnwiuinfiga (Major principle effective stress ; G',)

= 709.03 kN/m°
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= ar

9 1 1
13.3.4 TUNTIURZLDE ATIWUINN ANTIEINT AN RATINAY 065  waziANNY
D4Rz AN TIEWNAL 2.65 aIATUAAT e winTameiawEe  HedNdn 50%
42 e g
LALHDRANAILGNT

AT A WA N 12N PR 1L AU T2 B VR N A T ANTZ U LA UAAINAD 6 X, Imt
= ar %II e |4dl ar =2 e & = 4dl 1 =& o’ %’ fren A 1 ﬂ;l a’ (=3 4dl
fszduinleAuetnrzauan 1.25 W, WileAn wazfunetmilaszAuinlARudadnanmumang

d‘ %’ o 9 ar g’ g |d| as =R L a

\Wasannisssnpuneaninifssauun ldnusnasldegnszivan 3 . AR aq
] 1 0 o § 1 = dl =& & e 1 al 5 dl
AU M AINIAIATUNIWADLILRAUIBINTIBTAINAN 2.5 N, aNEAl 9992 WHAWD

wWafidud TasaunBdipuiagilarsauunWiuduszacgs 1.5 3 Sapsduddiun uaviuhaeg

witlaszauiawlldszduduaguEndeamvinty 50% lflddr o = 0

989 annAlF vooo= 1w’
. Z v, .z 65
AU e =F=1065 MUY r;=i=0—:0.394
V. I+e 1+0.65
vV, =065V,
v =V, +V, =1
065V, +V, =1
v, =0606 u’
e N\ = Pg = Hl/ =Gy, (1-7)=2.65x9.81(1-0.394)
= 15.754 kN/m”
pall Y, = 15754 kNim’
V, = 1-0.606 =0.394 1.
fraumLsun
W, =V, XY, = (.394 x 9.81
= 3.86 kN/m”

19.614 KN/m®

i}

Co Yo = 15.754+3.86

1
v o

{NANET 50%

W, :%= 1.93 kN

W

o Veguea = 15.754+1.93 = 17.684 kN/m®
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I4 ¥ 1 !
Wawdsenividngne wardlunisArunanussiulsz@ntusluunefsresiuiiaguan

1 Wd’}
AN AN
a e ¥

NezauinléiRu
c = 19.6 x 1.25 = 24.5 kN/m®
u =0 kN/m”
o = Q-u = 24.5 kN/m’
fimnuan 6 u 18R
(o ff— /4 196 x 6 = 117.6 kN/m®
¥ \; 9.81x4.75 = 46.6 kN/m’
o = 117.6-466 = 71  kN/m’

niaasulsres ¢ puaean SR Rudaulinagli 13.43

0 100

depth {(m)

-10

effective stress (kN/m?)

917 13.43 uamnisilaaiuilizes o murdNAnlsHoRY

Angi 13.43 ARawEn 2.5 o, alsl

19.6x2.5-991x1.25

GI
49-12.3 = 387 kN/m’

1
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UN% 13 MMRITULTLDRUABDIAL

S AR UN WA LAY

dszdurnlifiofuaradlilegisefuan 3w 6faAw

Apouan 2.5 4. dea R

AP

S =

w
H

e}

Q
Il

w
Il

1 =y A‘ g
UABLIIRB UTDI AR AN
46.2tan ¢’ —36.7 tan ¢’
3 ¢ ¢ x 10

c'+ ¢’ tang’

0

36.7 tang’  kN/m’

17.7x15+196x1.0

46.2 -

462 tang’ kN/m’

0

u

26%

36.7 tan ¢’

0

46.2 KNim®
0

46.2 KNim®

466
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4. Tandvngauanusrangalunisiianushifldlusnuais

13.4. 1 wednegindliianasieaireinuufuwimiladnefuiiiiin ¢ = 0.65 kgiom® uas
c=19° waz Y= 1.8 glom’ Fawnedwgdndldimsmeaasmammilneiveusduily
124919 Ipgwnannimageunuuuseinanuny Inanismeaespals A1 A = 045 uaz B =
0.85

ﬁq1%14‘14'151'11"1@@31451’3quawmﬂlﬁ@mm ﬁﬂa“aﬁﬂuw}uﬁimm‘aﬁammﬁuﬁcﬁ%mﬂqgﬁwm
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AIIHAWALIEN AITHLANF I BINUIEILT gt e edng
(kN/ m?) LUUNUUAN (kN/ M) (kN/ m®)
150 192 80
300 341 154
450 504 222
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13.4.3 WmanananusAr 183181919 wednasuAliemzimen ¢ uaz ¢ annng
naasuuuLeulnanssefetiiuitang s nsessioniiazidneaiverasmeinawia
6,000 giim Taiusaedeanszdiumnan 10.0 m duanfafuseddasinisiaaing Taelduanis
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NARBULAAIAINRIFI9T 13.20 Fall

A1379% 13.20 HanIIvAdaUnldannnimeaaasdan 13.4.3

nIpEaLT uraRegAn (kg) uralReK (kg) Fufasiating (cm)
1 4 5.80 5.5%5.5
2 8 6.94 5.5x5.5
3 12 8.1 5.5x5.5
4 16 9.6 5.5x5.5
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mmmmuﬁl LLi\iﬁuﬁ’)é”]wﬁ’N, O, (kN/m2) Deviator Stress, A0'1 (kN/mQ)
1 30 58
2 60 79
3 90 92
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