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Abstract

True triaxial shear tests have been performed to determine the peak shear
strengths of tension-induced fractures in three Thai sandstones. A polyaxial load frame
is used to apply mutually perpendicular lateral stresses (o, and o,) to the 76x76x126
mm rectangular block specimens. The normal of the fracture plane makes an angle of
59.1° with the axial (major principal) stress. Results indicate that the lateral stress that
is parallel to the fracture plane (o) can significantly reduce the peak shear strength of
the fractures. Under the same normal stress (c,) the fractures under high o, dilate
more than those under low o,. According to the Coulomb criterion, the friction angle
decreases exponentially with increasing 6,/c, ratio and the cohesion decreases with
increasing o,. The lateral stress o, has insignificant effect on the basic friction angle of
the smooth saw-cut surfaces. The fracture shear strengths under c,=0 correlate well
with those obtained from the direct shear tests. It is postulated that when the
fractures are laterally confined by o, their asperities are strained into the aperture, and

are sheared off more easily compared to those under unconfined condition.
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2.1 MINAIUILAZES 1IN EfANENALSIINNITNAGDUY

Barton and Choubey (1977) ldlauaanuduiusvosrduysednsainuagusy

(Joint Roughness Coefficient: JRC) lngunumsdlaunaua 1-20 feanunsauseidiulaainai

a a

Y3UIEVRITRLLANlUiY Barton and Bandis (1990) lafiansanfisnansenuvesvuiafidlses
JRC wazlginisiauedn JRC dnsuanulidediewwuinlng angnssunisnamansfiuuis
UTU1Y18 (International Society for Rock Mechanic, ISRM) ﬁalé’&gﬂﬁﬂummgwiumi
UszifluAanuvgusyuusiiwesniuliiseiles

Kusumi et al. (1997) lavinisAneaunisludessarmassuisadoudmsusos
wanfiufidaduliagdnase Tnond1nlinnusidindesuusadouves Ladanyi (1970) 9sgn
ilulfamgiusesunniuvanumisuinly fagusrasdvosnisinuiififiefasaueriidedu
usadeulmitearUssgndldiusesunnilliaiiaue lngi8nsussiuduanzauvedlusiig
sesunnililainavedeadunmsussidiudeliunn fmawSeudegwhensvaeyularanes
Fadl 4 JRC Wslnldfunndnafiu yudsldldsegnsiunsefiusenoufesesuandliainaye
Wiothlunagoufdedunsadeuuuulaenss uenantunsunsadeufdiduLsudeunuy
Tnonsuiiefiazinnisussfiulusindiuiannaliseiewessesunnvesinade daladinis
as9innarinsilusiidvesnulidedomesesunnuiasiiognsnensidlusiladines
nadnsAlananaunsildanmsneaeulmidanansalfifushunuiinveifaulsidunss
ouninuegluinamimdsiunsadeuves Ladanyi Aldlausly uazegldfuniseeniuiraunisd
Fnnismeaeulmidannsossandlddniuiedsiuiitsesunnldaiiaueld

Zhao (1997) l§@nwrnisuuuiuvesituiinsesunnuazidesuusadoudaoinas
fdsfuusadon JRC-IMC nanin Weinasiddsfunsadeu JRC-JCS ves Barton (1977) gnld
AMTUNIIAAINRATNITAIANITAI VIR URTUTOUVOITOLUANANTTTUYIR BINUT

WuUIaed JRCJCS fuwaldunagainnisalgininanuiluasedmsusesunnausssunfiu

!
a o

NURINlLUAY W wUsta e USaUll N89S ULsSaaY JRCIMC Tnsifiauaiiagsiu

NaﬂiSVIUGUE]\‘iﬂ'J']?,JSU?Uﬁz“UE]\‘iﬁua’JiE]EJLLG]ﬂLLagﬂ’]iLLUUﬁuﬁUa\ﬁ@ﬁLLG]ﬂSLuETJLLUUGU@ﬂ T = on-tan



RC-IMC+log;, UCS/an) + ¢/ Taedi IMC masiinuadi 0.3 dndu IMC fildvinisasaaiauda

fiendosndn 0.3 Felfudumsusuasunaeives JRCICS Ailagian wuudiaas JRCIMC Tl

¥
=]

daglinsiiaResanmnaeusndssuusadeutunsiunussesunnidoiuiiduuiiuandaiuls
pgramINzANT I IuAIINYgYTERaENTLLLAY uonandfidielnsudsauuagnis
pansalusidmnty nsanzeddadmiuses uanlusssuradildfifuiuuuiuedig
auusnl

Grasselli and Egger (2003) léliaua Constitutive criterion luaifidanuduiussu
AnsdukazNsadous Tnsuuudaesiiaueiiuruiunuusadeuvessesunniogniels
HoulvAmududiainasi uareguuiugiuremuiviemesuisainnisvaaosoiiuii
nnransnegeufdfuusudoulaaseiinisfunusannuusminunnnd 50 a1 3ld
NNsaiLUUIanUesTesLNLUUALaEN T AR TR uAN SRR aUUFI0E e TiuRld
naaoes 7 3iln LUUs1aealsznau (Constitutive model) aunsaldifieaduranismaaey
frdefuusadouluresufifines uasiuusineg Asndudmsumsaauuusaesianuseri
nsnsaadaldlasdreannsedeuauminsgiulufes fonng inusifiaueiaggnliiiie

Usziiual JRC A131nn15AANTsaiAldunadsaaziiaiuduiusiuai JRC Aldainnis

AATILIIDUNAUVDINSNAADUNAISULSWIDUY

2.2 {Jadusngy fidewansenuseriiidsiunsadou

Fuenkajorn and Kemthong (2007) lg¥n1s@neauindedevesisnisildlu
aeaudniuiiruaAssdsamuiugiu (b) mfdneluwnuier (UCS wionuudeves
KifaseEuAN) uazAn JRC AidnstulufegafuiidalviiiaEenui Mmdssuusadoudidiuanld
91NN£?89 Barton 980ulnIsior b 11NN11A1 UCS A1 JRC @111950A1AALIUIAINIAITULS
Wouvessasunniivselend msuiugeuuasiunsy wiliaunsoesuigidudeuvesses
unnlugegsiulnsinla %aawaﬁmmﬁaﬁmL'%‘aumaqﬁuﬁﬁﬁumﬂwﬁﬂLLﬁ‘LiﬁajLLasﬁmwmvﬁQMﬂ

Fuenkajorn et al. (2011) Igvinsnaaeuiiioniean Hydraulic conductivity 984
fegeiiusesuanneldanuiduianuazanududeu fuildlunsnegeud ¢ wia toun
Auyugaaszys Auwnstianin fuuwnstadeauy wasiuwnsiniu nanismeaeulauandliii

AN SUANEENIINI8AIN (Physical apertures, ep) kazA1 Hydraulic aperture LANTUAY

' = =

ANNISLARDUAIVDIANULAURDUNETAAINULAUFIRINNLAIES TIANANUTUHNIUVDITOYLAN

Y

nelaan1igldinuiAuiounasan1iyA AU ougdaiia19v1Ay @1 Hydraulic

Y 9
[%

conductivities ladlenanadwuu Exponential TunaugfmnupunaIniaiiae gy



Babanouri (2011) lafnwinansgnuvenisdasdinisuriguiuly (over-

va I

consolidation) fungAnssufdssuusudeuvessesunniiu lana1331539evaneviau (Ohnishi
and Dharmaratne, 1990; Indraratna and Haque, 2000) Iaguinlavinnis@inwinginssuves
ANIULAURIRINLAZAIULAULRDUYDITOBLAN BelaeunlulaNaIsaNansEnuTeIngAnTINng
U o 90/ d‘ a [ dl = a o U ’6’ d‘ a

admeunnaniull vesrullseiiewseseswnn nafAnssumssadimeinguiuluves
TRYUANYDINUNTAINVIVIEAITILNINTULD LAAN1SANTUN N158ARIATE1 ASKNTOU
(M38n15YAL912) Mua1au tne Plaster replicas azidudunuresiuiisasunnvasiuly

a A gvo 9 =2 adX a wa 9 v A

sysunIdielddmiunsAne lunsalidnuiivguseuazauandinisguns weshwilvnmly

I 0 v o

sEinnsnageumdiiunsadoulaenssluiesUfifinig Jadunaiuiiaiiassunsadeou

[ 1 [y

AIUUINVBIANVTVIE AULTIVDINITOBUAN wazAIAULAUMIRINTTBd ARyaEnd

o

nafiudandureinssainietiigaiull mnwanismeaeu wudaedlalldiauiuay
duduaininasinsivandsiuusadeuessesunnlumiafiures Barton wuudiaosiild
fisannanssnuresnisiaradudaann myaliarndudaann deunslimiududouusy
Snsrdrunmsdasameninfigaiuly (Over-consolidation ratio) Uusesuan Fsn1slnfiognags
99308UAN (Joint Over-Closure : JOC) finulvsiagifusudsiinlugnisldsasdiuves
FoulvnsUaslunisUnii-edsgeuassesunn (Over-closed) fnsiiniaunivessosunn

(Normal closed)

2.3 msAneideiimmeassludnuasnsliusdusuuuuauunusie

Song and Haimson (1997) l#dassguangluiiodsiunseuas iuunsiaile
AnwmgAnssuazauduiusvensuanvesiiulunauane (Borehole breakout) wagAy
Wuseiadasnaneaeunsenaluauunuaie ngldnsduiiuguiianneanuduiiveuias
souunnveInInquIEiiaIauudeiindu Fsnginasives Mohr-Coulomb laianunsn
thanlflunsfinnsannsueanvomguanyld fangunasivesussnaluaiuunuadsldldfing,
ilesanuanes o, finamnzaueYsUINATEINNTULAN (U NQINMTIves Nadai T¥dmiudiu

M58 WAENLNUINTBY Mogi Todmsuiuunsile
Toct = f1 (Goct) (2.1)
Lll@ TOC’[ = 1/3[(61 - 63)2 + (02 - 03)2 + (03 - 61)2]1/2

ay Got = 1/3(01 + 6, + G3)
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lae? f, AD AN lAAINNNTNAFBU
Toct = f2 (O_Zm) (22)
W Oot = (01 + G3)/2

1agd f, Ao HINTUNALTUNNANAAIAASTUAUTTATAY N1TILATITRBHUALUIS (thin section)

funumddgsenalnmenaransyeinisuan wagAnnuLluiusinuesiu

Singh et al. (1998) l@¥iA15ANYINANTENUVDIAUAUNSNNA1ITUAIAIILLT

Youatuldvinfuynian1anaadn inasives Mohr-Coulomb Tarudnduassiosimun

'
a

o LY A ada A [N a [ a i
ﬁ’]%i‘l.lﬂ]ﬁﬂ%umuﬂ’ﬂmLL‘U?UT]UVWE]I‘LILVHﬂU‘VJﬂVIﬁVHQq\TLLagL‘UuiE]EILLGIﬂIUEJ'Ba%u LB o)

I a

Wl inausinsuanlndBaiusini o, uay o; azdmatuarinduiainuussuuiidogan
vossruviifinnuudasad inusiagesuisfsnisusulssannuuds (o 0:) luglusdnie
wilodléiu o910 o, naoauurvesglidiinnudifyetumnn wanadnusznsnilsdelile
PagUFulgsannuLdsfienis Mass modulus luglasdlitefiazdrin Dilatancy Anudusiug
Nnmsvnasaiildandeyavesnmamaaeumdaiuusadeunuuudon wagmmaasuidanaly
LNUAEILUULSNLAR (Uniaxial jacket tests) lagunisuusiilildifieyssifusudsvasaa
wia Ineflauduiusiuidsfunssiweunaiiuiliauslinguives Hoek wag Brown ldiile
oSunBuNAnYes o, iufissteiauedmiuinasinisunniluifieatiuayunmsvimiloslsfiu
WAYUURIAU

Alexeev et al. (2008) la@nwnansenuaduvesan1ieANuATEAULTOLLANTBY
Hunsgniglanisliuseluauuwnuaie naannisnaasinsdesusweiulazsosuanniele
nsnaluauinustsuandiiuiannulivgauserinannzanudulazanuaion lagi
anmzanufutunUsnusinalagiludusadowilufl 20 sesumnvesiiegafiunield
nanaluauunuIsaintuinusadeuniue/muang wagyiliiaa Dilatancy gann e
diusgduauy Hydrostatic Aanududeuturranasuazazdudsnansenuvs Dilatancy
A1 Dilatancy geanizaenadasiuaigignuesiuiiiafianlnaifiinduainnisuaninuesiiu
Tagvhlusesunnvesiiuaziinandeideiuisuesndanulunmsnauuuauunuaiduaiaaun
FunseusdIuiiusmgang 01eldn1snaLUUaINLALT (0,20) iA1AvesdIuUsEnaY

ANUATENUBETIAN (0,) LTUBIIINAUNTUSUAY Dilatancy g9
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Fuenkajorn and Kenkhunthod (2010) lavinnsnaaeu UCS way Triaxial lngly
TassnanansunuiiieUssiliunansenuresdnsinisiiussiennuuduasnisiasuuiasguin
vosiunTwamyia nsWasuuvamnudunieluuuiunugnAIunL Mednsndin 0.001,
0.01, 0.1, 1.0 waz 10 MPa/s Tae§nwianududousounsdiil 0, 3, 7 waz 12 MPa Aduuds
wazeEangurasiunsoifistuduniguiudnsnisliuse Inednsnisliussdueg i
aunsnmssuIumaasunlasguisuasusadeu daduiiugudedeauufgiuresmdanuy
arueeaidonuunsiivesiufinanaelianududian Fadumgdunalildaunsitui
darnisliussesmsiasunlasgusauazusadon dwaliviloufuaunns brittle isotropic

intact rock

2.4 asimueesiionmagey

Tiwari and Rao (2006) laas1suuuitasaninieniedmsunaasunisnaluaiy
wAu LLasmiﬂmmaaU‘Luamme'%qsuaqmaﬁuﬁ%gﬂﬁﬂﬂ%’@%mawqaﬂiiumﬂmnﬁLﬁwﬁu
fheehsiiuUszneusesesunniineliesd i 3 ya Medouana1n Block vesuuudassian
sand lime nsnageuldilagldszuunanageuluamuunuais (TTS) AignWamuity naitld

LEAIAULATEATILANLINTY (Strain hardening) ANNLATEATIaAAY (Strain softening) Lay

' 1Y
= o = =2 o

NOANTTUTINA RN VDI RUNNTIADINTUNUFUT I UTUTVIANAVDITOYUANLALANE
AALAY

Rao and Tiwari (2008) AWM U1ISEUUNITIALSUUUNAULAUEINSUNAdDU
WUUD1889508UAN I ULIaRY ('gﬂﬁ 2.1) 1ngiNN1500NLUULALWAILITEUUNTS AL U LAY
wnuliivindu e fiRnrsvesandumaluladduide dand lunsairsuvudiassadiu
mumimjma@mwammaﬁmem'Nf"fuLﬁ@iﬁawuwmﬁmmmaauamwmmm’%ammuam
wnuldwindu Tnesrassannzanueionluninauusenisldinsosnanaaauluauunuased
I§oonuuy Usznaudmelassnalunuase 1,000 kN wazlasinaluuuasiu (Biaxial fram) Snaes
a9 @y 300 kN wssdugninfinaielansednudn (Hydraulic jacks) wagwiilnin nilgves
wseudouseuildazad viliansansiaiauassnunnuduluuuns v (o, Way os) UUWt
faogaldine Tnsssuuifiudoyasiinunges finstuiinussimuniléuasdstoyanis
Lﬂa'lsjul,waaguﬁwluﬁmauﬂama% FEUUAINEIQNATIVADUIAENITNARB VAN UITIVY

Luu1aeeiegfivaniatevesuieniunse-yu ddlsesuanaiufianianideiniy
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Vertical Compression Frame

\

I
=
- rSK!IHII‘UUM: %
(=

299 999
L)
0 o o 1 J

E

L= SH= =, pre—

\
o
op Platen
- { Mavable
'” Biaxial Frame ||‘ [L-Bracket
y d RSottorn Platep @] Screw Lever
Spacer
| Hydraulic
Jack C o o
o D
Soauil
Vertical Control |
Hydreulic Pressure
Unit J

JUM 2.1 M3Fafeszuun1sllsauUaILINUasIYes Rao and Tiwari (2008)
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Walsri et al. (2009) lfin1ssain Polyaxial load frame (§U#1 2.2) Lilonnida
Juwsenakazmasssaneldanuauluaufianiasedmsuldlunismeaeuiiunseauvile
meldrudunaluauunuade nadnsiildvesiunsedu Transversely isotropic Tagldinng
nrrafndndulseansarudaveulufiensfiuuudy Bedding plane dndiuesen Poisson’s
vuszuUnafidfesniinailéininiianisuuiudu Bedding plane HAIINNNTNATBULIIA
WUU Brazillian nelduseanaluinulfedinanssnuieAInuAunannaIaveeAingafiegegn
vyosiiu Bsmsnaaeusegsivluanumuiduionssuiddyiisueglunisdisa Jinsei uas
sonuvulassaimaimnsailumaiiu laslamzedsdslasiaireiegléfiu 1wy lusd uay
wilesldniu (Judy sgrslsimunismagouussnaluauunuiidingeylidenndasivanioy
yosanuduiiAntuassluninauy namae auduluunundnluauiisnidisniugos
WiINAU AD 0,£0,#05 38N ANULAUNAMIANNLALITY WANISNAFEUIAENITINIaBIAULALNG
Tuaaunuadsazvildonuazldiaiosdiefiawiiisaigann (egluszfunatsdiuneaais)
Fefunsnasoukuunisnaluauknuass Sl duiifenasunsuans Fdnsasiuditeidoves
iwesneluanuunuaieiilifuegluilagiiude 1) f51a1gs 2) faududeulunisldnu 3)
aansovedeunsindeulnavesiiuldetnadetilos 4) ldndaulriiianniiefiazaueuusine
1¥Aad (Servo-Control) uay 5) 1nflagdnuisedusussliasfiosnauviaslurasnainis

NAABUNHBINITANULAUAINA1ULN

Ul 2.2 Tnssnannaeuluaauunuaiedl Walsi et al. (2009) lévinssann



UNN 3

N15ALAIBNAIDEN

WevluunillaeSuretuneu 35115 wardeufuRlun1sdnmseudiagnefiunsiy
ialdnaaeulurioslfiFins efnwinansenuvesnALILILAUTREUAN (0,) Aarringe

SUBSHRDUVDIAUNTEN8IHAN L ANULNUDS

N1SLAIIUAIDE19HY

Aegrafiunsenlslunsinuidusenounie Aunseynnnsesa (Phu Kradung
sandstone) AuNIEYANNIU (Phu Phan sandstone) wagAunseyanssinis (Phra Wihan
sandstone) fegafitilunismaasuiinululedeiuguarlifisesunnluiilofuiiie
AIUANAIINLUTUTIUVDIN5AS19508UANYRIRY InsRunsiemariininudrfyagiaunn
A ) a a o v A ° v
Wasannnuunluniangiuesnidewniiaveslsemalneg Jefuuldun azarunsatiunlady

a = Y < ° [y [y a v 1 a t% a wva d‘
'?JE‘WJ‘V]'N'Jﬂ?ﬂiﬁﬂﬂi@l“&ﬂugqu’ﬁqﬂ aqﬂiUﬂqifﬂﬂLG]'iEJlIG]'JE]EJ'NMUIU“@QUQUG‘Iﬂ’]'ﬁLW@IGmuﬂ’]'i

nageulawusoandu 3 ngu il

3.1 ASLASINADENEIMSUNAGDUNIAIRDUVDITIBLAN LUEIULAUDTY
(Bv3vs2)

nsnadeufdnieuvassosunnlugunnuass ldHunsens 3 vl fendin
190U lng@dnlndivunn 76x76x127 mm? LLaqugUﬁ 3.1 91nturhnnslius s uswaLEy
(Tension-induced fracture) ttoasssosunndauandlusud 3.2 sesunnilarstuiian JRC 7
Uszana 6-8 uansluguil 3.3 lnsmsveaeuidadeuvessesunluanuunuaialddniunis
Ingldlassnanaasuiuuvalswny (Polyaxial load fame) waglawuinisnaseveaniiu 2
sUkUUAD

1) Msnadeurdudeuresseswnnluamwnuaielaefinanuduuuiuiusesunn
(o) Wudndrwuiuanuduuusesuan (o) InelA15zwine 0, 0.5, 1, 2, 3 waz 4 MPa waglald
fhognafunsenmun 33 Aou LaEms1eR 3.1 LAAEnNYMENIMEnYesfieEeunT T

Idlunisnaaeumaadourassesunnluauinuase (Hivguse) vosynnvil
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PKSS PPSS PWSS

JUN 3.1 fregediunsiens 3 wila Aldlunisvaaey

PKSS

U 3.2 MedreaiunsenldlunismageukazdnuuensIiksaRaluuLudy

(Tension-induced fracture)
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PKSS
0.0035 m  Asperity amplitude = 2.00 mm
—mm—— Y —
¥ T
0.0043 m 2.20 mm
—_—— _ ¥ ____ |
r’_/—'—'-—-ﬁY—__-"_
? T
0.0047 m 2.8({)’_mm
gac==Et e =a )
0,00EH m 3._1_0 mm
?_r_;r::;—_—"f = _“’"\_—1—
0.0026 m 0.80 mm
o —— .
¥ — Length of profile = 0.13 m ———»
PPSS
0.00iZB m  Asperity amplitude = 1.46 mm
—_ —— ¥ _
T L ¥ T
0.00;10 m 1.58me
; —— ————
0.0035 m 1.60 mm
L —_———
'f T
0.00f1 m 1.80 mm
T‘l‘“‘ — — T
0.00ES m 1.90me
S ===t -==r
¥ #—— Length of profile= 0.13m ——»
PWSS
0.00;11 m Asperity amplitude = 1.43 mm
_*__I:_ — ESne— _T_ =~ 1
0.0034 m 1.60 mm
e e —
? I—'—‘—-T—- ]
0-00;13 m 2.40 mm
'_| ‘;—_—r_‘_:—_—;.:_;‘f_"""'-‘r
3 ¥
0.00i38 m 1.80 mm
‘f_i_g_—___i'—____ |

0.0037m 1.20 mm

[ —5 |
—_— Length of profile = 0.13 m ——»

¥

UM 3.3 fedrevesaunulataniunseundiuianansaussiua1rC

(Barton, 1982) 885¥1314139 6-8
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M1319% 3.1 Aauandinmenmvesiiegsiunensausia dmiunmmaseuidauleu

YDITRBUANIUAINLNUAZ nef o, Wudndiuiu o, (Frvguse)

Specimen No. Dimension (cc) Density (g/cc)
PKSS-01 7.61x7.6x12.7 2.55
PKSS-02 7.6X7.6x12.72 2.53
PKSS-03 7.62x7.63x12.63 2.5
PKSS-04 7.61x7.62x12.62 2.55
PKSS-05 7.62x7.6x12.63 2.53
PKSS-06 7.63x7.6x12.61 2.54
PKSS-07 7.6x7.61x12.62 2.56
PKSS-08 7.63x7.61x12.6 2.52
PKSS-09 7.63x7.62x12.63 2.54
PKSS-10 7.6x7.65x12.7 2.53
PKSS-11 7.62x7.64x12.64 2.52
PKSS-12 7.63x7.63x12.6 2.53
PKSS-13 7.6x7.6x12.65 2.56
PKSS-14 7.6x7.61x12.62 2.57
PKSS-15 7.62x7.61x12.64 2.52
PKSS-16 7.6x7.61x12.62 2.54
PKSS-17 7.6X7.6x12.62 2.54
PKSS-18 7.62x7.61x12.67 2.53
PKSS-19 7.6X7.61x12.62 2.54
PKSS-20 7.6x7.63x12.63 2.56
PKSS-21 7.61x7.61x12.7 2.56
PKSS-22 7.62x7.6x12.64 2.54
PKSS-23 7.62x7.64x12.6 2.53
PKSS-24 7.6x7.61x12.64 2.54
PKSS-25 7.6x7.61x12.62 2.51
PKSS-26 7.6X7.62x12.63 2.54
PKSS-27 7.6x7.61x12.63 2.53
PKSS-28 7.63x7.62x12.62 2.55
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M1319% 3.1 Aauandinmenmvesiiegsiunensausia dmiunmaseuidauleu

Yos50uANluamLNUas lnehl o, Wudadiuiv o, ([R193952) (70)

Specimen No. Dimension (cc) Density (g/cc)
PKSS-29 7.62x7.63x12.62 2.5
PKSS-30 7.6x7.61x12.62 2.56
PKSS-31 7.6x7.6x12.6 2.53
PKSS-32 7.6x7.61x12.71 2.55
PPSS-01 7.63x7.63x12.7 2.45
PPSS-02 7.65x7.62X12.63 2.42
PPSS-03 7.65x7.63x12.63 2.43
PPSS-04 7.64x7.62x12.66 2.43
PPSS-05 7.6x7.6x12.6 2.39
PPSS-06 7.6x7.65x12.6 2.36
PPSS-07 7.6x7.61x12.62 2.44
PPSS-08 7.63x7.61x12.64 2.46
PPSS-09 7.6x7.61x12.62 2.4
PPSS-10 7.62x7.62x12.6 2.46
PPSS-11 7.63x7.6x12.67 2.45
PPSS-12 7.6x7.61x12.62 2.42
PPSS-13 7.62x7.61x12.6 2.39
PPSS-14 7.62x7.6x12.6 2.38
PPSS-15 7.63x7.65x12.7 2.4
PPSS-16 7.62x7.6x12.7 2.44
PPSS-17 7.6x7.61x12.62 2.41
PPSS-18 7.62x7.62x12.6 2.42
PPSS-19 7.63x7.6x12.67 247
PPSS-20 7.6x7.61x12.62 2.46
PPSS-21 7.62x7.61x12.6 2.39
PPSS-22 7.62x7.63x12.63 2.45
PPSS-23 7.63x7.64x12.66 2.43
PPSS-24 7.61x7.6x12.6 2.43




20

M1319% 3.1 Aauandinmenmvesiiegsiunensausia dmiunmaseuidauleu

Yos50uANluamLNUas lnehl o, Wudadiuiv o, ([R193952) (70)

Specimen No. Dimension (cc) Density (g/cc)
PPSS-25 7.61x7.63x12.71 2.42
PPSS-26 7.62x7.62x12.65 2.45
PPSS-27 7.63x7.62x12.7 243
PPSS-28 7.6x7.61x12.6 2.39
PPSS-29 7.63x7.63x12.62 2.42
PPSS-30 7.65x7.62x12.66 2.4
PPSS-31 7.6x7.6x12.63 243
PPSS-32 7.62x7.62x12.61 2.38
PWSS-01 7.6x7.6x12.64 2.21
PWSS-02 7.63x7.62x12.6 2.23
PWSS-03 7.62x7.65x12.65 2.23
PWSS-04 7.63x7.62x12.67 2.19
PWSS-05 7.64x7.62x12.64 2.24
PWSS-06 7.62x7.62x12.65 2.26
PWSS-07 7.63x7.67x12.63 2.22
PWSS-08 7.6x7.61x12.6 2.23
PWSS-09 7.62x7.61x12.6 2.23
PWSS-10 7.62x7.6x12.6 2.24
PWSS-11 7.63x7.65x12.7 2.26
PWSS-12 7.62x7.6x12.7 2.19
PWSS-13 7.6x7.63x12.62 2.22
PWSS-14 7.62x7.6x12.6 2.26
PWSS-15 7.63x7.6x12.6 2.26
PWSS-16 7.6x7.63x12.62 2.29
PWSS-17 7.62x7.62x12.62 2.25
PWSS-18 7.62x7.6x12.63 2.23
PWSS-19 7.63x7.62x12.63 2.26
PWSS-20 7.61x7.6x12.6 2.23
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M1319% 3.1 Aauandinmenmvesiiegsiunensausia dmiunmaseuidauleu

Yos50uANluamLNUas lnehl o, Wudadiuiv o, ([R193952) (70)

Specimen No. Dimension (cc) Density (g/cc)
PWSS-21 7.61x7.6x12.6 2.22
PWSS-22 7.6x7.6x12.62 2.2
PWSS-23 7.62x7.63x12.63 2.25
PWSS-24 7.6x7.6x12.62 2.17
PWSS-25 7.62x7.64x12.63 2.28
PWSS-26 7.63x7.63x12.61 2.3
PWSS-27 7.6x7.61x12.62 2.3
PWSS-28 7.63x7.63x12.62 2.26
PWSS-29 7.63x7.63x12.65 2.24
PWSS-30 7.63x7.62x12.7 2.33
PWSS-31 7.6x7.6x12.6 2.3
PWSS-32 7.6x7.6x12.6 2.25

2) ManeaeuMasdouvessaeunnluamuLIuIstineinNuAuINIUiUTEEwAN (G,)
Harnafidu 1, 2 wag 3 MPa warANUALUNTRELAN (o) HUkUITENINg 1.5-6 MPa lngld@agia
FUNTUVIAUA 19 NBU LATAITIN 3.2 WAAIANYLNINIYNINYDIR I NAUNTION 16 bunS

NAADUA AR UYBITRULANIUANLUALATY (HIV3U5e) Yosyniiaes

3.2 NISS8UABEINEINSUNITNAFIUNIAWRIUNETAAIUAUVUIUNUSDE

wanasii (@aiSeu)
mMsvaaeuidadeudinaniaziuiunisiagldlassnanageuLuunatouny uas
Il Hunsevs 3 afia auiildnandredu Inedadulitounn 76x76x127 mm? a1ntuld
idosiniileadnsiiufinduiaFeuluuuaBes (Smooth saw-cut surfaces) fauandlugud 3.4
Nt saaeulagfuLUsANUEUILIURUTosLAN 3 SERU Ae 0,1 way 2 MPa
AIUALLAURI1NTEBUANILAULUSINN 1-6 MPa LaEAN5197 3.3 LARIENBAMLNIINIENN

9989819 UNTeRlTlunNsNedauiaLdaunslamNUAUIUIUNUSRELANAIT (RAS8U)
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M1319% 3.2 Aauandinmenmvesiiegsiunensausia dmiunmaseuiduleu

YDITOYUANUANUNUATY 1087l o, AR (FIv5Yse)

Specimen No. Dimension (cc) Density (g/cc)
PKSS-01 7.62x7.6x12.62 2.52
PKSS-02 7.59x7.61x12.58 2.53
PKSS-03 7.63x7.6x12.6 2.52
PKSS-04 7.59x7.58x12.61 2.5
PKSS-05 7.58x7.58x12.61 2.54
PKSS-06 7.6x7.6x12.6 2.5
PKSS-07 7.62x7.61x12.6 2.56
PKSS-08 71.6x7.62x12.63 2.55
PKSS-09 7.59%x7.59x12.59 2.54
PKSS-10 7.57x7.59%12.58 2.53
PKSS-11 1.61x7.6x12.6 2.52
PKSS-12 7.62x7.61x12.62 2.53
PKSS-13 7.62x7.59x12.61 2.56
PKSS-14 7.59x7.6x12.59 2.57
PKSS-15 7.57x7.61x12.59 2.51
PKSS-16 1.6x7.61x12.62 2.53
PKSS-17 7.62x7.59%12.6 2.54
PKSS-18 7.6x7.59x12.6 2.53
PKSS-19 7.59%x7.62x12.61 2.54
PKSS-20 7.61x7.63x12.58 2.52
PKSS-21 7.58x7.61x12.59 2.56
PKSS-22 7.59x7.6x12.6 2.58
PKSS-23 7.6x7.6x12.62 2.57
PKSS-24 7.61x7.59x12.61 2.56
PKSS-25 7.61x7.58x12.58 2.52
PKSS-26 7.62x7.6x12.59 2.54
PKSS-27 7.6x7.62x12.6 2.53
PKSS-28 7.6x7.61x12.61 2.55
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M1319% 3.2 Aauandinimenmvesiiegsiunenausia dmiunimaseuidauleu

YBIT0UANIUAILUNUATY 1Tl o, AT (HI23U5e) (F)

Specimen No. Dimension (cc) Density (g/cc)
PPSS-01 1.62x7.61x12.6 2.39
PPSS-02 7.62x7.59x12.61 2.42
PPSS-03 7.59x7.6x12.59 2.41
PPSS-04 1.57Tx7.61x12.6 2.46
PPSS-05 7.58x7.58x12.61 2.38
PPSS-06 7.6x7.6x12.6 2.36
PPSS-07 7.62x7.6x12.6 2.39
PPSS-08 1.6x7.62x12.62 2.42
PPSS-09 7.61x7.61x12.61 2.44
PPSS-10 7.62x7.62x12.62 2.46
PPSS-11 7.61x7.59x12.59 2.45
PPSS-12 7.59x7.61x12.59 2.44
PPSS-13 7.61x7.6x12.61 2.39
PPSS-14 7.6x7.6x12.6 2.38
PPSS-15 7.58x7.62x12.59 2.42
PPSS-16 7.61x7.59%12.62 2.43
PPSS-17 7.6x7.58x12.61 2.41
PPSS-18 7.62x7.6x12.59 2.42
PPSS-19 7.6x7.6x12.62 2.49
PPSS-20 7.59%x7.62x12.59 2.45
PPSS-21 7.6x7.61x12.6 2.39
PPSS-22 7.58x7.6x12.6 2.46
PPSS-23 7.61x7.61x12.61 2.43
PPSS-24 71.62x7.6x12.63 2.44
PPSS-25 7.6x7.6x12.59 2.46
PPSS-26 7.62x7.58x12.6 2.45
PPSS-27 T7.61x7.6x12.62 2.43
PPSS-28 7.6x7.59x12.6 2.39




24

M1319% 3.2 Aauandinimenmvesiiegsiunenausia dmiunimaseuidauleu

YBIT0UANIUAILUNUATY 1Tl o, AT (HI23U5e) (F)

Specimen No. Dimension (cc) Density (g/cc)
PWSS-01 7.59%x7.6x12.62 2.2
PWSS-02 7.61x7.58x12.59 2.22
PWSS-03 7.58x7.62x12.6 2.23
PWSS-04 7.59x7.61x12.62 2.19
PWSS-05 7.6x7.59x12.61 2.25
PWSS-06 7.61x7.62x12.61 2.26
PWSS-07 7.62x7.61x12.59 2.2
PWSS-08 7.6x7.59x12.58 2.23
PWSS-09 7.6x7.58x12.6 2.24
PWSS-10 7.61x7.6x12.61 2.25
PWSS-11 7.59%x7.6x12.6 2.26
PWSS-12 7.58%7.62x12.59 2.19
PWSS-13 7.6x7.62x12.62 2.22
PWSS-14 7.61x7.61x12.59 2.26
PWSS-15 T1.6x7.62x12.59 2.28
PWSS-16 7.59%x7.59x12.58 2.29
PWSS-17 7.59x7.59%12.6 2.25
PWSS-18 7.61x7.62x12.58 2.23
PWSS-19 7.62x7.61x12.6 2.26
PWSS-20 7.6x7.63x12.61 2.24
PWSS-21 7.58x7.62x12.62 2.26
PWSS-22 7.59x7.59x12.58 2.22
PWSS-23 7.6x7.58x12.59 2.21
PWSS-24 7.62x7.58x12.61 2.19
PWSS-25 7.61x7.62x12.6 2.26
PWSS-26 7.6x7.58x12.61 2.28
PWSS-27 7.59%x7.61x12.62 2.25
PWSS-28 7.58x7.6x12.61 2.23
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PWSS

UM 3.4 fegiiunsewuuiissuusdudmsunismegeumasleunielining

WAUYUIUNUSDULANAIN

A15199 3.3 AnandAnenenImvesiegiunseivauyile dmsunimadeuiduleu

YDITOLUANIUANNUNUATY Inefl o, AN ([SeU)

Specimen No. Dimension (cc) Density (g/cc)
PKSS-01 7.6x7.61x12.6 2.51
PKSS-02 71.62x7.6x12.59 2.52
PKSS-03 7.61x7.62x12.61 2.49
PKSS-04 7.6x7.59x12.62 2.54
PKSS-05 7.58x7.6x12.6 2.53
PKSS-06 7.63x7.61x12.6 2.51
PKSS-07 7.59x7.62x12.59 2.56
PKSS-08 7.6x7.59x12.58 2.52
PKSS-09 7.61x7.59x12.59 2.52
PKSS-10 7.62x7.6x12.6 2.51
PKSS-11 7.6x7.61x12.62 2.49
PKSS-12 7.6x7.62x12.61 2.56
PPSS-01 T7.61x7.6x12.6 2.38
PPSS-02 7.61x7.61x12.59 2.4
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M1319% 3.3 Aauandinmenmvesiiegsiunenausia dmiunmaseuidauleu

Y83T08uANUAINNNUATY 1Tl o, dAAsil (HILSev) (de)

Specimen No. Dimension (cc) Density (g/cc)
PPSS -03 7.59%x7.61x12.61 2.45
PPSS -04 7.58x7.59%12.61 2.43
PPSS -05 1.59x7.61x12.6 2.4
PPSS -06 7.61x7.62x12.6 2.39
PPSS -07 7.6x7.6x12.62 2.38
PPSS -08 7.6x7.59x12.59 2.47
PPSS -09 7.59x7.61x12.58 2.46
PPSS -10 71.58%7.62x12.6 2.44
PPSS -11 7.62x7.6x12.6 2.4
PPSS -12 7.61x7.61x12.61 2.42
PWSS-01 7.6x7.61x12.62 2.24
PWSS -02 7.59x7.59%12.59 2.25
PWSS -03 7.61x7.58x12.61 2.27
PWSS -04 7.59%x7.6x12.62 2.19
PWSS -05 71.6x7.61x12.6 2.28
PWSS -06 7.61x7.59%12.6 2.24
PWSS -07 7.61x7.61x12.61 2.27
PWSS -08 7.6X7.62x12.62 2.23
PWSS -09 7.59x7.58x12.58 2.18
PWSS -10 7.62x7.6x12.6 2.22
PWSS -11 7.61x7.6x12.61 2.25
PWSS -12 7.6x7.61x12.59 2.23
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3.3 MsnsBaRlRgNEmTuNMAsaUMaLRBuLUUlAENTY (RIY3U52)

mInedeumandounuulaensslaldiedemaaeuidsiunsadoulnunss (Model
DR-44 Direct Shear Machine) A13aAs§ 1L ASTM D5607 wagléldfunseis 3 wiia fianun
12 fou Tnedndulsidiuunm 100x100x150 mm? Fauandlugud 3.5 andunisliussiauy
WuLdU (Tension-induced fracture) Wiead1asesuan wazldArnnudussain 4 sy fe 1,

2, 3 kA% 4 MPa kagnns 19l 3.4 WEAISNWULNIaNIENNTBIRI8819RUN el lunsnagau

AAURBULUULAYAT

5 10 15

20 cm

5UN 3.5 freguitunsen 3 wila dmsummeseuidudeuwuulagnse

PAININTT AT IPUULUILEU

A1519% 3.4 AnauUAnNeInvesiagiunseivauia dmsunmeseuinduleu

RUNGEEEN

Specimen No.

Dimension (cc)

Density (g/cc)

PKSS-01 7.61x7.6x12.6 2.2
PKSS-02 7.62x7.61x12.62 2.23
PKSS-03 7.62x7.59x12.61 2.24
PKSS-04 7.6x7.6x12.61 2.25
PPSS-01 7.63x7.6x12.6 2.38
PPSS-02 7.61x7.61x12.6 2.36
PPSS-03 7.62x7.63x12.61 2.39




28

M1519% 3.4 Aauantanienennvesiegsiunseisauvile dvunismaseufiiduieu

wuUlAEnse (5i)

Specimen No. Dimension (cc) Density (g/cc)
PPSS-04 7.63x7.62x12.61 2.42
PWSS-01 7.6x7.6x12.6 2.25
PWSS-02 7.62x7.6x12.62 2.27
PWSS-03 7.62x7.62x12.7 2.19
PWSS-04 7.61x7.64x12.65 2.28
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Han1snaaauluresUfuRns
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Massulsadaunuulaenss Inenisnagaulaldlasinanaaauluauknuase LaziASaIAEaU
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fusesuanidudndruseAinuduuusesuan (o,/c,) (2) Msnaaeuidmusliriaudy
yuufusesuan (o,) fldasi uaz (3) Manaaeumdsiunsadouluamuunuaisuusesunnio

B YUINNUALAAULA UYL UAUTDELANT A AN

5.1.1 wan1svadsuindesuusudeulumuunuaiuusesuaniinvguss (nsalfifuus
INT1EIUVIIAIAMUAUVUIUNUTOLUANADAIAIUAUVUTBEUAN (C,/C,)
nanageuyeilldimualidnsdiussnindimmdufituutusesunniazen

ANULALULIOELANTIAYNTY 0, 05, 1, 2, 3 WAz 4 MPa Tunn51a7l 5.1 UAAINANNTNAZEUAN
frdsfunsadeuvesiiunseniausin U 5.1 uansAidadeugegalusuuvuvesdinis
waouslunuanIsdeu (d) dusushedniiunsisuisdiudildlunisvagaeu g‘dﬁ 5.2 L@n3
AuFITUSSEnIeAINTIAA s UFvesTesuAn TuLUIR 4R N (d.) wazAnsiedeusalunug
120U (d,)

AAUAUNAN TULUILAY (FBAARBINUAIMSITULTURBUEER) d1unTauansly
sUmMuduussEninsAauAuivuuiusesumndudunsdiifinsfundssnsdiuainiig
wuiivutusesuandoranuduiioguusesunnduandlusud 5.3 anduihdianudundn
Tuuunuangud 5.3 snldlumsdunmmdsuusadougegaluguvesmnuduiudsening
ﬂ'wmmLé’ué?qmﬂﬁmamiugﬂﬁ 5.4 FsananuduiusueenisiuLl s8nduAIALAY
YA UTEBUANTMNIIIBAIANAULUTEBUAN (6,/0,) Fumyadennulugud 5.4 awnse

lugmeiauauniseely
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dl 1 o v = dd‘ U L2 !
A15719% 5.1 HaN1SNAdeUAIMaISULIURaUluN TN ULUSORI18IY (GP/GO)

PKSS PPSS PWSS
G, o,
/% | wpa) | ey | O | ’ o | o ’ or | o '

(MPa) | (MPa) | (MPa) | (MPa) | (MPa) | (MPa) | (MPa) | (MPa) | (MPa)

0 06 | 1483 | 416 | 6.16 | 21.10 | 572 | 888 | 2092 | 568 | 8.80

0 1 18.01 | 525 | 737 | 2265 | 641 | 937 | 25.73 | 7.18 | 10.71

0 2 | 2421 | 755 | 9.62 | 2801 | 850 | 11.26 | 30.79 | 9.20 | 12.47

0 25 | 2661 | 853 | 1044 | 30.26 | 9.44 | 12.01 | 34.11 | 10.40 | 13.69

0 0 3 | 3026 | 981 | 11.83| 33.56 | 10.59 | 13.15 | 37.67 | 11.67 | 15.01
0 35 | 34.90 | 11.35 | 13.59 | 37.96 | 12.11 | 14.92 | 42.78 | 13.32 | 17.00

0 4 | 3643 | 1211 | 14.04 | 39.49 | 12.87 | 15.37 | 45.60 | 14.40 | 18.01

0 45 | 41.01 | 13.63 | 1581 | 41.81 | 13.82 | 16.16 | 48.67 | 1554 | 19.13

0 5 | 4254 | 14.38 | 1625 | 44.07 | 14.77 | 1692 | 51.05 | 1651 | 19.94

1 2 | 1753 | 588 | 673 | 2021 | 655 | 7.89 | 24.03 | 751 | 9.54

1.5 3 | 2200 | 775 | 823 | 2342 | 811 | 884 | 27.15 | 9.04 | 10.46

0 2 4 | 2714 | 979 |10.02 | 2789 | 997 | 1034 | 33.19 | 11.29 | 12.64
3 6 | 3220 | 1255 | 1135 | 35.46 | 13.37 | 12.76 | 41.45 | 14.86 | 15.35

0.6 06 | 769 | 237 | 3.07 | 1158 | 334 | 475 | 13.40 | 3.80 | 554

1 1 898 | 3.00 | 3.46 | 1327 | 407 | 531 | 1478 | 445 | 597

2 2 | 1192 | 448 | 430 | 1612 | 553 | 6.11 | 1841 | 6.10 | 7.10

1 3 3 | 1594 | 624 | 560 | 1870 | 693 | 680 | 21.32 | 757 | 7.93
4 4 | 1811 | 752 | 611 | 2256 | 864 | 8.04 | 2336 | 884 | 8.38

5 5 | 2172 | 918 | 7.24 | 2522 | 10.06 | 876 | 27.69 | 10.67 | 9.83

7 7 | 25.15 | 1154 | 7.86 | 30.54 | 12.88 | 10.19 | 31.61 | 13.15 | 10.66

2 1 791 | 273 | 299 | 1215 | 3.79 | 483 | 1378 | 4.20 | 554

4 2 | 1023 | 405 | 356 | 1471 | 518 | 555 | 1522 | 530 | 5.72

2 6 3 | 1238 | 535 | 406 | 1732 | 658 | 620 | 17.98 | 675 | 6.49
8 4 | 1480 | 670 | 467 | 1947 | 787 | 670 | 20.12 | 8.03 | 6.97

10 5 | 1866 | 841 | 591 | 2149 | 9.12 | 7.14 | 2237 | 934 | 7.52

3 1 785 | 271 | 297 | 1135 | 359 | 4.48 | 10.62 | 3.40 | 4.16

6 2 | 1002 | 400 | 347 | 1312 | 478 | 481 | 14.23 | 506 | 5.29

’ 9 3 | 1122 | 506 | 356 | 14.66 | 591 | 505 | 1554 | 6.13 | 5.43
12 4 | 1324 | 631 | 400 | 1661 | 7.15 | 546 | 1651 | 7.13 | 545

4 1 743 | 261 | 279 | 1059 | 3.40 | 4.15 | 868 | 292 | 333

8 2 9.03 | 376 | 3.04 | 11.82 | 445 | 425 | 10.73 | 4.18 | 3.78

! 12 3 | 1012 | 478 | 3.08 | 13.24 | 556 | 444 | 1215 | 529 | 3.96
16 4 | 1111 | 578 | 3.08 | 1459 | 6.65 | 458 | 13.57 | 639 | 4.15
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0 1 2 3 4 5

ds (mm)
12 12
10 10
8 8
S6 =5MPa 6
=
o4 3 4
2
2 2
0 PKSS: oyl =2 PPSS: oplc, = 2 PWSS: o,/c, =2

0 1 2 3 4 5 0 1 2 3 4 1 0 1 2 3 4 5

ds (mm) 15 ds (mm) 15 ds (mm)

10 10

Go :$4 MPa

2
1

PPSS: oplc, = 3 PWSS: oplc, = 3

o N b~ O ©
o N b~ O

1 2 3 4 5 0 1 2 3 4 5
ds (mm) ds (mm)

[

sUN 5.1 Ardndsfussauleugeanlugusuuvesainisefeudiluwuinisi@euluung

9nI1EU (0,/0,) dwmutunTeyisauyiln
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0.6 1 pkss: 6, =2 MPa

dn (Mmm)

0 4+

0 02 04 06 08 1 12 1.4
ds (mm)
0.6 7 ppss : 5, = 4 MPa

dn (Mmm)

0 02 04 06 08 1 12 1.4
ds (mm)
0.6 7 pwss: 6, =2 MPa

dn (Mmm)

0 e

0O 02 04 06 08 1 12 14
ds (mm)

U dl > gj U dl U =4
DUAITBITRILANTULLIARIN (d,) Aon1siAdaudl luLwIReu (d,)

ATNITLAR

ANNSUAIBYNNRUNSIBUNEIUY
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PKSS
Gpl0,=0

mMPa
LN
o
»0\%
N
o
[4)]
-—

30 1
20
10
0 —r—rrrr—rrrrrrrrr
0 2 4 6 8 10
o, MPa
50: PPSS Gp/G(,:O

30 1

20

G1MPa
S
(]
hw\
N
o
[6)]
—

10

o, MPa
50 7 oplo, =0 MPa

0.5

30 1

[oF] MPa
N

20

i

10

0 +——r—r—rrr—r—rrrr—rrrrrrrrr—m

0 2 4 6 8 10
o, MPa
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20 PKSS
6. =0 T =0, tan ¢* + c*
op/%o c,/c,
16 o o R2
(MPa)
(Degrees) | (MPa)
12 0.5
o o 0 45 2.01 | 0.99
= ] | 05 35 277 | 0.98
8 1 29 191 | 0.98
2 ‘E\< On
2 27 151 | 0.98
4 3 N %o
4 o]\ 3 15 2.27 | 0.97
l 4 5 2.62 | 0.98
0 rrrrrJrrrrrrrrrrrrrrrrrr.r.1r1
0 4 8 12 16 20 Coveroge = 218
on MPa
20 PPSS Gploo= 0
T =0, tan ¢* + c*
G,/C,
16 ¢* c* R2
(MPa)
0.5 (Degrees) | (MPa)
o 12 0 44 3.10 | 0.99
o 1
% 0.5 36 3.08 | 0.99
8 2 1 30 2.93 | 0.99
43 2 24 323 | 0.99
4 3 15 351 | 0.99
4 8 3.67 | 0.99
0 Ty rrrryrrirryryrrrryrnrirnrg
0 4 8 12 16 20 Claverage = 3.25
on, MPa
20 PWSS op/c, =0 MPa
T =0, tan ¢* + c*
G,/C,
16 0.5 o~ c R?
(MPa)
(Degrees) | (MPa)
o 12 1 0 46 313 | 0.99
= 0.5 39 3.37 | 0.99
=
8 2 1 29 356 | 0.99
(A'AA4 3 2 22 3.74 | 0.99
4 = i 3 19 3.22 | 0.99
4 12 2.72 | 0.97
0 TTITITTITJTrIrrrrrrrrrrrrrrrrrm
0 4 8 12 16 20 Caveroge = 314

o, MPa

JUN 5.4 AuduiussenIeAIMaudougeanuarA1AIUALAIRINUUTRELANRY

° ) aaa o Y] !
Y3UsTAMSUNIANTN1IHUWITERT1EU (6,/5.)
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5.1.2 nan1svadaumasfuusudeuluauunuaieuusesuaninuuss (nsdiftan
ATULAUTUIUAUTBEUAN (G,) fidmsi)
msnagouYnildimusliaauduruiusesuanasiiawsedufe 1, 2 uay

3 MPa TuvaugfifA A ALULTaBUANHULYTIIN 1.5-6 MPa AN197l 5.2 LARINANTNAZOUA

[

Massuusadoudmiuiunseisaueiia 5Un 5.5 mauenanisnaaeuaiiasuusadonly
g

SULUUT0IAIAIILLAEAIRTIN IAEINANUFURUSVRIAIAUAUIUIUAUTBEUANAINTUA

AaAugnfniwandlugui 5.5 aunsadilugnisimuaunisesly

5.1.3 wan1magauinasiuLsuauluamaunuasiuusesuaniateu (nsalnfAiny
% o o =
AUTUIUAUTREUANIIANALT)
nsnadeugallamuualiaImNuILIUAUTREUANAINTaNTEAUAD 0, 1 LAz
2 MPa TuauefiAiAuAuuusegLanduLUs3In 2-10 MPa ;J‘Uﬁ 5.6 WEHAINANITNAABUAN
mMassuusaaulusluuudaranununmin lneranisnaaeuluyailvinlinsiuitaaiuau
dousouIrdiNansznuorMAssuLsudouilosoaunniulusesunnuiusy widsosuanty

WusesunnRaSsuainuiudonsavarlidmansenusonnnassuLsdou

o o o/ =
5.2 Naﬂ"li‘i/lﬂﬂaUﬂ']a\‘ﬁULL?QLQE]TJLL‘U‘UIG\EJG\‘N
o U = Y o Yo v :.’I a0 dldldl
ATNAFBUNNSISULTLRoULUULAEATILANIRUALTAT ANULAUAIRNNEA1AINNE
JEAUAD 1, 2, 3 uAr 4 MPa JUA 5.7 UWanIAIMAISULITURBULAEAINITARBUMIYDITOLLAN Y
JUMUUYRIAINITARBUAT UL WINSREY Han1snaaeunlldiuSsuisuiunMsnaaeuindasy

& a aa 1Y Y] a1 6=t PN
LL3\1Lﬂaue[,uaqllLLﬂuf\]iﬂeLUﬂim‘VlﬂT]llLﬂueﬂu’]UﬂUiaﬂLLmﬂﬂﬂqLUU@US"UQLLaﬂﬂl’ﬂugUV} 5.8



aaq

] o v w = a A A
M99 5.2 Naﬂqimﬂa@‘Uﬂ’]ﬂ']a\‘liULL?QLQ@UUUi@EJLLmﬂN'JsU?UigﬂiﬂJW G, AN

PKSS PPSS PWSS

Gy On T O, (O T O (O T

(MPa) | (MPa)
(MPa) | (MPa) | (MPa) | (MPa) | (MPa) | (MPa) | (MPa) | (MPa) | (MPa)

1.5 14.52 a.75 5.64 17.50 5.50 6.93 20.78 6.32 8.35
2 17.53 5.88 6.73 20.21 6.55 7.89 24.03 7.51 9.53
25 22.17 7.41 8.52 24.80 8.07 9.66 29.21 9.18 11.57
3 25.25 8.56 9.63 27.53 9.13 10.62 | 32.20 10.30 | 12.64
3.5 27.86 9.59 10.55 | 31.78 10.57 | 12.25 | 35.07 11.40 | 13.67
4 31.35 10.84 | 11.84 | 34.41 11.60 | 13.17 | 37.92 12.48 | 14.69
4.5 34.41 1198 | 1295 | 3595 1236 | 13.62 | 40.79 13.57 | 15.72
5 36.86 1297 | 13.80 | 38.50 1338 | 1451 | 4512 15.03 | 17.37

25 17.14 6.16 6.34 19.35 6.71 7.29 24.86 8.09 9.68
3 20.34 7.33 7.51 23.34 8.09 8.81 27.89 9.22 10.78
3.5 23.34 8.46 8.59 26.39 9.22 9.91 30.42 10.23 | 11.66
4 27.14 9.79 10.02 | 27.89 9.97 10.34 | 33.19 1130 | 12.64
4.5 29.39 10.72 | 10.77 | 30.96 11.11 11.46 | 37.09 12.65 14.11
5 31.45 11.61 11.45 | 34.02 12.26 | 1257 | 40.14 13.78 | 15.21

4 22.08 8.52 7.83 23.63 8.91 8.50 30.45 10.61 11.45
4.5 25.11 9.65 8.93 27.61 10.28 | 10.00 | 33.17 11.67 | 1241
3 5 27.50 10.63 9.74 29.98 11.25 | 1082 | 35.74 12.69 | 1331
55 29.61 11.53 | 10.44 | 32.85 1234 | 11.84 | 38.25 13.69 | 14.18

6 32.20 1255 | 11.35 | 35.46 1337 | 1276 | 41.45 14.86 | 15.35
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20 PKSS
5,= 0 MPa
16
1 T =0, tan ¢* + c*
2 Gp 5
— 12 * c* R
& 3 (MPa) ¢
= (Degrees) | (MPa)
T8 0 45 2.00 | 0.99
1 45 0.95 | 0.99
4 2 44 0.53 | 0.99
3 42 0.54 | 0.99
0 rtrrrrrrrrrrrrrrrrrrr1rrrr..1 (I)*Gvemge _ 440
0 4 8 12 16 20
on (MPa)
20 PPSS op=0MPa

T =G, tan ¢* + c*
¢ c* R?
(Degrees) | (MPa)

(o]

T MPa
R >
Lo a3 1 3 3 5 3 0 3 » 3 3 1 3 3 3 3 1 3 3 33
\
s 9
e

0 44 3.10 | 0.99
1 44 1.62 | 0.99
4 2 43 118 | 0.99
3 43 017 | 0.99
0 TITITrlrrrrrrrrrrJrrrrrrrrrri
“average = 43.5
0 4 8 12 16 20 ¢ e
o, MPa
207 pwss c,=0MPa
] 1
. 2
16 3
] T =G, tan ¢* + c*
2] o ¢+ c* R?
L] (MPa)
= < (Degrees) | (MPa)
= ]
81 0 46 313 | 0.99
. 1 46 1.90 | 0.99
47 2 44 177 | 0.99
. 3 42 179 | 0.99
O TIT T ITITTITTIIJITIITI I I rrrrrrrrri (I)*avemge - 445
0 4 8 12 16 20
o, MPa
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1 (MPa)

1 (MPa)

T (MPa)

a6

109 pkss
b 2 MPa
8 4
i T =G, tan ¢* + c*
: O (I)* c* R?
6 (MPa)
] (Degrees) | (MPa)
] 1 MPa
4 : Gp = 0 MPa 0 31 0.69 0.99
E 1 33 0.45 0.97
2 - 2 32 0.70 | 0.99
: (I)* average — 32° c* average = 0.61
0 TT T T T T T T T T T 1T T 1T TT11
0 2 4 6 8 10
an (MPa)
07 ppss
8 -
] 1 MPa T =0, tan ¢* + c*
Gp
: % c* RZ
67 wea | ?
- (Degrees) | (MPa)
i 2 MPa
4 0 34 0.19 0.99
1 op,=0MPa
] 1 33 0.36 0.97
2 2 31 032 | 0.99
: d)* average = 32° C* average = 0.61
0 | I I N I N N N Y N N D B B |
0 2 4 6 8 10
on (MPa)
07 pwss
8 -
i T=0,tan ¢* + ¢
A Gp (I)* cx RZ
67 (MPa)
i (Degrees) | (MPa)
4 ] 0 31 0.71 0.99
] 1 30 0.65 0.99
21 2 30 073 | 0.99
: ¢* average = 30° C* average = 0.70
OTTTTT T T TTT T TT ITT T T T 1T
0 2 4 6 8 10

. (MPa)

UM 5.6  wanimaaeuiafulsuleuluauunuasuusesuanisgudmsy
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10
8
< 6 on =4 MPa
o
=
(4 4 3
2
2 1
PKSS: 5,= 0
0 TT T T T T T T rrrr1rrr1rr1rrrro
0 1 2 3 4 5
ds (mm)
203 ppss
-15 on=1MPa
2
3 4
S .05
PPSS: 6,=0 0.0 - r ,
O||||||||||||||||||||||||| l 2 3 4 5
0 1 2 3 4 5
ds (mm) 05 ds (mm)
10
8
g° o, = 4 MPa =
=
v o4 3 =
1 ©
2
PWSS: 6,=0
orrrrrrrrrrrrrrrrrr T
0 1 2 3 4 5
ds (mm)
(a) (b)

UM 5.7 wan1snadeumaeiunsadounuulagnse: (a) mmdssunsudeu luguuuuves
N13LARDUAIYBITOIUAN (b) AINITARBUATIVDY TaEUANIUTULUUYBIAINTT

LAADUAULLINTHRBU
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PKSS
20 1 o
1 True triaxial shear test : 6, = 0
b 1= optand50 + 2.01 MPa
] R?=0.99
15 -
B ]
S 10 7
3] J
57 Direct shear test
1 T=optand9l] + 1.72 MPa
. R®=0.99
0||||||||||||||||||||
0 5 10 15 20
on (MPa)
PPSS
20 ] True triaxial shear test : 6,= 0
J T = optand4l] + 3.10 MPa
] R*=0.99
15 4
A
S 10 1
e o
57 .
1 Direct shear test
T T = optan47l] + 2.33 MPa
i R?=0.99
OTT T TT T TT T T T T T T T T T TTTT]
0 5 10 15 20
Cn (MPa)
PWSS
20 7 i .
4 True triaxial shear test : 6,= 0
b 1= optand6l] + 3.13 MPa
i R*=0.99
15 4
g ]
s 10 1
e J
h Direct shear test
] 1 = optand5(] + 3.15 MPa
] R®=0.99
OTT T TT T TT TT T T T TT T TTTT]
0 5 10 15 20
on (MPa)
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2 a aa Y Y] a1 & ¢
LﬂauﬂluaqllLLﬂu’ﬂﬁflﬂim‘Wﬂ’ﬂNLﬂuGUU']UﬂUiE]EJLL@ﬂlIﬂ']L‘Uu@UEJ



uni 6

N198519ANNFUNUSN1IANAATEASLLAZNITILASIZANANISNAEDU

Wemluunilesurgmsiauiaunisuazaieanuduiusnieadamansvoddn
ANUAUNANLAZAIAUALGONTEY ANMAURBUEIEALAYAIAINAUAIRIN IneAIUFITUS
wianflasihlugnisimuinamimdssuusadeulndnlamdefamansenuresrnnuiudouseu

NNTLVMDIDULANTAU

6.1 NITATUIUAINIAISULIWRDULATAIAIIUAUAIRIN

nsneasufdudauluaiuwnuaswiensainAANUAuTUILiUsos N TudndIu

[y

UAIAMULAUUUTDELAN WALl UNTANAIANUAUIUIUNUTDUWANTAIAIA AIUITOAIUIUAT

[

MasdeunazAnUALsIInlaaIn Jaeger et al., 2007)

T =% (0;- 0, sin 23 (6.1)
G, =% (o, + 6,) + % (0, - 6,) cos 23 (6.2)
Tnei o, A9 ANMUAUNENTLLLILAY

6, A9 ANUAUABUTOU
B AD yUTENINAMIUAUNSNIULILNUAUAIINAUATRIN Lnedfiipe1efiunsien

TdlunsnaaeuiAyuingy 59.1° Nnsaee

6.2 N1SATUIUIINAISNAFDUNIAISUKSIRDULASNATIAMULAUTUIUNUTDYAN

GlE]ﬂ']ﬂ'J']ﬂJLf%iJUUiE]EJLWIﬂﬂ\‘]ﬁ
nsneaeuatiannIndwnusidudouganandanadudamiududonsoud
0,05, 1, 2, 3 uaz 4 MPa InafidnsadrumaufuuIuiuTosuan foAAULAUULSELAN
Fflainiu 0 waz 1 Weuldiunmmegeumdssuusadounuulnensauaznisnaaeufdssu
wsadouluanuuny (Triaxial shear tests) dmsunismuammsadouialuwwadou (d,) way

nsiAdouMIBITRELAN (d,) @msaAuinlaain

ds =% (d;-d,)sin 2B (6.3)
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d, =% (d;+dy)+%(d;-d,) cos 2B (6.4)

laeh d; Ao NMSIAABUMIlULLILAUTIASIRIATLIINSAGDU
do A9 N19LAABUAMIUTANIYBIATIANULALULTDELANTINSIV IRV UL YN

N1INAEDU

A1AAUTEN LWL UEAMUFNRUSAUAT AT ULT IR AR Laga1u1se
wanena luURUUTBIANLANARINAaAdluIU 6.1 TneBanasianuduiusidaduvesn
apuUiieldilusunuvesemandougeganigldnisiunusdnsdiumanuduruiuiusey

LANFADANAINUAUUUTDELAN FIAUNIT
T =0, tan (¢*) + c* (6.5)

Tnedi o* Aa AIESANIUUIING (Apparent friction angle )

c* fip AANALERARAUIING (Apparent cohesion)

nstruafwUstuildu o* wag o Wendnidsernuduauvesaiyudeaniy

o

1 Y = o w A PN Y o U A v
LAZAIAMULAUTATDINITNAFDUNAITULTIROULUULAEASS Tngdaunisi 6.5 IGUﬂ’]ViUWWUE]?QJIa

o v A v 1

nlannmmageulusliuuvesdmasdeugegaiuaanuauaInkandlilugui 6.1 210

]
aa v 1 1

mamswmaauﬁumwnﬂ%ﬁmiuﬂsmmmwmummmLé’uéumuﬁ’usasjmeﬁiaﬂ'wmwmﬁuuu

14
= &1 _ A

Se8uANAINTInanSIALiNIT ¢* Al RNTUARDIpENSIEIUAIAINLAUIUIUAUTRELANAD
ANAIMULAUUUTOYLANALTUY INNANUFUNUSAINAN AN T UL LARAI8EUNTLOND LWL

\Foadauandluguil 6.2
¢* = o exp [-k(c,/0,)] (6.6)

Tnen o bag Kk ADANAINNLAIINAISNAADU

AANURuBnfnUIINgAilsann1svegeuiituwdldunliduiudnsdiuseninee

AULAUTNVUNUNUTDULANBALATAIIULANUUTDEWAN LABLALRALINAY 2.18, 2.96 way 3.14

=

MPa §SURUNTIBYANNTEAS QNU LATNTEINT AUEY
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207 pkss
oplog=0
16
oplco = cin fan g S* R2
(o) ] Cc
o 12 (MPa) (Degd)rees) (MPa)
S 0 45 2.01 | 0.99
g 1 .o 05 35 2.77 | 0.98
: N Go 1 29 1.91 [0.98
) A 2 27 151 |0.98
4 3 ol 3 15 227 | 0.97
4 4 5 262 | 0.98
C*average = 2.18
0 LU DL L L I DL L UL L U LU D B B D B B BN B |
0 4 g8 12 16 20

o, MPa

UM 6.1 nansvegeuMAsTuksuauluauwnuaselaeNensdusenineAANuAUATLIY

UTDLUANLAZAIANUAUUUTBEIANANE NS UTIUNT18YAYN TR
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¢o* = 50 exp [-0.49(C,/0,)]
R%=0.90

w -
o o

N
o
IR TN T T N T TNT TN TN N W T T TN N N M W AN N1

¢* (Degrees)

e
o

PKSS O

o IR LR LR L L L L L.
0 1 2 3 4 5
G,/Co

¢* = 46 exp [-0.40(C,/0,)]
R?=0.97

¢* (Degrees)

20

10

PPSS

o

| E N AN N R IR A B L L L PR B G L |
0 1 2 3 4 5
G,/0o

50';:|
i O* = 44 exp [-0.32(0,/0,)]
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6.3 N1SATUIUIINNISNAFBUNIAISULTIRDULASNAIANUAUIUIUNUY

5aﬂuﬁﬂﬂﬂﬁ

ﬂ’]imaawquﬁmuﬂiﬁmmmLﬁuﬁmmuﬁmaaLmnﬁmmﬁ 3 5¥AU AD 1, 2
LAz 3 MPa YalsfifnAuIAUUUToBuANTULUTINN 1.5 F9 6 MPa JUT 6.3 wansnavarings
fuusudeuguarluguuurasaanuidudian wasiiodumaioudoutummeaeuria
funsadeuluamunuaieiiainnuduruiutusesunndaniifugus (c,=0) Fadusld
wananamsnaaeuililuzuil 6.3 dre arnmsnaaeugnivinlinuiiaeadudouseu (A
ANUAUILIUTUTEELAN) A lrAAdeSuLsARauanas avauduRuSI T UTENINaAT
ﬁ"]é’a%’uLLsaLaauﬁummmLﬁuéi’quﬂﬁléfﬁm%’mqmzﬁwaammLé’umuwuﬁmammnmmm
osueldnnauns (6.3) Auudeamuusngiuuliuiieglitusoamuduruususos

won TuvagNAIANUAUEARAUIINGaNR I oAIAINALYILIUAUTDERANENLTY
c* =y exp [-€ (o,)] (6.7)
a7 v Uy & AeApsnvilaannnsviagdey

AFATLAIINNITIATIERIRUNGUINIUN 6.4 wazAudennIuUIINgIINMTT

a

nagaufdesuLsuleu lnefiAianuAuruIuiuseswanaiiaadueg® 44°, 43° uag 44°
AMIUAUNTIVYANNTERT YNIY UAENTEIMTANUGAU
WI9YINNNSWNUANELNST (6.6) hag (6.7) Tuaunsh (6.5) Yinlrlaanudunusyes

AUNITARISULIIDDUNNIITUIAIAINLLALA DUTDUAIN

T = o, tan {a exp [-k(c,/0,)1} + ¥ exp [-€ (,)] (6.8)
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20 PKSS

-
()]

N
N

7 (MPa)

o]

o

Trrrrrrrrrrrrrrrrrr1rrrr.r1

0 4 8 12 16 20
on (MPa)

T = ontan ¢* + c*

Gp * c* R2
(MPa) (Degrees) | (MPa)

0 45 2.00 | 0.99

1 45 0.95 | 0.99

2 44 0.53 | 0.99

3 42 0.54 |0.99

(])*average = 44.0

UM 6.3 wan1snadeumassunsaudeuluauinuatdaefannuauivuuiusey

uwandlAnAsdmSuRUNI I8N NTEA
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49 Pkss
3
c*=1.69 exp [-0.450,)
© R?=0.87
=2
*O

O<TrT™T T TTTTTTT T T TTTTTTT
0 1 2 3 4
o, (MPa)

4 =\ PPsS

3
. c* = 4.01 exp [-0.92,]
T - R?=0.87
o -
= 2
%, :
1 -
0 O L N U O T |
0 1 2 3 4
o, (MPa)
49 pwss
c* = 2.71 exp [-0.185,]
3 R?=0.68
"-“* -
% -
= 2+ O
o] (] O
1-
O TTTTTTTTT T T T TTTTTTT
0 1 2 3 4
op (MPa)

JUN 6.4 AudNTusIEnIeAIANIAUEARAUTINY WAL AIALAUYLIUAY

Aa a
FBYLLAANUAIAIN
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6.4 NSAIUIUNNINAFIURIAS UL TaUlnefiAlAuEuYLIURY
soEUANAYT (NSETIRSDERANSE)
nsnaaeugaildsiumaiteAnyimanssnuresrinuduruuiusesunnse
AALAIUU S UNs LS ouUuiogsiuiisosunniseu (Smooth saw-cut surfaces) N3
nagouwarn1sAUIalan iU swuReiuAUNINedaUA1a S USSR auluaNuLA LIS U
feesfifisesunnuguse AanuAuAvuufUsesuAndAIA wazdnsdundsainmidy
YUUAUTOBLAN 3 YAV AD 1, 2 way 3 MPa vaisfiAnanuLduuusosuaniuLUsa1n 2 89 10
MPa Tnefinan1snaaevausaadiemuduiusludnvasidadudsaunsasduissoaunis
(6.5) Arndsnumuusadoudmiunmaaevyaiivesiiunsens 3 via @elduansluund 5)
Suwaltiuilidusoranuduiivuiuiusesuen aunsodaunaldanaudsamulnnguay

a

AIANAUEARAUIINYNIATNAAEAULTDAIAUAUNTUIUAUTBERANTIAILANG 19711 Fatiu

HANSNAGRUYALaNTaRENNAgIUlaTIAIANIANNTULTUTEEUANANITAAINAN SENUAE

ANLUTVITHAZ AT IVDINTITUANVBIIBE AUV T BT TN

o o v o/ =

6.5 ﬂ'ﬁﬂ"l‘lJ’JﬂJNﬁﬂ’]ﬂﬂ']'i%ﬂﬁ@Uﬂ"lﬁ\ﬁULL?\‘]LQ@ULL‘UUIVIEW]?\‘]

nsneaeumiaesuLsLdeuwuulnenselaliun1siuiieg1anlsesunnusussiive
YN USUEUNUNSNAABUNAIS UL LR UTUEILLAUITI E1USUNISNAZDUAIAISUKSS
WUl UA UL LT WIIAIAULAUAIRINEAZAIANEIS ULS D UT ALANT UL DYINN 1S RNAIANY
WWUTULUILAY LAFINSUNITNAZDUNAITULSBROULUULAYATI AINULAUAIRINALIAIAIT
TUIULYIINITNAABU NISNAABULAZNITAIUIUNANITNAABUNSISULT DB ULUULAEAT LA
ANTUNITANNNINTFIY ASTM (D5607-08) AradaAumiaIniildlun1snaaeuidssuwsudeu
wuulagasellAmnininildlunisnaaeumasiunsaleuluauuwnuaia esnanuaunlign
NIRRT DINAADUNFISULSADULUULAEATI kazlATINANAEUTUALLNLSY FIANAINL
% gj dl' o U W =1 =} o % d’l’ a
AUAIRINEIATRNATIMNADUMAGITULTIRBULUULAEASIAR 4 MPa (Fnsunuiisesuan
YU 100x100 mm?) TuragfAinuauiIna1aaveslasinanageuluaIuwnuIzne 5
MPa

ANNNAISULSILBUVDIA B NAUIINANTNAABUNFIT UL LD ULUULALATIN LY

= a [ o w w A a I dd‘ 1 v [y} =1

WisuwisununsnaaaumassuksadouluanuwnuasadunsmnaAImNUAUILILAUS D LA
Anluguduaraguuiugiunginagivesnasuy F1INNTMAgeUvena 2 4a TAauAudn
a 1 = Y [ 1 d' a di( dy I~
AnuazAyudsanulndifiesiu lneauuandeiiatuilonadunauiainanuwlsusiuves

AavandRnelusesunniiu (1nran1svegeulauansluuny 5) dmsun1snaaaumaisuunss
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Waunuulagnss n1saaeumassukssleuluauunuateiogniglarinnuAumin way
v b4 = ' v ' A v v v o® ! a
anwanshiusauanaiy uikan1saaeuilalinugenndesiuluegied
o U o L2 = d‘ 1% g:’l v 1 dl a %
nsivueAidueugeaailaainnisnageuns 2 ya Wegluteuluseiiuay

nsvvinrederanuAunvuuiusesuandanduaud (c,=0) Asiuaunis (6.6), (6.7) way

[
Y A

(6.8) anunsnangulanail

=y (6.10)
T=o,tan {a} + vy (6.11)

disegnglaReulaAianududenseuilugud duus o uay y NfeAyudsn
MulazAANUALEnfnvadTesuan faugliuuesEuns (6.8) aunsadieulveglugiuy

ol
T = o, tan { ¢ - exp [~x(o/c )} + ¢ - exp [-€ (5,)] (6.12)
aunns (6.12) WuaunisnanusasenlrinisiUasuafidssuusadauainidoulan

LadfimauiAudeusou (o,=0, Direct shear testing) lUgsauluniauiAudousou (c,=0,

True triaxial shear testing)
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#3UNaUIWY

MNMIANYIHANTENUTBIAALALATLIURUTosUANa BN TaazUldan AnLAy
rufusesuAnuazdsaNiufianansiadeulva annsoandanuduBafauazaiunden
yuvessesuanld 1nvesAduivuuiusesuaniiintudwaldifinfiufivesnis
Lﬂ?iauiwaLLazmsm?{auﬁwaﬁaaLLmﬂQﬁyu TnvhlunsanasuessAanduBnafnuessesunn
fumafinturesinrududensou (@msunsduesdnidiuaiamuiduiensou o /c.=1)
anunsodaneldannuanisnaaauvas Ramamurthy and Arora (1994) FanunaaauinaAIfas
FuusuBeurnIsesnanIINNIIAdaUMaIsuksudouluulnenss (ifid1auAudeusav)
Llddunuiniasewesiideunsadouvassesunnviosesideunielianuaioauuumae
wnurasanIzlunInauy

anIIAFeUAINIIRsANLRgIUlE M AL LR USRBLANANIN AR AR
ANLATEARdeNTaU (NM15nTEAN) Yesnuussenglunsilameevossosuaniiu Geaaal
vsvsedindmannsaidousonidlasieidosesunnagnigliusadon wassewmivilinants
npaeulFiA U uLsIdeaniud Tnendngiuniaanderiaadsiiidanuiduruiuiy
sesunnlsldwansznuderidsfunsudeuvesiuinGeu duiunisanasvesinndubain
wazAguidsanuiedaudululdhoatufudnvusresauuese dnsusosuanludiu
yindu fedifuinvesmuvivssuazanuudeiiunnsaiy orvdwmaliiyudeamuiidiiusiv
AAMuAAruiUsesLanaeiuly AnuLansseLnueifidesuLsudouaasnudons
sSuEranIageui AT duTLSTe s uusIEouazmm A ud s lfduauns
Badunse dmuiinusziandusiuuuvesaunisiuanaiseenluetagnldiiedusuny
ANUFUTUTIENINANYUEIANIUUTING WAL TR TIAIUVDIAIAIULAUG DUTBU KA AUFUNUS
FENINAIMINUAUTARAUITING wALANANUAUTUIUAUTBE AN

sUnvvaunsiendlmuuiBsanliideliuiouiitioasuannzvesidesunse
@oulunsaifilsifimnuidudenseu (Mmaaeuidsiunsadeunuulnense) luganzanuuny
951 Insanwduiusivnaueandeiianiwemanimaaeuideiunsadouuulaenss oz
nnmsnaaeuidsiunsadeuluaaunusisneldemandurunusesunniiidugud dedanu
adnendetuinn Saandiiiiuindndresnisliusdinanssnveganndeidsunsadoues
soEuANYBIMINAEUALNTIE dmfumnadeuisesuaniiudiulngilddauususelaiunnin
(RC=6-8) ufinvessesuandoudradn (76x148 mm?) Fanuldlufiunsensaueilaiis

AuaudAgananadeadaniy wazegarelanisliauaulugisuaug ludiuveanismaasy



60

WuuIndudastinsldviaiulun1snegounaranuausUeIsaswAn i vaINats 89U e
duasuN1sANYINANIENUANMLYVIZVDITOLUAN VLA (Fardin et al, 2001) WazAIULTIVOS
AUYFVTE (Yang et al., 2001) wagaruduiusvardlasiuslilunaeiddesuusadouly

aunuliwinAuunlaaue
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