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The shear strength evaluation of unsaturated soils by Triaxail testing

*

Ratamanee Nuntasarn

Abstract

The alternative meaning of unsaturated soil is partially saturated soil, in which the
degree of saturation is less than unity. Unsaturated soils have three phases of solid (soil particles), air and
water. Therefore the applications of mechanical and hydraulic laws are inadequate in describing unsaturated
soil behaviour. Unsaturated soil behaviour is associated of forces and energies with multi-phase interactions.
Since the fundamentals of interfacial physics are added in the application laws to explain unsaturated soil
behaviour. In particular, Terzaghi’'s effective stress law for saturated soil is not appropriate for unsaturated soil
because of negative pore water pressure. The stress, which acts on unsaturated soil, not only acts through the
soil skeleton and the pore water, but also acts through the air phase. The stress state theory at failure of
unsaturated soil must consider the thermodynamic properties of pore water in terms of soil suction, material
variables, state variables and the consequent interparticle forces. In 1978, Fredlund et al. formulated the shear
strength equation for an unsaturated soil. The assumption that the internal friction angle (¢') is constant with
matric suction and the relationship between matric suctions and shear strengths is linear. As the shear
strength of unsaturated soil is influenced by matric suction and the third shear parameter (¢b) needs to be
determined (Fredlund et al 1978), the conventional triaxial equipment has to be modified. Thu et al. (2006)
found that non-linearity of the ¢' angle with respect to matric suction was in agreement with data reported by
Gan et al. (1988), Escario et al. (1989) and Vanapalli et al. (1996). Moreover Toll et al (2008) proposed that the
angle of friction due to net stress (¢a) being greater than ¢' as measured in saturated conditions.

Keyword: unsaturated soils, triaxial test, matric suction, shear strength

*Lecturer, Department of Civil Engineering, Khon Kaen University, Khon Kaen 40002
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UAIRINNN9TTUNERNAINT BN 16

71U HAED
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- u +u
atm ab

FunasasaInAnnszansag luin

+(ha2 -9 pwg

agflutainlsignu HAED (Volume
of diffused air in the base plate)

. FunasaasaInAnnszansag luin

luaaauioanysaiEusu  (Initial
volume of diffused air in burette)
= h A
at
Py o s

i~ FnmseseInIpfngzaeag luin

TunaaauiaaNysningeaInnis
svuneiiainteiligny HAED
(Final volume of diffused air in
burette)
- h A
at
X4 . . I
= ANUNMHNFATAINARALNITATEALINN
(Graduated glass burette)
o] = ANNAKNLITENNNA
atm
= AnNuAnAluAINgeTTRdNeYie
aan (Exit tube) fUNABALAIA

52U (Graduated glass burette)

Applied Air

Pressure, u,,

H—

d

v._ v

Lucite exit |4

Tube A

Graduated glass burette

517 11 irzesiiedniiuimeniannszaneat Tuun

(Fredlund waz Rahardjo, 1993)

6. NISNARALUINIRIANUNIUTULTUARDULDINY

ay 1a o v 3
nlsanmAIA98n

WU AIANUN UL IRDUIBIAUN BN
o = aal o o ~
FneintiuiuaNeR s Anei U Fanandlumi3799 1

Thu WATAME (2006) WLIIHN @° VessURzNay
ANNIINARALLIIBAAINENBUUL T AT AN

a

(Constant Water content Triaxial Test, CW test) 4A1
TlaaiiuAussPgALmEA ANI0e @° TLsagaLvEA
A v a f o o s ¥ P | o
Hentey  (Auatluannansiasann)  NAvinAuyw
PRILINLABANIULIZENEHNA (Effective stress friction
angle, ¢') lutnaaesussnagaLmdaindy 55 D 75
kPa 3ju ¢° Heranaauatnaunuazndsanniigw
@° AzflAnas LausspaYIARALANNIY 150 kPa
AN ANTIUS TE MU LSS RBUNL ATUIIAR ALY
a Ay o X o =
sanllidludunsatlnsaiunansAnentes Gan WAy
ATUY (1988), Escario kazAnde (1989) wwaz Vanapalli
LAZATLE (1996)

Toll WATARME (2008) TANARBUMIBNENATDILIN
= o o 9w 2 a A P
AIAAFBNNAIATUNTIULINRBULBIAY Artificial DRSS
=® = 1 1@ aa o
damilensgndweynialiudus  laeddussdnanu

WAULULA BN UANNTUASA  (Constant  Water

content Triaxial Test, CW test) WL3HN ¢° 189AULN
IFarnnisatuaninanannisi 2 Taeenderiana
TaNULULASHNIAS AN UTIBIALENE AU HANg

. o o R
nin ¢@° Ngndszanauainannish 4 asendedn

1
o o v A a A

LAUANAAI1N (Degree of Saturation) HARAWEAN

v 2
o o v '

wdasaentiaendt 25% deyailigninmeiiug

op

(L)

WATLY ANANUANANIBINN @° INAAINYN ¢
A9l ITUINAINNAIFUNILLNR UM LS
ng% (Angle of Friction due to Net Stress) e

o

. palde o
NNNIYN @' VBIAUNBNFAIAE

Zov

g
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ANSIN 1 ADNIINAFALLINFARINLNLIBIALN b

a o ¥y o

ANFAINILUN (Fredlund waz Rahardjo, 1993)

Drainage Shearing process
2
5 8 s |¢
a g _ & § Soil
aa % a . 9 2 o]
AIN1IMAEAL = o T © 2 s volume
3 £ o = o = E
5 ® S o e % change,
%) (] o o = 2
c 5 o ©
S g |z Av
oo
Consolidated
Yes Yes Yes C C M
drained (CID)
Constant
water content Yes Yes No C M M
(cw)
Consolidated
Undrained Yes No No M M
(CIU)
Undrained No No No
Unconfined
compression No No No
(Uc)

UNE L‘I/T[Fl: C = controlled; M = measured

7. qq

o

Aunldausnsaaindsenauliléing annid 1 way

v 1
& _a o o

Pa9de (WHARY) ANk nIEnIAUAUA LY

v v
o v

AusdetnasnszinfudaAy i lutesineesiou
A uar e A lutesdnseesiennn Tuldieualin
Auiinlulwsawiny

2231UN"3917R289 Mohr-Coulomb léaeneasan’lyl

& P o ° o o A
Lﬂu 3 34[5]LWﬂImuﬂq?ﬂunMVqﬂW@Q?ULL?\TL’Q’HN"H@\?

o

= &y a s T4 a a =
Audnldansadaain PUANATNANTNATRILULINANAA

a ° o o

seudnudafu NNAYFLLINRa AT UL A LsIRIgA

'
a

izijLﬁmﬁumu%mﬁﬂumﬂLLNzgm'Ewi’wﬁu
ANNANRUTIE NI NANAT UL UAL LR ALUYIZA
azgnunlugilass y (aunnsuasBishop, 1959) 13a
3N @° (41n19399 Fredlund, 1978) Aaulsreaniay
wiNLseAnsua g Juileffuressziunisausagag
SEPTRr I (Degree of saturation, S) #3ad3uneu
Arntulae3unsrneay (Volumetric  water

o & '

= o b
content, @) TIANMNENAUTIENIN y uay @° Ay

1 v
o Y o

= \ = a da ’
LmﬂNNquHNL@ﬂmmquﬁl@\iﬁuﬂﬂﬂmqm'?ﬂuq (¢ )

A A o ° o o P

LAFANHBFALINANN BNBA T WA Faes A adLiNe
NINNINARBUIIFLLTN 3 UBINIAIFLLIUDDUUBIAL
Y R . -
Plaianssnin (¢°) aldauauvzadnusagaium
pszudnan1magey Tng HAED azgninegigiues
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A A o o ¥
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' ' v
a

= . a a o v o

A asuulas3unmnsrasmun ldanfasaein

TuaglidaunsovldanninlasuulalFuinses
H A o 2 =2 o v A o

1 uRY AU A udufeslipraaenizlunisdanng

o e o .
iagullast3uNmAs1896A99 N9 AU IENININAAD L

'
1o
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b IS a
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