9
sunsal $anu : mywannaumsiunodu Idsmssmhminusignuagnsied
' 9
dmsuau lududide11 (DEVELOPMENT OF MATHEMATIC MODEL FOR

LOADING COLLAPSE CURVE IN UNSATURATED SOILS) 213 INUTAY :

4
a A a Aav

-4 a 4
TOIANTATIVITY AT.9ITNT YUNANIUIAY, 78 ’H‘ff’l.

Q

9
duTAemssurhiminussnnuagn13weda (Loading collapse curve, LC curve) A0

¥

a a A o oy { T v o v v oy
wurnsnvesau lisudrdni feguuszuiuanuduiusszniteniienss taguseai
9

[ Y Y

[ oy o Y I J o o
auiu iduTdemssuihwiinussnouazmsweda Suiluesdlsenoudifg vesunuiians
v o d ' ] =2 a A o v oy Y aa
ﬂ']'liJﬁiJWHﬁigﬂ']'NWu']ﬂlﬁ\illagﬂ']'lnlﬂiﬂﬂﬂl@\?ﬂuvbJ@iJ@']ﬂ']ﬂu'l ﬂ'lﬁli@]ﬂi]‘l&l;]@a'lﬁiﬁ —

A 2 a T T T S~ TV & 4 A 2y L a
Waaan G]NiJ’ﬁEJQﬁ’Juﬁ'lﬂiUuTIi]mﬂuG]’Jﬂ'quﬂWHN’Jﬂi'lﬂ UUNAD TNNITITUAUUDINUND
ao d' dy a d' a a a o dy Y
31N llag’J’JGMu'lﬂ'liﬂ'lilﬂaEl‘Llllﬂaﬂﬂlﬂﬂwuﬂﬁﬂi'lﬂliJ@Lﬂﬂﬂ'liﬂi'lﬂﬂl@\iﬂu “lmm’;%u"lﬂ

' 9 '
MauenanmMIIsMId s Uiz annzSudureInuAInI N SWSuauN lutiFeuuiy
N v v v Y sy o y o Aa wa
liduaaae1i1 vmdunieduudsvesduldsgauansuemsui Mduquaudianig
a £ Aav dy 9}&' 9 9 Y I =K VoA o [ ]

AMENINUDIAU FauIdetl laiTududalrenisuaas i uduraInul a1mMsunue1s 9
Aa a = a A o 9 oy v a a a a ~
Uszansramasvosau lusudiareii Taglduulraaainnisnasandsuasluinseau A
9y o =2 oy A a dgj % qgj a o v ) o Yo o o
deanavsnuussauhimaduluInss vasniu vinuuafaanan lagnihwn lddmsuii

msfamviiensslszansramasgeganauae 145y (p),) FnsmuIuaImugg
a A d' d’Q Yo dza -d'-d v oy a [ Y

uselszanswamasgeganaunelasn azlineauinimssadiaeiwuulng uazdadinie
=

9 '
o a

9 ] ' ' 9 9 ]
wwnuwnnilnd fegataldnmsimuussanimnaanzisudududinieil aniunai

©

= 2y L A A5 Yy 4 o o
UAADNTNNIZLIUAUUDINUANIAI N TﬂﬂﬁﬂﬂﬁﬂﬂﬂﬁH@ ﬂgiﬂﬂl@y‘alﬂﬂjﬂﬂﬂmaﬂﬂmgﬂ'ﬁ

v @ a a < 9 . . 1 @

2ANIVDIAY uazmyf]wqemimmmmmﬂmmm?ﬂ@ (strain hardening) SINNU LALIY
1 1 a Aa { (% oy % [ Q' 9

uamagmmzummawmmgﬂﬂizamwamaﬂ ﬂﬂlli\iﬁ\iu'l cdﬁaaﬂymzam’mimumm

dy a 1 ] a a d' S d' Q' dgj = oy
WHW’Jﬂ§1ﬂ1uﬂf’J\1lliﬂ HUUSIY5EANTHANAEILUAIAINABDANITINNUYUVDILLT IR
9

o = =3 oy A Y 09./} ] a A A A R Ao < Y
AUNTEVNOILTIAIUIND INIALUN fl]'lﬂuuﬁu']ﬂlﬁ\iﬂigﬁﬂ‘ﬁwaﬁlaﬁlfﬂg!,‘WiJ uﬂaﬂﬂmglﬂulﬁu

Y A = oy dy o v A < A a ]
Iﬂ\i ATUNITINUUDIULIIAIUN ﬂ'liﬂigiﬂmui]gLW?J'I%?(?J?('IW?U@HHJ@GI,WEUU mmgmﬂmaaﬂu"ln
A o A a o . . a 9 a < @

UNUBZIFONAANY (cohesionless soil) ¢ InssaiwvosauudnyuzvoymMaland ay

o Y A4 1 oa < A A ' FY a = . .

MUUINDYINOTTL Lﬂugﬂlmﬂmiﬂﬂ’ﬂ “TATIAI19UVOIAUUDVIAGY” (single grain structure)
9

@ (g a ! @ a Y Il
wiuluTaseadninduaumiionnlinnududougs msdszanudredsiae liansoldld

4 Y
nndugldmsiananinnsnaaeuyesiiuiins1nlua1uITeue Uchaipichat and Khalili



(2009) ¥1¥IIMTATIFO VLA BUSUMaTUauNTAAIUIA A Fanudwan laannisda uay

Y
MIAUINITIA VANNAOAAROILAZATINUALIN

U

a a A A v XK
191391 A3 U a5 MYUDBOUNFANHN
A A o

= =4 =
1nsAnNYI 2557 APUYOD11TINUTAM




TANAKORN RAKKOB : DEVELOPMENT OF MATHEMATIC MODEL
FOR LOADING COLLAPSE CURVE IN UNSATURATED SOILS. THESIS

ADVISOR : ASSOC. PROF. AVIRUT CHINKULKIINIWAT, Ph.D., 78 PP.

CONSTITUTIVE MODEL/UNSATURATED SOILS/EFFECTIVE MEAN STRESS

A very important feature of unsaturated soils included in the elasto-plastic
models is a shift in preconsolidation pressure or yield limit with suction, referred to as
the loading collapse (LC) curve. The LC curve is typically defined in the matric
suction versus mean stress plane to account for the effects of matric suction. The main
advantage of the models including LC curve is that they can reproduce some basic
features in unsaturated soils such as collapse and swelling upon wetting. There are
two important aspects in determining an LC curve: the mitial LC curve and its
evolution with yielding. This report presents a rational method to approximate the
initial LC curve of an unsaturated cohesionless soil from its water retention
characteristic curve (WRC) along the drying path. The report begins with a derivation
of an expression for the effective mean stress of an unsaturated soil by considering its
pore volumes and the corresponding air entry suctions. Subsequently, the same

consideration is further used to calculate the maximum effective mean stresses

experienced by a soil ( p!

max

) for a soil subjected to drying to a certain magnitude of

applied suctions. The calculated p’

mx values are derived for both normally
consolidated and overconsolidated soils that are subjected to being dried from their
initially saturated state. The WRC along the drying path is incorporated into the

proposed equation by considering the pore volumes and their corresponding air entry



suction. Bearing in mind that the soil is subjected to a change in its volume while

!
max

being dried, the calculated p__ values do not represent stress values at a specific soil

volume. The calculated p’ values and information on the compression

max

characteristics of the soil are combined through strain hardening to determine the

!

P Vvalues along a specific soil volume and, hence, the LC curve. The

approximation is applicable for cohesionless soil, whose soil fabric has a so-called
“single grain structure” form. Because the pore structure of cohesive soil is highly
complex, this approximation is not applicable to cohesive soil. The test results from
Uchaipichat and Khalili (2009) are used to verify the proposed methodology. A good

agreement between the measured and calculated LC curves is found.
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