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Pakphanang, Nakhon Si Thammarat province is located in the eastern coast of the
southern of Thailand. The lowland plain is formed by deposition of soft marine clay. The past
decade to the present, the city is the one of the rapid development. There are a large number of
the constructions, houses, Industrial plants and nuclear power plants that could happen in the
future. The heat from industries is transferred to the soil surrounding the building. Consequently,
engineer must clearly understand the rate- dependent behavior of clay that is very important to

predict soil behavior and design structure.

Changes in soil engineering behavior because of the changing temperature affect the
strength of clay. Clay is fine grain soil, cohensive, electrostatic attraction, double layer adsorb
clay particle that relate to high plasticity and low permeability. Thus, shear strength behavior of
clay depends on time-dependent behavior or viscosity of soil. Heat conduction causes pore water
that is important to affect strength of clay. Since the permeability of clay is lower than its
conductivity. Accordingly, this study focuses on investigating the time-dependent undrained shear
behavior of marine clay under both thermal and mechanical loading. Isotropic consolidated
undrained friaxial compression tests with controlled temperature and strained rates are carried
out for this purpose. The shearing temperatures were room, 45, and 60 degrees Celsius in
undrained heating condition and drained heating condition. Shear rates were 0.02%, 0.075%,
1.0%, and 6.0% per minute. Soil behavior in term of the effect of the overconsolidation ratios

(OCR) were 1, 2, 4 and 8 are also investigated. At the end of this paper, we will present a



comparative study of the relationship between stress and strain, shear strength of soft clay at

high temperature (drained heating and undrained heating) and room temperature.

The test results were indicated that the Pakphanung marine clay is classified in high
plasticity Organic clay, OH. Heat affects decreasing of plastic index and liquid limit. Noticeably,
the higher the temperature, the lower the liquid limit, soil mass and also organic matter. Anyway,

it did not affect molecular structure.

The strain rates affect undrained shear behavior, showed that high strain rate, high shear
strength for any OCR. Heat is a factor that stimulates the strength of Pakphanung clay, especially,
in low strain rate. It depends on the ability to drain excess water from the soil mass. The drained
heating causes the higher shear strength than the non-heating test. On the other hand, the heat
conductivity is faster than the ability to drain excess pore pressure built by undrained heat, the
soil strength will decrease. Heating causes the soil reaches the point of failure slightly faster than
drained heating test. Stress and thermal affect the water pressure coefficient at the failure point
(As) at low OCR, which is higher than high OCR. The drained heating test showed higher A; than
undrained heat test and room temperature test. Moreover, the temperature also contributes to
the modulus of elasticity at the point of failure. Clearly, increase the modulus of elasticity secant.
Drained heating tests give the highest state boundary. The slope of the critical state of undrained

heat is lower than the drained heating and non-heating.

Keywords : Pakphanang clay, Triaxial apparatus, strain rate, Temperature, Undrained heating
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EXECUTIVE SUMMARY

1. INTRODUCTION

Soil is natural material covered on the earth surface that is product of weathering process
of parent materials such as rocks and minerals. Normally soil can be divided into two groups;
cohesive and noncohesive soils. Behavior of cohesive soil is complex and it can be an interesting
topic research. Clay mineral is easily found around the world especially river areas and estuaries.
In present, among engineers agree with creep settlement is caused by viscous properties of the
clay skeleton. From classical theory of consolidation, creep settlement occurs after the end of
primary consolidation settlement as a result of the plasticity behavior. However, in practice, creep
settlement occurs together with primary consolidation settlement. This behavior affects the

precision of settlement and strength prediction. Duncan and Bachianani (1973)F" Reference source not

found-reported that the effect of sustained loading under undrained condition was probably
sufficient to reduce the shear strength and cause the failure of slope excavated underwater in
San Fanciso Bay. Undrained-creep behavior cannot be evaluated by conventional Terzaghi’s
consolidation model or Mohr-Coulomb model. Hence, it is very important to understand and
evaluate the viscous behavior of clayey soils. Moreover, viscosity property of soil especially fine
grain soil is depended on thermal energy. This behavior directly affects to settlement and shear
strength of soil that is caused by viscosity property of soil especially fine grain soil. These are an
effect of safety problem of structure of nearby area. To promote safety and to gain confidence of
the design foundation in high plasticity clay, comprehended thermal-viscous behavior of soil is
needed. The aim of this work is to understand the mechanical response of geomaterial especially
cohesive soil as a function of temperature and strain rate. These relationships are derived from
laboratory investigations, especially numerous triaxial compression tests on Pak phanung marine

clay under evaluated temperature and strain rate condition. It should be possible to use these

relationships when making rudimentary interpretations of the natural processes.



2. OBJECT

Soil behavior under strain rate and thermal environment is most affected for geothermal

technology. However, the engineering behavior is not well studied. To understand the engineering

behavior of soil, influence investigations of various behavior of soil under strain rate and thermal

conditions are studied in geotechnical engineering laboratory. The main objectives of this study

are:

21

2.2
2.3
24

2.5

To create triaxial apparatus that can be used to apply and control temperate on testing
process

To decrease equipment budget by in-house developed thermal triaxial apparatus

To investigate stress-strain behavior of soil at normal and elevated temperatures

To investigate stress-strain behavior of soil under different strain rate condition

To study relationship among strength behavior of soil, changed temperatures and strain

rate of marine clay

3. METHODOLOGY

In order to understand strength behavior of soil under strain rate and thermal loading

condition, the framework of this work is composed of two parts as theoretical and experimental

study. The research method can be explained as follows:

3.1

3.2

3.3

3.4

Review previous studies, basic mechanisms of soil and undrained shear strength behavior
of soil analysis regarding the strain rate and thermal loading condition.

Design and Development of experimental apparatus to investigate the stress-strain
relationship of soil under strain rate and thermal loading condition. The apparatus is
composed of four parts. First, universal compression and tension machine controlled
loading speed. Second, pressure control system to control confining pressure around
sample. Third, pressure chamber controlled temperature around sample. Finally,
measurement and data acquisition system to monitor stress-strain behavior of specimen.
Collect Pakphanang clay from Pakphanang, Nakhonsithammarat province by wash boring
method. The samples consist in disturbed and undisturbed sample.

Find physical properties and engineering properties of the clay based on ASTM standard.
These properties are initial information and reference data to clarify behavior of soil under

strain rate and thermal loading condition.



3.5 This research focuses only on compression test and undrained shear strength of soll
under strain rate and thermal loading condition includes the effect of overconsolidation
(OCR 1, 2, 4 and 8) and drainage condition on heat applied.

3.6 Investigation of stress-strain relationship behavior of soil under train rate and thermal
loading condition.

3.7 Analysis of influences of various parameters on the shear strength behavior of soil under
strain rate and thermal loading condition. The parametric study will be used to enlarge
understanding the strength behavior of soil.

3.8 Discussion and conclusion. Write

4. RESULTS AND DISCUSSION

Changes in engineering behavior of soil because of the changing temperature and time
period in applied load affect the strength of clay. This study focuses on investigating the time-
dependent undrained shear behavior of marine clay under both thermal and mechanical loading.
The shearing temperatures were 30 45 and 60 degrees Celsius in undrained heating condition.
Shear rates were 0.02%, 0.075%, 1.0%, and 6.0% per minute. Soil behavior in term of the effect
of the overconsolidation ratios (OCR) were 1, 2, 4 and 8 are also investigated. The test results
were indicated that the Pakphanung marine clay is classified in high plasticity Organic clay, OH.
Heat affects decreasing of plastic index and liquid limit. The strain rates affect undrained shear
behavior, showed that high strain rate, high shear strength for any OCR. Heat is a factor that

stimulates the strength of Pakphanung clay, especially, in low strain rate.
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1.3.5
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wanayna et naain fenAnawaginin 500% vilidgmandaniaminanlglunudn
Sannssu 1w nawausini lsalutuduldgudanldduin sannsuinduwihlaauanziu
l9zUaL1ANA 1 latinge lsEnduene eiuneie uds ﬁfiaqmawﬁﬁﬁmwmﬁﬂﬂau
Luuiwvluﬁa:ﬁmmmaﬁwwagaﬂ’hﬁwLﬁﬂﬁaﬂ wazaunTnladauniitodnlilvinduaanan
vaduldisr sansadouinlaaunauanleldlng uazshsinlaauiasrn i Aausasunaunuanus
yaoanldannguaunits lalwauns lummzﬁm'%iadﬁmg@Lﬁn:aa"l,ﬂﬁ’mu‘l@ﬁm”uﬁﬂﬂau"l,éf
anuind inaaunsalddedmlain

232 ngumawlurl (Kaolinite ; Al,Si,O5(0H),)

= o <& o . aa A A A ' A A A
1AL FITY UIznaUaILNwEaNRIRRLNLA L) IRENIL RIS IRIVEHE e
wIanuillae %oauﬁwﬁauﬁumm%ﬂ&iﬁuq@Lﬁ@LﬁuImawﬁﬂﬂnaaLLiﬁﬁ@;ﬂﬁiﬁ'@L‘%ﬂwaaLLim@q

a 6 A ' 6 [ 4 o & v aa a A re
Lﬂ']ﬂ%vL%VlLﬂ@’i]']ﬂﬂ']iﬂiﬂi@u‘ﬂadl.waﬁﬂﬁi (felspar) ﬁﬂU"ﬁ%ﬂU%E‘lﬂﬂanNL%ﬁN (silicon
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aluminium) uazd3fiuitiondn da Anlarl (dickite) wlaiH (nacrite) uazansalam (halloysite) 31
WaaALUY LAlaR atiulaTianandanusIanInlumsuantUfuniaa loaaudl Wb IznIng
& a o & = a en A ' ° v & o o
WA dwnuuwus: lalasauditanuudnsauin InmaudAannuidenings lwinguile

o o

2N waz livensaLiaduae yﬁﬂﬁﬂufmqauﬁw%’uﬁwq@m%mﬁmﬂ%aaﬂuﬁmm

233 naudula (llite ; 2K,0-3MgO-A1,04+24Si0,+12H,0)

ﬁIﬂsoa%”woﬂa”wunduuauﬁua§%a1a"luVTLL@iﬁaauﬂs~ﬂaumaLﬂﬁ@mﬁ'u grwlIznay
ﬁummaaaa"laﬂﬂi”ﬂaummmuﬂu"lﬁnmﬂ uiainAna (gibbsite octrahedron) 3¥W3INIWHWERM
AWADUTDILHL smmaum"lum:uauuauwuassaiavluﬂﬂmwnumvlmLLaxammmaﬂ WAda LAy
amuﬂul,ﬂmjm@lmymmmmfﬁwﬁ'uﬁﬂﬁﬁaum”mauﬁwaﬁa‘[ﬂuﬁ FUNINVLNLAA bk
ni laodnddalarifaludnwauzaynaidunduiun (flaky) 1@n g dunuussgauwnite (clay)
wazuimg lailgduindtes (non clay) g

60
> 50
E 40 montmorillonite ){
g 30 ite
& 20 P
=10 /é/ & chiorite
0 T

0 20 40 60 80 100
Liquid Limit

iﬂ'ﬁ 2.5 Lquﬂﬁwmaﬁﬂs’ﬁﬁLLa@wﬁmmm’ﬁumﬁm
(http://www.kgs.ku.edu/Current/2000/ohlmacher/ohlmacher6.html)

=
=

Hydrogen

bonds 5

n) RUIBWHT % ) kaolinite

a) illite 4) montmorillonite
YD ILITAWLATEEN

3UN 2.6 AN UlATIETIINMITUAIVRINANUITIG IUUIAuAiT (WRI9N Das 2008)
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12

qmaa\lﬁamam SNINVDIA
2.4.1 Qmauﬁ'@mamﬂmwmaaauﬁ'ﬂﬂ

AuaNUAn Mo wTaIdunIaautdail (index properties) Aa dalaufiltaiune
') Aa & en A ' %) v ° A
FNITWRIBADIULANITANVBIA TIguaNTANLANdInuauAn e TA LRl
Q Q = 1 U =) é aQ
lanansniraidiiosduiinadaguaNUAaWIAINTIN DIguautanImen wsIaaul

&
Jh

%

WUIBEIRINTIN (total unit weight) ABAATIFIUTZRINNUIRBNNIRNAVDINIRAUND

—_
~

USInATnInuauesuIntu

2) ANURWILUKIDIARNIAGL (particle density) fauIanNT99LWTE (specific gravity)
naned a"'@mmumaaﬁmﬁnﬁmﬁaﬁmﬁnmaaﬁﬂéﬁaﬁﬂ%mmwhﬁ'uﬁuﬁqmwgﬁ%ﬁaG]
6?}\1Lﬂuqmauﬁaﬁuamﬁﬁﬂwmzﬁﬂﬂmaaauifus] LLazﬁmwuﬁﬂﬁ'zyslumiﬁwqmauﬁaﬁ
"Lﬂi%“luﬂﬂiﬁﬁuammqmawﬁﬁﬁu6] LT% DO TRINTDIINIDIA ANWNIY 2AUANY
Suea aunuwiwin 1udw Tasrialddraanadrssunizvasdundasdszinnaesld
i aausasluani 2.3

3) ANNTUVBIAUANTIINTG (natural water content, w) Aovminaassinlududandts
MBI AUy s‘ﬁaLﬁuiayav‘ﬁ?ugmﬁﬁﬂﬁfamwmaa@ulmﬁaaﬁuuamﬂuﬁagaﬁ
Iglumamquant@eandt wazquantdniadainisnsesdn itu drdadinauaaasd
lwasneg g Fsfdaanusuvasdnluaaiuzan s]ﬁflul,aa BATEIUTBIT LAY NS

wgw“’waaﬁu AITULIIDUUDIAY LT UG %

AN37 2.3 ANNAWIUNEVBIARLTLANEN 9 (ENNUNBINUMTITBUAITE,

1A

ddammesaunsdginamans 2549)

sennuaInm AMNAIINL
=
7318 (sand) 2.65 04 2.67
a . =3
mwﬂu@umﬂau (Sllt) 2.67 11N 2.70
a =} N . =
AWLAWE (inorganic clay) 2.70 013 2.80
A Aa o A ] 3 . . . =2
AUNALL Vlummauﬁmaﬂ (SOI| with Mica or Iron) 2.75 114 3.00
a A A 6 . . =
AWaWNIY (organic Soil) 1.00 019 2.60

4) dasnnauaalaasiuasn (Atterberg limits) #3adasnanNTHIRa Ao AN
gonucnIwvasaunilaazidualasltusuiminlualadulun st uanIna iy
@Tﬂugﬂﬁ 2.7 LRAINITHUIFDIWEVDIAULNARLLALADDNLTY 4 RDIUT AD FDUY

289ud4 (solid state) FOU=NILTI (semi-solid state) FONUSWANEAN (plastic state) LAz
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FOULna (liquid state) laslaUSunaanuduwlunladu (moisture content, w) 1%
1 a o [ 6 6 v

Wi lunTute dasnauaaiaasivasn Usznevuldaae

5) @1dadnnaal (liquid limit, LL) e YSunmanuduluuladuamenuiaduisuilfow

A [ a A a :‘ v ai ni -3

snwanzasnad idummted luanunmuwaain wisdTanasihiasnganyh
Tiauagluanzlnadald Gunfiormaunnlnaldinilonsasnanlannusuesin
funninadadnawiad (w > LL) mMsnagauivanicdednnainaianusannbe 2 33
AuNaIgInntrue Lifa 3TnmImesauaiunIIenzay (cone penetrometer) Uaz3s
NARDLAILTNILANTINTILA (Casagrande cup)
A o @ a L. A a & a A 4

6) dadnanaadn (plastic limit, PL) Aa USunmanudwlunladuumenilfsuaniwain

A 4 A a Y o A da o & o o
nnwaradnidunsvesuds wiaUTuaihesnganaudimunindudutonld lag
o_ A & v A 1 v v nid v 1 6 a A

mythawndudislaaldidusiidundidunuaudnarstzanm 3 dafiuas uaz
YSunahluanadunvildisudsesuannidinedde dadnanaadn

7) dasnanaea (shrinkage limit, SL) fia USunasihlunladunvinlvauiysunasasadly

\WAsuuLad (constant volume) wiindSunasihluniaduazaaas ldn

Plasticity index

|

2 | i
o ' |
E ! i
© | i
w : ' T i
e i Liquid :
@ ! . i :
E T — I Plastic : :
2 ! ! - . 1 :
E Solid ! Semisolid :q_Flaﬁil?gr; index : |
D | ow [medum] mign | ]

SL PL LL Moisture content

Eﬂﬁ 2.7 AT NAANNTULAR (http://boeingconsult.com/tafe/bcg5005/Sand&Clay.html)

8) @uAwan®dn (plastic index, Pl) nuefe Tr9vadSunamirlunladunanianiwdu
wang@n nanfedadunadisrznitvandasnnamailuasardadnanangdn (Pl=LL-

A | o a a 2 | . A =1 A A
PL) Seaaainarafinazuaniininusalnl (sensitive) va3duinitaaiiadinng
WasuudastSunainluuiadu dauinanafnasaunuiagaunnuySunmusan

= ai i a =3 l = = a v ai
wilsafiduagluinadu Jsmansndswaniisenwanumilsivesduldaianei 2.4

A dAa . o A Aa . L. . oA a @

Aunisnaawara@ngs (high plasticity index) azuaasinlzwsnnuduwaradinning

~ ] | a a o o A v  a a A a &
ﬁ]z&lﬂquaau‘l%'ﬂ@]ﬂﬂqil,ﬂa guldasdIuiniign A aasdnTtNNRIaaalIuIN

Lﬂm‘hmumﬂﬁoazdaNa@iaﬂmau%maaﬁumﬁm Taganizawingd intduwanide



10) ALaNNIA (activity, A)

14

a = A 1 s ot o o v v =< [ :‘ e o a =
A1alalg Nﬂ'l’]&lﬂ(ﬂ‘ﬁq% Vl‘g;@@l’)ll'm iiJﬂ']ENVL@%i’JU TNN']WW‘IVL&J@ AL WUTAULA DY

dungua awrilusalaluyl 8alant tdudn

ATHANNAAT (liquidity index, LI) Aadasndiniznindnad1svadvSunminluaiadu

a o g [ o a ' o a =
@INUTITNTIA (natural water content, w,) ﬂUﬂ']“ﬁ@'%']ﬂ@W@']ﬁ@ﬂ@la@"ljﬁWﬂ"lﬁ@lﬂ GRS

o A A P~ = A “ o A A
@]’]Lﬂmﬂuaﬂ?’]@uLV\%ﬂqwﬁﬂ'\WLV\ﬂ’JN’]ﬂLWU\ﬂ@ mmaﬁU’qumﬁd‘ﬂ 2.5

{ e 1 e a Q QG'
TN 2.4 NMITNAANNAATHNAINFAN (‘Eﬂﬂ@] 2552)

1 > = | ) o o Q
Aasiwaaan (Pl) A1 INAAINN
0 Taidanuiniien
=1 =1 =1 = v
19095 Janumitoaniag
5114 10 Janumiionian
10 019 20 JanuniterUrwnand
20 1149 40 Jenumieags
11NN 40 ﬁmmmﬁmgdmﬂ

{ > | @ o a5
@]']if]\iﬁ 2.5 ﬂqi"ﬂqﬂ@ﬂqquﬂ’]@ﬁﬁﬂ?’]NLﬁa? (?ﬂﬂ@ 2552)

AATHAMNLKAT (LI)

A1NNAAINN

uaaIIUT i A nuINNINa1 eI NaL A

1NN 1 - ,
(w>LL) @u%mgh&mm%m
e uaasIUSunaih luuladurinnuardasinaimnan
winny 1

(w = LL) dnazlanmwiSuinaian ua ba

UINNI1 0 wAasnI 1

waaIINUSuaminlunaduddana gjﬁ?:mw“ﬁm‘hﬂ”@

NARANLRZTATINALAAN ﬁmzagluamwwmaaﬂ

WAL 0

LRAIINUSH I lnuIRARIYINAUAIT AN A

WRIRAN (W = PL) ﬁuﬁlzaglwﬁ@ﬁﬂﬁ'@wmaaﬂ

#aen3In 0

uaadiUsurminluuladutasnindidasiing

WRIRAN (W < PL) ﬁm:ayﬂuamwﬁwamﬁa

A s

apmafiannit 2 lulasiuas (A=

a =} = =) =1 ) o a a = L2 nndq'
Aunlnhoadusauniorsinanla lagnissuwnaiadwinisilagltaaniig a9

ANT9N 2.6

~

AOAAIEINITRINNATHNAIFANAULL 8 SLT U

Pl

% by wt. finer than 2 ym

& o
1'%

v

w"unvad

- o A ]
) gaduaatarnuanin

%
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s P = a ai 1 =S ai U a a

11) anuhia (sensitivity, s) Aadltaanusvanisnaddsnnlaslassasisvasfuniion

Wadugnnizrhanussnsuen Walassaiedugniaisannuaansnlunisius
Aa = [~ A =3 a o 9 [ 1 ' o @ o

PasfurieIfazilfowulad il 39s1u13nRenuay e LaaTEINIAIARNRITY
LmLﬁamwuhiizmﬂ'ﬁ,waaﬁuiuamwﬁvl,;igmumwiaﬁwﬁwé’a%’uLLiaLﬁauLLuuVLaj
izmslﬁnmaaﬁuluamwﬁgmunmwvl,ajmﬁaimm%ﬁmﬁw Taoin13T UL UNTHA A1
wigr lagldanularasuaaslua1ien 2.7

Aa

AN39N 2.6 My wunaiadumielasldd1uanfida (Mitchell waz Soga, 2005)

BRARWLAED ALannIf (Activity, A)
dunien liuandin (Inactive clay) <0.75
Aunie53370a7 (Normal clay) 0.75-1.25
aunitaauanin (Active clay) 1.25-2.0
auinaauanfwann (Highly active clay) >2.0

TN 2.7 MIunnriedwnitsrauaiainulias (qmﬂﬁ 2557)

BRAAWLKED A1A 16 (Sensitivity, S)
lail@7 (Insensitive) 1
1 ”’J@:i’] (Low sensitive) 1-2
Tdrtunand (Medium sensitive) 2-4
e (Sensitive) 4-8
@Al (Extra sensitive) 8- 16
Tdgs (Quick sensitive) >16 (813019 50)

24.2 QM&NU@TBG@%&J’]&&&@U@

AUNIRRZLBHA oA AudIWINAzNa (silt) Lazfuwmiien (clay) anwmcadilofn
iuidaazdaauin Juwiatladwlannin 75 Ao agjszunannindasas 50 Ul
a =2 A wal o o s = ' o A o Aa A ° Y
UIAY muqmaumwummiﬂmmmuvl,@mﬂ walninludSunnnunzay azvinla
sansnduidugdnsaeng 9 lditasandanumites (plasticiy) Washluinazudsanin
o = ' A ' TS = A Ao A ' a
Lﬂmmqumﬂmﬂaﬂugﬂ lagdrwlnguarduunassidaasiiuduninnuiliouusin uazd
amautanaudszg W udwniduduaznaun ldlna1ad@nda (non plastic silt) azidu
Al T NI FOATIFINTAITILANAIINWAILATOURS 25 DITRHAT 93 UN1TLING?

dl a 1 v v [ e g/ a A dl et :’ a 1 A v
L‘.LIE\]El%ﬂiﬂJ’l@liLLﬂ:E‘lJi?de@]LLﬂﬂl mzvl&l@lﬂﬂi‘u%’]ﬂ%ﬂﬂiﬂLﬂJﬂi‘lJ‘iJiTYlﬂ%’]%%ﬂE]% NIDLY
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a :‘ a v v 1 J 1 4
MnaINNINRINLTINaaNULT mmmm‘mmumu@aLLsaLﬁaumuagﬂmLioL%au
LUUNEALNNZLT AR

ludruvasdmniisnazdsznausisusialadlug (kaolinite) iudiwlngl lasusiale
a & a A e A & AN & a = & o VA P
Aluanwuluaniniien unuwanw"[mugsmua:wm@Lan WONINBEIINUUIAUTRAD W 6
817 NauNasalalud (monmorillonite) 8a'lad (illite) AI83NT (quartz) W3 kWA (mica) k3
& & . . & o a A A ¢ . A A AA a
WAANaan ke (iron oxide) Jwnainiasduniddzduagiana Aunitle1lfdd9 1iean
a A a A ' [ A Ao ~ & a ~ Aaa
MIuITgIRaig g TRUSHNUNLANAIIN® 819 J61 1N ASN LAZTNENE AULRHLINTF
A, & Aa > ' A A A A Y ‘ = A
iwIaduu axdidunisdagduann sumdwnisgeIuniaiiea sanuinaninlslu
ah| Lﬁaaﬁnﬂa*@mﬂmaoﬁumﬁmﬁﬁ'ﬂmm:LﬂuLMuLmuLLa:ma il iNunR N auanda
P . ¥ Y e A A oA | aaa \ & ~
wianiathnin (specific surface) ddngeann Gml,ﬂmmlmﬂgmmmm NINILANLRE
a 6 Aa J 2
ARNAAAUU LANIN
ANULRREILAZN1I8aWA7 (cohesion and plasticity) AulAkhaILaazTRAzHANY
1 Q 1 Q J 1 @ ¥ IQ a 1 =) a
AR TE A UAILANAIN muaQﬂuﬁuﬁmmaﬂmaqaﬂumﬁmLmaz‘*ﬁu@] Imaqa@u
~ Aa a . ) Aad da 8 o =
wkgindenumisiusznrdeusgiasiiuninfiivundinsuanann ﬁlwiama@cﬂm
g/ U IA U 1 a =3 a J v
agmwaam%ﬁm%mn mnm:ﬁm:mwaypmﬂmamum}:mmumnmw"l,ﬂmsl
f1I1ANULRHEI (cohesion) Thib mwﬁammmmsnLmzﬁ@ﬁ'u"l,ﬁizwmagmﬂ
a P Aa a a £ a a & A af da e = '
PoIaUWRE? MInaunierrianiiianumnilsig ﬂLuaamﬂuwuwmi%mmwzmag
2 o o A ~ & Qo v o o & a ~ A A ~
17N ﬁmmsl,‘vsagl,mﬂmamumumumm:mﬂuvl,@@m9 asundnwieINdanunmiegs

~ ~ A A a o Yo A A & v A & A
ARNTNLAWBYILRSINICHAND ﬂ’}ivl,f] WS’J%@]%Y]’]VL@]G’IU’mL&IaﬂuuuLﬂElﬂ AUV TUN

(2
= 1

wianzaw azlianudeuyn Juduliidugudnsg uazassmwisuined ldquand@isonda

] [

ada A aAa

nIgauda (plasticity) Saudwiniisafidanumiioad dulngisdudumiioidnuian
T fasinias @Tﬂifuﬁaﬁwaﬁﬂﬁmmm:ﬁ@ﬁmzmqaatql,mﬂ"uaoﬁumﬁm"l,&imﬁm
ﬁaLL&T’hﬁm:ﬁmméuagjmﬂﬁmu

MFVENLIIRLINIRATY MITGWRTIEILFazTRasz i I nnIatasiudu
agjﬁ‘ué‘ﬂwm:mﬂmaﬁw LU WA TIILITRAUNY NANATaUTLRY 2=ditosnsanay
serinsupAnaautIIn Az mzdan ladmiewiuin I&lLaqamaaﬁ']mmsmm‘mmﬁ
T/lerne FadimarinliauniniiAanswasaandaidonsiiuddvinlwuss ﬁ'}ﬁayjlwﬁaa’jw
Yp9Lladnazszinuaantl ﬁﬁ]:Lﬁ@nﬂiqu@ﬁﬁaﬁﬂﬁﬁmfmﬁ@mimsﬁ

qmauﬂﬁmawﬁ'aumﬁmLwiaz*’nﬁmzu@m@mﬁ'u LL@iqmauﬁaammﬁa%aﬁunﬂ
Uinnazdasdindeuns Aoussszwiniaynalaliusanan (repulsive force) LAZUTIAINA
(attractive force) luagmﬂmaaﬁuﬁﬁmﬂumuﬂiznau g 3 5% BITnadefiaIUIG UL

=y
fe

1) T UaaTaUd (absorbed water) LlutunagdonsautuaypnInvIaULAeL (clay

particle) =AM IILNUUUBAWINN AU T=0H 2 - 3 wiwaﬂmaqa'ﬁn
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2) TUITNFBITH (double layer water) aum@mmmjumLLaa‘ﬁaumaaﬂvLULﬁmua@ﬂwUﬁ
m@mnﬂme@mmmwuaumﬂmamumumnuLm"lwm (electrical force)
3) Tutndase (free water) ammmﬂmmamaawuaaﬂ"lﬂmmmmaaumﬂvlﬂm"l andl
ussneluannsevin
o . a & 4 a v ' [
WIIWAN (bond repulsion) tiaduannarsangilaauniadunilendianaglng
nunImianIfaunusaInuandianasau (electron cloud) luazaaufiatlndiAssnuaz
liusananiuginnn lasfinsdaiosdivataymaiduniizunin (face to face) n3a
YDUTWHAUN (edge to face) Al LLNaG(g‘]mdea}#nm (electrostatic attraction) LA®3N
grasdsznInanfa veuvaidiounaaunie YTz UanANNUATI S RO ITH
‘é 1 a = d' a =3 cf{'w ] s A a d'd &,
Tirzuzrzwivaymaduniisaniiansdsgaunuiidasrnanulaiifiu 30A luduniiite
= . . . A = ¥ a =
azi8uq (fine grained soil) 3U7 2.8 ugasmidaimzvaslaianathsavayniafuntien
dl a a = (>
nadfswidatdIunasuasduwiniten (volume change of clay) NIRALAZUING?
2840windhe (shrinkage and swelling of clay) meldnsidfsuudastsunasiladiunas
2( a = = ai v a AIP o v a a ¥
anuTnluduniedinafsuudas srdSunmanuiuanasazyiliiianismasa uaz o
a d? AI J o v a [ dl dy J A v J [
USunmanuduindvazyldifianiininds mafsuudasiiazanniuniatosasiuat)
nudsznaudna g 1w sevesnindedluduiniter anudisduwizeeddu anududu
A p.id [l g’ v v a d' a a =) o v Aa
vaaindendagluin iudu dwindnmsddsuudasdinassesduunazidnarldiie

] 2
A A o

AUATIVUALATIRINI NITUINALY aaﬁuu‘juwammﬂmﬂﬁumwvxmmaa%’uﬂs:ﬁmum
Vi) THAVDILITAWLATEEN

(e

—_—

(a) Water molecule

I

: hydroxyl
I
| © oxygen
I
1

r“1f___@ﬁl H M4 @
! | 1| \ \ cation
:@i% ! ©

“+ | I clay nartlcle |+<—— Positive charge on adge
T—_ o T _ =M. _—=_.=—
(i) (i) (iii) T Negative charge on adge
(i) — dipole attraction (ii) — cation attraction (iii) — hydrogen bonding

3N 2.8 msﬁmmzmaahlLaqaﬁﬁauagmﬂ@umﬁm (J3U27n Ranjan and Rao, 2007)
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243 mihanuTautadduiniaidan

AR UNA SN Tawlnuadwdwosfiinanlatduadrannn thosann
auvai lUlgyszlooluntedainssule wau miaamwumUVLWVLWVG\TWLLNQJNQSGM
Tsdlwviiieaey uwazinafianaldpauauion iudu nadiumwasnuauia
Tuduniordudadinin sxdnomnlasnisianusandusueuusn wazsadasundanis

' % %

1 ElL“/]Wﬂdd’]%ﬂ’ﬂ&lia‘lﬂ@]ﬂﬂ’ﬁW’]ﬂ’!’]&l%ﬂ% HaINNTLARAWNY aaﬁﬂumaaumﬁmgﬂ

o Qs v

1 g/ A & U (; 4 { g/
INNAA slmmmmmlumﬂm%wmum a&mluma@umﬁmmmﬂ msmﬁauﬁmaduﬁa

1
=)

AN13LAR0UN leRa8NIN WANIINHNITENUNANNTAUAILNITLHTIF Trawzludnurangd

)}

ﬁaodwﬂumaauga LLQZﬁqm%QﬁgdLﬁﬁﬁu FNWNIIANNUITDUVDIAT mmmmﬁauﬁ%‘f

3 3uny At

1) myhaufan (heat conduction) tlwmsssrunassuanuawluanwmeiiduns
&900 mmmﬁ"au‘l,ugﬂLLuumaamsl,ﬂﬁlaum”waﬂmaqaﬁagﬁﬂﬁumaaamﬂfu Sauns
a'\‘m'ﬁﬂmw%amhm”mqﬁagjﬁ@ﬁ'u@ial,ﬁaoﬁ'uvlﬂ wu mshanusauluranan iudn

2) NMIHINIAINTBW (heat convection) LOWNTHIHIBNRIITBANUTOUHIBAINE 9
Pasuds vasnar uazine wiaduniswaanudenlusnwmeidaanaradue
nRauspauTou sﬁaﬁuag;ﬁ'um']mmLLLLumaa@‘i‘aﬂmﬂuﬂﬁﬁwww LT% NTNIANN
Soulasay

3) MIURIIFANNTauULLAR (heat radiation) WunsusnIzateauianaananlugy
209558 DeUsznavudionanudinanIvin lagssFmansanszasanusanlaaluaina
dlasanaanasiiduvasnds 2a9man wafe azgadudTsfuidiuly wisthediia
maszauinin negrwly E‘Tui‘fuagﬁuqmauﬂamawﬁﬂmofu6]

msﬁﬂmwm”amﬂuauﬂ'&mamﬂmwmaaauﬁgﬂmuqulwuﬂ%mmua:é’mwms
naveInasunauTan na1AeFAINATINANNTEUYBIAK (Thermal conductivity of
soil, L) USunauAnuTau (Heat capacity, C) WazANNRINITIUATHNIANNToUTDIA

(Thermal diffusivity, D ) snansnugesanuaunuflaasit D =4/ C asugasluasn 2.8

nsnagauNaswINnIaluRaIlJufnmeutTatadInsiiausauaIfn L
athvlafianaminaseumasuwiniianlginogs Iawu uazauquanzwiadenle

1 Tunasatudransnasevluwas fodnsdenldieduazionit uddmatadud

AL TUTINgY UNII8NALYIN% (Sepaskhah and Boersma, 1979; Sundberg, 1988;

Morin and Silva, 1984; Brandon and Mitchell, 1989; Singh and Rao, 1998; Abu- Hamdeh

and Reeder, 2000; Ochsner et al., 2001) b@ANHIANMVINABTIZRININTINIANNTOUNL

Ath %o‘ﬁuagjﬁ'uadﬁﬂs:ﬂaumamim@luﬁu AINUNWTW (porosity) 2aduaan lutasinsvasfin

(pore-fluid) S=UBBINNNBNGIVDINN LI (degree of saturation) USunawin (water

content) 9N UAZNNTIALTLIAIVDIDUNAGL
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lud 2005 H.M. Abuel-Naga uas D.T. Bergado la¥inmInasaumIinainusauyes
ﬁumﬁméauﬂgomw W‘udﬂNam:‘nmlaammwgumaaﬁu@iammsﬁwm’m%u LLa@aiugﬂ
2.9 Namsmaauﬁumﬁma'aun;aquﬁszﬁuqmwgmmn@iwﬁu (30-50 B9ANTALT LR
30-70 89@LTALTORLAS 30-90 BIALTALTUR) LLamlﬁLﬁudﬁLﬁ'amwwgua@ammﬁﬁw
ANUTOURNT % @”ﬁifumm@awadmmwgumU’L@Tamazﬁlmﬁﬁwﬁ'} o Tussanan
n3evin asvn SN aminlutesinsvasdinaaas vlwmiinnuansesduRndn LazHa
AINAFALNNTIN AN TauIIAmnTe Bt lus AT dIuTasinsnifiuazaeld
sz@”uaqm%n“ﬁﬁlmn@mﬁ'u wmfwﬂ'wmsﬁnmﬂu%’amﬁuﬁumuqmﬂgﬁﬁﬁuﬁu FINA ba
Fmndasuudasnsianufeuludnrintunsi dawudasnsiianusawaaasinle
BaIINNVDIA LLam‘lﬁLﬁudﬂmsﬁwmmwu%”awuaaLWamaaLLﬁommau"l&iifuag;ﬁ'uqmvmﬁ

[
@ v o A&

o & o v a & o > g a o, &
muumimmwmau"uamuaummU‘mﬁ]wuagm.lmimm”umaumnuﬂuma@ummu

1.1
O
1 + *
A m]
- i »
S A
E 004 o
= *
o I fa a
*a
0.8 + :
Test temperature gradient
T A30-530°C €30-70°C 0O30-90°C
0.7 . . . .

0.5 0.55 0.6 0.65 0.7 0.75

Porosity

gﬂﬁ' 2.9 HaUBIgIMNIldaNITANNTBYBIAU (Abuel-Naga and D.T. Bergado., 2005)



TN 2.8 MIMANNTaUVBILIA S (Bejan and Kraus, 2003)

AN A3 fuilseans NTUNT
wﬂ@l ‘vmmﬁm ﬂ')’l&J%’ﬂ‘% msﬁnm‘m ﬂ')'l&l%il%
(kg/m®) | (kJ/kg.K) Son (m?s)x107
(W/m.K)

mmﬁﬁ'qmmﬁ 10°C (Air) 1.25 1.000 0.0026 0.21
ﬁqﬁqmﬁﬁ 25°C (Water) | 999.87 4.200 0.56 1.43
Vl,mi’] (Water vapor)
(1 atm, 400 K) - 1.901 0.016 233.8
ﬁWLLﬁaﬁqmﬁgﬁ 0°C (Ice) 917 2.040 2.25 12
A10aD (Quartz) 2,660 0.733 8.40 43.08
WNI%e (Granite) 2,750 0.890 1.70-4.00 ~12
fiUeru (Gypsum) 1,000 1.090 0.51 4.7
#uilu (Limestone) 2,300 0.900 1.26-1.33 ~5
Anaa (Marble) 2,600 0.810 2.80 13
lum (Mica) 2,883 0.880 0.75 2.956
Aulnite (Clay) 1,450 0.880 1.28 10
#uUNTIY (Sandstone) ~2,270 0.710 1.60-2.10 10-13

25 AWMANLANWIAINTINIDIAK

2.5.1

WOANIINARITUUIILAOUVDIAK (shear strength behavior of soil)

20

ANRIUBIAWAIBAIRITULIILROUVDIAY (shear strength of soil) AaAIIN FINITD

YDININAULBAITAIUNIBA DL IILROUAILWANNNIZHIABNINAY WIANEID LAIT89

@ ' A Aa o A wa A @ . A !
@nu“fnu(ﬂaﬂ"ISLaﬂufﬁﬂq@ﬂ@uazaqwqiﬂiﬂqﬂq@UVLJJ')U@] RIDWINAY (failure) DIILFINA

FANANITNANAITULTIL A UUBIAUNI LUUIVBINITTY LmLLazmiLﬂﬁymLﬂmgﬂiw

nsAnEIWgAnsINiIaIsuLIdausasduiiduiugrundaglunisesnuuunisan

Aaan3Indgh 1% N1IeanuUUZIUIIN (foundation design) N133LATIEHLEALININAIY

a1@ (slope stability) kazn13aanLULlATIFIITULIIAUINS (lateral earth pressure) L1

v

At
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2.5.1.1 NIOAUAWIVAIAUADLIIADU
’~ o @ A A o & Ao, @ A A
WOANIINAITLLIILRDUVBIGUNUBIALIENaUNGIATY 2 U3z AD UIILRDANIN
' & a =< ~ ) & A o v & a A AN i a A
MoluIzninidadn Lzl ante1IznI1adaan SMTULTaawTian iauLTay
Wik (cohesionless soil) Wiadundusidanioimalusznisegmeaiianudaunaanniie
WisuAuusnganainiziszniveyniadu duindniduduindeunasuialng 1w
1 o et £ 1 a J 1 1
n3Q NI mmmmumu@aLLsoLﬁaumamm:muangLL‘soLﬁmmumzﬂmzwmLﬁ@
a ' = P ¥ o A o & @ A o o A
Aududinlng d9zidowldaruthngn AnansziaiaInnuIzwIuLIGan MRTUAK
FRANTAINNLTON LW vﬁaauﬁmar‘j@mﬁmmﬂsl,m:m"magl,mmﬁqmeﬂ LT A
&1 1 1 o Q U 1 =) ¥ g 1 @ {
WAt NIl wmﬁmmaamumu@mmLﬁaumamuﬂszmﬂﬁawuagnuLmﬁﬂmﬁm
' & a ' ' a A A A P
sznadadwdusinvlng lasfiaanmawanidfoulassunianisunuinlosawnaad
A { a :’ a & a ' a Aa
Feazidaonldaudsunasihludu sueveladn wazauRwILLLY Y NOANTIN
o o w A ’~ ' o a o A o &
AAITULIIL R A UTIARATLANGAIN L I NN U T ANV IA muamiugﬂw 2.11 a9tk
C AUNTIURAIN LRZARATIRAINAALURUNADIRANAALUUNINUNALIRNTaY AR
v A ' a X A A A a X i i o
AU aUITABY PANTUAINANNLATLALRBWNLANUDY (strain hardening) lA8AINLEAY
a £ I { o ’~ 2 ' o
L OWATLANYWAUNTENILNALAIN wdganIuzinga FITUNINAMVULAULADWRDIUS
a age 1 d' A:i 1 % %% A
NG (critical state shear stress) mumsmaﬂmﬂaUml,ﬂmgﬂiwmml@wmssmljamau
wui’lmﬂﬁﬂgﬂl,ﬂw,l,uuqm”’a (compression) 1a8N138aAYN IAAUTANURUILUULAY
&/ q; v U { e 1 1 1 Qs 1 g 1 a
YINTUWIWNTEN I NI FAINNBAIIEIUTBII19AIAINIBTUNINBATIEIBLNTIANY A
(critical void ratio)
=) ] =) Q ] 1 =) 1 v 1 QI g
- AUWNTBULLY LRZABABIIRNINEALBBNINUNANIN A1ANULABLRDKIZAD Y GLNNDL
au’nsmL%Jﬁmm:ﬁaﬁqﬁ;@goq@ LRZNUAMINLABLADUIZAARILULNOANTINNTE O
o o A i . ) A A | o [
AIALANNLATLA (strain softening) mumﬂﬂasml,ﬂawuﬂmgﬂﬁdmyl@ﬂﬁiULLid
1 =) = Q 1 é Q = a 1
W au WU’nmﬂmsamﬂwﬁ’mnﬂmLﬂuwaa’mmswL‘%‘mm*’uaaagmﬂ@u AaN1y
(2 . & ' = ' va & v @ ' a
Y8167 (expansion) muam\m@mLLazaawalmu%mwmumqamwaauiwsoaﬂqm
2.5.1.2 HAVDIANDATIFIBAAAIANEITN
AATIEIUNITOAMIANYTNVAIA RN AN W IAP TR aUFWAIVIAUN TG aLTILADY
@19n% DauIasliasddsznaunsusinlonni @20819LTH AUNINANTIVULLALY
' A ' A [ ' o & ' o [ o o
n11Und (OC) 2 nau FINDAINFIUNNTANGIALTN OCR 19N lmawmuqaqma:sz@u
NITVLILAILANAIIN Y @“’agﬂﬁ 2.10 e 2.11 a]zl,ﬁuvl,ﬁ’hﬁuﬁﬁamwé'@LLﬂuqaﬂ’j']
(heavily overconsolidated) azlﬁﬁwﬁwé’a%’uLLiaLﬁaugon'ﬁw LLazﬂlu’]@ﬂﬁimﬂ’WU@T’Jﬁfﬁdﬂ’j’]

gl
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= = o '
Ty |mmmmne- FUTAY 2 VIIDuLuUMIe

Aumtzran e anduaIUnfLan

Teg |----f--- B gy

a o d E

PUtUEY 1 m3nzwaauvza
= = o . =
AUMUEIEA T AU LU AR

TufAn TwARLUUAIUnRAATDE

= = d
Fusileadl 1
Ansidulns R0 oo

= = o
\ﬂuﬁu Fv1 2

= = o
FAUTUAW 2

e E16T

W

famy = ——=
h v

e

(b) (c)
gﬂﬁ 2.10 NINDURHEIVDIAUADNITTLUIILADW (qmﬂi 2557)

[N

3UN 2.1 HAT@IREaTEIRMIANBINAaNITULTIALY (FL785 2557)
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2513  HAUBIMITUNLTINVDIUTIAUEINFINLAL
LfiaﬁugmlsaLﬁaumwanmzv‘hLLidﬂﬁﬁ%mmadmaﬁuﬁ@TﬂumU@iaLLioLﬁaﬂu
SEULIAE AR B8 UIIAWIN INTIFINLAY (excess pore water pressure) AAedusening
Foai1slunradn lududanzidoagasincluwsduiamadn wlussauindruing
\Aadusznsaanldegnstrunnuasl sz azaawinann %fiaagﬂuamwﬁiauvlm"l,ahzmﬂﬁﬂ
(undrained condition) maﬁumngﬂLﬁamzvlaiﬁmuﬂﬁsuuﬂaaﬂ‘%mm e L TIA 1
FAnAnUAnwuUas iufe Guan IWsautnlnd (NC) ussauindrnAnyasdugninea
wininfazlianfas G]Lﬁu‘*fuamwiaLﬁawmﬁauﬂaﬁLﬁaL%tjamaﬁnqw LAAUININE®
wikwnI1Un@ (OC) L3Ia U FIw AR AN W AN 8 lUT TN LAz AARIBENITIALEI NS

(7

dndaay Mnuwzliendaninasiilaingan1izinge aagdi 2.12

Ao,

loose state =) MNC

IR e

dense state

oc
M) Fouwlvszunesin 4 - ¥
E @) Iawlaluiszuneiin

(drained condition) (undrained condition)

U 2.12 NavadldanlunITEungtindamInauakaIRaLTIAaua Ak (qmmﬁ 2557)

2514 wWavadusddatanaanylu

=< A . ! % A o A
ussflanfarnielu (cohesion, c) iukan1nFIuLITNOUREN 9 Ao WibziGau
ﬂizmmzmnﬂmaqaﬁu (intermolecular force, c,) LLidﬁ\‘lLﬁa\‘lﬁl’lﬂLLidﬁdﬁ’Jiz%’i’ma‘%ﬂ’]ﬂ
(soil tension, ¢, LLazﬂ'ﬁ@lL%awﬂizﬁﬁu (cementation, c.) NaveITIdanReIneluIINg:
SINAGOMNRITULIIAOUUDIAY NATDILTIHAMTEINE I UIINALFINRAARINITULTIEAY
20904 atuaaslugin 2.13 Aussrzniluanadu (o) axlidasunn uazdnazgnazi

a o @ @ Aa o v a g > .
IunIIa N MaITULIIRaUVRIAY FINTLLIINIVBIAL (c)) 1 IuaHNUUIING (suction)
LLazﬁﬂgﬂauualﬁLﬁumﬁﬁumaaszé’umsﬁm‘ﬁﬁam‘in (degree of saturation, S,) lunydl
YaIAw b DNAIGIBN LLia@m:dwa@iaLLsdﬁ(ﬂmﬁmmﬂluauﬁ@iﬂgamﬂﬁ%aﬁ'ﬂﬂd%mﬁ@
witea1ang) (apparent cohesion) walunstiauduaaasii LLsaQﬂﬁﬁ]zﬁmﬁas uazluhEIn
o ~ o A ' A & A '
PoIuTINUsELAlNNIEITaNIzaY (c,) LTuWINLARLTNATUAILA (CaCO;) iHaNE)

a a y} o a o { é b ¥ [}
1%@%‘553N°ﬁ1@] LL?Gﬁ‘U%ﬂUﬂ?N"IM"D@G’Jﬁ@JL%awﬂi$ﬁ"lu mwmﬂwmgﬂumaLLiﬂmadmi
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o A a A a A & o = VA
UL L&Ja@uuﬂ’ﬁLﬁﬁgﬂmeﬂﬂ"ﬂu WuﬁgLﬂN"ﬂzl’L(ﬂﬂLLazaaqUVLUQuQWQVLNLﬂﬂaNaTa\‘]LLiﬂ

=S ~ a o ~ [
U@]L‘V\%U’]ﬁ]’]ﬂ’)ﬁ@l AU IR UBNILARRINTTAALTI

-

shear stress —

™

i~

f—— ~ ———

>
b
Y
=

[ [
normal effective stress O,

UM 2.13 °11aumemL@Tmﬁaugaqmaaﬁummtsoﬁ@mﬁmmzﬂ,u (qmwﬁ 2557)

2.5.1.5 mytszanamasuusadenwsunliszuneindu3% SHANSEP (Stress History and
Normalized Soil Engineering Properties)
ANFNRISULTIL B o nEIRIUARATN1IZNTE AL ARG wnsadseunaldana
Wannns789 SHANSEP (Ladd et al 1977) asaumasdo Uil

-§%=(S)OCRm 2.1)

GVO
& A o v @ A . ¥ ' oA ] )
e §, 9o ﬂ’]ﬂ’]aﬂsuuﬁﬂLﬂauLLUUVLN'iquUu’] (¢:0) Oy A8 ANAULAUNG
nuluuwiIdelsz@niuna (effective overburden pressure) S fia A8 1&IUA&9 (normally

consolidated ratio of i ) OCR fa aas&28n179a02A18%1 (over consolidation ratio)
Ovc

m @a 0.7-0.9

n5lEaun1s SHANSEP §7a311a Goinuiznuauidaazidoafidoninelaen
(sensitive fine grained soils) SHANSEP F9RINID E UM I M BATTNRINTTL LTI D%
Aaud19@ (Jamiolkowski et al. 1985) 889 lIAMUNITIRABT S kA m lGNIIIANNTIV
ANMNFNNUTUBIFNANT %GVL@T&HI@UﬂﬂiLﬁUf@Hﬂluﬂ’ﬁ‘ﬂ@aE]\‘]?ﬁ’]u’sull’]ﬂ é‘m‘fuagjﬂvuﬁumi
azriiaazliandrany Fslnnddenasvinulearinnsmieniniinas SHANSEP 13asan314

1
=

7129 LLE\]ZLL&@GI%Eﬂﬁ 2.14



2.00 - -
Site Symbol Best
fit
East Breakwater " J—
k26 o ————
k18 ® -—---
1. .
- Muar Embankment O ==
Suvernabhumi Q ===
West Breakwater  » ——
Note. Shaded area: Ladd et ai.
1.20 } (1977) relationship range

K
U}=
0.80 (s
0.40 g S S - S
: : : R
= : : A
, : : : S
] ] I ] ] ] 1 1
/ : ; : R
0.00 i | [ [ | [
1 2 3 4 5 6 78910
OCR

gﬂﬁ' 2.14 ANURUNBDIZAIN S, / 5,, NUF1 OCR (Roy and Singh, 2009)

a13797 2.9 Wi Hieasuessums SHANSEP 2a9duudazTiia (Roy and Singh, 2009)

AHAAWLRHYD S, m r’ nan
Marine Organic clay 0.29, 0.81 - Ladd et al 1977
Bangkok clay 0.28, 0.76 - Ladd et al 1977
Atchafalya clay 0.24, 0.79 - Ladd et al 1977
AGS CH clay 0.27, 0.70 - Ladd et al 1977
Boston Blue clay 0.22, 0.70 - Ladd et al 1977
Connecticut valley varved clay 0.17, 0.71 - Ladd et al 1977
West Breakwater 0.21, 0.96 0.84 Chung et al. 2006
East Breakwater 0.20, 1.08 0.97 Chung et al. 2006
Muar 0.20, 0.80 0.95 Indraratna et al. 1992
Suvarnabhumi 0.15, 1.04 0.95 Bergado et al. 2001
K18 (CL/CH) 0.34, 0.62 0.62 | Roy and Singh 2008
K26 (CL/CH) 0.15, 1.08 0.84 | Roy and Singh 2008
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252 Iu@ﬁ'maaﬁu

lugamaniwiangu (modulus of elasticity) LJugutGLan1zdI1v09Tay uazd
dszloadluduiainssuiduagionan ou Iumﬂﬁaﬂﬁ"@qLﬁalf*ﬁl,ﬂuimaﬁwmmi
AW UWS D TUEIUYBILAZDIINING %anﬁaamwmzﬁaaLﬁaﬂf@qﬁﬁawﬁaamwﬁngu
LANNZRUNLIN W f@qﬁﬁiu@é’&mwﬁﬂmju@mﬂm FINITONUBADUIINUUONATING ’S'mqﬁ
lugazanwdangugs azaansanudaussnouan ldunnialiiazldon uana
Lﬁuﬁﬂm‘i’m”@amwﬁ@msjuﬁ]zuaﬂlﬁmmdﬁf@]qifummmwu@iaLLidmmuaﬂmﬂ‘ﬁq@
Wegla Lﬁammmﬁ'ugjammﬁuvlﬁ

Iwgé’a"uaaﬁu (soil modulus) A8 BATIFIBIZNIN ANULAK (stress) Aa AAULATLA
(strain) ¥IBHIINNANNTULBINTINANVIFNWUTITHINIAMULAS — AULATEA Lasdn
lugarileg 3 JUuULMATZALANUATEA (strain level) @”&memwgﬂﬁ 2.15 a9ii
1) Iwgé’m‘éwﬁu (initial modulus, E,) fa ﬂ’;’mﬁ'umaaﬁué'm”aﬁﬁg@wﬁwLﬁmaué’fﬂﬁamm

LABLAZAMULATLA %%a@hmwfumaoLé?uiﬁdLfiammm%'mﬁmwhﬁ'uguﬁ

2) luQaaaNHE (tangent modulus, E,) Aa AN T DILFUFNHETITZAUAN AU LA

=

3) lugaaduand (secant modulus, Ex,) A8 AMUTUVBILFUNAINIINIZAVAMULAL
&a

fwualdigaduile Tunsliensidgmmaiansusulngainalflugaaduaudn

4 4 o o
AWNAWITINIAIFING (secant modulus at 50% strength, Esp)

Tugaaduda

A (Tug A uAY 1E {tangent modulus)
l'[initi;il modulus) -

o

siress, O

o I R

:"!

TuadaBunpa
{secant 111L:n;ln!u:;]
| -
£ strain, £

3N 215 lugamindu lugdaduns uazlugaaduaud (1oeg 2557)

Tugaguesdudumndinasiddglunsiianzinsiafondivasan uazld
witgmineieansussdinadia lasawizmsduwaisnibanguidanadn nande e
FaomInTMunsszeuTaIn Ui ukazanunIoaluuIntunTan il winlfquautidians
AT (c,¢) 2 iABINe dasdrwrmannerlugasuasdudas sansdiaelui
1y Walassaemunsoldiienmsedousasnnawlisunsaldonwle wadslaisa

AUraITUNANWAKIUYIN IR RINBRTIITILA L RE WY
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Gq: a ai di Rt g/ a v A s a o v a = ai
2) Tudugunnfilaiuiminuiiinaniadriulegs enarldifaenuiemeldlasn

H9 M AN 1% Auldnaringn
3) NMIANEINITLAREUAIT0IZIUIINNIalATIRIINFINIwLII LAY Naluszndnanis

Aoaauaslaanu

a 6 A A Aa A o o 1 ada ..

4) Msnazrnganssulasazifuaueiniaduiiosuusinizring1s 9 lasdT Finite

Element Method (FEM)

\ o A o o a a A o [
Arlugasanudangudmivawnitoiusaslilua1snm 2.10 uananiidrlugas

vasdudimunTautalaidu 2 Seauly fa Tugasuuulaiszuein (undrained modulus, E,)

A \ ¥ & A A A a A A o
Twdanlauuuldszuretidt vraduazlidnnddsuudasdsunansadianuduniinig
Lﬂﬁﬂul,l,ﬂmﬂ%mmgamﬂ fraandIvtiTasuuyszunein Jarinu 0.5 mhlg]é'mmu
ldvztnatihm ldannminasauinsigaunliien (UC-test) MINARELLIIBASINLABLLLIER
o & . o § 2] o & .
dranpiuazliszunoii (CU-test) uazBniiaulanisfia lugasuuuszunnsia (drained
modulus, E) lwdanluuuuszunesih saduinmaufsuutadSunes asvuarsanainda

:’ 1 v 1 J [ a 1 s

sasnuuIzei Sdesndt 0.5 Juadiudinnuedn mansamdlugaauuIzLg
i lalasnMINesaLLIIeAMULAKLLLEAAIANEINLAZ LN (CD-test)

an7197 2.10 A ldveslugasanubandudwi@wnile (Subramanian, 2010)

o4 lagaganadandn, E
Uszinnantnite - o, -
(HIANADANTNAALNAT)

gauun (Very soft) 29915

dau (Soft) 5 919 25

dunand (Medium) 15 f19- 50
ud4 (Hard) 50 £19 100
InTeuin (Sandy) 25 £14 250

[ a a% o :/
2.5.3 aRuUIzAENIANNAUIN (Pore Pressure Parameter)

m]uﬁmsﬁ']mmmm"'uﬁﬂumaﬁuﬁawﬁgm’h mstasuudasussauinluang
@ (excess pore pressure, AU ) Hunan191nnM It Aswud a9 i uITINAERan (total
stress change) ﬁﬁﬁ&lﬂizﬁﬂ%ﬂﬂ@mﬁﬂ (Pore Pressure Parameter) A LLaz B (Skempton
1954) Fouanarsnwludnudazsiio dansunimesavusssamuunuuuyliszuiin

ANMURNNWTLT AI%:
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A= B[A"3 +A(A51 —A"3)] (2.2)

A A A o 7 A a ' A .

1Wa AU @d ﬂ’]iL‘.L]aU%LL‘]JEN‘IJE]\‘JLLN@]%WII‘WN‘HLﬂ@ix‘ﬁ’ﬂdﬂ’liLaauLLUle,ﬂJiZ‘lJ’lf;l
% AGI ﬁa ﬂ’]iLﬂﬁiluLLﬂadﬂladﬂ’J’lwLﬁui’sNi%LLWJ@GﬁLﬁ@]ix%’i’]dﬂ’]ﬂaammUVLSJ'SZU’IEl
% AG3 ﬁa ﬂ’liLﬂﬁEluLL‘]Jm‘ﬂE]\‘iﬂ’J’laJLﬁuS’JNl%LLWJ%E]%ﬁLﬁﬂixﬂ’j’ldﬂ’liLaauLLUUvLﬂRU’]f;l

& et a a% Rt ?
W AB fa AFNdIszEnianuaiinveas Skempton

W aYNNIINARAULIIAAFTINLAWALAWLAREINTANVINAINILTN GaININTIAN AN

v

B Aaw¥iIN13130ua108196% NITUINNSUSENaua18n1Idan133s N8N TaI02081ILA

Wunssaundadauunaladgg lasnisiiuanuawaas wnitih Ac, =Ac, =Ac;, a4
A X > @ Y A X o
JUN3 (2.2) Mawndnpadanuaniason Ac, =Ac; uazmMIIAMINNTUVAILITIAIEN

W59 Au seninemsvinanuzasanuaudaden a1 B sunsadiuwialdannaunis (2.3)
B= " (2.3)

A1 A, luaue3Ua (failure) twnidiaasnlevinuisusiauinaiuiiiv (Au )
gAY arsi A meimiussauinnewistd a1 A, azdiduand1eni
J T a a 04 1 a a :’ a {
lUauagiuriiavasdn uazdaamaiun1Idndinoi (OCR) dauaadluasnen 2.11

e

{ o a a( ot qo’ { a a a 3 .
319N 2.11 mawﬂizammm@umﬁﬁgmu YDIAUTHAG (Craig, 1997)

TRAVDIA LA

A

auintealadage (Highly Sensitive Clay)

+0.75 ©19 +1.50

Auriglaauuuln@ (Normally Consolidation Clay)

+0.50 19 +1.00

duniendunieueaa (Compacted Sandy Clay)

+0.25 19 +0.75

Anniaiaauuwinaltias (Lightly Overconsolidated Clay)

0.00 19 +0.50

AWUABA (Compacted Clay-Gravel)

-0.25 09 +0.25

Aunie10auiwAnaau1n (Heavily Overconsolidated Clay)

-0.50 919 0.00

254 QmINIANIYUAI (Compressibility)

msqmﬁuuuwﬁaﬁa (one-dimensional compression) w184 mnﬂﬁsmuﬂm
Usnasluumislasdnannmaafondivesiaduluwwiny viasoninienly K, (K-
condition)

Terzaghi (1925) "l@TLﬁugij’ﬁﬂqu&mmmiquﬁaLLuuﬂﬁaﬁa lavldiasosiian
Sunin ealafiaas (oedometer) LLazﬁﬁmiﬂ@aaumiﬁ'@éﬁmmiwao@u (consolidation

test) A% bARUNURANNY B NN1TaAAIA18IN (consolidation theory) NIINARALNIIEAA
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. i

anesinvosdulEuAnwilendussaniin (saturated) KRt dauﬁu"ﬁﬁﬂﬁuﬂ ﬁﬁ@maum
"Lajawysrﬁmw@mawﬂﬁﬁ ﬁﬁwqﬁﬂﬁwvlaimammqwﬁmié‘@éﬁmUﬁ’]ﬁfﬂ a1 TR Taptatal
a:waakkiaulﬁﬂ%ﬂqmﬁﬂ735@ﬁaﬂﬂﬂﬁﬁ"l,ﬁ [ g IGwnileIfiinTenEy (sandy clay)
Alaiduea (partially saturated) Liudu sluﬂ%gﬁ'umimaaumsé’w‘ﬁmﬂﬁﬁﬂ'ﬂ"ﬁ,ﬂ%‘aaﬁaﬁ
livananalanniedesiion lewamnltlugdodonunnin waznsnagaunssaaaangsin
mﬁ@Lﬁmﬁ'uf:ﬁﬂ'aLﬂumsmaaummgmﬁm%’umqmauﬂ'ﬁmiw‘g@myfmaaﬁumﬁmﬁﬁ]z
gﬂﬂ@ﬁ'ﬂﬁqﬂf{mﬁfﬂmmﬂg'}m’m TUARDNLTIM (fill) ARAUDY (embankment) U
(spread footing) aWLALFLAN (storage area) Luah

18 1966 155 (Rowe) ldwauitaiasionamausasiagituuusaninuauin
(hydraulically pressurized) lasld@mainsfudunigudnan 3 - 9 fin e (Bishop) Ale
sanuuULeiasdanasaunuusaauewingudsann walfauiadlegnaduriiuuy
5IUAN (2.5 - 3.0) Faiasasdefnanduwanlridanuriniininaansnsananueuin

#108198NAIA28UN WAZEINITRIAAINNAWIN (Pore water pressure measurement) b6

D-

%

1ummzé’@maau%aLﬁumm@ﬁ5n@1°'mﬁ\1ﬁﬁmwé'ww”u§ﬁ'uma'mmiwgmﬁmaoﬁum@
agj@nuﬂﬂaﬁm%'umsmaaumsé’m‘i’aﬁﬂﬂ
luntsnesaudlsiaiasienagousadianioin (consolidation machine,
consolidometer %38 odometer) ﬁ]z‘]_lﬁﬁg@D’Jati’mauvlﬂuﬁum’mm”’mEi’]d (sample ring)
iwinaznatanizluuuibe HOULNHABN UL (Top porous stone) Faszunoiinle 4
%%a"l,&iﬁmiuﬁuwguﬁmma (bottom porous stone) WazaNNAINAIBENIAUL lalvensfuas
laasrsararuang azﬂg@]@?”ﬂumwml,maaLﬂunﬁﬂg@@‘i"sl,l,ﬂué‘i'al,ﬁmLmuuﬁm (one
o oan

. . . . & a 9 s a a
dimensional consolidation) Sﬁ\‘lLﬁuﬂﬂiauumgﬂulﬂaLﬁmﬂuaﬂﬂwmﬂuﬁﬁu“m@ Ve

v v 1o a =} dl a v
G]’]%”ll’]\‘]vLN'ﬁ]’]ﬂ@] wazdin9Lla UuLLﬂﬂGi_]ﬁﬂ@]{L%LLu’]ua%%ﬂEl&l’]ﬂ

NMINARBUNITIANIATLIN cﬁm:wgméﬁ 3 520U Aa

% > qq: . . . a J a d' A 1 . a v
1) N138@@3VLLIN (Initial consolidation) Lﬂﬂﬂluluﬂuﬂluaﬂﬂizﬂ@ﬁqu (elastic) ¥a1ua e
WRZANANTW LU AL a9
2) MIBAGINAN (primary consolidation) AN iudmsniasananiiiasnnin on
a o a [ & 6 a . A 1a %
fuameanaungegnseaasiizainamin (Terzaghi) FUSuamunnuazltina
UM ILURL WU RINIANUTBLESUITNIOTAA RS
> Q { =) a J >
3) N1390ATELENFB (secondary consolidation) YA (creep) VRIABLNAVBIRANIIN
m‘sa"’m‘i’mﬁ'ﬂLﬁ%ﬁ]augizﬁuﬁaﬁmﬁaﬂ

> a Q{ Qs > &‘ s 1] v :/ =)
FUUIzANTNITO AR muagnummmmmlumﬂm%u N eIt luan

= (=

e s s o a & @ o a { o s
(Permeability) LLﬂzﬂ'J']SJﬁ']&J']iﬂi%ﬂ']‘iEJU@]'J Tﬂﬁwﬂizﬁﬂ'ﬁﬂﬁia@@lﬁﬂla\‘]@%ﬁ?ﬁ Uy 2 a1

72

=y
fa
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o > o a . . v ' > o a a%
1) 32ELAMAZEAIINIEAGIVBIAY (consolidation rate) ¥ laanansaIaNlsedNTg
26 (Coefficient of consolidation, C,)
2) d3UIHNIINIAGIVBIAUNINUA (total settlement) W]"L@Tmn@h@”mﬁmsﬂqum”a

(Compression index, C.)

2.5.4.1) 32UZINLAZAIINITOAAIVDIAH
L5 Qs U =) Q€ s et - . . .
INMINAFBLNNTOAA laaNLTzANINTo A6 (Coefficient of consolidation, C, )
PNFNANT (2.4) EUNTOPNITHLIANLAZBATINIOAAIVDIAY ba
2
Tv ' Hd

C, = _
v " (2.4)

di A g/ d' . = [
LB Hd A8 ITUENWITUYWIBIINGA (Longest drainage path) t An WHUTININTAAN
T, @a asAdsznautIan (Time factor) ldfinaeldunannmisudaunseadianain

ou o

E:C p (2.5)

A . > ' '
T4 Terzaghi (1934) LEAIANNANABTIZRIN9A T, Lz U,

U = wesigudnisanaaizadsin (Percentage pore water pressure dissipation)

u
= —1%x100 %
uO

= @MNAWIINT AN / ANAWINLSNILIN X 100%

= 312100 %
S

@h‘ﬂg@@T’ﬂummzﬁul@hng@@”’mﬁmm X 100%

dariniguandudndusianusuvesnnwszningandiwiading (Void ratio,
e) NUAIAMNLABUIZENTHNAUWLIAY (G'Vo) luunudangnu (Log effective overburden
pressure) §RILABLIABEIRNINEALLKLNG (Normally consolidation, NC clay) #1aathn13

E‘II‘IJ@T'J ﬁﬁwﬁiﬂﬁﬁqﬁﬂﬁﬂﬁwﬂﬁiﬁ 25

C.=Ae/ Alog g, (2.6)

A A e oA o i i o , o ]
Wa ¢, Ao A1arin13gua7 (Compression index) Ae A WAGIITDIANAAIIEIU
ﬁaadws:m’]dﬁ;@mﬂaﬁaﬂ Alogg, fa wadrsvasdranuanlszininauwifounss

<3
3uaaN
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ATHNITOAA2E1 (Recompression index) LUAINNNTUVBINTINTZAINIOATIEIN
Ta939nUaNua sz inSuaunafs luwnudang w (Log effective overburden pressure)

RNUIIDWIFNATHNITDAGIT LAINFUNIIN 2.6
c,=Ae/Alog g, (2.7)

A A \ e oA o o i . A ' '
e C, A0 ANATUNITAAAID (Recompression index) Ae 8 NRGAIIVDIAN
5@316%3u‘*ﬁaadwizquﬂamaﬁaﬂ Alog g, Ao WadspasranuIduLszENTHaLLIAY

WNUFIUFEN

2.5.4.2 MIYUAITLHZNEBI MIAVUAZFNNAZIBANTIUAN
a { X a . a Aa
wqmmsuﬁmuﬂunm (rate — dependent behavior) Lﬂqumﬂsimauauawamu
@ONIINITRIUBBINNHIRUNALHENAILIATINUANAIINY A288719VDINTANTINH
=) a IJ = IQ/Q/ Qs a & a > > {
wqmmswamuﬁmuﬂunauﬂuﬁgﬁmﬂuﬁau‘ﬁm A WHANTINNITONAITZLZNFD
(secondary compression, 0) LATNNIAU (creep)
a o o { a £ % a a o o Z’
WHANTIUNNTOAAITZLLNFDY  LNATUNLRAINNAULAANTZLIUNTOAAIA LN
WaILE3 (after primary consolidation) AUNUIIANLTIAUINEIRLABIUUIAANEN1LEIAS
a v a &£ . A ' o o & a £ A a £ o
mmmsqummeu@]amaovl,ﬂasmm 9 MIYUA R RUTUA WAL AN AILEAI b
gﬂﬁ 2.16
A A aia :’ a ai o d'l 1 1 a d'l s
IR Ao msmugﬂmwuﬂmwm:mLLa:maﬂaaﬂnmmﬂﬂa:m@mimaaum
A & A A a @ a AN A = )
IWUNINTWLIDY 9 mawqmﬂsmms‘ng@mmamummmvl,wuﬂ’mﬂawuﬂaam’mmu
AMuluNIRAUNUEI NMIHNAUARNBVBIAINNLAY (stress relaxation) g NNINAUAATZAL
'Y A ' = A o A a a & 4 o o
anuawneluidaratdiiwlllas lddnisefauainiannuiaIuaiadn $99:a3ITNNL
NMSAUTILAY BATUANGIIINNNTZLIRNITIAGIANLIN LNITIZNIZUINNTOAGIA8NEH
A & o A A = A A A &
NI AwLURINIANULABL T AN TRALazANUAS saeNI AT RuwILad 1l 1ikada7niin
a 1 v a a =) A =Y J U nq//
lulwssdnlnasanlyldldifiaanauniavesnies lunmmnugnisfvaziieduldnslu
yeNingd liszunseananuladuniatian luuuyliszunssin (undrained creep) Waz wad
o o :’ =3 Aql A di : . 1 a e 1
NIzUIRNIARIALEILETIRUWIaTowluvzUN8tN (drained creep) welunglfiidLs

GRENE RIS LLﬂﬂﬂ’]iﬁULLUUVL&iiziJ"I Elﬁ»’]aﬂﬂ’%’]ﬂﬂ’]i‘ﬂ?@@lb’]ﬁ]’mﬂit‘]_l')%ﬂ’ﬁayﬂ@hﬂﬁ ﬂ‘ﬁa’]vl,ﬁ
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wyshand v iy, As log time
-

. g

F4 Imitial compression

AugRNI=YINNG 1 S eerrbrien ]"J.. Pi
|
|

fakanei (EOF)

w11 ]
Primary
consolidation P,

nan

-

K guilnismm irsestion

B

| P |

k.

IR YU 85T

Aulinngquiiizesine:

g -
d T 5--::_1_:-|1.d:11_'1','
¥ compression o,
AANAA, P ¥
(M) KIAWNFIBAUALMINIAMIANIN (7) MIYUAIVBINIAAUNUFDNVDIINN
(Excess pore pressure and soil settlements (Soil compression vs. log time)

2.6

with time)

U7 2.16 MIgudTzozNand (§1ou5 2551)

uwona N 1188 UaAG WazAMe (Ladd et al. 1977) laavanudgnugaddsznis
A o o A (K] Aa . o A a &
AU IgUaaTzuzAiaed 1397 auudgiu A (hypothesis A) nIgueaTzuzAigeIzindn
WaILESIFUNITLINNITOAcIAsLazazd L iiude 11308 g faugundigin B (hypothesis

o { ~ a &£ [ (> o o ¥ o o a

B) migudszazAgasazuiiaduldwian 9 Aunszuiunisdadinnosi uazdadniin
! v A o o & Y “ o A . d A o a {
dalundsfuganisdadimoiuduazdiduiiudaliGes g Sadmsguiszsznseadu

{d o o a ' e
ﬂﬁzll’mmiﬁ"lluﬂua@i’] (rate - dependence) BEENERIS B uqﬁlzaNLﬂ@gaNNaN’]ﬂﬂ’J’]uuLad
ﬂﬂiﬂﬂﬂaﬂlliﬁgﬂﬂ']&]Llﬂ%llazﬂqiuﬂaﬂa
2.6.1 ﬂ’]jﬂ@]ﬁﬂﬂ“j\‘]g@]a’]wuﬂu

NNINAFBUUIIOARINWAG (triaxial compression test) IIWITNAROLLNDRIAIRIRT

aunuuIdtdansasduniouuinluiesd fuanis iwnzswisadsuaninassduli
v A v A a o s a =1 Aaad 2K a v

NS ALINUARIWITTNTNG RANZEIRITUNIINARALAWLATIEN I@ymmﬁﬂamu‘lmﬂugﬂ
N39NIZUBAN I@mlﬁﬁé’m’]d’mmaammgmau?futimgmsfnanﬂszmm 2 191 ﬁwﬁmﬂaan
muﬁ'aﬁ'umigmul,?(mmw%u wazNI InaaInInszuangun U luaratrsu e vinnns

~ & o Aa A o & A A
nagay NUauny 2 1199ziRwnin (Porous stone) wvalwsinluwaladuidlaniaszunoaan
IWAYINITIAANNABTAINN INBRLANTIINTaNaaaINawT lUsaualat 9 tNalwan
s 1 ai ] ai v A a a a ai d'l =1
mamom:maauagluamamlﬂaLﬂmﬂwisu"mm a93UN 2.17 ugaLAIavlianagey

P2 A A A A ' o A

FIULN® TINIINAFAUILT 2 nTh Ao NUIILBILNWIINAIILIILaUTA WIa
0, =0, >0, =0, Hzidunmasauusisamunns Lalwnsasstnuausslauiaunnnin
LIILWIUNY O, =0, >0, =G, 92T NI INAFaULIIAIRIULNY (triaxial extension test)

mshrussutdeantdn 2 ianid fe Aanisaruts iunrsliussaulausa (confining
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pressure, G,) 3MNUIIaWiN Frudnfianada Aenmsluuuids dumsliusanngnguld
U39 (loading piston) MTIAMTIARouA LML AIzAARILNIEUAINTIAREUA N BUEN T
msﬁ@@%&qﬂﬂstﬁ'ﬂﬂ'mﬂ?izmuﬂaaﬂ‘%mm (volume change, AV)

NANINARELLIION 3 WA LAANNFNNBTUBIAIAINNLA (stress) LazATLTILAD
(shear) F91ludnassamasuosfn (strength parameters) 595N 13T LEUONANTNATALNN

UEAIHAGIEIDAN 9 LT% ADNIUEAINANIINAREUAIBI9NANNES (Mohr)

piston
perspex cell
| water .
O-ring seal
1 rubber membrane
sample
| - porous disc -~
- E—— N
cell pressure —= ——= pore pressure )
k

back pressure i
volume change S

UM 2.17 L1aTaslanasauusaaaawn (htps://www.gdsinstruments.com)

2.6.1 MILABVIANULAK (stress Path)

NamsmaauLLidé’@amLmuﬁuamNalujgﬂaanawas“l&immsm:‘lﬁmmL°1T11'~a
woAnTIuan1zraIaNudusIduluszauanyntld Lambe waz Whitman (1969) 396
Aaa o o A \ & @ A A A
LEUBIDNIUFAINAGIILE UAZANAINANNHIKIAUATBININANNDT A93U7N 2.18 nIaN
1 a v A Q v Y 1 1
138N97 N9LABANNLAY (stress path) ‘Ii\‘lEldﬂlellE]HﬂLﬁEHJLY]’]ﬂ’]iLﬁEJu’Nﬂa&luaif WA
LEadladenINwIe L d ol o wIINauRAILIIAaLHaINY LaztIAILURIUNALNLT LY

v, o &
Qﬂﬂﬁ&lwaﬂ(ﬂ\‘ﬂﬂ WAV



]
t _ ﬂ ! - I"HEE'!"Ed

= Constant

0

-
L

| |
1 o

gﬂﬁ 2.18 NSLAUYDIANULAT (Stress Path)
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winfAaasanuaudsznavldaisainuauwdsaun (deviator stress) Waz AW

v a a dl . o Y ] 1 =
LABUIEANTHNALRAEY (mean effective stress) Qﬂ%’]&l’]l"ﬁﬂ%ﬂﬂ’NLLWS%aq slslumuﬂgw

6 a (dq'd v o o e A LY A I
NAFIREGY Wﬁ'mmamulﬁnuagm"lﬂaammuu fa amuuma‘[u‘[ammamymm (MIT)

LATNPIANLIRLLANDIAT LA ILFIANEN ﬁmadmjﬂ%é‘fyé‘ﬂmﬁﬁmﬁ'u A8 q WAT p We

Walimndiaasnuandanu rinssuauusadazls q - p wazdawsuaantwnalulad

WURTITLEAFELT t - s UnU g - p aN&IGU luudzadIAuATEARAN (O;,0;) WAz

WiguwinanuaklszENdna (effective stress)

! !
6, -0; O, —G;

t=t'= = (2.8)
2 2
Gl +G3
§=——" (2.9)
2
ot (2.10)
2
W03 q - p VEINEIINLNRLLANLTAT ABFNAINANNLAL
1 2 2 1/2
Q=—1/2{(01—62) +(oc, -0,) +(G3—Gl):| (2.11)
2
1
p=§(c] +20,) (2.12)
p'=§(01+20; (2.13)

| o v v { o o v, 1 AI J v
WaaMuAREI BT G5 AN LLﬂZﬂ’]ﬂ’liLaﬂ%ﬂﬁlﬁﬁﬂﬁ Gy LWUUBATNLWILNY D1

o ~ & ) v A a & @ & o A .
WAV VHUWRINNANNDIATNICAUAIVULAUN LNV YW ﬁ]va@’]ﬂﬂa?J&]ﬂiﬁnu’luN’]ﬂ sﬁﬁvluaz@]?ﬂlu

1381% LandaananiInazauluiny p-q az"lﬁmalﬁumaag@ NIDNILAUVDIANULEA
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& o %) Qs U =) U o Qs o Q
TIFRIVUTIAUTINLFUNLAUYDIANNLARITYINYY 45 BIMALUNUKDY FINITUNIUFAS
malﬁwaommLﬁu‘lugﬂmaomﬁmﬁuﬂs:ﬁ‘ﬂ%wa TauinaII0wIiNNIa be lbIzRININT
1 1 a a ‘é L 2’ =1 dl
nagay lUauauny p iuddss@ndng p’ = p - u Seanuawsih lddualuunu g hasan
ANy q uewsadiausaziin liaunsasuwsadianuiule
é‘ﬂwmwaa‘maLﬁummLﬁuﬂizﬁﬂﬁwaﬁ]:uaﬂﬁaﬂizi’amigﬂﬂ@ﬁ‘waa@uluaﬁm
A @ . a A o o o o ¥ A &
duaauiuaindnd (NCC) ilausinanszyinyinliaanuaninasiwnuduunnuaziduuan
' a A o ' POV A o ° @ o & A X & o A
FIUAUNLALaaLnARAY (OCC) asuusinarliaranuaninasiiutnaniasniaais
vuay ﬁ]xﬁﬂﬁmaLﬁummLﬁuﬂizﬁﬂﬁmaﬁgﬂé’nwmzmwwmﬁLtaﬂﬂugﬂﬁ 2.19 \aiinan
AvanluglraimInden p'-q AanudulEEnIHaIsRuNaARNuAnd1InuYaIGn

AWOALUIWAINLUNG LAZAUNLALIALUWLAKA lADENITALI

T5 = Total stress Path

ES = Effective stress Path

gﬂﬁ 2.19 MILAUVDIAN VLA UVDIAUN D AWULLNUAD

2.7  NYEHFNNIINYA

Ny 1UsINOa (Critical Stat Theory) Qﬂw"'@umifuﬁmﬁw INRELANLIAT lasn13398
PIMAATINTHAUIUAT 708108 UAZAME (Roscoe and Burland., 1968) noufaniuzinnagn
Wauassusnlagdr9danimaseusmauunwaasaunitsaai19lna (reconstituted clay) uas
LUDSI8aIuaNLARE (Cam-clay model) tWaldafurswganisuainuiduuazauLasoauasin
WhgIgNINaaLUBUNG @iamvl,@i”ﬁmwmﬁmmLLazﬁnLauamwﬁanmﬁﬂthgﬂLLuuﬁ'L‘*ﬁﬂa
8109w Tauaauss waadns wazus1uile (Atkinson and Bransby, 1978) wazgarioldinag
Bananann1sadnad laatdasudiulas 1ada e 1A§ (Wood, 1990) ﬁaﬁﬂﬁﬂquﬁlﬂuﬁ
ﬁﬂu‘*ﬁ?w,‘%iam] Toslamzuuusaasuauaagndoutrolszauanudusalunsasunangfinssud
aalanaadnvasduannaauiulnd
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271 NWRIVDURDIUS

NOBYFDIULINADIAUNITFINANDANTINAWAALD INHANIINAFOUFINUNY
TauyiINIIRIFIIA NN FUNWTIERIN AL TNIRINAI T

1) @A BUIZENTHNALAAY (mean effective stress) B38ANUAKEAAIALIN (consolidation
1
pressure) p’ = E(cs; +2c%)
2) AMULALRAY (shear stress) nIaAMNLAULTILILLK (deviator stress) q = (o] — o))
3) d3u1av31twne (specific volume) v=1+e wian1stddsunudasdinaas (volume
change)
lasaaudsng 3 Aazlsienugauzvasdulasiangirsnnusunusnuluwnn 3 88
[ AMINANBUUITTMILAITIAING (', q) ABITAINLAU (stress path) LAZATNALTEWIN
(p', v) Aaldulasnisaaainosin (consolidation curve)
2!’ a A 2( a ni o v a &
Wwivadaanue Ae AuArntnuavavivaanudnldldvasaanusasdu G
a aa s a d? a o g d? a A d‘f a
Aenuuuunuiduuaands (p', g, v) lasdsudenauiduiuiidany 3 Andafa Auilo
Jaalaa (Roscoe surface) WuAIgaWadn (Hvorslev surface) WasT94aAaanLIIA (tension
cut-off) &MUz UDIAULNN ol UN RV LD UELYIN T I@U"L&iﬁmaaguaﬂﬁuﬁwammuz
& wnaauzvesfuauiawuAIvauaaIue anazdngdnssunuuwaadn lizunsadn
gnnla nanfeduiiveuaausialowdunudinnn Audrvevaauztsznaudis 2
£ A

L& Ao LERAAAIALTN (consolidation lines) WAZLEFWENIUWANG @ (critical state line) LEA
19317 2.20

u

Critical state line ta

Hwvorsley

iprmal comsolidation
line

u

Eﬂ‘ﬁl 2.20 WHRAIVOUFDUS (State Boundary Surface) (http://slideplayer.com/slide/10760017/)
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2.7.1.1 i§usafamesin

L§WEAGIANEHN (Consolidation lines) A8 LABULFAIAINNTNRWEIZWININNS
Wanuulasdunas (WSesamaauteding) nuanuaulszdniung luszuy (p', v)
Taganazdrsfadunissasanioinlu 2 Jouly o L’fﬁiauvlﬁnmwLﬁuwi"m”unnﬁﬂma
(isotropic stress condition) waztianlwiaannmsedonaaa g (K, condition)

LéTuLa?ué'ﬂé"mmﬁmuuwhﬁ'mlﬂﬁﬂma (isotropic consolidation line, ICL) N178@
@T’;mUﬁwmﬂl@ﬁ’lﬁaﬂmmmL@Tul,vi']ﬁ'm;nﬁﬂma fo anudunandszinsuafinevinny
wnauiu o, =0, =0 Wisuldtudunauniisasinuinsassragnaduluns
nagauauLny lagliiusadian amuzma@uayﬂmzmu (p', v)whﬁ?u E%’m{uﬁuﬁ'agj
Tugnnsaunudnd duazdnisldsuudastSunasodnaning ﬁnﬂmﬁ‘i'@l,‘%‘magmﬂﬁu
fonaliTasinsluaduanss nanfsduianInTn uazLEaINgANITIMIANANULDS
(hardening) 3UHANNLABATINAZLANTHATNAINNAHEARIALTEN LEWEARIABTNF9T
AUTULYINAL A (LaNA) LéTué'@éT’;mUﬁ'umuwhﬂyuﬂﬂﬁﬂma fenuanusunsi 2.14
mnsﬂﬁ 2.21 mammmmmw"lmau AB ﬂal,aumuml,mﬂuwnwﬂmo (isotropic
swelling line, ISL) uaz¥nmsAuLsItIfiLen BC 2z L‘JEJﬂ’J’]Lﬁ%ﬂ’]iL‘WﬂJLLix‘l‘Ii’]LLiLI‘ULVI’mWY]ﬂ
NIN"3 (isotropic reloading line, IRL) ﬂ’J’]&I"H%“BadLauﬂd 2 uﬂszmm"l,muﬂummmu
Wt Senienutn K (wedih) fsweusanisi 2.15

ICL: v=N-Alnp (2.14)
ISL,IRL: v=y,—xInp (2.15)

Wa N A sruzdaunudinnasiuwizn p =1.0kPa

Vi A8 szpzdaunulInnasiuwizn p =1.0kPa

'I“'IF_._

b

-
\ In p

- -n.—-..-_._....:.._._"
A

—

U7 2.21 ldusadmA BT uLYIAUN AN (FLT93 2553)
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2.7.1.2 \§BEDIWSIN @A
L§uEnuEInNga (critical state line) fia LEWNEITIRINTULANaVaIEN Fearaaztiln
a01usAd (failure) FIMTUNINAROULTIB AT NLNREINNT AU RN ld Tasnisia
ussewinaunoin i Aianm e meiainuduniiszninennuds uazanutaioaly
suuuvaInNNLaBlIEANDNG @Tﬁgﬂﬁ 2.22 LLazmim‘mﬁﬁma?amuz?nq@ifu N1y
AeTzieng g deadanusunainussawineiauns

' '

q; = Mp; (2.18)
v, ='-Alnp; (2.19)

]
=)

Wa O A wisfaas g 2eaduNIANNLawNIaIL

q

P, fa Wandiaas p 20IFUNIANULABNIATL

!

M @8 AMUTUDILEUIDIULINDAUUIZUIY p': g’
=S a o nll a en

v fa Y3NaTiuwzianiy

I' Ao YTu10331 W12 09@ BUBLEWRDIWINOAN p’ = 0.1 ABAIAITINLNAT A D

AMNTUYDILFWENIULINY

Y 4

e -
Inp F
(N) MWRABUWITUWIY (In p’, V) (T) NMWNIBUBIEWIU (P, q)

UM 2.22 IduamUINY @ (FLr15 2553)
2.7.2 AnenuanTaIdurNINaaLknwln@
LHWEAAIALWILDULYINARY AAIAN1S (ICL) uaziduaainzinga (CSL) 1w
AATNABATBIUAVDIABFNINAAUUBUNE ®I091UITVNVOLLYAVDIROIUSAINGTITT NWH?

Ja@lAa (Roscoe surface) l@g@1UNTANINTNNNNINARILUTISAFULABLUL laiszLe

WUAZNIINAROULIIOARIVLA KLU IZUN8%N
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2.7.3 300NULARTIARIAINAALUKNINUNG

anan InaaubnlnAaaionuataaaNFEIBAAGIANEN (overconsolidation ratio)

- @ o a a A o ' &
maﬂmmmwLﬂuﬂiza‘nmmaaﬂ maumma‘lﬂu

Ro =ﬂf (2.16)

Po
o 2 1 v a Aa a
g R, 0B ANANMULAULTERNTHALAREY

' ' v o o :‘
P, fa A1ANNARIAAIANEIN
'

p, A AanudndzEnInaeas m daguin

ananwaauswnindnduiiseanidy 2 ngu As GuaniwsauiwlnAuazsauinnin
Un@Lanitay (normally consolidated, NC and slightly overconsolidatated soil, LOC) Laz@
aMWSALIWNINUNENN (heavily overconsolidated soil, HOC) TaslEaasimssadaensiin
Wuinost fa duadia NC w3a LOC L%'ﬂﬂdﬁﬁuﬁag'ﬁwmﬁm (wet side) 3¢ Ry < 2
uaz@s HOC %%aﬁuﬁagj‘luﬁmuﬁa (Dry side) f1 R, > 2 #wiuidanudunuy laiszune
WuoaEung 2 ngu @T@Lm@ﬂugﬂﬁ 2.23

a9 e,
S
/3 O/ M
O
N A
5@_’/1 , ! : v N
é?// L b
S A AdA LD
v ] 1 i 4 \ \
/ ! o 1 \ NC
f i 1 1 ! l| ‘\.
/ dryside | 1 Wwetside
/ I I 1 I I 1 p!
1 | 1 1 1 1 1 [+] ,
——— HOC »e— LOC —|
R, 2

U7 2.23 Adenuduuuylisznoihuesdwniieidszianda g (uows 2553)
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2.7.3.1 AuArga WA
ada v 1 3’ a a = v ] A v a
Atanuduuuyliszuneivesdusiia HOC axfiuwilivegimilaiduaniuzinga
1 tﬁl U U U 1 Qs 1 ‘ﬂ‘y a Qs LU a ‘ﬂl LU tﬂl 1
(CsL) newnvzlasgitngiadasznitedufirzeslaanuiduaniuzinga eaniduifanda
2aUIAU8I3NANUABNLINBNU T N B el D u AT laslFuaTInInaIfanwasad
NuHrzanadn (Hvorslev Surface) Uuszun (p', q) AuirBgndunulasinisse
paaLAIuTazawadW (Hovrslev, 1937) dauaadlugilf 2.24
2.7.3.2 72900 00NWIIA
d'l A wva A 1 ot =3 2 ai 1 = [ o 1
asnnlunlfjua aulisansnivussdsld inmzanuzfegnilaidudanaiu

o

q/ p =37a1nangaiiiia azvirlddranuidudasuniofeusidaniuies aaiuidu

1
- a

o ' ' a o A @ A a " o =
AINRIY Q/ p =3 'Y]ﬂ']ﬂ"ﬂ']ﬂ?(ﬂﬂ']Lu@vLﬂ@@ﬂUW%N’JEQWﬁQW LIENINDIAIIAADDNLLIIA

(Tension Cut-off)

q!pe‘l P
o &
& M
O /|3
X )
[} !
'E;? / 1 66\}(&6
& \)\\30‘5\ Roscoe
, Q h
Tension |& surface
~ /
cut-off /
/
!/
/

1.0 p/p,
Eﬂﬁ' 224 RuAfaTNuasawnile (yield surface of clays) (1713 2553)

2.7.4 ﬂﬂiﬂi:qﬂmﬂquwﬁanwuzﬁﬂqm

mslingujaniuzinganndszyndly {MaT LW ANITNAULE T AULAS A
uarinadveIanluawinian Lﬁaamﬂ%‘mmﬂgﬁmuiﬁmffoﬁmwﬁumﬂﬂumﬂ%
dwmfiaesnelgRinamaafuunaiin danuslainnsufoudminiinadlu
ao1uzAngdlidudiwinfineiugAnaaaasuuurialy ideldazaanlunisin
awniees lldnudaly

fWIUNOBHINIULINYA wadnssusamauinaunsaesunelddenniden
3:ni19UTN1a331 W (specific volume, v=1+€) NUAIRBNZIU e VBIAIAIINLAY
UszanSualady (p ) melugﬂﬁ' 2.25 luz 2.26(2) Boniuduldsmssadameinuuy
ao1ueinga $nlEAUNanIIMAFEUNITEARIANIEILLLEI VLN, AT 0L TR

uadenyle 2 339 Ao Tr8aaATINIA enuinduariinnTeada (compression index)
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AIRNNITN 2.17 UAzTINFULAINITLIVAL AeNinduasiin1saaals1 (recompression

index) SIsUN13M 2.18

ao_ VITV2 Ae
In(py/ py) InCpg/pj)
C
Ar—-=0.434 217
™h Ce (2.17)
o V1TV2 Ae

CIn(py/py) In(py/p;)

(2.18)

!

logo’ Inp
U7 2.25 miduguinlinaiaadmanaiin (giou3 2553)
Ao A A ¥
91NN YIVDI
2.8.1 wanynuvasaNnutduwaadin (plasticity) daa1finain1 TN UaIAn

' a = A = o a = = =
aumtaadanudunaadngs sﬁaﬂsznau"l,ﬂmslakl,mﬂ@mma:l,ammu’maﬂ
FAWINNN é’mﬁuwaslﬁﬁé'mwmmaaﬁuﬁﬁaé’uﬁamawﬁmgmﬂmauﬁ@ﬁmwmzl
? b 6 = a 2 1A a o A a
Wnungy aaﬂﬂs:ﬂaumaammmzﬂizﬂaﬂﬂmsJLLmumumauuﬂizqaui@mﬁﬁmm
A 2 - A ~ a s A v Aa o &
mﬂixﬁ;m_lmmmm@@ﬂs:fgmﬂiﬂuLaqamaommimumumwmLﬂaauag'ﬂm AIThe4
Aa a Al A 2’ 1 = u?: :’ (% A 2’ A a
o lusssumadelindusiudszney lasfzwindausaunsetinnfaufin (Adsorbed
1 =) wa a =Y J 1 g’
water) lULARZHNANYBILIAULATLD Qmauummmmﬂﬁwaa@umﬁmﬁwuagnum
A a .ff & ?,‘ A aia a = 2 :’ =3
LARAUANS F9tinaziafauNAIvaIauRte e I@ﬂﬂi:ﬁ;mﬂlﬂuLaqa"naamgﬂmgﬂim
ﬂi:ﬁ;auﬁﬁwawﬁﬂmawﬁfﬁumﬁm LLa:ﬁﬁmﬁauﬁamamugﬂﬁ@ﬁ@ﬁuwﬁﬂmawjﬁu
a :/ =3 v a =1 a a 1A =1 ™
mua’ﬂ@U"LaI@iLaquuﬁgﬂﬂmVLanuaanmauma”l,amaﬂmuumLLmumumImwuﬁz
A a A v o o 2= & ¥
lalasian L&Ja@umumauwanumﬂﬁ]zmﬂizﬁ;mﬂmaam(ﬂaimwu) LLazﬂizﬁ;mﬂmaﬂam

3

ﬁazmﬂagluﬂﬁLiﬁuﬁLﬂﬁauﬁﬁmﬂﬁLﬁ@ﬂﬁwaaﬁﬁiauagmﬂmaaﬁumﬁm 138N ﬁ‘u@;

AW (Diffuse double layer) asnuannianuidunaradngs (high plasticity) aziilaiana
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o Aa

madﬁﬁmﬁamauagmﬂ Sesnalianinassuusadanuuyliszunsindininduidanu
uwang@nen (low plasticity)

NM139aNUUUNIIIAINTINGIRIINA 9 tddasidusfiosninaosandu nun uag
aaﬂLLuugmmﬂmaa?}aﬁaai”NGms] fenusuiunasaosldwindinosnedumssasan
milfindsdmnniinessumaineiu azdasldunanmmesevantes fians uaz
AMNANATUIY %aﬁmmﬂ;omﬂ F9ddnpna0viuldvininsAn BRI AN NFUWUT
SerIaemNasTUuTI S ausasduiueaTinaaan annuazaanlumslanm asealli

Skempton wae Henkel (1952) lolaaldblAd28dANURNABTIZRIAEITUUTS
Bonfivininasidalad (the normalized undrained shear strength,  / &, ) AuAaTHh
wasAnvasdwniganzeasuiwlng aesumade Uit
q,

Gwo
¢au1 Bjerrum Waz Simons (1960) VL@i”Lauaaumm@naﬂ“ﬁlmmwﬁagaL°?j<1

=0.11+0.37(P1/100) (2.19)

UszrUMIDE e9guNII6ia luTh

q—.”=0.45+(P| /100)"° (2.20)
cYVO

#%IUAN Pl > 50% %aﬁﬁ%ﬁmwuaglwﬁao +25%
S _ 0,184 (L1 /100) " (2.21)
Ovo

o ] A . { . '
§mIudn LI > 50% Gelidndosunarlugg +30%
Karlson uaz Viberg (1967) leiauasumislugtainede asaunisdalud
q,
Owo
o o A A, A | )
§mdn LL > 20% Gefidndosunegluzig £30%

= 0.5+(LL/100) (2.22)

Tufl 2005 Obasi LAz Anyaegbunam ba¥inANTANBIANNFUNUE L TIRAATZNI4

' o

AfassuIdouuazainaadnaasalataGuniien 11aunanrans guraslwaLEs

6 . A A 1 [ o 6 [ [ 1 =3 A
ﬂuﬂi;(@]i (tropical) luﬂitL‘ﬂﬂvL%ﬁ]LiEl NUIMANMURNNWUDIVBIATAINANIVBINNIIANBINNIUNN

u

)}

finmsnznsrestidayadaudnann liasananuuandinuuadsiiaduiniied Obasi
WAz Anyaegbunam 34 l@¥innTItaTTHANNFNABTNTRAVBIAUAREY wazlaauns

wadalui
log g, =1.725+0.315 1"0; 1—(0 834-0. 906 ) (2.23)
fmTuduiienfidanwnaradndaen (low plasticity, CL)

10gq, =2.334+0.0094-% ¢ 1—(2 508-0..504 630) (2.24)
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o @ A = aid a n; . . .
FRTUAAWLINAIRAIWNNIRANDALIUNF (intermediate plasticity, Cl)

log g, =1.821+0.131-5% + (1,054 -0..0457 22 ) (2.25)
100 100 100

o v a A Aa a ad . ..
dmiLAwniornfianmwana@ngags (high plasticity, CH)
dl A R Qs A 1 Qs 6 Qs a
10 g, A0 LINABLTAN LWNINARALLINAARIULNYK TINDIUTIAWLTANNIND 210 Ala
1U1aaa 1%'1&%é’ww”uﬁﬁﬁaﬁaiﬁmnﬁqa

2.8.2 Naﬂszﬂumaoqmugﬁﬁﬁ@iammwﬁmawaamm‘lu@u

29AUTzNaUVRINIAGY UTznaudie 3 §% laun suvesudiniaidadn §1u
maammﬁaﬁnﬁtmiﬂagjmﬂwsaﬁaadwlumaﬁu LLa:mmﬂﬁLmiﬂagmmiwnﬁaa’ha
PBININAK MIRINITIDLABIAI 9NITBIAINTIN laun MITURIRauTaIdH uazns
gaaamethnueddn houltaiag1s@uduaiaiotin (saturated soil) liasanaatyriaan
liusueuwvasnasemeanuninagmutesievesdu asiuihdnduladuidgynaina
dangAnssunTiuinnnuesdwnien Walnsldausanunuiadu anNAITFING
lasassdatinluniadu ilwanuniiavesiaaas

w1 1 laana (H0) Usznaudie lalasiau 2 azasn uazeandiau 1 azaay
o 2 [ & A v & . ) A &
\andanuwaItWKElANEu (covalent bonds) T9lEBIANATARIINAY lasTiazaauNnIayl
dnToaruvingy 105 asen lasdeandiawdudiay uszlalasiauidudauan aagun
2.26 ugasnluanaudazluianavasifendanudiwiszlalasiau (hydrogen-bonds)
= % ] o [ d' :’ 1 [ =3 A:i [ 3 = a
Soedadany aagUfl 2.27 lunanavesinegniuny Ganbuinudionuszlalasian laod
WSINTaI1 “Bianlasauadin’ (electrostatic force) AI1bbLABIANRIINUAINNTIU WD
lalavauiiBausznivluanaazgniihans vlwluanazasihuonaaniisainnu avlw

A 4 Aad A X o A A
ANunHavsnaasImMNMWANINIALAL A93UN 2.28 uazaT19R 2.12

a8ndlau

105

Eﬂﬁ' 2.26 LLamaa@ﬁJiznawaﬂmaqaﬁw (http://portal.edu.chula.ac.th)



s lalasau

N ¢

gﬂﬁ' 2.27 wuszlalasauvasluanain (http://portal.edu.chula.ac.th)

2.00
1.80

1.80 -

1.70
1.60
1.50
1.40
1.30
1.20
1.10
1.00
0.80
0.80
0.70
0.60
0.50
0.40
0.30
0.20
0.10
0.00

Dynamic viscosity [mPa.s]

A v o ¢ ) A )
Eﬂ'ﬂ 2.28 ﬂ')’]&lﬁwwuﬁizﬁjqﬂﬂ?’]wﬂ%@"ﬂaﬂu’lﬂuqm

Delage et al. (2011) lavhn1s@nsnslnasesinlugasitevesduniioaya (Boom
clay) ialatugunnd lasldmsindannisinaduzesinfiunials (intrinsic permeability,
K) srununsliussdairinunniianis lasldnimaeseuussdamuunuisnunsniv

o =1 a v o ' a o . . a >
w3saugs dnsfaviudidnetnsfuuaziadn hydraulic gradient = 4000 iisuiAuN1TIna
a3t IuaunieInis NUuINasanT ranai LLazlﬁqmﬂQﬁﬁ'@LL@i 20 £19 90 a9en

= 1 ' o =S g’ o :\' .é” di ¥ a
s nanmagaunuitdda naduvasin (permeability, k) tWadwdaligmungdl

A £ A A & [ A < v 4 @ =
Wadwiasnnanunitazasinanns aiuaadlugdi 2.29 azdulddrdrdannisinady

- 1.004

F 1.002

- 1.000

- 0.998
0.996

—

- 0.994
- 0.992

- 0.990

- 0.988

- 0.986

- 0.984

—

- 0.982

- 0.980
0.978

- 0.976

- 0.974

0.972

- 0.970

T #——9 0968

- 0.966

- 0.064

- 0.962
0.960

20

—+—dynamic viscosity [mPa.s]

Temperature [°C]

—e—density [g/em?]

80

A A X
NANTY (IAPWS, 2008)

3’ g [ a 1 . A v g
PoINIUBLI AU UANAUILAIANUNTH (porosity, n) Teagtiduaanis laasdt

Denslty [gicm?]



Ko Ky, (T)
wT)

& A ] A ¥ A ' | & o ¥
LB H(T) 8 AMAITUAUAVBINUN ’YW(T) A8 AMRUILUIRUNVBIUN

(2.26)

¥4 v e :
laggunianuniavasihdaduai ldannisnaaad (Hillel. 1980)

w(T) =-0.00046575 In(T )+ 0.00239138 (2.27)
e T e @hqmﬂﬂﬁ"uaaﬁ'}
a7 2.12 mmwwﬁmaaﬁﬂﬁ'uqm%nﬂﬁﬁlﬁu"fu
gownndl | anumiie AU gownnd | anamiia AU
WaIG N WaIG WL
(°C) (mPass) (g/cm?®) (°C) (mPass) (g/cm?®)
3 1.6190 1.0000 26 0.8701 0.9968
4 1.5673 1.0000 27 0.8509 0.9965
5 1.5182 1.0000 28 0.8324 0.9962
6 1.4715 0.9999 29 0.8145 0.9959
7 1.4271 0.9999 30 0.7972 0.9956
8 1.3847 0.9999 31 0.7805 0.9953
9 1.3444 0.9998 32 0.7644 0.995
10 1.3059 0.9997 33 0.7488 0.9947
11 1.2692 0.9996 34 0.7337 0.9944
12 1.2340 0.9995 35 0.7191 0.994
13 1.2005 0.9994 36 0.7050 0.9937
14 1.1683 0.9992 37 0.6913 0.9933
15 1.1375 0.9991 38 0.6780 0.993
16 1.1081 0.9989 39 0.6652 0.9926
17 1.0798 0.9988 40 0.6527 0.9922
18 1.0526 0.9986 45 0.5958 0.9902
19 1.0266 0.9984 50 0.5465 0.988
20 1.0016 0.9982 55 0.5036 0.9857
21 0.9775 0.998 60 0.4660 0.9832
22 0.9544 0.9978 65 0.4329 0.9806
23 0.9321 0.9975 70 0.4035 0.9778
24 0.9107 0.9973 75 0.3774 0.9748
25 0.89 0.997 80 0.3540 0.9718

a5



46

45
-
20
—_ HEATING
R 40 (p =§.5 MPa)
ﬁ 20
a -
O 90
o COOLING "
E 35 (p' = 4 MPa) LOADING
| LOADING ¥
HEAT|NG3IJ.N‘ CONSTANT HEAD
= VARIABELE HEAD
30 (p’= 6 MPa) &6 T T T T T T
1E-12 1E-11

K (m/s)
gﬂﬁ 2.29 mmé’ww"'uﬁmaommmmmlumﬂm%wLLam’wmmwgu (Delage et al., 2011)

mmmagﬂ"l,ﬁ’hﬁnﬁ"l,maaﬂmnﬁaod’mmaaﬁumﬁmLfia"l,@i”{ummi”amfu Ao
Imaqamaaﬁﬁai: (free water) fawinffainne (adsorbed water) nuLsAnLAHa7 ldinT
wWasnulssiduldra Godwlulufanmaidsanuminasauaas Habibagahi (1977) uas
Morin and Silva (1984)

2.8.3 Naﬂs:ﬂmaaqmﬁgﬁ@iamm%ﬁmaaﬁu

A . . A U [ d'é’ 1 o di
anunita (Viscosity) Aaanuaansnlunisdunisinavasizgniuagnuaasiiie
flusswnizyh drveamarladanuniianin wzdanusunsnlunmsdumluagilunmg
as9nutnuAe vaawmarladanunitatasazianuaiunalunmsaunmums nad
ANUzIaINT Inaasing utseanldidu 2 aiia asil
1) msluafiilafiow (Newtonian flow) %38 M3 IAaLUULTILEY (linear flow) dunslna
A o A A o . A A A A A A
aduldanunsduiivgiuaasiiidu nannde Ngunniniliguasinaazldranunia
| A A a A A & A o \ ¥
Wudraan tddsuusdasldansannmsifawniannuiiiaesusinnseyin 1ou 1
¥ e ¥ oA a a & o
H% $Ben nalwaIn uaanagas (Duean
2) m3a A latiiaw (non-newtonian flow) n3am s lrauuuliiBadu (Non-linear flow)
dudnsuzmrlnavesizgnldidulmuniduiisgiuvesiiadu nannde Ngunnd
& A A 1 1 d' d' J 1 s = A
wik guadlnafidnanunitadudliam maudasuulaszdvegiuvdanmadounia
{ o 1 ~Q v ‘é
ANMULSIVBILTINNTLYN LU Awniten Npadue TasNzland 1udw SInTIna
[ ¥ o | (% A v & o .
ansaedh gautdeanle 2 Uszian de nnvina bl lalloun lddunuiian (time

. . . 1A 'é’ o .
independent non-newtonian fluids) warn1Tbra b da latilsundunuiaan (time



a7

dependent non-newtonian fluids) N7 e latiauuaznTina lidalation uaasas

31 2.30

v dimension

Boundary plate (2D)

(moving) velocity j/?\‘c\unui;ln flow
| N .
—H—w—-i/,?\on Newtonpian flow
)

Fluid P /

Boundary plate (2D)
(stationary)

U7 2.30 mylwaihlafiouuszmlnaldiiladion (sunuazgimug 2551)

a ¥ = a = J a v oo a a
NHANITUNIIATWLLIILRD UV ﬁ@;l“l’i%@"ll%ﬂ‘].l‘v\l\‘m"ﬁ%"llax‘]ﬂ'ﬁLﬂﬂﬂ%LLﬂ mqmvxgu

LA A wndl o A A A X A .
natiae ﬂ’J’]@Jﬁ%@]Lﬂ%ﬁNU@MT%ﬂUQM%QN I@]EILSJE]qmﬁﬁwgwuﬂ’a’m%u@%a@mE]El’h‘i

057 é’agﬂﬁ 2.31

Shear stress (kPa)

Temperature increase

—_——

Strain

A

gﬂﬁ 2.31 mmé’ww"'uﬁszwmLLsaLﬁauﬁ'umnﬂﬁyuLLﬂmqnmnu (mmuazqmﬂi 2551)

U

wasuluanazassslaguisullaugmnplionanannisvamaswasuaad

a 1 a a a QI AJ o v et a
AINLDTU WEHANIINVININA Y mﬂqmvﬁgumemzmlﬂwaammaﬂuiuLaqa"namu

a &, . o . a A & a o
LN aowa@awaaamlumﬁagmzmw‘[mLaqamaa@uama mnwmumaaqmﬁnﬂm:m

1ﬁﬂ’3’1NLL°ﬁ\‘1 WINTDIABABIRART NIDAMURHAYDIAUANR Lﬁa\‘i'ﬂﬁﬂﬁhuﬂizﬂaﬂluuﬁﬂ

du leun a‘gl,mm:ﬁ@ﬁu %’uﬁwﬁﬁ@Lmziz%dnagmﬂmadﬁumﬁm Qﬂﬁﬂﬁéauuam

i <3 ' ' a ' = a o § @ ' a M o A
amd"l:aﬂmwLma:a’mﬂszﬂauluma@umaﬂummauwuﬁﬂuamatmﬂaaﬂmﬂﬂu‘luvlﬂ SN

fnvhd jisousnifaunuadissutan anuudsusslundazadinlsznouaasfunanss

ﬁ]:ﬁioNa@iam’maw@amamuqaiﬂ HIINVDININA WAL I@ULﬁ@]ﬂ?i’fﬁ/@]L%ﬂG@ﬁl%&iﬂl a4
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Imaai‘”ﬂaﬁﬂ@Umiﬁiaﬂ'ﬁmmLﬁumnagl,mﬂﬁéauua "Lﬂﬂ'aagl,mﬂﬁuﬁatmﬂdw Saiinade
AMNRHA LAZFIUNIBLTILROUVDIAY msﬁ’]mmL°1T’1‘Lﬁ1L?imﬂvuwamaaqm%n“ﬁ@iamm
Fumansadousasaumiton sududasdenudnlatonalnaelulassairofuwmiion 9
aabnaelulassasisvasantniiodlun1ssuunssifion (Kuntiwattanakul et al. 1995)
UIEnauausidnanninsunaTenitiennen nialiondiussdugas (micro
resistance) uazL 3 lagATIINLTaAUALARaUAINITUTTWILLINE o UNS LTI UNaN
(macro resistance)

LTI HINAINFUNETERIIaRNAAURIBLTIA UL Y WWuusidulaanIsNEs
NWUBIRIRINLT A1 I@ﬂﬁ'la"l,ﬂLLéﬁagmmmaa@umﬁma:gﬂﬁ@Lmz@T’JUimaqamadﬁwag
9L 9aUNIAVRIAWINTAET sﬁaluLaqamaoﬁwzmm‘i’m”ul,ﬂwﬁguﬁw suastiIuAgun w3
é’uN”aﬁ'm:dnagmwaaﬁumﬁm%aLﬁwuaal,l,“ﬁa (Christensen and Wu. 1964, Mitchell et
al. 1968, Andersland and Douglas. 1970) NNTFA18DWUHFaILHNAIINHUANIA AW
sz 0.1 J/m? #IaLvinnLLIIaH 4x10° kPa (Van Olphen. 1963) lunszuann1saaan
anesndmslussauannninussdainzuesiwing ssualiinlvaaenantesinsvesdn
vnlifaduindansuiuanis (Lambe and Whitman. 1969)

ussdwlagassaniadn iaanmsedeniivaadadn vlmAenswaswulas
USanasuasuiaan iadumuszwmuusidan iedmsldanufouunuiaaulunsdinly
fns5z0n0in sz feussswinguinAatn ludnniorsausiuAndrlnd wuiins
LnRauRvoILTacuil FlRUSINaTIaINIaEuRAT LasUTInwN AR WM TUUSIEaw J
ANDuuIn PINLDwABEALUBLABAININNINUNE WUIUTHIATVRINIRAUVLILAD RIB
WSIauENFInLABAAAY mﬂﬁ@LLN@TWT@ymommﬁm’?m:ﬁuagjﬁ'ummné'waa
la398319@U (clay fabric) MMI9UAINUVBIORNIATBIAU (packing) WAZUIIAUAUAIUTY
(effective confining stress)

284 HANTINUVBISATIEINNNITEAGIANBINAFNANIRiiauesinuazAiNaINTIY

TRHNVDIA

nﬂl = v U U a = dl %] 1 a s a

Wadnmslianusaunnuiaduniisinan1iznsoauiuina1dnd (NC clay) waz
A o ' a o ' a a A A 'Y A A
AFNITEALUWLABAININNTINUNG (OC clay) ziwgdnTsuniana bnn13suusstdani
LANGAIINY A9%

a { Qs ] =Y L a 4 a QI &‘ v o v

TuawnieINaN1zNITa AL AKAIUNE Lﬁaqmﬂgmwmu ANNTaWIZYNIANNY
ﬁ@mn:"nm*’ﬁ'uﬁm%nmﬁﬁmﬁwaoagmﬂﬁumﬁma@m LEDINNWAIINUWANNTIUFING
Twaunitavastinanad @TﬂLLamlugﬂﬁ 2.26 ﬁ]xLﬁuvL@Tﬁm’m%ﬁ@maoﬁwa@mqumﬂgﬁ
c.i n' x&’ = :/ :’ = 1 1 a 2
AANTB wndnsidanisszunenn idsennsalnasanaintasinglunladu (pore) 1@

' a { & :‘ =1 a = o & a o  w =1 a %

28190852 LY@ NTUINTAULNAAUTIL T UAINUVININNTINNFNUUDILN AR LA

a‘p‘m’mLﬁﬂﬁuﬁaLﬂﬁauﬁﬁﬁmﬁ‘uﬁﬂﬁﬂ%mmmaa@uaﬂam%aﬁ@@ﬁ ANUNTAN BV
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(Grino. 2004) 93U 2.32 waznsaaiuslasiaiialna unalduiaduiniloadmains
. - Y
SULTIRDWANNINDY 1
FIRAULRBLINTANNILDALUWLNAWAININNINUNG FAAINIRIUTAITNINBUNINEY
a A

WheINaN1IzaaUlWAKIIUNG Lhadanania Elﬁ.lﬂ'l’]uLﬁ%sLuaa@l EN Nﬁﬂﬂ’jﬁﬂ'ﬂ"g'ﬁ’% e

AIMNANULNND ﬂ’J’]%JiE]%Y]’]l%@]%L%ﬁEJ’]ﬂJ #1867 FUTNONANT WUV UTNO TV

U

op o

=

W mndiflansrzunsinasnainuiadn Lwnalvowindaszlnasonanuiadn inle
U5110 3109378015 UA A T IINAINTILLN N aeiwnTuensTIvasain LTwnals
ussduINnmIAuEaET B INssALTEe lnaaslassaadadn tAeduiaanitluin
FNNMZBALUWAUAIUNG DAY INATZRAAINERAILAINAIN NEIFINAADFRITULTS
Banliuniin damanniornaniemisawininiiUnasedeniasnssuusadon

1 a { s 1 a a 1 a 4 a J
NWﬂﬂ'J']@%L%ﬁU'Jﬁﬁﬂ"I’Ra@LL%%Lﬂ%@I’J&J’]ﬂﬂ'ﬂﬂﬂ@lLﬁ@qm‘ﬂﬁm@‘]‘ﬂu
100

80

60

Temperature, °C

40

-1.0 0.0 1.0 20 3.0 4.0 5.0 6.0
SVT %

;Jﬂﬁ 2.32 m‘uﬂﬁyuuﬂmﬂ%mmﬁuqmﬁgﬁ"uaw‘ﬁaﬂnﬁumﬁmngaqu
A1 OCR =1, 2 uaz 4 (Grino, 2004)

%

2385 ijaaSu"n‘%m@qﬁﬁ@iaﬁwé’ams%’uﬁ'mﬁfﬂmaoau

a =) a a 6 . a = Adaa = o . [l

AWLAWDIBWNTE (organic clay) Lﬂu@uL%umwNauﬂimmq (organic matter)ﬂuag
1alaananTesazuadaTiivia (liquid limit) VeINIRAWRAIRAIBUUAIN 110 BIA0
waldus Iaaaaitasnitesas 75 WalfisunuaasiinaivasniIadui lhimwnsauuwi
(ASTM 2487-06) Bunioingluniadu uduniuas (organic material) nwfaluduiiia

A A4da & a A ! A A4da < a a o A &

nnFlifia Muniiinlaaddessanunanislifia lasvialddunivdaglensveuwdu
pafilsznaulszunme 58% JUN 2.34 uaedvenvaIBunIsaIluaIadninie,
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Unsnvassdunidnudniniien (clay-organic interactions) tadn1sdnulu
wansduuaiasanssdunidluduniiordanudraylunedanssumainsasuas
a A A a o @ a o o A
Aensnilanfoy Safianuddydamnalulainmiyanzaudesnivguansdsznauiag
luGwmitenlwan Muislunandammaedn dagduiainsmussdinafiauaziainsmw
CAI L LERE @i’mlﬁmmaulwiammjﬁaaﬂg’jﬁ?mmadmiﬁu‘ﬂ’%ﬁ (organic) NUAWLAHE"

4 v v ~ ~ { =) é’ o ~ o
(clays) thavanaasnisundymisnsneniiedn wasinanuszanaf=aad{y nviana
whlavassudizneusessdunidindjasonueunmadunilsiuuiuiivasdunien
= o 1 a A o 1
(clay surface) danusdudansnaninaluladasnan
1ud 1984 Lagaly ld@nsinisvindfATenvesdunivansnuegniaduniisanydd
a W L= =) =3 =) =) z { =) =)

Ufsunusvasdunisansnuaunisiiedulasnbamiie (adsorption) UkaunARIGn
Wwited nsuanifewlasay (ion exchange) LRZNITUNINAD (intercalation) I@UINL&QQ

a ] & aa - a &£ 1A
2YIBUNTUANTITUNTNTZRINNTUTALNG (silicate layers) uazaziiadunaunluusdnyin

. | a @ a a 4:? 1
(kaolin) N3BainfturzasansBunidnuirdumisraziuagnuannuaunnveslaana

a A ai ?,‘ a = a a 6
g138unIdlunisunuiluianavesinludunmiior dizauanvessnsdunidainim

A o [ A 19 A A6 . . Y
wanidasuuazgadulesaunuiniuluanaflildas@unid (inorganic) d1lasauuinuas
a A = 1 1 dl [~ A n:? =3 Aa v A A
duniuanilawalngndt nuaniddoulessufazliiiadu nsfsgauufiantidumilen
=) { 1 =) J v Qs

pasluianadunisasndawialngasiiadudroussnniuszuIuiaaiNad (Van der

& a & a a 6
Waals) $9azifianiluianasedansdunis

Wnat:i ) o dl a a o aaa @ A = =S
auantandanyigazadluianazesdunisaslunisiuasonvdunie de
anuidunszualnw (polarity) auawnTalunsiiadan (polarizability) Au&INITO
MIazaNY (solubility) T1a Uaz3Uing thasnduwherinaissia uazlinanuuanens
284N19NEAINLAENSLAN NN 39 lEwuANNLANG1ILaz AN TUT ket ININVD S
s1atsznaudunid uaznsvhuisonvesduniiaauazdundusns

%NITUHA187I1% (Landva and Pheeney 1980, O’kelly and Zhang 2013, Hobbs

@ o =2 e A A i A a A ¢ . . !
1986) vlmmmmnmqmauuwamuwn (peat soil) azaBaWNTIE (organic soil) WUIN
lavsasazasdunioasfiansusiduzniuadronasiin (cellular structure) uazfia ¥inlw
sunngatuin liludiinaunnld Savild@uimitordunidiivuimanusugs (high
water content) @hwmaaﬂ%ago (high plasticity) S9WaGaAUWINLANIITAINTTY vinlAen

o

MAITUIIAUGN (low shear strength) WAzMTELUAIFA (high compressibility) WAL AR

D

? N . a . a a A @ @
Turuvadrie (low permeability) @uin (Peat soil) idudndunigaidsznay ludmeaidule
vasN LAz BuNIoTanaugndesaats lavdsznaudiu8unisasnnnnit 75% naduun
AUBUNTTUAZAUAN A ASTM D 4427-92 uaadlua17en 2.13
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3NN 2.13 MyduunaudunidaulTinmduniuiag (Jarrett, 1995 uaz Huat, 2004)

Usziandawiiiasan ANWILY Fyanwal | USanmdun3aing (%)
Clay, Silt, Sand Slightly organic 0] 2-20
Organic soll 0] 25-75
Peat Pt >75

awieldunidluannesanmrsauduinaiund Jarussfiainiion (cohesive)
¢ A A v L o e A A &L A a Aa a A X .
Wugudniaddnipeinn uddriaiiuusadamziindulainaudunIsmaiudu (Edi
and Wang 2000, Den Heen and Feddema 2011) @18 95UMSItAauuuy laszunaiifnvin
waiilaladddnatlugag 0.43 {14 0.49 (Lechowicz 1994) uaz 0.62 f19 0.075 (Dhowian
1978) sudyuiFoanudszanm 30 fi9 35 a9 uazanaIndiangefis 90 aseluduin
(Den Haan and Feddema 2011) quaud@nminmaniwaasaunieiduniduaasluasnm
{ 1 a =) { =) 1 é
2.14 uaz3UN 2.33 use9gLlany SEM vasduinitanduniniaunivanas 26% 49 A fa
a dl a a a o A 1 dl [l 1A a ni v ]
vinunidudunisasfiansuzgngu uaz B Aadiuvesn liltduniomndansevay)
. Y o © o ' a o A N
Edil (2000) lafinmsfnsmassuussfanuazan K, 283@uin (peat soil) Taidudin
AAYSu M8 uNITNINNIN 25% waz@udunisg (organic soil) TaiduawndUSuam
f138un3diasnin 25% 31N Minnesota Waz Wisconsin lag¥innInasaulssaaaun
o o 4 A f & . . . . .
wuvaaalatainluiiaulaliszuredin (isotropically and anisotropically consolidated
undrained triaxial compression test, CIUTC and CKUTC) Naa312a% 0.086 %ual.daw1fl
1AgNANIINARBLUNLINNFAILEATINITEAAILUBUNG A1 K, VaIGUANTA161nINaua bl
A a A ¢ . . A X Lo A o . Aa | ] ~
fia138un3e (Inorganic soils) TeiuagnuuTanouduly (fiber) luniadin dudyuiFuamu
a a A €6 v [ a a Aed A, = (0] 1o ¥ @
vasaudunIfezlituagiudanaasdunid Salldnadudzanm 41° uazdriasiuus
A 1 qo’ A o 6 Aa € a a A v . A A
danuuy laiszursiiivinnisuesida lasuasdunniduidule (fibrous peats) AdLafe
WinAL 0.59 ualudndunidazianmassuusadanwuuy liszunotifvinnmsuesida ladiias
' o A & ' A I o @ A X 4 | @ a
N a43UN 2.34 Tasnaen K, dyaiiuamu uazdriassuusadentiaz ldlived nudianm
81359un38 udlunsneasavwssdauluniaauinlasls vane shear test wuindSum

fAuUNIINtasnIazlnaiasTuLT R awuuy Taiveun ﬂﬁwﬁqaﬂ’h



Normalized Undrained Strength
o o o
> =3 3

o
N

aNTWN 214 Quesnanananwyesdunitandunid (Devi and Sabu, 2014)

Organic Liquid limit Liquid limit Plasticity index Specific
Content (%) (%) (%) (%) gravity
Clay 46 23 23 2.62
7 51 32 19 2.58
15 54 35 19 2.52
20 60 41 19 2.40
26 74 45 29 2.04

LD 100 mm O0O0S

[ —r T T T T 1 T T T T T
i F ]
o e i 8 08 a . . -1
GOO . g . '. :
- s @ o A Avg. = 0. Og h
ﬁ ° a ° [} gj gosr a e 5&‘[...:1:. ]
[“38 o o a E E K w* B a
i s ] 5 . 4
[ ] = 04 N
o CIUTC - UW - Fibrous Pt ] @ i
e CKUTC - UW - Fibrous Pt ] ® ¢ UW - Fibrous Peat
L o CIUTC - Literature - Fibrous Pt || " o Literature - Fibrous Peat ]
I ¥ CKUTC - Literature - Fibrous Pt || 0.2 ®  UW - Amorphous Peat
i 4 CKUTC - UW - Amorph. Pt i O  Literature Amorphous Peat |
L a CIUTC - Literature - Amorph. Pt | ] i a UW - Organic ]
4 deeed. L 1 - i  — 4 1 = d d I - o 1 A ' i i L A 1 i n i L L n L 1 L n i
/] 200 400 600 800 1000 0 20 40 60 80 100
Consolidation Stress (kPa) Organic Content (%)

(n) (2)
P o o ¢ ' P o @ A A o & A & a a a e
U7 2.34 anwduwuiznivdhasuusdeunnsueiifialaduesdudunid
(M) NuANNLABlUMTEAGIAEIN (2) NUYSIMaNTBUNTE

(Edil., T.B. and Wang, X., 2000)
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. Y o a a a o‘aid ] a
Taiye (2012) l@¥inmsnasaunansznuvaIlSImansdwnIgnidannungdnssy
[ o o : a a Aa A 6 A . a A o
MIVABALAZNNTEAGIANNURIAUIRREI BUNITNLTBY Ikoyi Uszinaluiise lasyinms
NAFAUNIILAD® (compaction test) NNINAROUUIIDALNLLAELY (unconfined compression
tests) LLAENITINARDULLII AARINULN (consolidated undrained triaxial compression tests)
1 di 1 a a = AI J o v a Ady AI J a 2’ dl o va 1
wuinladUSunmdunsoasinndurinlddnaafndaidiutn dSumiinvinliauusine
4 . . A A g
nga (optimum moisture content, OMC) UALWNTH ANTBIINILINAL (initial void ratio)
A £ ) o« @ A £ R ,
VYK ABIN1TYUAA0 (Compression index, ¢;) WAL LAAMAITULINRDUAARIBENT
s a Q‘ > > U
N AaudszntniIaa (c,) JAaaas
. Yo =2 o o @ A A A Aed A
Tud 2014 Devi uazamz lav¥innsAn¥INTSUANGIvRIA W nAB 1B UNI TNl a3
a & =) { =) a 1
Kolkata Uszineduide daidudunilIunadunidans (organic content) a8 0 7 15 20 uag
26% lasvinnsnasauusisaauunwuuyliszuisin aannnsifiewd 0.001 uu.Auf
wazltanuandssindnalunnsaaaiauiin 1Ay 50 100 150 was 200 Alathaana a9
{ 1 ] o L5 Qs ] :’ 1 t:il é’ 4
uwaadluztf 2.35 nannaseunudn driassuusadeauuun iz dduantn e
A A o L o ¥ . o A iy
USINUBUNIINTANTUIG 15% SINAdaMILANTUIAANNLAWDBIL® LazMILRD®
atnsanasladinmdunisasiinannit 15% uaasaslugif 2.36 wazdyuidaanuved

@umumaummzmwuma@umumuﬂimmaumﬁm‘sgwu

(a) g o',,=50 kPa (b) 180 o',,=150 kPa
E o __ 160
= ——RC a 140 ——RC
@ 40 —-— 7% = 120 T
@ 1E% g’} —a 15%
® 30 Rl i e ——20%
S ——20% f 80 —p— 26%
T 20 % S
E —p— 26 s 80
[=TTH) g'} 40
20
0 T T 1 0
0 5 10 15 0 5 10 15
Strain(%) Strain (%)
(c) (d)
— 60 120 -
a 50 kP s
< 50 a aelt ey 150 kPa
= 100
o -
3 401 2 80
e —e—RC o
Q. 30 a B0 A —— RC
) —&—7% o
8 20 1 —tr—15% S —_—7%
o Yo o 40 - 15%
& ——20% @ &
9 104 269 2 20 —— 20%
= =N s > 26
w w —— ©
O T T O T T 1
0 5 10 0 5 10 15
Strain(%) Strain (%)

3U7 2.35 usasuwiliuanuidwdssuuuazuwilivvasussauiaiwin
W3 adunIsasivinnu 7 15 20 26% RC Aa Guwlndien)
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(Devi et al., 2014)

e,
e 04 ‘H e | #50 kPa
D 0 s -
-, 0.3 4 m 100 kPa
o

0.2 4 A 150 kPa

0.1 x 200 kPa

0 - T 1
0 10 20 30

Organic content (%)
gﬂﬁ' 236 ANNFNNHETER LI BamfganrinuasidalatuazSunmdunsoas (Devi et al.,
2014)
286 WANIENUSATIANNLASHANILAaRWNRILN

Arnunladin3sonanarinleinmyieszwaninavessaanuasuanins
FaANNFNNUTVBIANNLAK — ANNLATIATDIAH s'fio?j”aa‘gﬂﬁ"l,@i”aanmluummuamﬁu
A96a31AULASA (Strain rate) 8INaNTENUlABATIAANGANIINAMNLAY DINEaT
mmm‘%mL%’;azl,ﬁuwalﬁ@hmmL@i"w,ﬁmLuugoifu WO ANTINATUAUS AT FINE
nenulasasInuamnien udazlddananudunme

1) 1977 Vaid. uaz Campanella lafin3s81AgiuanInaTa98aTIANULAS A
LAZHANIZNUAIULIAN (Time effect) NANAADAINUTUNUTVDIAIT1ULEU (stress) —
AINALASHA (strain) LasWOANTINTIUAAITaIAWNATY Haney Toiduduwmiisrdenyls
@49 (high sensitive) wudﬁmmﬁamﬁamwﬁslé”mﬁmmLﬂ%‘yﬂﬁﬁaﬁqmﬂﬁmmmL@Tu
Lﬁ'mmuﬁqaﬁq@ %aﬁ@hq@ﬂdﬂmmmL@Tul,ﬁmLuuﬁ'é'mﬂmmm%m"ﬁwq@ﬁa'?aﬂaz 30
nﬂmsmaamzlﬁmmmL@i"ul,ﬁmmugoq@ﬁ'szﬁummLﬂ‘%ﬂ@mml,ml,muﬂi:u’]m Tog
a2 2.5 114 3.0 Na1NbA313TAURIBATIANNLATEA LU T BNTNARETZALAINNLATHAAY
LLmLmuﬁLﬁ@mmLﬁuLﬁmLuugaq@ @T@gﬂﬁ' 2.37 %aman‘“uﬁagamﬁa”waa Alberro L&z
Santaya (1973) ivn1snagauduwwniiondngln (Mexico City clay) Gaiduduiniioang
FAW UAZANNANRBEYIR AT ULTI e nuuy liTrun s fusann3Au0I8 AT
auLasoa Wunduuuuduassluti93EausaTIAINIaS BT IR Li0szausaT
ANNLASHARAAasaAnTaUIIaasTasinaITULTS Ao unun s it Fefnaasuuss
danuuuliszunesinas liaaaslanuauiwassiildan @Tﬂgﬂﬁ 2.38 InuIplasaIn
Ina) wudniaesu wsadeununliszunoihasddnRudulszanm favaz 5 — 10 Tuzasaen
MM372898ATIANNLATHA (10 - fold) F9duwiten Haney axdidnassuusadaminiu
Ussanmdosaz 10 o 1 Tr9aanmIsiNTassamIaNuasea D9lranlnaidsanuaunsanin

Norwegian clay ﬁﬁfﬁ'ﬂi@ﬂ Berre L8 Bjerrum (1973)



T 3 o
0.64 / \- €= 11 X 10" %/ min.
/.,-—'-‘-““‘l‘-‘_‘-‘“
/ 1.5 X10 \
o 56_ .'-—“
F | o \&

/.// _______--:_.____‘___“ '\Qxlo\
o.as HJ// e

/ 28x10"2
~ v |l 9.4x10"%
2
0.40
=
il
i
2
032k
n
ok
024
0.16
0.08 |-

0 1 1 1 | 1 1
0 2 4 6 8 10 12

Axial strain, %

gﬂﬁ 2.37 ANUFNAUTVEIANULAK — ANLATHA (Vaid Wae Campanella, 1977)

0.B0
M_..—F"*"..n.—.-
0.60 R
.---"""".I
-T-—-v——""“"""'.* upper yield

0.40 -

« const.rate of stroin sheaor

+ conslh stress creep at €min.
020 €~ 2.5%

’/,_ ~ 0.l em/day for Tcm high somple
o ] ] 1 |
10”4 10”3 10”2 1o~ 10° 10

Rote of strain, % /minute

gﬂﬁ 2.38 NANITNUVBIBATANNASHARaMaITUuTI R awuL laszunei (Vaid uaz

Campanella, 1977)
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INWIATBVBY (Zhu and Yin. 2000) RULEHENITANWINANTZNLVBIAAT (rate) 6o
WOANTTNVIAMULA — ANULATHA — NAITBIAR (strangth) TINTILTIAWIN IS (pore
water pressure) UadawlnHha1889n9 (Hong Kong Marine Clay , HKMC) Foduduniion
gaudsgaunn lagldaiaannsaauibniinea (overconsolidation ratios, OCR) Ay 1,
2, 4 uaz 8 Finmsiiandadiefisananuinsoandd 3 8031 laun £ 0.15 %aataluy +
1.5 %da"ﬁ;’ﬂm wae £ 15 %da"ﬁ;’ﬂm Meldgn1ENINARBLLIIEA (compression shear
state) LRZENNIZNINAROUUTIA (extension shear state) NANIINARAULIIEARINLNY
wuin lunsdinInasauusian ﬁé'mﬂmwm%'ﬂ@L%ﬁﬁqmﬂﬁmmwLﬁngaﬁlqm daulu

NIONIINAFAULTIOG W IANALT LA ﬂmaﬁaﬁé'@mmmm%‘mgaqﬂlﬁmmmlﬁu

[
o

mﬁqmlunnsj fvIsaTIMIsaRInETn @T@melugﬂﬁ 2.39

dounlul) 2002 Morten uazame Idinawo W3S BIABINY WAANTINATUAUSAT
PAIRUNTILURZANIILEY NINANITZNUABNIIAL (creep behaviour) - NTHOUARTILLE
ANLA (stress relaxation behaviour) 'nuﬂgowaﬂ‘szﬂwaam'mm"%‘ma:a&l (accumulated
effect) Hasananfldswudasly (isotach) lau¥inn1sNaRaULIIBARINLAWLUL byl
PRI %omnmsﬁnmwudﬂwnamiw@”\mﬁhaﬁnﬂgﬂﬁ' 2.40 uRASIAIARINAWRALT
YaULIANILFAINANTIN isotach LLazslugﬁJﬁ' 241 uge AW A UN T BLERINg ANTTNT
ai isotach ﬁ'}vl,ﬂ;j"ﬁaagﬂﬁ'jw wodnssufiduiusainarssnansznulasassnuaumilen
udae ldssnanuaunTe

(a) ()
0.8 1.5
0.6

0.4 ¥

0.2

—+—0.15%/h —m— 1.5%/h —&—15%/h ; e 015%h —m—15%h  —A—15%m
—o—-0,15%/h —O—-1,5%/h —r—-15%/h

—— =0.15%/h ——=1.5%/h —&—-15%/h

q/s;
(=]

T 1
10 15
£a (%)

-0.2
0.4 T8
0.6

-0.8

(c) (d)

2.5
2
1.5

:
0.5
¥ 0f
“o0s5 8
-1
-15
-2
25

—+—0,15%/Mh —=— 1.5%/h —k— 15%h
=0—-0,15%/Mh —O—-1.5%"h —L—-15%/Mh

—+—0.15%/h —m— 1.5%/h —k— 15%/h 1
=—o—-0.15%/h =0O—-15%/h =——-15%/h

15 B

=

15 2
€a (%)

Eﬂﬁ 2.39 ﬂ'J'HJt%’NWw%ﬁfile'j"lx‘]ﬂﬁiﬁﬁﬂ'ﬂﬂJLﬁuLﬁﬂ\‘]LU%ﬂizaﬂENﬂ ﬁUﬂ'J']NLﬂ%ﬂ@LL%'JLLﬂWUa\‘]
Zhu Uaz Yin (1999) (a) OCR=1 (b) OCR=2 (c) OCR=4 (d) OCR=8
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;H. I i ‘
R * _'; ........ .!. ........ i ........ s st iaaa
"1 n 51_., an | g |
(TI| -..;n.‘: 1-.-'&-....-&- il W rirrean ;l1|rh||
\...i.n E - h

i [kFa)

[
[}

T SR 0™ %) i, - 20 i 8 mun. =0 & 16w 0 ¢ | I
nll a v a a =
31]7] 2.40 NOENITUAMULALLALAIVULAILAVDIA LA
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agnslsianumnassslimaninldanudenlusisanldlasassiiosanasdonaniznude
laseainean @”difu?ia@Taa‘lﬁmm%’aul,l,ﬁﬁﬁaumaﬁmmmﬁaddr;hu%”dﬁmm?aum]”ﬂﬂgimaau
LLazLﬁanmqm%gﬁmﬂlumaﬁu "3&@Tmﬁ’m’]smmwwé’uw”uﬁs:whaqm%gﬁmaaﬁwsau
dete gaunpiinsludiedn uazszozimlunmislianuiausesdiedlasmsseuiisy
g daIn Fanszoutisuiiinlasnsdanamasluatidadn U ludras uazinsdaas
L%umaﬁ@qmugﬁﬁﬂmaglﬂSTﬂ”umjam”’Jaamﬁl,l,amlﬁl,ﬁuslugﬂﬁ 3.3 LLﬁqﬁﬁﬂWSLﬁuqmwgﬁ
PNl TR TULNUASIAT 10 DIITALTLE aviagunpiineludiadng qm%gﬁmaoﬁmu
datuazszaziIa lunIudTIEANNTaU wazinImanuRuRuSIEndsgungiinely
@Taazmua:qmﬁgﬁmaaﬁﬁaué‘aazhaLﬂ’%'smﬁﬂuﬁ'unm anusNRHERT sl um T A enTzazan

ﬁmmzaulumﬂﬁqm%gﬁﬁ@Tmmi
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LUANBENIA LU UAIFATW

'

'

NAFDUAMANTANIAINTTA

- nagaUMIsadIANLIEN (Consolidation
test) NFn1slwauTan (30 °C, 50 °C, 70
°C, 90 °C, 110 °C)

- NAROULIISATUUN LU ATIAET
wazidanuuylaiszunesia (CU-test) A3
Ikanusan
- ﬁ'qmﬂgﬁ 30 °C (#a4)

- ‘ﬁ'qmﬁgﬁ 45 °C uaz 60 °C
- LLUU"L;imqumﬁ:mslf:ﬂumﬂﬁ
ANNI0W (Drained Heating)
- LLuumuQumﬁ:mUﬁﬂumﬂﬁ

AN (Undrained Heating)

NAFIUAMFNUAN M LATNUALN LAY
- WUSUI AN T NI
- WIANNDIT ANV AN
- WRBNINARILUIIIAT
1 a W [-% € A6 dld v v
- waRnasaLaasIdsnNINslaNTon
(30 °C, 50 °C, 70 °C, 90 °C, 110 °C)
A ea = & a a o Aa
- Alenzduniseniveulazdunisiagid
MIMANNIB (30 °C, 50 °C, 70 °C, 90
°C, 110 °C)
=S 3 a d'd [
- ﬂﬂHﬁIﬂidﬁi’N’gaﬂﬁﬂ“ﬂad@m“n&lﬂﬁﬂ‘lﬁ
ANNIAU

- ’3m‘5’1:ﬁmﬁmmwmamwu%au

!

NARDULIIDARINLNUNAATIEIND AL

ALAZDAIINTLAAUNUANGNIN

OCR 1- Rate 0.02 0.075 1.0 18s 6.0%/min
- OCR 2- Rate 0.02 0.075 1.0 L8z 6.0%/min
OCR 4- Rate 0.02 0.075 1.0 L&z 6.0%/min
OCR 8- Rate 0.02 0.075 1.0 w8z 6.0%/min

v

a € = =
NATERUALUITIULNIUNANINARDU

'

f3UNaNINAFaY

= o & o A av
E‘l_h’] 3.1 LNBNIVUADUNTITALINUIDE




TN (O-fing) LR g (O-ring)
o Lecbailie, SN (O

wiasalila

womda | winga (aflilien wsn 7075)
wwunm (Acric)
mmhmwiey (heater)
Fontndminlugnsumy
§uAdinen

RWUWNEH (O-ring)

SRR

ypwvsh () dsenuana

gﬂﬁ 3.2 LLmJLﬁﬁaa‘mmmuﬁﬂ{uﬂgﬂmi

(n) wupuan (v) JUdaauia

390

QUNAINVDUNAITOUAIVL
@urginldvaznaaon)

Qi3 alueedna

A ' & o o
gﬂ‘n 3.3 mm’mqﬂmmmﬂﬂLLa:muqum’]mau
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® o 1 a a & o 1
3.2 ﬂ']iLﬂTJ@I'Ji’JEl']ﬂ@l%llat')%ﬂ'lilﬂﬂﬁ')aEl'l\‘l"ﬂﬂa'élﬂ

A10819A NIRRT 8anN LT i wIdakiAuNIInI9Saut T wlInased d1uanaaIttat
S1NBUINWII FINIAUATAITIINIT (8.305077N; 100.116591E) lan1stanziAualatnIfun
T9TLAUANNAN 4 D9 12 1was idudruan 3 wau laslE351912879 (Wash boring) IECRTERST
3.4(N) WAZYINATLALA28E19AULUUAIFATN (Undisturbed sample) lasldnszuanuiiiung

& ) =3 % 1 a = 1 = qu/ a
(Shelby tube) F4¥INMSLAUAIBE1IAWINAEIGUUDLAIFATINYNTZLE 1.50 LUAT IUDITUAY
P = & 2 o o o JX A ¥ a &
WAREILTI ANBUIITINITARILRLY N VINTEUANUIGI BTN Lwaﬂaamsqtymﬂmmmulu

waduasusadluzy 3.4(2)

MNIIREIAE1IwRAs lerinat195zaiase39 lalwiAanisnsenunssifienaladnedu
lalw@ugnsunau (Disturb) LD 9N UANARIALAREUIINNANMINATAL LijoURsInI0eNIaua
firoad fiansudr Sevmafushsteudetnalasmidaudadutowiesarinimasey
LLazﬁﬁmiﬁmﬁsi"aqﬁﬁaaﬁ'umiqzy?mmw%u %w:ﬁaaﬁﬁmﬁ:qmmﬁﬂ WUNELATWRNLNE
Lz uALAL ﬁnﬂifuﬁﬁvlﬂLﬁu"li’l,uﬁmmuqum’m%u wesath Il lumnaseusaly asusas
luzd 3.4(a)

3.3  mnadeulwriesdfinns

3.3.1 miﬂﬂaaumﬂmauﬁ'@mdmElm‘w (physical properties)
MINAFBLAHIULANINIATNYINEIAULAT 8o UIINAYNLANE Tudui
g1inatnnike az'ﬁﬂﬁmmﬁaqmauﬁ'ﬁlﬁaaﬁumaaﬁuﬁa:ﬁaaﬁﬂﬂlﬂumiﬁ’lmmu,a:
Lﬂm]”agav’ﬁ?ugmﬁmﬂ‘lumﬁmﬁzﬁwam:‘numa@T’mqmawﬁamﬁmmswaaﬁumﬁm
ﬂﬂﬂwﬁfwiamnﬂ%uuﬂmqm%gﬁ sﬁamsmaauqmauﬂ'ﬁmamUmw"l,@TLLri WY
AOWINEUSINATVIRWATEINITAIN AN UIUTITNTE AnasaLaadisn uazE I

ABZBININGU laamInagauazlTITMINasauNInIgIUAIlua119N 3.1

¢N397N 3.1 msmaaumqmauﬁ“ﬁmdm NN

ATHLENI A5n1Inagay N1AIFIND1IDY

1. RBNIINADRINVUINIAT | MINAFILURIINANNIINGaRUI8UTNIAT | ASTM D 3282-15

YAIF WAL IAIININ

2. ANALRA FANANIIRAN MIMARaLNNADALAAILTIN ASTM D 4318-10

LATAATHNIRAN

3. ANNTUIWTITNTAVDIGL | MINaFaURIUTIN AN NI UIAY ASTM D 2216-10

4. ANNDWTNNIZVDIAY NMINARAURIANNEIITWNILVaNTAAY | ASTM D 854-14
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lﬂl <3 s 1 a = L e 1 a L=
El]“(l 3.4 (n) LEAINTITLNUAIDEIAULA LI NI (V) LLﬁ@N(ﬂ’Jﬂﬂ?dﬂ%l%ﬂitﬂaﬂf«ludﬂ"ld (!)

LEAINILNLTN BN A2 889G wINaTaINNTNasaL
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3.3.2 mMInagaumiadAdsznaumaail

ANINARAURIIAUTENaUNIILAT VIRt 19A LR EIU NNV TN II1uD
Qmauﬁ'ﬁmamﬁmaaﬁu leun aa@Tﬂiznawﬁ@LLazﬂ%mmmaom@uazmiﬂizﬂau NRU DI
qm%nﬂﬁ‘luu@ia:"ﬁadﬁﬁ@iaimaa%ﬂmaqamaoﬁumﬁmLLazﬁmﬁfﬂmadmaau JSun

aunivingiagluwiaduiniier nuniansuAuAIvaIiavealznaud1sg e

Ada a

‘ﬁnmiﬁﬂwﬁaga‘hwsl,umﬁLmﬁzﬁmammwaaqmﬁgmwawnmmwmiﬁmmmlﬁo
I~ a a £ s a P
DUV AIAWLALAUTN WL mmsmaaummﬂu‘lu@nﬂm 3.2

AN 3.2 NMINaraunIadInlsznaunLai

e [y A ¥
@!mﬁ&l‘u@l ﬂaﬂaﬂlﬂﬁ]qﬂﬂﬂiﬂﬂﬁaﬂ

a €A [ 6 a a a
1. mﬂuﬂLaﬂsmmwLLV\ISﬂ"nuLLazLaﬂsﬁmeQaa mu@maamsﬂizﬂau/mu@maoﬁﬂqLLazﬂimm

LIRLTUR (XRD / XRF Techniques, X-ray) 'ﬁ’wﬂ,umiﬁaaﬂ’m

2. miﬁﬂmimaaﬁ’wqamﬂimsfl‘*fi” Scanning NURZLDUAVDIANHUSNBAIVDIADEN

Electron Microscope (SEM)

T
ada a

3. miﬁﬂmwamaaqmﬂguwﬁ'@iaimm‘}’ﬂo NE\]“DQGqm%{]uﬁﬁ@i?JI@‘I?GE‘T%/"I\‘IINLNQE]“HQ\‘]@?%
a = s . =
I&JLQQNTE}G@]‘HLVH%E}’JI@ gN1336 Wide angle | 11872
X-ray scattering (WAXS)

4. MTUATITRLFDUTAINNIANNUTAU G283 T 3LmﬂzﬁmﬁmaﬁmmaﬁaqLﬁa"l,@ﬁ'umw
Thermo gravimetric analysis (TGA) Jou lasmviaihninuesizg i fouulas

slul,wiaz‘maqm%{]ﬁ

5. N13ILATITRAWNI AT auuazﬁuw%ui’@q ﬂ%mmﬁuﬂ%'m”@qlum”aaU'Nﬁu

1a813% Walkley-Black method

3321 midnmlasiaindnlasinafiaanaisdanunsntuuazianaisdvgas
LIRLTUR (XRD / XRF Techniques, X-ray)

mafatangisfanunIntih (XRD) a1dunann1svasnsasssaiandainsu
aNuEAARlUNTENU M 881 9FH V‘iﬂmﬁ@mﬂﬁymLuumaﬁa?{ﬁyu@m 9N
I@Uﬁ%‘ﬁfmﬂuﬁﬁuﬁaga dasanasenlumsidsrunuazanuiduaasssdiand
poalasaainondin asdsznevussusazlisduuuianizan saiwnaiatanasdan
wWInTWlTU s o TR NRANANTAINAINIAN B ATERaNTU Tz na UM uas
TNeazduaueilasaNInanuaIaIaatng ilvnnuisiavesaslsznaudngg
ﬁﬁaglumi@hasi'mLLaz‘mUaz@mmaﬂﬂsoa%"fmwﬁﬂvlﬁ WONINIALITINTAANENAY
USunmaadanstsznavudazsia sandeUsuimanudundn awiavadnan Ay

ﬁNHiIﬁ“ﬂﬂngﬂ LAZAMNLAUYDIRITUTENALAN ﬂummﬁa Ei’NVLGT
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mﬂﬁmaﬂmifﬁ\lg}aammsﬁuﬁf (X-Ray Fluorescence Spectrometry, XRF)
Lﬂumﬂﬁﬂmﬁmswzﬁm%ﬁmaoﬁwlLLa:ﬂ%mmmqiums@T’Jazhﬂ@ﬂmﬁ'ﬁ
@ Aa & ~ v & Ada o v & Aa
WANNNINALANATaWIWIIlAaTVaIaZ MDY Lﬂammmumuwuwmmugﬂﬂmﬂjumw
NRIITWBAININ LLa:mﬂwéﬁmuaanmlugﬂmao%’aﬁmn%ﬁﬁwﬁhmm‘hL‘W"u:
.. ' o A A o ' o .
(characteristic X ray) 283uA8z519 iamaﬂsmlﬁaaﬂmmmmazm@ﬂumamd
o =) Q Q A 1 =) U-q: o a
AT ATITANR I U AITIR mmuanﬁwumaam@ql AnNINILATIZH

% o A d'l = a [
ANMNLTNVAITIRLNONIUDIUTU WY a\‘]ﬁ'WJVL(ﬂ

3322 mifnmlawaitamalaglindasansiaididnasensiiageinna
ﬂfi’aafgammﬁ&ﬁﬂmawﬁﬁ@dmm’m (Scanning Electron Microscope,
SEM) ilundasgantsaididnaseuniimassmogigaszanm 10 wlwwes szuu-
m‘saé"wmwﬁnmiﬂUmsmam”ﬂ8Lﬁﬂmauﬁa:ﬁaumnﬁuﬁmﬁwaai’mq
% ] & { v 4 ‘g L aAa Qo o
@18819 TINNN IeantaIad SEM fazidunnanuazuad 3 6 #ann13rineas
v 1 A & & a J 1 o a 1 v
289 SEM azilsznaudisngudianaseudignuiadulasundsiniia azgnisadae
awinlwwuazgndauldivszuy andundudidnaseusziiulaudsiusu
o A dl ) v 1 A« 0o A & A %%
398 (condenser lens) iNavhlnguaidnasaunansidusdidnaseu Ssmunindiu
lvrweessdianasenlngniaan laaudainis mindasmsnwindanuausa
azusuldididnasendvmaiin nasnniuddidnaseuazgndiuszozlunalas
LWaUALNAIAY (objective lens) avlUuniiuaundasnisdnm vldifadidnasau
n@ud (secondary electron) 2w ma:gﬂuu‘mLLazLLﬂaaVLﬂLﬂuamumﬁmma
A = A & I B ) AN o \ A a &
alannsafing anuudvisuaiahldsadunindald inaldlunisieazv
ANBUAIMILATTIIAZIB DA N B AUEITaIA0819 Taun mMsfinwninaa

maoIa%:LLazu°a@; MIANENAN WU NURIT I UUONVAILHALT ALAZLTRS LA

3.3.2.3 msﬁﬂmNamaoqmﬁgﬁﬁﬁ@iaimaa%ﬂuLaqamaaﬁumﬁmimmﬁ@
Wide angle X-ray scattering (WAXS)
A Ao a v A& 4 o A & o )
Lﬁumauﬂm@msm:mwaaiomaﬂeﬁﬂyumwLwaﬂnmaﬂwmﬂmamw
wazguanddanuidundnvasaansatadiluszaumluwes laonsldssdand
1l ,:3’ > (% v A & €d' a d' 1 A
mqmwﬁmmua:mmmL°11mlaaiaal,aﬂﬁmﬂs:lm"lﬂwquma6] TagluuunIy
mu%ammmﬁﬂmLLUiNaLﬂuﬁ'ﬂwmﬂmm%quLaqamammi@?’aamﬂﬁ NI
di = a nicl 1 [ a = =1 (%
Lwmﬁumsﬂﬂmwamaaqm%{]uﬂmaiﬂsdamﬂmaqamamumum 296849
° a & [ .
AIN1TANE1T2aUANUTUNENVBIRITNINED 1an1379 wide angle X-ray
é v v =Y = %
scattering (WAXS) S48M80130An 1 1ATIFTIINAN L lapn1sdasiFiand buad
dadadunitsnhnwibingungiidn g uszdaanuduiimendinizidseanuni

J6199 adEAuNITIadIsInAAnIIRslUuTIALand wia X-ray diffraction
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(XRD) HaNTI0 WAXS ﬁvl,@i”ﬁl:l,l,amﬁ;@vl@i”%'uwﬁi‘mugoq@ (brag peak) V89lATIRIN

W
arnNiag 9 e
9 U

3.3.24 MTATZAFDLTAINNIIANNTBUGI83T Thermal Gravimetric Analysis
(TGA)

a A v 6 a o a 6 d'l v
dunafienldlienzdanusissvesizglasamzwefiuaiidaldiuany

@ o o LY o A A ' ' A v A < Aa
Jaulasmriathwinuesdiagfilfouudatluudazsisgunnddoiniastindainy
higs naflatmanzdmiumalianzsinmadisuulassnineeasizgiiiortoany
MIgatuuianIaszingvadln MIANKAN (crystallization) Suitasunanmauasm
W& MIUANAIY8II7G (decomposition) AnwnaiiaLfiTeneandiatuuaziantu

%38 USUNURITTNNBS (stoichiometry) I@ﬂﬁwmimaauﬁ"ﬁaaqmugﬁ 50 £19 1300

a o s Ao o o ~ : a
asataalGos (°C) TIA8aInTlRaINTe U 10 avaLTalTuadauIfi lwnng
ATz a819 m”aashaa:gmwuummmaL§ﬂ FITaNGANULATOITIAZLALANT

' ~ A & ' A A
ﬂ’nuvl,’man’nrl,ﬂaﬂml,ﬂmga I@mm%umzaglmmwmmmmuqmqm%gwLLa:
UI38NE e ustennanigluetaaziduwuizifos 1w lwlasian wIauisniainy
1 1 A a :/ a Qs 1 ni ni a g ai
7891 1% 87N1F ®30 28nTLA Lapinrnvadalat1eNU w0l 899t AR WA
aunndianzrasaiudazsiia Tagsinninnuig lnwAau13INNNITEIne nstay

gany wIanIiaUfiseneng g

3.3.2.5 mileaneibunidanivenuazdunioiaglasi’ Walkley-Black method
nyezRaunisiaglasifiedaind-unanadunannyiieeiauniy
A13Uaw (organic carbon) riauuﬁﬁuﬂﬁﬂmﬁuﬁuﬂ?ﬂf@q lasazltlwunagoyle
Tasiua (Potassium dichromate) 'laandlad (oxidize) aiuauluasdunsdfnias
L‘LiﬂLﬂammw&olumaﬁmaa@ﬁuﬁﬁﬁu mamuluﬁuﬂ%mf@qﬁ'ammﬁamﬂu
asdunsdifedan T1dfAsoreandiatuitldanuouanniadafasnidudu
mﬂﬁ?uﬁwmsmﬂ%mmiwLmalf}?‘sM@Immmﬁmﬁamr]m‘sﬁﬁﬂﬁﬁ%mﬁ'um'guau
lagshan lninsadrsasawan luifiausawe (Ferrous ammonium sulfate) 397014
nvdsunalnunadoslalanwanldluniseandladaifuon uazsruisn
@‘hmmmﬂ'%mmﬁuﬂ%'ymfuamm:ﬁuﬂ%'ﬂi'@]qvl,@’luﬁq@
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3.3.3 miﬂ@aau%}]mauﬂamﬁmmw (Engineering properties)

3331 MINARUMIBaTIMETLULRITA
FNNININAROUNNIEASIANHN LN S Lﬂuﬂﬂiw@aauwwnﬁiéuq@
msﬂg@@ﬁ%ﬁ‘ﬂ%%aLLN@‘Vuﬁ’]d’JuLﬁu’Lumaﬁmmr‘fugmﬁ lagn1snasau'le
ﬁﬂLﬁumm’mmmg’m ASTM D 2435 Standard Test Method for One-Dimensional
Consolidation Properties of Soils Lﬁiamwwmﬁmas‘m‘sé’mﬁmaf‘lwm 9 finns
NAFILNINUA 4 $20819 MIA3BNGIENIGWRTIINNIRlEluasay Tag
MIAALAIAIBENIAUINVUIAIILAIU DUINALTURIGUENANS 63.1 FaFINAT §9 20
UaBLNGT me@ﬁgﬂﬁ' 3.5(n) INwinaaegsduutiiuaz ey aunidiagng
Hwnan 24 1alus Tasfimsvmmaseunavue 4 sagns ﬁqmﬁgﬁ‘lumim%w
ABEILANANINY A 50 70 90 kaz 110 adALTaLTUE ANNE1AL @”&Lta@ﬂugﬂ
3.5(1) Mninindagnsndaasluiaioinagoy @Tﬂugﬂﬁ 3.5(A) nslainwinna
(Loading) ldininsuwin 6 ¢ Taaisuduiinmiin 14.06 Alathana waztiuin
ASIRZ 2 1910 AUNTEYIAS 449.86 Alatanna aNkwiNNNIHEUARBEARIEANA
(Unloading) Tasaasinminasiiaz 2 111 uaztiiniinsinnaiusnass (Reloading)
{uduan 5 61 awns=iisie 899.72 Alathaea deluudaziminnaasldinale
msassnninnae l5Uszunm 24 52l aﬁﬂfuﬁﬁﬂﬂia@u”uﬁﬂ@hmimm”wao
FI0EIRRAUIAAEIRRA LazINaRatsGuANaganLd? IR NTRARS

nagavealyl

Tunsispiifadnunansznuvasmslasunlassasnanuaioaluns
nagauusssamuLnwuUL TN e s wueldsaenueIuaileanun liaas
faoninaianuansalunsszunsinluuraduie lidinanuuandsos
HANTENLTB6ATIANNLATEA LDt ITALA% ItuAINNITLHBY B L8
L8232z LUNTE LI UNTE AN I NHANN INAFALNN TS AGIAN BLL LR
1@ g ludmuadananueisalunimaseuussdasauny adnalsnaiue
anusunsalumsunsinluunaduasdunuanwmelassa ol ad wLAZLTINH
AnTevndaotsdwdunalienszozialunszuiunssasaaeing ldanns
NAFOUNNTEAIAN LU LRI TR W s wiaz T A1aaaIA U LT IS WA
WRudn dsnalianszazianlunizuinnssasansindaiugrsaasaielele

ANANZRNTIAITRN TN AV UL (mﬂﬁq@) LRZANVDUAN (ﬁaﬂﬁq@)
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(?)

U7 3.5 (n) usasdrndaduluisuniuiuia
@) waadnsiharadng llwanusen
o o Z’ 2 an
() LEAINIINATOUNITOAA AU UL R BING

3.3.3.2 MINAROULIIAASINUAL

AITNIINARBUAINNIATFI% ASTM D 4767-02 Standard Test Method for
Consolidated Undrained Triaxial Compression Test for Cohesive Soils Lﬁia%ﬁ@i’]ﬂa
FUBITNRIVBIAWIILLLAMULAUTINULAZAN WIS W% (total stress and effective
stress) i’J&lﬂg\‘iﬂ’]iﬁmﬂ’lw*ﬁ]aﬂﬁ&lﬂ’lﬂﬁﬂLLSG@vuﬁ’ld’JuLﬁu (excess pore pressure)
NNMIUSULRUEATIANNLASIATILAN AN qmﬁgﬁﬁw@mﬁ'u 3 gawnnd Aa
30 9FLTALTYR 45 a9ALTALTUR Waz 60 aIFLTALTUR WAZAIDATIEIBAALILW
\in (overconsolidation ratio, OCRs) 4 f1 Aa 12 4 uaz 8 AuA1GU wazidays
NINAROUUIIOARINUNY mLﬂ‘%zmLﬁzmLﬁaﬁ'}nwsﬁtﬂswzﬁl,l,a:a?ﬂwa 31U

AL NNYINMINAFaULRAILa13197 3.3
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v

A 4 ' o A
A13NN 3.3 Ldauvlm@me] VBIAIDUNNANNORDU

- saANALASEnAAIf
DMUNN
“ (oc; OCR 0.02 0.075 1.0 6.0
%AawIfl | %faniil | %aaniil | %aanii
1 v v v v
2 v v v v
% 4 v v v v
8 v v v v
1 v v v v
45 2 v v v v
(Drained Heat) 4 v v v v
8 v v v v
1 v v v v
60 2 v v v v
(Drained Heat) 4 v v v v
8 v v v v
1 v v v v
45 2 v v v v
(Undrained Heat) 4 v v v v
8 v v v v
1 v v v v
60 2 v v v v
(Undrained Heat) 4 v v v v
8 v v v v

A A A o o =< & o A A
LR3I N N T NAFAULIIAARINLNWLBATTAN "L@”lmmmaamaauw

o & =& A ~ al o
NAIUULD snol,ﬂumsaamaaumuLmuﬂmmmmuﬂwqmﬁgﬂﬂ yznau'ly
@28 3 FIWAAN A N) LTAREINULAY V) STUUMIANNTaBLAzAUAu nAd
T,@sjrmaammwawma’a’ml,muagiuﬁugmmaavﬁaﬁuuuﬁuﬁu LALANTZUUMS
ﬁ'@mmﬁmmgﬁ LLa:LﬂﬁﬂuLLﬂaﬁa@;ma&ﬂﬂa%mﬁamwammmaaﬂ’nmlfﬁoma
Lﬁaamnaqm%n“ﬁ@"mmmlugﬂ 3.2 LLazgﬂﬁ 3.6 LLammmuﬁ'mms@@mﬁqﬂmzﬁ

MINAFALUIIDATNUN
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Tt |t
nsaitindeyadBakendehath @
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| j wehiag
T | witilufuita
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rulasianadvErimnadon
e idiin oty
N iadennunu
i ] Aowfiowed
[ |

‘ lﬁ%ﬂmﬂﬂﬂﬂl&ﬂﬁﬂwﬂ LT I:I

wdarianswinaTanBuwsdnhalh

A = a < 6 [
E‘l_h’] 3.6 MYAZLILANMIAAAIDUNIHNIINARDULUIIOARINLNL

q

& Ao g
AUAAWIUNIINAFAUTAIGa b

1) MLAILNAIDENI

ihdadsauassmuandauds liidugdnsinszuen sweidurnguanag
50 daaLuas ANNEIIENIm 10 Fafluas (mmgamaoé’aaﬂ’ma:ﬁaamnﬂ’j’] 2
wiwauﬁmhgmﬁnma) vaialwsesidon (failure plane) @ﬂagﬂuﬁhuﬂmwaa
#18819 MNIZUBNWUY (miter box) T T It B P ATE PR ITET T SER T
2930208719 A LAAINNEIIAINABINNT ATAALGAIAIBE199:FaIriNdI8AINY
e idlilddmeaddugnninuniiiien nninlfiiefilotaumanuinan
284678819 UAZINEIBENIAUINIAILUTIMTARINAUUNY laBTaIRUNTUOLTEWINS
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(rubber membrane) LAITARIBENIIA (O-ring) 1AUHUAT 2 s SnunARILLY
uuua:ﬁgwmﬁahﬂﬁmaamm"lmatﬁnaanmné’aaﬂwﬁuvlﬁ @T\mamlugﬂﬁ 3.7(2)
Waz 3.7(A) INTRUTTNALILAIDINAROLFINLNUATOUFINRIUBAIDLN AN F04
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switlununa (piston) agunianansvasutuuuwed aagUf 3.7(3)
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2) msvlnauaIAYw
wasnAarasn9ld L TasLIAT0INARI LIS ARV LNWISIUTas LS LAz
Daindimagandy niwIuduaewnslHusseumas (cell pressure) uaz
w398l (back pressure) ENURIBLIIAWYINAL 50 LAz 40 kPa aud1ay e
Néudalwinlwarusagnedn 1Fayszanm 4 1alus suazamaludiadng
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Q R [l 1 dl Qq; QI R v R 6
RAUNWOENIG0LH0IAT98zUT2 01T 50 kPa 1auNITLNILIIAWAITIALTIAWLTRRN
ANINAILIIanA e lwlsza1m 10 kPa tWaladnui lW@a8819u98 NHUHEINIT
LANLTIAW LU AWNTENIUITIA LIRS LAZLIIA WAL L WLYINNY 210 WAL 200 kPa
ANNAIAY AINIZAULTIAUT LT 24 TLU9 HAINIUADIVINNNTATIIROUNNTDNAD
£33 :’ e 1 a 1 et a a( et :’ A' s
8120907081901 1auaTIARaUAIFNLTEANTANNAWIN B laan1siNuLIIah

. . T A N A
Laatile 280 kPa 137270A 1A ILIIAWIIRIBLABNLANNLAAY Y DIRARIWAN
o ¥, a v [ ed a X ' ~ A
LIINWINFIWLANG DAL TIAULTASNLANNAUNINNTT 98% L1181 2 w19 azdain
ABE1IDNAINILIN
3) NIAANIAYUN
LBA288198NAIAIUTIILED NAGIIUDILIIABLTARNULIIA WA i ein
WNNUANULAWIIEANTHE WI9anl T AnTualaansataasniousslilnaiaealn
ﬁssmﬁﬁi@ﬂ{mﬁamn%mULLsaqaqﬂluaﬁ@ Tunwiapiaz lTusiaulszansua
WiNNU 250 kPa laanItNdLIIawaas 450 kPa uazadissawnialnlin 200 kPa
ANILANDATIRIRANTOAUUWLAUAUYINNY 4 61 A8 1 2 4 U2 8 LAUNITAALIIAL
LTRAAINAIANNNITAAAIAILINAUAI LIIAWLTRENUTUANSILFAILNA1I19N 3.4
3 tﬂl =S U-q: tﬂl L% a v a dl Qs (%
Taaauaawn 1 09 Twaawn 3 azlmqm%{]wmﬂﬂm iNatdwnisUsuan Wl
@‘ﬁaﬂwaﬁuﬁamwslﬂﬁl,ﬁmﬂ”ﬂuﬁiiwmﬁmnﬁq@ INHUINTANIINTNIULIAN
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A A o A . = A

WRsMLURI N UNUANIINARBIVBILIAN (Square root time) IWLFITIRWNIZLIBNNT

AAMIANLINTWA LAIAINITAANIANYUNNI BN 24 T2la9

A9 3.4 ANLTIAWRIRIUNNITAAAIANELIN

OCR | uia% | WHAULTAS | WIIAULDAS o o

melu Sudu AARY

u e Ao, (kPa) (kPa)
(kPa) (kPa) (kPa)

1 200.00 450.00 - 250.00 250.00

2 200.00 450.00 325.00 250.00 125.00

4 200.00 450.00 262.50 250.00 62.50

8 200.00 450.00 231.25 250.00 31.25
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2y mislvanufauuunliszunein (Undrained heat) Tagvinnsfiangdaszunesia
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AMNMIANBINANIZNUVBIATIAINLATIAR AN ANTIUAMULAUVDIA
AT 28 UMW LANINTH DA TIANULATHAN LT LN TNAR DL LIID AR LN
o o :/ A aand 1 ' ] a Aa a '
IMNHANINARAVDANIAN LI AHINATINA1VAVAILYINAL 0.00035 NARLNATAD
PN WRZAIVIUUWLYINNY 0.0014 AadLNATAAUNN a"’uuamﬁamiﬁuq@miwgmﬁ
o A Y o ¥ A o
WANTITWNIDINIINIZANUAIVAILIIAWIN TN AUT AN UFNLEND LAZNIT
o A @ & a . & ae & A =
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x> | Aa ' & o o @ caAa o a - =<
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Twanusauunaraamunually 4 @1 fe 1 2 4 uaz 8 MILAANNTBULARIBENS
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OCR

GILAT “xX” BAd R

ALY “XX” BRI T

LAY “X” 1ad OCR

=
12k VatIN
=
HRUIUD
=3
RN
=S
12k VAN
=3
HRUIUDI
=3
HRUUDI

=
RN

DH/UH-Rxx-Txx -OCRx

Drained Heat
Undrained Heat
Strain rate
Temperature

OverConsolidation Ratio
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1. AUTRRNAUIINNLTRENAFOULIIDAFINUNUAINNIATZIN ASTM GIRNNNTANAROL
é’aaﬂwa@uﬁ'ﬁﬁumuﬂuﬁﬂma 50 dadluas wazgd 100 Jadiuas @Tﬂgﬂﬁ 4.2

2. mUlumaa‘ﬁmsﬁ@@%qﬂmm‘iﬁmm%’au (heater) 1u3ﬂmﬁmsam‘i’aaﬂnuﬁalﬁﬂ’sm
%”auuwizj@ﬁaamaﬂ'waﬁ%aua LLazaqllmtﬁmni'@aqmﬂgﬁ
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FTUUAILANGUANT @T\‘]Eﬂﬁ 4.3
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424 wamidnmdroimaiiaanalsdanunintuuazionaisdWgaalsisud (XRD / XRF
Techniques, X-ray)
=2 & > . . o A &a
INNIANE2IALTENAUVAILINAN (Major Minerals) agtnaiiatanslydaWunsn
Tu AWNAIFIUNINMTRATNALTINGY o gudiaTasliaTnumans a1 INmauaIvAT-
a 6 o a €A = o o % 1 A Aa =1 a A
wATUNS lasriinsdaeAauniordnnwikisnwin 3 @ae819 fa AurierUnwkn
AUAN 4 LUAT 8 LUAT WAL 12 LUAT KRN LAFBAAABINUNNITANINVBIBATLAT UL (2552)
A v & . A A v A @ A A [ A
fugaaliiiuwidwnitornwibiliansus duduuuuidedni (Homogenous) a1n3Uf 4.5
NANNTNARAULANTLIHAWULNTNTY (XRD) WuIdwnitertnwislidinwdsenovvasusidn
A1899 (Quartz ; SiO,) LAY (Kaolinite ; AlSi,O5(OH),) waz 8alad (llite ; 2K,0-3MgO
. 2 [ a % Y
*Al,05+248i0,+12H,0) FIxaaARINUNANNIATIIRELBIALTENaUMIAITaaL Tz U
iakatansisgWgaalsaiouwd (XRF) wudtasddsznaunansadsduiniordinwi
Usznaud1u8ann (Si0,) 49.21% agdiiiluneanlad (Al,Os) 16.55% uazinanaanlad

(Fe,05) 10.29% aaugasluansnsf 4.1



Counts
35557, Pakpanung clay 4m
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1600 —
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( ) Position [72Theta]
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] YT
1 ‘ i | i Y
500070527 A2 §12 05 () H 14, Kpoinie ‘
D0-003-0056, K AlZ 513 ATP10 [ Q H 12 [ Tjte ‘
1] H H Hl‘ ”\‘
Caunts
35082, Pakpanung clay Bm
3600 |
1600 |
400 | N " . AL. " h A H‘\ A 2
Sl e e : ,“
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10 20 a0 40 50 &0 70 80
Position [72Theta]
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! I | | | |
E: g 2, Quarnz
| | 1 | 1 L1l
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Couns
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L Ll

I | ! |
}‘ kil H||“|||||H |||H\”MI‘\ |H I

TO00J 0050, ZKZ O T3 Mg O 1

3 24 ST OZ 2 A O lite
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A 6 = a =) a
AN 4.1 9IAUTENaUNILANVDIA LA EIUIN WIS

ANMNLIND Y (%)
d1silsznay
41003 8 LuMT 12 A5

Na,O 1.20 1.10 2.08
MgO 2.28 2.59 2.85
ALO, 17.04 16.55 16.65
SiO, 49.56 49.21 48.10
SO, 1.67 217 1.38
K,0O 2.58 2.37 3.08
CaoO 2.19 2.70 3.05
TiO, 1.16 1.18 1.21
MnO 0.22 0.21 0.20
Fe,0, 10.74 10.29 9.74
Rb,O 0.09 0.09 0.03
SrO 0.07 0.07 0.03
ZrO, 0.12 0.15 0.04

Cl 0.77 1.15 113
g P, Cr, Zn, Br, Nb, Pb

422 ﬂ’]iﬁﬂ‘lﬂﬂﬂidﬁ%”mﬁgaﬂ’mﬁ’sEﬁ% Scanning Electron Microscope (SEM)

AsAnEIlase #3193an1Ad287F Scanning Electron Microscope (SEM) 310
nAnsamgIuLazTeazidualasiainiesdn lasldndasgansiandidnasound
o N 3 L 2 a A = 1 ' o
Masenegs azduldilassasaesdumiohnntadudhaduuduiun dwdu
nuuzkAnvaduiialaflud uazuidalad asuaadlugif 4.6 (n) uaz 4.6 (1) dulasaing
nflansunduzdnsmnndsuduninuesuiaaadasuaasluglf 4.6 (a) an3Un 4.6 (9)

A v e e > a %)
90 A flawdinzasinie SaranndasnuansmMzmMIanaznauruaNvaIdwniiathnwitiany
s a ﬁ v A ot YA = a a = .
snwaznddszinadalndriunzia Guduldhauniloitnwitududuniomzia (Marine
o o a o . A o o ¥ 4
clay) uazdanulasaaineganinvasBunising (Organic matter) Taflanwmzasonasing
a Qs { { a A
fawiu a39uTue B deuaaaluguli 4.6 (3) uazgdi 4.6 () uTIUa C Gadunn
. A Ada = A . v a a o A
21804 laazaan (Diatom) vasfilitinvmaldn samwaglulasiaiedunisiagnaglu
a = L4 o & =3 o a = @ 9 ad =
Auinitornwibs aaunsdnsnlasiaiiaganiavasdumnitsrdinwiladasis sem i
@ ) & Y P &a o A @
ANuraaadedInUaddlIznavsasuIdIsinafialanssdanunIntu Sineszaylld

[ A a 4 Aa A aAa a A €
I@ﬂaamﬂ’n@umumﬂ’mwmLﬁu@umummLamla’mﬂszﬂaumaaaummm‘s



ni v a = a ni o %™
Eﬂ“ﬂ 4.5 Imam’mﬁg‘amﬂmaa@umumﬂ’mwummawmm

() 30 m (1) 10 wm (A) 50 pm  (4) 20 um  (3) 30 M- (&) 5 um
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423 nfnsnavesgunninddalasasnsluiana d2u75 wide angle X-ray scattering
(WAXS)

=2 A @ a 4 @ =
nadnsmadasuudassaslasaisluianazesduiszduanudn 4 uas 8 W3
lavlavnsdnsquantdanuidundn laun13ia wide angle X-ray scattering (WAXS)
d‘ o dl a 1 a = v s a
Warhnadfvuudasgungiingdt nng aannd nanfuwilduansuznawdany
Indidsariu 3U0 4.7 (n) uaz 4.7 @) lasnmwiiiasanvainyvaglugaidonn uaasli
winigunndens g lifinadalassasheluanaveasduniisnadnidaian dnlddaununu
WasananzmadauTudwanG wazdissesnmiinianiu ﬁ'@ﬁmmsna‘gﬂﬁ’h
Qtﬂ. v 1 a [ t:i o v a n:i 1
punndniasndi 200 asaaaidos liginansznufvlilassaisduilfowulas dau
Uaspfivhldwndnssumeduisiesdwniendiowudadluaugunn Sera gnu Fadu
NaURIaNTWADU 9 17U ussaniEIBAY ANunilavai Maddsuulasvastulasaiin
& 4 4 A - 9 o AV .
§839%% (ionic double layer) 2avaumafilasuliiiasanwaauanuson idudu Folad
A o a
HanmMadasuulaslasiaiialuanazasdiu

424 MIAATTAFDITNINNIANNTOU 2835 Thermo gravimetric analysis (TGA)
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ABSTRACT: Organic deposits are commonly encountered in estuaries regions. Organic matter directly
affects the engineening properties of soil. However, all most economic cifies m the world are located 1n this
areas consisting of organic soil. Therefore, a techmque to improve the properties of organic soil 15 important.
This work 15 focused on improving engineering properties of orgamic soil by heating. In order to investigate
the behavior. Pakpanang marine deposit clay is selected for this work The scope of this research is to study
the behavior of soil by using temperature control consolidated undrained triaxial compression test. The
strain-rate dependency of undrained shear strength. pore water pressure, and stress path are investigated. The
influence of normally consolidated (NC) on stress-strain behaviors of soil 1s examined. The resulis of tests
indicated that the temperature relatively inverse to organic matter of soil and weaken the strength of soil.

Keywords: Compression triaxial test, Temperature, Organic clay, Strain rate, Undrained shear strength.

1. INTRODUCTION

Orgamic clays are defined as clay with
sufficient organic content to affect the soil
properties [1]. Orgamic clays exhibit mechanical
properties somewhat different than the customary
behavior of inorganic clays. Organic structure is
contamed within the porous cellular structure of
the fibers, a sponge-like structure. The structure
can absorb huge amounts of water but it 1s
uncemented water and soil mineral [2]-[6]
Common characteristics of organic clays are high
water content, high plasticity, high compressibility,
low permeability and low shear strength [7]. The
characteristic  of soil directly affects the
geotechnical engineering work. However, because
of rapid economic growth, numerous constructions
in present are usually found in estuaries regions,
which are lowlands. where sedimentation of
organic clay can be found.

In order to solve the critical problem due to
engineering properties of organic soil. ground
improvement techniques are applied. Because
organic matter generally decays when the
temperature 15 mcreased. the heating process 1s one
of the ground improvement techniques that can be
applied during construction.

Behaviors of fine grain soil are very interesting
because vwviscosity behavior directly relates to
plasticity and gramn size of soil. resulting in time,
stramn rate and temperature effects. The effects of
strain rate and Thermal are very significant to the
stress-strain behavior of clay. Several researchers
[8]-[15] have mnvestigated the result of the strain
rate effect on stress and pore pressure behavior of
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clay. They found that a higher strain rate results 1n
a higher undrained shear strength: the undrained
strength increased by 5-10% per log cycle of strain
rate of testing for Samnt-Jean-Viamnev clay [11].
“ [12] demonstrated that the undrained shear
strength increases by 9-20% for a 10-fold change
m strain rate for high plastic natural clays™ The
studies of the stramn-rate effect on pore-water
pressure mdicate that the stramn rate effects to the
strength that related to change of excess pore water
pressure. Pore-water pressure rises up dunng
shearing at a lower strain rate than a higher strain
rate [16]-[18]. Moreover. the higher strain rate
affects a higher normalize stiffness. E/ »_[10]. [11].
[18].

There has been a lot of research on the
temperature effects on strength and stress-strain
behavior of clay. We have found that the results
are conflicting. Several investigators have found
that mcrease in temperature decreases shear
strength [19]-[23].0n the other hand. increasing
temperature increases in shear strength [24]-[27]
Investigation of Bangkok clay in drained heating
conditions found that increased temperature also
mcreases shear strength and stiffness of the clay.
Temperature has no effect on the slope of the
critical state and the stress paths tend to move to
the mnight indicating that temperature caused
strengthened clay [28]. Temperature affects to
stress in clay that related to volume change and
pore pressure such as © Campanella and Mitchell
[29] shows that higher temperature affects volume
change and pore pressure of clay depending on the
drainage conditions of the clay’s mass. Drained
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heating. 1s when the expansion of water leaves the
clay mass, increasing the volume thus rearranging
the soil’s particles. On the other hand, undrained
heating causes expansion of water in clay mass
mducing development of pore pressure effects on
volume expansion.” However. there are no clear
studies of the strain rate and thermal effect on the
stress-strain behavior of organic clay.

By improving engineered properties of organic
soil by heating affects relates to viscous behavior
of clayey soil in order to predict the soil strength
and ground settlement duning and after dissipation
of the excess pore water pressure, may also change
temperature with more accuracy. The thermal
conductivity of clay 15 faster than drainage causes
to study in undramned heated conditions. The amm
of this work 15 to understand the mechanical
response of organic clay 1n relation to temperature
and strain rate. It should be possible to use these
relationships when making rudimentary

mierpretations of the natural process.
2. MATERIALS AND TEST PROGRANMI

In this study, the original clay was recovered
from a depth of 4.50 meters to 12.00 meters. The
site was within Ban Pakkhaug, Pakpanang,
NakhonSiThamarat province. which i1s on the
southern coastline of Thailand The measured
physical properties of the clay samples are
summarized i Tablel. According to the Unified
Soil Classification System (USCS), the clay 1s
classified as organic clay (OH).

Tests were carried out using a temperature
controlled triaxial apparatus as shown in Fig. 1. To
apply a thermal load to the specimen. heaters were
applied in chambers of triaxial cells that filled with
water surrounding the sample During a test, a
thermostat was used to control temperature,
automatically adjusting the amount of power
supplied to the heater based on the feedback from
the thermocouple. The soil and water temperature
of the triaxial cells were set to equal at least
lhours was requred 1o aclieve thermal
equilibrinm.

The undisturbed samples were timmed into a
triaxial specimen 50 mm in diameter and 100 mm
1 height. The specimens were wrapped with filter-
paper, side-drains were to implement to accelerate
dramage during consolidation and disperse excess
pore pressure during shearing. All tests in this
study were 1soiropically consolidated undramned
tnaxial compression tests m which the cell
pressure and shearing rate were kept constant. To
wmvestigate the strain rate and thermal effect. the
axial strain rates used were 0.02, 0.075. 1. and
6%/mun and thermal load were 30 degree Celsius.
45 °C, and 60 “C. Therefore, the number of testing
1 this study 1s 12 as tabulated 1n Table 2.

In a routine festing procedure, a back pressure
of 200 kPa. was applied to the specimen. until B
values were found greater than 0.95. Then, the
specimens were subjected to  isotopically
consolidation pressure of 450 kPa. The deviator
stress and mean stress in thus condition are zero
and 250 kPa respectively. After the consolidation
process, the thermal load was applhied to the
specimen under undramned conditions. Excess pore
pressure 1 heat process was generated based on
the expansion of water. Finally, the shearing was
done 1 a strain controlled apparatus with strain
rate as shown in Table 2

Load cell

Heater

Membrane

Thermocouple

Fig.1 Schematic diagram of temperature controlled
triaxial apparatus

Table 1 Physical and basic properties of the
organic Pakpanang clay.

Properties Value Uit
Natural water content (W_) 8681 %a
air dried soil 0408 %
Liuid hit, IT.
oven dned at 110°C 6897 %
Plastic limit, PL 3245 %
Plasticity index FI 6162 %
Total unit weight 13 tiod
Specific gravity, Gs | 267 -
Sand (0.06-2 mm)) ! 073 %
Silt (0.002-0.06 mm ) 5267 %
Clay (<0.002 mm)) ! 43.69 %
Conpression Index C, ' 0.668 -
Feconpression Index C, ' 0.14 -
Coefficient of Consclidation, Cy;! 1034 nffyear
Void ratin * 2253 -

S. Chewakul, T. Chub-uppakarn and T.
Chomphurat, 2013)
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Table 2 Details of test condition of consolidated
undramed trniaxial compression test at elevated
temperature units

OCR=1
Drainage Condition  Strain rate
on heat process (%/min) Temperature (°C)
002 N 45 60
0075 3 45 60
Undrained
1.00 30 45 60
6.00 0 45 60

3. DISCUSSIONS OF TEST RESULTS

3.1 Thermal Effect on Plasticity Properties of
Organic Clays

The ligud linut (LL) 1s the point at which the
consistency 1s transformed from a plastic state to a
liquid state. From experiments, the liquid limit
value 1s decreased when the temperature of the
oven is increased as shown in Figure 2. The ratio
of the liquid limit of air-dnied soil (30 °C) to oven
dried soil (110 °C) was found to be 0.73,
indicating that the reduction in the liquid limit of
oven dried soil was higher than 25%. Hence,
Pakpanang clay is classified an organic clay
following ASTM D 2487 — 06.

The plastic linut (PL) 1s the point in which
the consistency 1s transformed from a semi-solid
state to a plastic state. From this study, the plastic
limit 15 a constant value along with the temperature
of oven drying. As a result, the hquid limit and
plastic limit 1s mostly dependent on soil texture,
organic matter, clay nuneralogy, and clay content.
When the heating process decomposes organic
matter, a spongy structure 1s destroyed, decreases
the water layer surrounding soil Therefore the
liguid Linut at high temperatures of oven dry 1s
lower than the liquid limit at a low temperature of
oven dry.

3.2 Thermal Effect on TUndrained Shear
Strength of Organic Clays

The undrained shear strength behawvior of
organic Pakpanang clay subjected to Isotropically
Consolidated Undrained (ICU) compression
triaxial test in undrained heating conditions, in
various temperatures of 30°C, 45°C, 60°C and
strain rates of 0.02, 0.075, 1.0 and 6.0 %/min. Fig.
3 shows pore pressure m the specimen 1s mduced
by the undrained heating process. The excess pore
pressure was generated due to the increased
volume of water. The shearing process began after
the pore pressure was fully developed. The total

elapsed fime for undraned heating was about 24
hours. The heating time was the same as the period
of the oven dred sample as determuned in
accordance with the procedures in Test Method of
Classification of Soils for Engineenng Purposes
(Unified Soil Classification System) in ASTM D
2487-06. Heat transfers around all sample and
eliminates some organic matter. The test results of
normally consolidated (NC) organic clay will be
illustrated using three figures as shown in Fig 4 to
6. Fig.(a) shows the relationship between
normalized dewiator stress and axial stress. Fig (b)
indicates the changes in normalized excess pore
pressure with axial strain. In this diagram. the
excess pore does not start from pomt (0.0, 0.0)
because of excess pore pressure induced during
undrained heating. Fig(c) displays normalized
stress path deviator stress and mean effective stress
and the critical state line. Fig (c) shows that the
pre-shear effective stress (p’g) did not keep as a
constant because of the uncertainty of the structure
making 1t difficult to control 1ts mitial condition.

1]
Ws_ TS
L] L L R SR T T
a i, ERNY R " i
- "--_. R W h]
g0 T EOT
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E S
5 40 3
; g EAN LY gon 1M WS1 7 30EL 300 2907 M4 2033
Z 30 --_i_-.---..-..__.__._-_.-_.
a
" | ®Ligiud lamit, LL.
WP lastic [mit, PL
1]

Wom 3 s a0 60 e B0 %0 (M 110 120
Temperature , °C

Fig. 2 Liqgmd limit and Plastic limit values of
organic Pakpanang clay air dried and afier oven
dried.
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Fig. 3 Changing of excess pore pressure due to
undrained heat as a function of temperature.

195



191

International Journal af GEOMATE, Fuly, 2018 Vol 15, Issue 47, pp. 193-200

The exclusive results of this work show that
undrained shear strength of organic clay is
mcreased as strain rate increases. In Fig. 4(a), 5(a).
and 6(a), the diagrams show the changing of
normalized dewviator stress, qu'c’c 15 a direct
variable to the change of temperature while the
generating of excess pore pressure decreased as the
temperature increased. The effect of stramn rate and
the temperature is shown in softening behavior of
fine grain soil and directly related to strain
softening. The strain softening behavior of fine
grain soil 1s a result of decreasing of the viscosity
and doubling the layer, water in soil structure
easily moves out and the pore pressure can be
distributed all around soil sample. As the high
temperature i1s implemented, high strain softening
as illustrated 1n Fig 5(a) and 6(a). In Fig. 4(b), 5(b),
and 6(b), the undrained shear strength behavior
was related to the excess pore water pressure,
mdicating that there 1s a tendency that there 1s
higher excess pore pressure generated during low
strain-rate because the effect of excess pore
pressure that could fully generate and distnbute 1n
whole of soil mass. However, with the high strain-
rate the excess pore pressure could not fully
generate but only on the top and the bottom of soil
mass caused low excess pore pressure affecting
high shear strength. Pore pressure i the specimen
based on shearing state 1s continuously increased,
despite specimens beyond the failure state. The
trend of pore pressure at room temperature is
affected by organic matter in specimens its cellular
structure. When temperature is high (45 °C and 60
‘), the excess pore pressure will be constant at
large stramns as shown in Fig. 4(b), 5(b)and
6(b).This 1s one reason that shear strength of
organic clay 1s lower than inorganic clay.

Fig.7 shows that stramns at the failure of
normalized deviator siress 1n high temperatures are
lower than low temperature. This result affects the
decomposition of orgamic matter. Specimen
structure is formed as a rigid material when the
temperature is increased. The effect of the organic
matter has on undramed shear strength behavior
can be emphasized by pore pressure as shown in
Fig 8. Excess pore pressure generated on the
shearing process is decreased as the temperature is
mcreased. Undramed shear strength 1s significantly
decreased as the temperature 1s increased displayed
mnFig9.

Due to the fact that pore water pressure is
generated by an undrained heating process and
volume of specimens was not changed. (for the
study of shear strength behavior), undrained shear
strength should be normalized by normalization
deviator stress. The relation between normalized
deviator stress by effective stress before shearing
state and strain rate 1s 1llusirated 1n Fig. 9, where
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effective stress before shearing state 15 ¢’c. From
Fig. 9, the normalized deviator stress increased as-
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pressure and axal stramn (¢) Normalized stress
paths for the NC organic clay.
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between normalized dewviator stress and axial
strain. (b) The relationship between normalized

197

pore-water pressure and axial stramn  (c)
Normalized stress paths for the NC organic clay.
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water pressure and axial stramn (c) Normalized
stress paths for the NC organic clay.
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Fig. 7 Relationship between strain at failure and
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Fig. 9 Relationship between normalized deviator
stress at failure and strain rate for NC organic
Pakpanang clay.

the strain rate mcreased, contrary to the increase in
temperature, as the lowest strain rate (0.02 %/nun)
and highest temperature (60 "C) given the lowest
normalize deviator stress. as the highest stram rate
(6.0 %/min) and the room temperature given the
highest normalize dewiator stress.

3.3 Thermal Effect on Critical State Line

The effect of temperature on the critical state
behavior of orgamic Pakpanang clay was
demonstrated at different temperature levels. Fig.

4(c). 5(c). and 6(c), Normalized stress paths for
the NC organic clay shows that the heat stress
paths tend to move to the left of the specimen
tested at room temperature (30°C). The shifting of
the stress path to the left indicates that heat
strengthened specimens due to the failure of the
specimen at higher normalize dewviator stress result
from occurring lower excess pore water pressure in
the soil mass duning shearing. The slope M of
critical state lines indicates that NC orgamc
Pakpanang clay. at 30. 45 and 60°C are in the
range of 0.61. 0.55 to 0.69 and 0.58 to 1.00
respectively.

4. CONCLUSION

The object of tlus research studied the
mechanical response of organic clay as a function
of temperature and strain rate. As heat destroyed a
spongy structure of organic matter that absorbed a
water layer around fine soil 1s decreased. This
effect directly relates to Atterberg’s limit.
Moreover, the decay of organic matter 1s effect by
decreasing of excess pore pressure generated due
to expanding of the sheaning process. In straimn rate
effect, the tendency of undrained shear strength 1s
a direct vanation to strain rate. The behavior
effects pore pressure generating in the shearing
process. The slope M of the critical state lines
indicates that the trend of slope M does not clearly
change. Effect of temperature and stramn rate 1s
directly related to the path change of the stress
path to shaft to the left of the origmal critical state
theory.
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