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ARNON CHOLAPHATSRON : CONSOLIDATION BEHAVIOR OF
COMPOSITE SOFT CLAY GROUND. THESIS ADVISOR :

PROF. SUKSUN HORPIBULSUK, Ph.D., 93 PP.

COMPOSITE GROUND/CONSOLIDATION/MODEL/SETTLEMENT

Columnar inclusion is one of the effective and widely used methods for
improving engineering properties of soft clay ground. This research investigated
consolidation behavior and pore pressure and stress developments in composite soft
clay ground using physical model tests under an axial-symmetry condition. The test
results were compared with finite element simulations. The Plaxis 2D program
Version 8.2 and 15 node triangular elements were applied for the simulations.

This study shows that final settlement of the composite ground increases with
applied load. At the failure state, the stress and excess pore pressure developed in the
surrounding clay suddenly increase. The excess pore pressure at the position close to
the soil-cement column dissipates very fast because the cracks on the column act as
the drainage path, accelerating the dissipation of the excess pore pressure. Even
though the strength of soil-cement column increases with cement content, the stiffness
does not. As such, the input cement only controls the failure load on the composition
ground, not the resistance to compression. The final settlement, rate of consolidation,
stress concentration ratio and excess pore pressure are controlled by the ratio of
diameter of soil-cement column to diameter of composite ground. The dissipation
behavior of excess pore pressure in the surrounding clay for both single and double

drainage conditions is similar to the 1-D consolidation behavior of the natural clay



(without soil-cement column). The coefficient of consolidation obtained from a
relationship between settlement and time of the composite ground by the Terzaghi’s
theory can be used to approximate the rate of consolidation. This approximation is

close to the finite element simulation.
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Wasundasanunutazaruauihigrwnuluwlaaunumal aaiay sulunsayu

AU LIINNUNUT H

Total stress increse Pore water pressure increse Effective stress increse

—>

Ao,=0
AG‘-—>|
Depth Depth Depth
(a) Attime =0
Total stress increse Pore water pressure increse Effective stress increse

AG‘-—>|

Depth Depth

(b) Attime 0 <¢< Q0

Total stress increse Pore water pressure increse Effective stress increse
—>
Au=0

AG‘-—bl
Depth Depth

(c) Attime =00

Y 9

o 1

A A v Aa & o a Y}
iﬂV] 24 fnilﬂaﬂullﬂa\‘l““@\‘lﬂj]ﬂlﬂﬂi?ﬂﬂlﬂﬂﬂlu ANMUAUUITIULDU LLAZANUIAU

Y
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szaNSHaNNVIUN VNI

a

224 MsmamsngadtiesInmsoanimetilgugi

U
Y

NNTAWIAAUHNGNTANUAUUMNNY H UagNUAMIINAIIINY A uazsy
9y v A A dg’ Y 9y dyl Y a = a 1
ANUAUNANUMNVVWMINY Ao, ANUAUtne Iinamsiasundasvestsuas nazdana

i

] 9 H
NANIINIAANUBIINAITOAAIAIBN UNIAY 5, (UM 2.5)U501a3

9

alasunlasdinaldail

Cross-section area = A Volume
YAV, Cross-section area= A Volume
J%A v
: WA A
eight .
FSE _ Height
V., V.V~ Ocd |7 V. V. v
solid l l J Void |
H H l v
solld

v ] 9
317 2.5 MIngaauiioanInmMsdaaInI
AV =V, -V, =HA-(H-S.)A=S.A (2.4)

A A a A g
o Vo AodTuasisuau

v, AndTuasganie
AV=8.A=V,,-V, =AV, (2.5)

A A a 1 J v 2 a A g9
o Vo A0UTNINTUDITOIINTTHNUNAAUSTUAY

a 1 v U 3 a
v, felsmesuesreeinsynnuiiaaugaiie
o A [] 1 1 < a 9
AMNAMUITUVDITOIINISHINIUAAU fl]zllﬂ

AV, = AeV, (2.6)
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d’i A d' (% ]
140 Ae AoMTI)asuilavueionstaIu Insg

d‘ =) le’ 1 % d' 1 1 1
nMslasundasveslsuiasnarnuamnumslasuuiladuearedlnase g

Y
%

3 a Y
WaAu (AV, ) A9UY

v - Vo _ AH 2.7
I+e, 1l+eg,

Lﬂ' A o [] Q' 9 td' a
o e, APOATIAIUINTAUTUAUNYTIINST V,

FaiunaUNIN (2.4) 09 2.7) azld

AH

AV =S, A=AeV, = Ae (2.8)
T 1+e
S, =H-2¢ _.p (2.9)
1+e,

A < v A 9 o @ A a
quUnNITN (2.9)LﬂuﬁNﬂWiﬁﬁﬂ‘WGl‘]fﬁluﬂWiﬂWu'Jﬂ‘lﬂTﬁ“Vquﬂﬁl'JlﬂJfJiJfﬂﬁ
A @ 1 A = 1 ' 1< A =
L']JaEJULL']JQQGUBQ@GWK‘T'JUTW?QW?@ﬂ'J”I?JLﬂiEJﬂ LL@]@EJ”Nlliﬂﬁ”lll ﬂ”lilﬂﬁf]i!LLﬂﬁQﬂ'J”lllLﬂiElﬂ
a &4 21 A~ = Y a a v @ @ Y o
ﬂxmmmﬂﬁamauﬂmﬂaauuﬂawmmmmuﬂizﬁmwa ANUU ﬂ"li‘ﬂiqﬂ@nﬁflﬂiﬂfl@”lﬁﬂ

I

v Y v
ANUFURUT Iz I asunasnnuassanaz AUy a9 7un15N (2.9) A5

e

v A

weuIni'ld aail

S, =m,Ac H (2.10)

@

e m, Aedulsz@nimsoaniveIuias (Coefficient of compressibility)

1 1 < I VoA [] ~ @ [l [ 9 A
LL@]@EJ”I\‘]ll'iﬂG]”Ill m, LﬂUﬂ1TIl13Jﬂ\WILm$LL']J§Wu’E)EJN?J”Iﬂﬂ‘]Jﬂ'JTJJLﬂuGLuLLH'JﬂQ
[ :;’ 4 o o o 4 J
(0'1',) mumﬁammaxmﬂ“lumimmm 15191919051 ANMUTUNUT T4 e—logo,
v o d J o v v g’ ! 1 @ a 4
NNANUTUNUT Li1ﬁ1ﬁ”lll”l§€]ﬂ”ILl’JiLlﬂ”li’f)ﬂﬁ?ﬂ?fl‘lﬂﬁﬂ?]”mlﬁ}u@nﬂ 9 Tago1ReN13 130005

uATDIAI FefAoANUFUVDINT I ¢ —logo! TuFIRBULAZHAINNAUATIA (C, 182 C,)
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Y Yo H v
Tagauuainanuiunaesinaned lundsduanuanudulunuias masamsngada
9 a (3 Y] dy o 9 1
Taglemlnes NIaeIdIHuaAIdIauNMsuNE 1

) v A ~ Y o A v W a
ﬁ”ﬁ’iiﬂﬂuﬁ(ﬁ!ﬂ?qiwuﬁxlﬂfﬂﬂﬂigﬁTHB@]@]’Jﬂﬂ@]

CH A
§ = 1og(0v0 UVJ 2.11)

c ’
I+e, o

o [T = Y o d’ [ Y] 1 aa = [ d’
ﬁWWiUﬂumuﬁl’ﬂiWH‘ﬁgL%@Nﬂi%ﬁ1u@ﬂﬂ’)u1ﬂﬂ’ﬂﬂﬂﬁ AUV UHIINUTSLITDU

Uszaudadiunnnd tazdumiledIMus¥oulse a1y Meta-stable

CH o, +Ao, 4
Sc —_s log v0 - v !fl'ﬂ oy +Ao, < U;, (2.12)
I+e, o
H o H '+ A 4
S. =CS_10g_'}+ C log %vw0 - O !ﬁ@ o, +Ac, >0 (2.13)
I+ey o0, l+4eg oy '

e . AoANNFUVDI e—logo, TuFIMAIANAUATIA
1azi5enMATHN150AA (Compression index)
C, AoANUTUYINT I ¢—logo! TUFINOUANMAUATIN

=) v A 4 .
HASLITINAFUNITNDIA (Swell index)

Y

PIUN

(%

A o A A dg’ £ d? "o o oy o dy A
Ao, ADANUFUNNNUU FIVUDYNUANHUSVDIUIHUNVITNNUASWUN

225 'é‘)'ﬂﬁ'shum?ngﬂé‘hgﬁmi}mmaé‘w’wéﬁmaﬁﬂgugﬁ

Terzaghi (1925) Wunuusnfieruongug lumsdnnusanmngaduiiosnn
mssammethvesdumilendusdae ﬂwiﬁwuam@‘%ﬂaéuuauuﬁg1uﬁ’j1

1) Aufiquantifaivanenazmilousunniania (Homogenous and isotropic)

2) fueganmauideih

3) Aunazihfiquaiasad 114

4) msszmafiwagi“luﬁﬁmgﬁmﬁu fuiunssadmmeriifadulufimmadien

5) ﬂ1s"l,wamaﬂ‘;ﬂuﬁmﬂu"lﬂmuﬂg]mmmﬁ

o a Qd = 1 a A d‘
6) FuUs2ANTMITUAUVOIAUNAIAIN
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]
AA o

' v ' ' v 2
31N 2.6a apIFUAUNTANUNU 2H, NYTTHINTFUNIIENTdN52TNT

L]
E4 9 v
= 4

A = 1 4 qa: a 4 Y A A d? 1w @ o A
NFUNTIUGZI DIFUAUUYDINANUAIYAITNAUMNYVUININY Ao, ﬂ’NiJﬂuuTVlﬂﬂalﬂ il
E4

U

9 3 9 E4 v 9
Tuguausziiudiu dmsumsoadi luniamaden Wz Tnaraulunnaegsunsie

D.

3’ ] a < A Y
5U% 2.6b uaaani1s lvave i IuNIafwEan q N5z z la qaz1dn

U

£ =

H 1 1 Y
msdsulsuiasinaila q esnmihinussnniauiinudasinis lvasenminy

e

[

@ 9y = 4 =
oa31Ms lnad uazi@eulugdvesaums ldasdl

(vz + &, dz]dxdy—vzdxdy _V (2.14)
o4 ' ot
ov, oV
dxdydz=— 2.1
o Ty @.15)
Ac
I B N &
T
,,,,,, Y o h=uy
Ground water table
Sand
i
z w
Sand
(a)
(v, + », dz)dxdy
0z
dyj E
dZ ///L77 777777777
Tt
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! qg/’ a { a v W g g‘ a <
U 2.6 (2) FuAuAanTBadIMe (b) M lvaveuh ludeudauan o
Y
FENINMITOAAINYIN
A A a a <3
we v AodTuIATvRINIAALEAN 9

9
v. Aedas M3 lnaveuhluianie z

NNAUMTUDIATG
v, = ki= k2 K Ou (2.16)
' 0z y 0z

] Y
o 1

] ' 9y
3o Au ABANUSINEIMAUILDINNMIN UV UVDIANUIAY

NANMIN (2.15) azaunan (2.14%) 2214

k&A1 oV

— z 2.17
v, 07°  dxdydz ot @17

v v o 3’ o { a a [ 1w
5HINMIBAAINLHT 9asIm s asundasdTuiasvesuiadwan q NNy

@ { a ] 1 ' 3 a @ :/’
90351 51asula151105v9995997195 2 NUTAAY A9

W, O reV) OV fe, OV (2.18)
ot ot ot ot ot ot

A A a a
1o v, folsunasueanianu

a = 54

a ' 1 1 IS a 1A ' Aav o ]
v, ﬁ@ﬂiuW@liﬂl@ﬂ“B@ﬂ?Wﬂigﬁ'JWQLN@W‘IH umﬁmmmmuuﬂmﬁuwmﬂmllu"l@sf

q

wld Yo o ay v, - V- Ay gogfy)
ot l+e, l+eg
oV _ dxdydz Oe (2.19)

ot l+e, Ot
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A o 1 A v
o eoﬂﬂﬂﬁi1ﬁ3uTWSuimmu

NAUMIN (2.17) 1o (2.19) 214

koAu_ 1 de 2.19)
Ve 072 ltey ot ’

{ [ 1 a < 4 {
malasunilasvesdasidiuInssazina ldnaoiiotnislasunlasnnudu
a a al % % J 1 H @ 1
Uszansima orauuaNaNNFuRUT Iz alasunlasdasiaiuInsanazanudu

dszanswadluilansuguduass az'ldn

Oe = a,0(Ao,) = —a,0Au (2.21)
1 a, Ao ‘"ﬂfﬁmiquﬁ’s (Compressibility index)
TagMITauaunIan (2.19) tazaumsn (2.20) az'ld
k 0*A oA oA
- T (2.22)
Y 02 1+e¢, Ot ot
2
Su ., oo (2.23)
ot oz°

] 4

o m, fodudszanimIsadivesdSunag (Coefficient of volume compressibility)
A
A

[

Y
aduilsz@nsmadadinen =k/(y,m,)

v k4 Y
ANNITN (2.23) AOAUMTHUFIUYINGHYNTOAAIA10111 LAZITIAIWITD
A 4 = .. @ dy
Nozunaums lagl Boundary condition A9U
z7=0, Au=20
z=2H,, Au=0

t=0, Au = Au,
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AAOVVDIAUNIAD

4| 2A M 2
Au = M”o sin(—zj e M (2.24)

A Vs
10 M o= @m)
Y v
Aty v= ANUAUTNEMUAUTUAY (1 =0)

$ 1 4 . [~ o 1
7, =2l FaFondwmamesiia (Time factor) ifudauls v
dr

Y v
TZAUANTNITOAAIA10111 (Degree of consolidation, U, ) NANAN Z UL

A A
Anala q Ao

_1_Du, (2.25)

Y
o i

A A Y a o =2
o Au, AoANuAMId@INUNANNanLaznalla dl|

= Yy 9 @ v A A v oy A
INNITTINAUNITN (2.24) 1AL (2.25) 1U1AIYNU TLAUVANTNITOANIAIYUIN

=1

anuanla q eusouansldaezalin 2.7

U

2.0
T +=0
lV \v, //
15’/ 0.1 5 // )7
arx 04 // 77 .8
[ a 4 .(/ Mfod /{)).9
_z 1.0 N W -—— '
ch \ \\
N
0.5 \
0

0 0.1 02 03 04 05 0.6 07 0.8 09 1.0
Degree of consolidation, U,
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{ v o 1
U 2.7 ANudNAUEIZHIN U, 1ag T,

U

v Y
ANRAYTLTAVNITOAAIA1811 (Average degree of consolidation, U) Aaon

=2 09/’ a ~ A Y o dy A = Y
mmaﬂﬂmwuﬂumummaaﬂﬂ 9 ﬁﬂﬂiﬂ“rﬂl’lﬂﬂﬂu NTUNITN 2.25 mmammau‘lmﬂu

=1- —_r 2.26
Auy S, (2.26)
A = o A
e s, Asmsngaaafinanla
uNUA A, INANMIN (2.22) aaluaumsi (2.24) vz 1a
~ m=o0 2 7M2Tv
U, =1- ZF (2.27)
m=0

1 Y ]
lunsaif av, TAUMAUADAANNANYBIFUAY HAVDIMABVVOIANNTT

02

04 -

0.6 -

Time factor,T,

0.8 -

12 | | | | | | | | |
0 10 20 30 40 50 60 70 80 90 100

Average degree of consolidation, U (%)
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! v o d J @ v o 091 J 4
gﬂﬁ 2.8 ANNFUNUTIZHINTZAUMIOadIMetazuamesIan Lﬁ@ Auy

A A =
UAPNNNADANITNAN

Sivaram and Swamee (1977) l¥UBANUANTUTIZHIN U waz T, d iy U

A 1 Y = @ dy
NUAITEHINNTDYAL 0 DY 100 AU

U% 4T, 1m)%
100 |14 qar, /.7y

0175 (2.28)

A a1

v F4 Y [
Tunsaifan Ag, i1 lunsnnasanNENvEIFUAY STAUMITBAfIMeiIRAY

oAUl 1an

J"ZH[I' Au,
'(-)211 (2.29)
j “ Aug

Y ]
ANNFUNUTIZNINNTEaUMToad s undonazulaaos alnaas

[

H 1 F4 9 3
A9 2.9 Feeglianuuana1anu YuegnuanymenIINTZBVeIANUALINE AT LAY

U

Y 9 v
nazanyUzMITzUIei (3zethmufeImIedean) aaaaslugii 2.10

Time factor, T,

(()).001 0.002 0.005 001 002 005 01 02 05 1 2
I T T I T I T T I TTTT I I T T I TTT II

Average degree of saturation, U
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A v o d J @ v o 3’ = 4 A
E']J‘Vl 2.9 ANNFUNUTIZHINTZAUMIDad MR agLazuNNaesIa thio Au,

v [

UA1919 9 Agg1li 2.10

Curve (1) Curve (2) Curve (3)
(a) Open layer

R, b e
Curve (1) Curve (2) Curve (3)

(b) Half-close layers
(% @ g’ 1 a A g
gﬂ 2.10 aNHUELNITNTLIYANNUAUUITIUNULITUAU

2.2.6 m3vadmmeri)gugiluaufiama (3-D Consolidation)

Skempton and Bjerruum (1957) na1331a354mMsU5uudnisniadiffiuia

Q

2
1

= v o 3’ 2 a Y A o yaA IS J o 1
mﬂ‘nqygmsaﬂmmauﬂuwumﬁmq Lla3"lﬂuﬁﬂﬂ’ﬂﬂT]JiiJLLﬂLl‘llﬂ”IL']J‘L!‘WQﬂ‘HWU@Qg’]JiN

E4
=1

dg’ Ao 2’ o o [ 3’ an o Yy a Y v Y
VOINUNSVHIHUN wazdmdsaruauiii A 3ﬁﬂ15ﬂ5ﬂ!!ﬂ@‘ﬁﬂ1ﬂllﬂﬂ\1u .ﬂAlfJi@]ﬁﬂAlfJg

Y Il
msoadinteiilunilananig
-H
Seipy = jo m, Audz (2.30)

[ F4 [ Y
19 Au=Ac, + A(Ac, — Acy) AU MIngadatiesnnmsoaaimeti luawianaumny

Sc3-p) =I vao-l(A+ % (1—A)JdZ (2.31)
0 AO-I

9

4
ﬁuﬂizﬁﬂ‘ﬁmi‘ﬂqﬂﬁﬂ (Settlement coefficient) mmmmmm"lﬁmﬁ
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.H A
mVAO'I(A+ 73 (l—A)jdz
Sc(3-D) _ Ao,

S H
<(1-D) j m,Ac,dz
-0

c

A o ag Y = A o @ a Q‘/
oANNAZAIN TUMIATUIN duud I m, AT 4 AN ASUU dulseans
E4

% Yo A
ﬂﬁﬂﬁ;ﬂ@l’lllﬁﬂﬂl’lﬂﬂiu

. =A+(1-Aa (2.33)
H
I Aoydz
a =%— (2.34)
J-OAO'IdZ

Mued o« odulasldnguidangu mnmsunuaidasidiuTnagesly

Y v
anngliszenh v,) 420 0.5 9z lamues 4, awaaslugli 2.11

—_
[\S)

—_

o
o0

Settement coefficient, £,
=)
o

0 0.2 0.4 0.6 0.8 1 1.2
Pore pressure coefficient, A
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—
\)

£
=
i

o
)

Circular footing

Settement coefficient, /.
o o
=~ o

e
()
T
1

=]

0 0.2 0.4 0.6 0.8 1 1.2
Pore pressure coefficient, A

4

JU7 2.1 duilsz@nsniangadd Au, (Skempton and Bjerruum, 1957)

U
a a

227 MI0ANIMYINNALN

Q

. <3 1 J @ g’
mInaae luauIn (Lo, 1961; Mesri, 1973) uaaalimiuindaudnanuaui

v a3

1 a <} 1 @ IQy o 1 v v A 1
mummziz‘uwhlﬂﬁmué}aﬂmu L!@]ﬂWﬁﬂiﬂﬂ?ﬂﬂQVlNﬁuq@ NAUWUIINITNTAAIGUNABDYIN

a

1 d' 9 9 a A d' [ dyd 1 (% a
aotleamalannuauilszaninanan ﬂﬁ“ﬂiqﬂ@l?]ﬂizLﬂﬂulﬁﬂﬂﬂﬂﬁﬂqﬂ@nnﬂﬂgh

09/’ o Y] { { A 1 1 a 4
mu@laumimmmuﬁmmgﬂﬁ 2.12 “ﬁmm&ﬁ}ualuummﬁmm ATNITTUIABDT

a a

mingaamasgiilunaazanudulunuasdia ldvinanuduveansiv e—logr ludas

@ { o v W 3’ a o v o 2’ a a a 4 v W
i \1i]‘ﬂl,ﬂaEJL!Niﬁnﬂﬂ15@ﬂ@]'Jf’n8“1ﬂ§u§ﬂlﬂuﬂ1§ﬂﬂﬁ?ﬂ18u1 NAYHU WITTUIABINITDAANT
= (3 %

a a 4 @ [ [ @
1A 891 (Secondary compression index, C,,) AU TUHUT IAsATINVABUNITOAA

2 a

{ A s o a °
(COH’IpI'CSSiOIl index) Tﬂﬂﬁ‘W”ﬁmL@]i’]iﬂ”li’f)ﬂ@’mﬁﬂguﬁm”liﬂﬂ”l‘L!’Jmllig{ﬁ]”lﬂ

q

Ae
= 2.35
“ Alogt (2.35)

e

Mesri and Godlewski (1977) 181271903181 UT2 119 C, ag C, WA
O'QSJ‘ @

5241719 0.025 84 0.10 (Sridharan et al., 1986) tAUOANNTURUT TEHINNIINNO3TIA0IA

£ @

logC, =0.78471log C. —2.0431 (2.36)
a C
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2
E
- ¢ Slope=C,
S
>
[Cc]l
[CC]Z
[CC]3
log t log Oy
U4 2.12 msfammiinesmssadmasgl
@ a a o Y [} dy
myngadmasgiannsadia lannaumsaade li
§ —c _Alogr (2.37)

“ (1+el()0)

A A o ! A a v o J Ay
V1G] €00 ﬂf’]@@]3”Iﬁ’J‘LlIW5\1‘V]Lﬂﬂﬂﬁliﬂﬂ@nﬂ1ﬂu1ﬂiuﬂuﬁﬂfla3 100

Y

23 siuwpvesmsiSuilyedunramatiananan
1% U 3 a A s A 9 Qaj a 9 3
JUHUUY9INITTAINGUIANINAUFIN UMW AT 1T UANY TENRVAIBIA A
(Composite ground) A 1315 autioeniiu 4 juuun 1&uA UuUE TN (Column type pattern)

511 UUA N (Block type pattern) 31/ 111U 11W 4 (Wall type pattern) taz 31unuInsadn

(lattice type pattern) ﬁmﬁﬂﬂugﬂﬁ 2.13
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Soft ground Soft ground

I

u

(a) Column type (c) Lattice type

Soft ground
Soft ground

(b) Wall type (d) Block type

31 2.13 glupumsdsvljeAudrematianandn (DIM group, 2000)

U

2.4 MIP0NMULGIUIINENTNAUTIUA

24.1  MABVINMINUIINNVBITUTNAY?
a va 2 A a & £% A a va a . .
msNiaveuauIu@evznatula luasinsdinon13 A 1uaY (Soil failure)
a wva o < a 4 Aa va a o
HAZATINA TUA T NTUAUFINUA (Material failure) N1519 1AL LATHUAIUANTIANIY

1 S a A J a 9 < o v w A <3
FEUNUTUVVAUFIUUALAZAUTOVUIUF NN Lagads UL UM unlataiea iy Gluellﬂw

a va [ <

{ % < o o a J oy @
N 01530 TuANTNINITUYTAUAIUAIGI0AVO LA NUNAUTINUA HUHIHUNUIIND

< a A L 1 AA A a va a o Y
YouauInAuFIuA luanz iszuelunsainnansiialuau (o, ) @wsadivoula
9

=
JU
O-ult,soil = (”dcol Hcol + 2'25”‘!301 )SM (238)
A Y ] -4 S a A 4
ADLTUNIUFUINANUDUT UUNAUBLNUA

A
I$\J3] d

col
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A 3 a 4
H,,; A9AMUINVDUTUVUAUFIUUA

o w a <
S ﬁf’]ﬂ]aqgf’]u1/]11!!!5\1Lﬁﬂusllﬂﬂﬂu5@u&ﬁ]lmu

u
dy ana = ' 3 a A 4 a [
AUNTUTNUAIANUTYIANTIUTIEHITUT VUNAUFINUALASAUTDULT UV
a A = " o o v 9 A Aa < o A = A
AUBLNUANAUNINUNIAIATUNIULTIURDUUDIAUITD UL U (ﬁuﬂizﬁﬂ‘ﬁﬂ”liflﬂlﬂ”lzﬂﬂ”l

v o o =X

[ o ~ <= T W o cial =2
IMNY 1) agn1ay vuupmundared@nuuiaunmny 9S, muﬂwﬁmmumﬂumsaammu

MITUNIUAU
(Shen, 1998; Miura et al., 1998) 1891015 NAaBUMIGIA UM UUTURDUVD I
a S a A L Y a wva 1 o o Y A
AUIUIAMVNAUG LU lupliiansuas Tuauy wInWUNMEIEUMULT URDUYDI
a = 1 v A [ 1 L] <3 o v Y = = A dg’
AuvzlimanaIvg AR URInaIMINay uaee1a 1snay Mdsdumuusafeuziia uN LY
4 4 Y] @ g’
A1NIA 11999101510 N 1591 Thixotropy N159AAIA1YI HAZYVIUNITNINUAT YUIY
v o g’ I ] g’ 1 a g’ 4
MITARIMEUAZVVIUMINMAATT UVVIUM I TEVIIANUAWINEIAY 1oz UGy
v a a (] 9 a A a 1 oy = J 9 [
lgsdunedsoudearmuursosusnluauinaninmsnmiiygudiwud dAren1uaugs
Y
. o w a < [
(Shan and Miura, 1999) A181%A 7104 1AIATUNIULTUNDUYDIAUADUTOULAUTNHAIIIN
919U 28 Ju ian)szanadesas 70 D9 120 YIMAIRIUMULTUNDUITUAY LAZDIINIITN

181 Sdedrumuusudeufienguuny 28 Tu iaumiuhasdumunsadewsudu

o [ ~ a wua ] S a A .
Fmsunsain133T7a luduauduauduud (Horpibulsuk et al., 2004b) lauaaq

' o w a =

< SN 1 @ a a 4 a a
lﬁlﬁu?1ﬂ1ﬁﬂm@ﬂﬂulﬁuﬂ?%mu@]lllll!ﬂiNu@]TﬂJﬂ'JTNLf’%}uﬂﬁgﬁﬂﬁwa Lﬁammgﬁ}uﬂszﬁ%ﬁwa

2 A o

1 <; 1 Aa o [ YY) < a o 1 Aa
dardindianuduniinuin lun1ad §1a drdedaveuauinaudmuain lamu 400
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Material Sand Bangkok clay Soil-cement column '
model Mohr-Coulomb Soft soil Mohr-Coulomb ot

Type Drained Undrained Undrained -
Y st 17 16 13 (C=40%) (kN/m’)
14 (C=60%) (kN/m’)
Yo 20 18 13 (C=40%) (kN/m’)
14 (C=60%) (kN/m’)
k, 3.43x10° 1.0x107 1.0x10° (m/min)
k, 3.43x10° 1.0x10" 1.0x10° (m/min)
o 13,000 (Top) - 120,000 (C=60%) (kN/m")
52,000 (Bottom) - 112,000 (C=40%) (kN/m’)

" 0.3 0.3 0.3 -

P - 0.095 - -

= - 0.0095 - -
¢’ 1 1 500 (C=60%) (kN/m")
200 (C=40%) (kN/m’)

27 (C=60%) 0

¢ 37 21
25 (C=40%) 0
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Abstract

Columnar intrusion is one of the effective and widely accepted means to improve the
engineering properties of soil clay deposits. The present paper investigates consolidation
behavior and stress on the composite ground using a physical model test. The test results are
compared with the finite element simulation ones using PLAXIS 2D program. It is found that
even though strength of soil-cement column increases with cement content but stiffness does
not. As such, the cement content is only controlled the resistance to compression of the
composite ground. An influential factor controlling the final settlement, rate of consolidation,

stress on soil cement column and stress concentration is the ratio of column diameter to
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composite ground diameter. The physical model and finite element simulation results (stress-

strain response, final settlement and rate of consolidation) are in very good agreement.

A1dn wr].l_,: Composite ground; Consolidation; Model; Settlement
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