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ABSTRACT
SOIL IMPROVEMENT BY SOIL CEMENT COLUMN FOR SOFT MARINE CLAY ( KMITL
AREA BANGKOK ), THIS SPECIAL PROJECT IS CONCERNED ABOUT SOIL CEMENT
STABILIZATION , APPLYING AS SOIL CEMENT COLUMN METHOD TO SOLVE SOFT MARINE
CLAY PROBLEM WHICH IS ONE IMPORTANT PROBLEM AND HAS VIOLENTLY EFFECT TO CIVIL
ENGINEERING WORKS. THIS SPECIAL PROJECT ATI"E'MPT TO STUDY IN THREE PART AS
FOLLOW :

1) STUDY ABOUT SOIL CEMENT COLUMN CONCEPTS : INTEND TO STUDY STRENGTH
DEVELOPMENT OF SOIL CEMENT STABILIZATION, PROPERTIES AND BEHAVIORS OF SOFT
MARINE CLAY WHEN MIXED WITH PORTLAND CEMENT TYPE I AND SOIL CEMENT COLUMN
PROCESS. SUCH AS JET GROUTING, ROTARY MIXING , WET MIXING OR DRY MIXING
METHOD.

2)LABORATORICAL TEST : TO TEST PROPERTIES AND BEHAVIORS OF SOFT MARINE
CLAY WHEN MIXED WITH PORTLAND CEMENT TYPE I IN VARIOUS MIXED DESIGNS .
UNCONFINED COMPRESSION TESTING AND VERTICAL STRESS TESTING ARE TWO
LABORATICAL TEST. THIS RESULTS WILL BE USED IN SOIL CEMENT COLUMN DESIGN TO
SOLVE SETTLEMENT PROBLEM IN ROAD CONSTRUCTION.

3) CASE STUDY : WHICH ARE CIVIL ENGINEERING PROJECTS IN THAILAND, THAT
USED SOIL CEMENT COLUMN METHOD TO SOLVE SOIL ENGINEERING PROBLEMS.

FROM OUR STDYING , WE FINDED THAT SOIL CEMENT COLUMN WILL BE A NEW
CHOICE FOR SOIL ENGINEERING WORKS IN THAILAND. BECAUSE THIS CONCEPT AND PROCESS
OF THE METHOD ARE EASY TO UNDERSTAND. AND CAN BE APPLIED TO
VARIOUS KIND OF SOIL ENGINEERING WORKS . NOWADAY IT WAS USED IN VARIOUS
PROJECTS , SHOULD BE WIDELY STUDIED IN THE FUTURE.
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MIBNUULNATMIITIHYBY SOIL CEMENT COLUMN

4.1 misaniiuy SOIL CEMENT COLUMN
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4.2 ¥iann15v93 SOIL CEMENT COLUMN

4.2.1 m3sutimiinuee SOIL CEMENT COLUMN
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Sheor stress, T
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strength, Ccol, max
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Normal stress, 0
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4.2.2 MINAMN
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Asngadanuandmusofnu ldnnaunisi

a=1t_/G . = == (6)

ave ave

=
S
R
i

fyuuanATEr Iy

' -~ ot a 3 <
ﬂ'\ﬂ'lWHlﬁulQﬂulﬂﬁUﬂﬂﬂﬂuiaﬂﬂquWIJ

~
]

= W, /[2B+)H] < C, /15

G ave

BG

(B - md)

Tay G = fi1 Shear Modulus ¥D9AY

ave

L4
a  w

a v 4
B = mwnvenSnunquiuiaan

’ Y
m = §uTuLmIvBUESURAARY



.
#

¢ Fd g a o (4
d = mumugmunmwmlﬁwuﬂucmuuﬂ

' . a 1 g a
Gy = M1 Shear Modulus ¥8IAUIBY 9 ITHNUTUVUAY

= A L] )
Fuuagadinlszn 100 ¢, Tae ¢, flo i
s MOUVBIRUVTIUTOU 9

ad > t < [ a
Tunsdifideinisnuguaimiasuanseveuauinlilinaduly Iy

o

b 4
ANEANAIMIININ Cu /v, Ussnw 1.5-3.0 Jusgivzssulimniamunnsn
9 ] U o z :; A " Y a o o
vinteumils  isenYszmnanuemvsinguidutrduiie luldinanisngadafuan

anfuuniulyiden
H = ( 7,,9L)/{2(B+L)aG,,] (7
e'l ar . :’ LY 1 ] 9/ \
i 1, = oandusaimindwinidusaugilvsingy
SOIL ) ) CEMENT COLUMN
a = nusmsnasusnangegaiveuiuldimisadiu

( RADIAN )

width, B

Angle change, &

l
___
\

7 7—71—1

Column
length, H

|
|
)

R D

Average perimeter
stress, T,y

s

—~—— ————

—

1'
b

?

Angle change ,

31]‘7'1 4.5 CALCULATION OF DIFFERENTIAL SETTLEMENT

74



T v oo e

4.3 unaalumaiulyepunneuuuinaeatiumalulagnszesunduhigammsma

e
nvile
4.3.1 Yoya¥uau

nswnuRansnzdsemulgiinamenl  nnquinizuinuSunaslszng

[ 4
Y3 sudimeluanifiumaluladwszsonndudqunmsmanseiie aglfiudoyaldasd

Depth Group LL PL PI e Cc
Yt UC
(From-To) Sym (1+e)
1.5-2 CL 1.81 '46.55 26.69 19.86 1.080 0.46 0.158
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13.5-14 CL 1.65 41.40 22.50 1890 | 1.606 0.63 0.108
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Sm.
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= tan’ (11/Z) - tan" (6/Z)

tan’ (6/Z)
tan” (11/2)

(1.81-1)09
0729 T/m
2%6{(5+6) (tan = 11/09) - 6/5 (tan” 6/0.9)}
T 5 .
2
3T/m
(1.8)%(0.158) log {{0.729 + 6) / 0.729 }
0.275 m.

(1.81-1)18 + (1.6-1)6
6704 T/m'
2%6{(5+6) (tan  11/10.4) - 6/5 (tan” 6/10.4)}
T 5
2
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(17.2)%(0.103) log {(6.704 + 4.44) / 6.704 }

0.391 m.
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Ac, DananAudu 3 2H6{(5+6) (tan - 11/22.35) - 6/5 (tan 6/22.35))
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2
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Ah = (6.7)%(0.068) log {(15.736 + 2.640) / 15.736 }
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5%21.5
21.5+2
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(0.81*1.8) + (0.61*15.2)
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4%(0.103) log 4.57 +10.73

10.73
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2154735
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15736 T/m

6.7%(0.068) log 15.736+3.73
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0.063 +0.042

0.105 m.
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1. Stabila 3000

2. Stabila 2000 '

i
Type Stabila 3000 Stabila 2000
SERIAL NUMBER 60000, 60001, 60002. 60003 50007, 50008, 50009. 20010 -
WIEGHT (TON) 10 35
HIGHT (m) 2 17 .
IENGTH (m) 8.5 8.5
WIDTH (m) ' 132 kw 6 cyl. VALMET 112 kw 6 cyl. VOLVO
HYDRAULIC PUMPS ~ LINDE . HYDROMATIC-REXROTH AND LINDE ;
| SYSTEM ) Automatic, Cpmpuierised Automatic; Computerised .
MAX INSTALL DEPTH 20m. 15 m. |
REPORT Computer Print Out Computer Print Out

4
gunsae q
' | (v.-\ - - . .2 a - ! o
L. gunseiiaUTwima Ay (Lime W30 Cemeno finAnagluds
2. Qﬂﬂiﬁf’?ﬂﬂ’ﬂhﬁﬂﬂi (Pressure guage)
" v e g < ﬁ
3. gunsalfannusisauveunuman uazlunay (rpm)

) .

4. gUnsaliamsunduvpaunuman
5. gunseluaadiumislunay

o a
6. UnTIALLIA

71 5.12 uapesvazBuansesinsiasgunsoliilih SOIL CEMENT COLUMN Tav33
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Report (Computer Print Out)
Pile : A Length : B ; g
-Used: C kg/m:D Example |
P, Q, R = Scale Of Cement Content, kg/m |
Installed Depth P Q R

(m) L___ _ 1

10 ____ —-t - Fiier 3 Length: .
o .- Lsec: 2158 xg/ne 2.2

OL =0

§ o Fommmm s 32.4 37 02.¢
T +_ __ T -~—e e e
¢ ..
edpeavaractoaasnmter VNGO RAIABATRCIIO 0y
| 6 o o . i
' L ___+ e Creaeas srreanesenestoos P T
t .
s 4 L }.L
i 3 __________ + _________ -‘....'II..IIQ-QQ.I+IACL 11111 L BN B A )
e VA g9 S48 0aa +.'l'l'¢-‘nl‘llllll
E 2 + — : E
l t
' 1 +
rd
!
l' A = Pile No.
3 .
; B = Length of Pile in m
: C = Cement Consumption of Each Column in kg
‘ .. .
D = Cement Content in kg/m
10
Al —— 7—/—.
‘ 9
Z’ —
| 3
7 B
6
5
4
3
- 2
! 2

—

-
]1]11 5.18 utrAd REPORT ( COMPUTER PRINT OUT ) mnm?aﬁnsunu ROTARY
MIXING livy DRY MIXING



3) I8neady

- RUSENETUMI92Y LAYOUT PLAN 489 CEMENT COLUMN wuiaitfin
guina1e 0.60 AT uazALANMINANTUNIIMANAMUA USuanjudiuuanes 1y oz
)

TRvinmsnagsumdandiunay  n3neadls  CEMENT COLUMN naauezdl

COMPUTER PRINT OUTIasfmauduiazaueived COLUMN i ldlundaz Juse

gniufinaslu LAYOUT PLAN

108



ESSRRE—

(At ARGV D ) | e

oY'1Eo ¢+ 91

QZ°1Co v 91

09'0CcO ¢ QI

NVId LOCQAVT anuuwtg.

I‘gs nese Ilblmwl‘l.l}g NIWNT0D LNIFWID-TIOS FERUBRLLUZOIILBRLIMLEBRIULRLAGLY PT'G u[lt
1 =4 3 e P ~ Id R i ~ WARIND WMANAD

(

p 1ospaadng

' (

£ sospnadng

(

2 sospnaadng

(

1 lospuadng

fem i

G
00°0€0 * 01

ov6s0 ¢ Ol

097020 * @i

02920 * 01

09°220 * Q1

on'Len U1

ov9Zo ¢+ 01

09920 ¢ Q1

02920 ¢ 01

09vZ20o * 01

o0vy20 * 01

oy'€30 ¢ U

08220 ¢ 01

(

p Jospuadng

(

I

!

£ sosiaradng O e oy Jyraado

(

FA 10siatadng

(

1 lJosradng

10]2e5U0D)

w0y
€

HIHS

PRI Hog) JusuId)

aw |, Hwg

LU ueig

owi] UVIG

"""""""""""" awi] Huig

aje(] uotiejuisy|

Ve

03330 ¢« Q1

09120 * VI

00°120 * 01

007020 ¢ 01

09610 + 01

02610 ¢+ @1

RN

00'010 ¢+ O1

‘0. L10 * V1

00910 v 01

02910 + 0t

02'910 * 91

no'uio v 0l
*ar)’

COOOC)

O0'RTO ¢ Q1

0Z%¢T0 * 01

09310 * 01

000000006000 00000000009

00410 ¢+ @F

ovIi0 ¢+ 01

@,

o,

o

()

' )90 200000 -
< .

()

09'010 ¢ QI

oz0lo0 ¢ @t

09°600 * O1

00°G00 * Ul

0vM00 + O1

09200 =01

02°L00 * Ol

09v00 ¢ 01

00'Y00 ¢+ 01

0¥°¢00 ¢+ 91

00Vv00 ¢+ Ol

0Zv00 ¢+ 11

09C00 ¢ 01

. 00T00 ¢ 01

ovr200 ¢ 01

09°100 * €1

02100 ¢ 01

09°000" * U1

ovoco *» 01

Suog

ot

LERL RIS

e e Mg |-
iR s i ]+ WEECET

L e T K

AL | S

PR s ]

BRI X VR P

HES

©

01-

3]

I

91

11-

6

I

g1

al-

of

Az

09e

I
supl.g

ey
jo yida(y

uwn{o)
jo SON

(1)
[wo L

i
HOARUUOHEN - qesefbuQ 100{01d ‘
l

l

uejJ UOIJEd0 BUNOD JUdW2]

sydwery




& a Yo [ - ~ = 'Y ' Y o - L -
wnanstuenansianubidmiunslsnuiionsfnwimitu lweygslniluldssloguaiunism

lunnsdllansdu dnvivnuiilvdaudasiiion waznetonddisaivedenarsynasaninisiluly



wnansiiduenarsianubdmsunslvnuienisnyiniiu lweygislmilulsdsslesuaunisan

lunnsdilagnsdu Snvamuiiludaudadiion waznotoddiaarvedenarsynasaninisiiluly



wnansiiduenasianubdmsunslynuienisnyiniiu lweygislmilulsdsslesuaunisan

lunnsdilansdu Snvienuiilvdaudadiiont waznetonsdduarvedenaisynasaninisiiluly



118

2) lumisadrafumaiududinga ( TEMPORARY SOIL RETAINING WALL )

v . 4 * »
dmSulasamsiiszadnlassoufiuioda 1 Sl 5.17

Layvyout Plan

U7 5.17 a3 LAYOUT PLAN weafwimaiiuAud1as11 ( TEMPORARY RETAINING WALL )

3 ] ) 1 4 .
3) dnsusysItwmduausIn Neoauuumelglulasinsd & 3 ¥iia Fivon
d 2 a o & o
wpumwadudufies 190w vazdnyussudu S 5,08 uazgUi s.19

( ¥UAA , YUAB , ¥HAC)



114

220
L]
/’v\(;\/\_—\_:*:(.\'—:\',\/\f\,\
3 2o [ \/“:;“._\-’.VN‘-‘":'—\JV%-—/

),

\ <320 l

7 GLCO

(2

-
~
N\
~

!
l

\-
N

YAS N

N

:" "\'\\.\.\\*\

\\\. Nt N
NN s
[N
\—-

) I

O EL-8500

DR AN ~
RNV N

—— —
.,

. N . \
. "-\ N 0
SNONN

o

|
]
TN NN TN N .i

)

“

@cco [N ITEE D T
N : ‘

L : 8.220 }

SN .

\\
SRR

. VT -
N .
AY

o~
o
1
1
G
[p)
0
Q)
RN

P
| .
<)

Wi
o7
W 1D
3 710

NN
A

N

SN\

~ 3 . = , 'I .
Cemeni centenl = 199 "“‘-i’”‘

J

VI
——-——Z.‘-;‘.' P44

[ AR

RN
AN
\\

Cc':‘.-eri conlent « 200 kﬁ/'lma

NN

5\-__

—

AN

NN

Qel-scco. {1 | ¥

JUN 5.18 uaasdnyarvesiumaiududing win A uaz viia B



115

@220 /
XN
@900 D
T
| e |
7 GLEQO
VAT [
| |
| -
| !
l | ’
I |
N [
N [
| T '
[ I GL-65C0
Pl ~
]
RN Cement conlenl = 150. kj/'ma
L] . ]
]
[ 1 ]| szEL-17000 )

1% 5.19 naasdnuaisiumagangm sia C



116

8 Tumsdiuautead it umeiududans  wiwnisiou senidh 2 9
Tudnuuzyesnsoulla 2 29 ( SOIL IMPROVEMENT ZONE i8¢ SOIL IMPROVEMENT
ZONE 2 ) deadinesoudand 1 fuds fannsoldfuituisouiad 1 qutlunisye
auiedldauneneadreludndu q A14

317 5.20 utras SOIL IMPROVEMENT ZONE I



117

SO1L IMPROVEMENT ZOME -

71 5.21 uaa3 SOIL IMPROVEMENT ZONE II



e =R SR

s

5) Seyad iy ¥ lunseenuuy

doyadingilFlunseenuuy  Tdnnmsnassamsandausmunsdeyadumiz

4 awa 4 1 v &
duq mnnimaae ludefians Fwesrapldeyanldldden

SNATFIUANNEINIS O TUMITSufRIvedm

) q 2307/ m’ (83Y SOIL CEMENT COLUMN itfiazdu)
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USum

UTum ( CEMENT ) 09 ( MATERIAL ) SPECIFIC
GRAVITY (QUANTITY)

PORTLAND CEMENT 3,15 150 Kg

TYPE1 '
150 Kg/m® WATER 1.00 150 L
CEMENT SLURRY 1518 198 L
PORTLAND CEMENT 3.15 200 Kg

TYPE I

200 Kg/m® WATER 1.00 200L
CEMENT SLURRY 1.518 264 L
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2.) ATTERBERG LIMITS{%)

RANGE AVERAGE
LL P.L LL PL
T A 34,15-66.80 16.85-31.80 50.98 23.38
YU B: 26.00-65.50 | 14.35-26.35 51.49 20.35
%4 BI - N.P. . N.P.
3.) SPECIFIC GRAVITY
RANGE AVERAGE
YU A 2.51-2.84 2.58
¥4 B: 2.59-2.68 2.62
¥v B1: 2.60-2.62 2.61
4)_BULK DENSITY (AUADAITNIUAT)
RANGE AVERAGE
1 A 1.38-1.81 1.57
%4 B: 1.96-2.22 2.11
%4 B1; 2.02-2.31 2.19
5) STRENGTH PARAMETERS
PARAMETER RANGE AVERAGE
$H A YuB B1 FUA %4 B Bl
N, BLOWS/30 CM . 21-80 | 38-127 . 44.6 79.8
UG, Ksc 0.09- 1.07- . 0.38 4.62 .
0.73 7.74
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3.1 Snyuzfuau

nnsnURansIEdITIImMlginamaas v nuanfiteateilndfusy
nasaulsznmyiand aduiunisTae uSi asifu ueud uealadionneudaunud it
Funrzdrsrndu 2 nau Idndngeqanhiiy 4095 was dssnuAunurulszg
0.70 w3 fuSnufiutoendu 2 Snvus foif
fudu a: Gusnidauonadlndmdndssnn 1960 was wae 19.50 A3
nnAduvazmzdsniusinanquil | uaz 2 dwdwy Aulssneuday SILTY CLAY
um/nﬂu"luum:é’uﬁ"w VERY FINE SAND liaz DRAYED WOOD ffifuunfasszui
BROWN 12z DARK GREY fif1 CONSISTENCY #1m5193a 104 VANE DEVICES aylu
YNVERY SOFT {4 SOFT CONSISTENCY ﬁu‘z“;u{‘fi‘imunag‘lundu CL MH-OH uay CH

 Audu B-.w?ﬁmniﬁ'ﬁu%y A athlufefunquiinnudndssunu 4095 wmsanda

Au Auilszaoudas SILTY CLAY @wlsznoudis SILTY CLAY unsnuufivassdudas
VERY FINE SAND nat DECOMPOSED ROCK H#nfAsuutlassenire LIGHT GREY
YELLOW , RED uaz BROWN iif1 CONSISTENCY #ns193n1dlnel¥ POCKET
PENETROMETER |&f0¢1us3e STIFF §i1 HARD CONSISTENCY ﬁu%uffémunaé‘lu
Agu CLML-OL liag CH

sErinaTestuiuT Tauduug unsney ldundiu DENSE TO VERY
DENSE BROWISH YELLOW AND GREYISH BROWN SILTY VERY FINE TO FINE
SAND (Bl) ﬁu'gu\'iyﬂmunatﬁundu SM

v
3.2 Auaulavesuau

1.) NATURAL WATER CONTENT (%)

RANGE AVERAGE
U A 4533 .118.42 81.49
%4 B 19.18- 30.87 24.23

¥4 B1: 15.61-23.87 21.12
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6 ) #HaTrUNIINATEUCONSOLIDATION TESTS

SOIL. LAYERS Ce Cv * 10 E- 04 cm’ Jsec
19.50-20.00 0.0175-0.1090 27-93
34.50-35.00 0.0900-0.0540 67-95

L 4
3.3 szamhldau
L 4 t v
ssdhidfuasienundanisinwdsi 24 $2lue fszduegi 0.15 was uaz 0.50
] Yy 9 ]
w3 MnARuvaznzdr R luuTnurqunzil | taz 2 mudy seRuiio s iou

9 cg 1 o a :’ 3 L = 1 :’
wadldmuggnia InegiudSuanivii msFuduacludu uazns Inaaunii
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]l.lﬁ H44 TYPICAL CROSS-SECTIONS OF PLASTIC BAND DRAIN
(a) WITH FILTER SLEEVE ;
(b) WITHOUT FILTER SLEEVE

f

14— Band drain
N delivery route

Band drain Installed drain cut
on reel about 150 mm abx
working surface
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