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Atijit Sukpunya 2014: Stress-Strain Behavior of Soil Cement Column by Large Direct
Simple Shear Test. Master of Engineering (Civil Engineering), Major Field: Civil
Engineering, Department of Civil Engineering. Thesis Advisor: Assistant Professor

Apiniti Jotisankasa, Ph.D. 234 pages.

This research is aimed at studying stress-strain behavior of soft clay stabilized with soil
cement column (SCC) in a newly developed large direct simple shear apparatus. This study is
also intended to improve the understanding of failure mechanicsm assumption of SCC-stabilised
soil, subject to lateral loading condition. Another aim is to compare the efficiency of different
SCC-stabilization patterns, namely, Square Single Column, Longtitudinal Wall Column, and
Transverse Wall Column, with reconstituted soft clay without SCC-stabilization. This study also

proposed empirical relationships to estimate shear strength of soft clay with SCC-stabilization.

Results of this study indicate that soft clay with all SCC-stabilization patterns has two
failure mechanisms of the SCC in common, namely, bending failure and tilting failure. With
Longtitudinal Wall Column (LWC) pattern, bending failure of SCC was more frequently
observed and, if considering the efficiency of stabilization, LWC pattern shows tendency of
higher shear strength compared with other patterns, for shear strain about 10-12%. On the other
hand, for smaller values of shear strain, Square Single Column (SSC) pattern showed higher
shear strength. By and large, LWC pattern tended to has greater shear strength than soil without
SCC stabilization both in drained and undrained conditions. LWC pattern also exhibited lower
excess pore water pressure during shearing than other patterns of stabilization. In addition,
empirical relationships were proposed to estimate the shear strength of soft clay with different
SCC-stabilization patterns which can be used as a guideline for design and analysis of SCC

stabilized soil in the future.
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a

1 { QJ 901 {
NIZUIUMIHNTOUNIAUAT (Chemical Weathering) taztioau lasumsyzdrenmimdnag

E4

a o a . o & v A I g a !
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d9u1)52n0UNUAB Drying Crust 11z Weathering Zone #4gni3eniuaon1i Crust (1914,
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Y a
2.3 ¥UAU Intertidal Deposited Clay
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IMUYIVTUANY MUY Flocculation UHDYNIT NIAIVDNAUIZUNTIAIAINITANIINI)NUAITY
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‘Humuuuazﬂimmuﬂumaﬂuiﬂ’ﬁ}mﬂﬁﬂu LL@!W?’I%Tﬂi\?ﬁ%’N"MNﬂHGﬂQﬂu NINUBDIAU
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WANNY (A1, 2545)
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L] Pre-rotocens sana ana gravel
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MNN 5 09A152NOVVDIFUAY Bangkok Clay
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<
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Total Unit Weight (tm®)

y v o d J 1 ] 2 @ 3’1 a
ﬂ11/‘l°ﬁ 6 ﬂ’J'IlI’dll‘W‘Ll‘ﬁi$‘Vi’JNﬂ'mu’.)ﬂu'm‘1-!ﬂllﬁ3ﬂ’ﬂiJaﬂ"llﬂﬂ"]fuﬂumﬁﬂi]ﬂ?imwdl

M: Yayen (2545)

Depth (m.)

Undrained Shear Strength (Vm”.)

H v o J ' o w o Y a
ﬂ1Wﬁ 7 ﬂ'J’]llﬁllwu‘ﬁﬁgﬂ'J’ana\iﬁTJl.!75\1Laf’]u!LﬁgﬂQTﬂﬁﬂmﬂQWNQULWﬁﬂjﬂiﬂlﬂwq

an: dayn (2545)
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3129 B9919899INTOYANTNNIEATN 13U ATNFUANFITNYIA, TATINAANUKAI, TATINA
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Wa1den, Plasticity Index, Liquidity Index, WUIYUINUNTIY, LASHUIUIUUNNAND
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I aa Aa o v A [
szanswa Wudu Tasldnszuiunsnieadauaznasananudunus iz audloa

4
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@ o v Jd o o A a 4
dulszansmadadule ®) tezanvugnsmanuduius dwmivdoyanldlumsingzsd

€
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Yo v a a =N =® v A I Ay
uuhlﬂﬂ'Wi'u@"Uf]Ulmﬂﬂ1ﬂ§$@]ﬂw3ﬂua\1ﬂ31uaﬂ 40 14915 INUU !u’f]ﬂﬁnﬂlﬂu‘izﬂgﬂu"u@iga

Nuuntazngaunums 1Fau luraies

v o J ' o w w 1 ¥ A {
ﬂ'ﬂllﬁﬂJW‘H‘ﬁigW'J’Nfnaﬂﬁ‘ﬂ!!ﬁﬁlﬁ@uLLUUllllﬁZ‘U'lflu']llagﬂﬂlﬁuﬂﬂﬂ’mﬂ’]ﬂﬂWWﬁllg‘%j
g 1 o R4 v g b
FﬂTﬂﬂﬁlﬁi"’d’if]‘]‘:<l']‘ld:! WUN ﬁﬂ']’ll]ﬁNW‘L!‘ﬁ'].lTL!ﬂa’NﬂUﬂ'J’]ll%u@ﬁlll‘ﬁﬁﬁﬂJslf']ﬁ, Liquidity Index,
1 E @ ' Y o ) A a o [ T o
MUIMITNTIY, sazrileminnaiulssansia Tashal R* UAunin 0.47, 0.48, 0.54,
4 v A o v

way 0.54 MUAIAY uazlinNNFUNUTTosfTATINAANUIMA), FadinanaIadn, uas

Plasticity Index aaag) 13 lua15190 1

Y v o 7 v wa
ﬂ151~1ﬁ 1 auUMIANUANNUIICHIN S LASAUTNUANNNYNIN

Properties Undrained Shear Strength (t/mz) R’
A S, =6.26—0.58*W "’ 0.47
LL S,=31.22 - 6.54In(LL) 0.18
PL S, =22.45 - 5.56In(PL) 0.11
PI S, = 18.22 — 3.98In(PI) 0.14
LI S, =-1.52+9.08%" 0.48
Y, S, =-5.81+1.95%y] 0.54
o, S,=0.51*C", 0.54

Nan: ayn (2545)
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AIUTUAITINN 2 L 3 hlﬂ'ﬂ']ﬂ’lij'Jﬂi'NJ"Uﬂyjaﬂ'ﬁ'{]fl]f]i]']ﬂ@%ﬁﬂy'lsluﬂ'luﬂmﬁiJU@

dy ~ a 9 =) = 1 I 31 a
'V]’Nﬂ’lflﬂ’lWiuLm@]WHVlﬂ?ﬂl‘ﬂ‘W"lLlagﬂiljmﬂn\uﬂﬂ\i g9azuUenentulssinnuesruau

~ 1 a = 4 oAy Y 1 9 Y
L‘ViuEJ')E]@‘Lll,!,ﬁ3@I‘Lll,‘Viuﬂ]l,!‘llﬁﬂﬂﬂblﬂﬂa'nﬂ'ﬂﬂﬂﬁu

519 2 ﬂmﬁll‘]_lwaﬂNﬂ”lfJﬂ"IWﬂJi’N Soft Clay u’%nmngaqu

Report by
Properties Balasubramaniam kb HNus ﬂmcﬂ
(1981) (2529) (2544) (2545)
Natural water 112 - 130 60.35 £ 9.33 46 - 78 68.14 1 18.74
content
Liquid limit % 118.5 0.1 63.61 £ 6.75 37-63 74.79 = 16.78
Plastic limit % 4311023 2820+ 2.62 20 - 26 30.68 1 6.36
Plasticity index % 754113 28.20 X 2.62 11-32 -
Specific Gravity 275%0.1 2.654 1 0.03 2 -
Unit Weight(t/m”’) L 1.65+0.07 1.4-1.7 1.56 £ 0.16
S (tfm) - 2851+ 1.22 - 1.55 £ 1.33

d‘ v [
NN NONIY (2547)

msei 3 ﬂmﬁmﬁ'ﬁmqmamwmm Medium to Stiff Clay ‘]J%LTJmﬂEQWIW‘/I

Report by
Properties . P—
53 (2529) UNUT (2544) Uayn (2545)
Natural water content 3028 T 6.78 19 - 36 68.14 = 18.74
Liquid limit % 55.16 £ 10.36 36 - 61 79.80 £ 16.78
Plastic limit % 24.06 * 2.87 19 - 31 30.68 £ 6.36

Plasticity index % - 15-33 -
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Report by
Properties N P
M3 (2529) UNUT (2544) Yayn (2545)
Specific Gravity 2.672£0.02 - -
Unit Weight(t/m’) 1.77+0.16 1.8-22 1.56 £ 0.16
S, (t/m") 6.93 1 2.4 - 155+ 1.33

d‘ vy o
NH: NOITYF (2547)
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UUY (Cohesive Soil) INTIZNUNNTNUIBUTININTZIAULAT 11192 IMaoenanau laa111n

A a a 2g a a - Y a X yyw
Lu’e‘Nmﬂﬂu%uﬂu!,ﬂuﬂummzmﬂﬂ mill‘ﬁaclmeummmﬂmu‘lﬂ%mm

v Y
gUuUDRAAe9 METVUTUROULUVTZL8 (Drained Shear Strength) A H164
Y 1 a ] { A a [ o
Fuimiln nsemasTuniensuRouvesanluanyus MUBAUYNHUIBUTIWINTZI
v a a oa @ c&’ =y a ~ 1 [ ?:’
IUNTENUNANITITAYST MR NNTFULazTIaTveIanazildsunilas uanauauiinlu
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usanouluonsing
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4.1.1 1 Shear Strength N l@anmanaaeuludosilfiianis

I A § 1
N. NMINATDULVY Unconfined Compression Test (UC Test) WuIsnae

=

naalumsnagoulomeunuisou Tagnstineidrod19aunInadeusalunuIaau

q

Wanane He9z 18a1 Vertical Strength Tag S,=q,/2 3o q, = Unconfined Compression Strength

U. MINAABULUVY Unconsolidated Undrained Triaxial Compression Test
9 v v
(UU Test) M3naaouast 14 1analugiues Effective Stress 11ag Total Stress A1 UAUDNA?
‘d

Yy 901 (= Qddy Y " @ 1 AAAA
mﬂmuaﬂmmwﬂu aﬁmzﬂlwwamm‘u UC Test nﬂﬂ§$ﬂ13 meluﬂsmmmumwﬂmz

o q Y1 ) Vo o w A 1 1 A 2 g
ﬂqtlﬁﬂ']ﬂ'nmﬂu (Gb) Lla3?’1’]ﬂWa\iiﬂlli\ilﬂ@ullﬂﬂllllﬁgﬁ‘]JTﬂl‘n (Su) INHUUNIY

fl.  NITNAFDULUVY Consolidated Undrained Triaxial Compression Test
Y
I o ' ] o 1 a
(CU Test) 35 11T U35 Reconsolidation #10819 %38 1# Stress Condition Tudiedrsaulndifes

a 1 1 c&i (% 1 a 1 a o Y A Y
AITUYIININVU Lmﬂ?]'lllﬂfu‘lu@?]’ﬂEJNﬂuilgaﬂaﬂﬂ’ﬂ‘ﬁiiiJ"]ﬂﬁ 1/]1114!L5\1mﬁ]u‘]/ll1ﬂi]'lﬂﬂ1§
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a dyd ' a A ~ o 1 @ . . Y o @ 3’/
naaeusiatiiargunu il wedsunua luauludnyag Vertical Loading 2811 A9y
= a dyd 1 Y a 4 =) ] a oA
usuReunInmsnageuyiativeluarsldlumsimnziiadosnin dalunal fiianis

Qddy o Y T Ty — a 1
nageuITUNN 1% lumsia @ uaz € vosauINNN
4.1.2 A1 Shear Strength N1 laanmsnaaenluauy

< 4 <
In Situ Field Vane Shear L‘]Juﬂ’liﬂﬂﬁf]ﬂiuﬁu’li]!ﬁﬂﬁ'lﬂ')'liJlL"ll\?l!i\?l,LU‘]J
' ¥ a 1 £ I a
llllﬁ%ll'lflﬂ']"l]ﬂﬁﬂulﬂﬁﬂﬁﬂ@ul!ﬁ%ﬂWﬂﬂﬁ?ﬂ ﬂ'liﬂ@ﬁ@ﬂﬁ!ﬂu Index Strength Test Tﬂﬂﬂ@ﬂ?ﬁ
1T a A wa

a I ~ A 9 =\ [y a .
ﬂutﬂugﬂﬂﬁﬂﬂﬁZ‘]Jf)ﬂ°|/lQﬂ!ﬂ@uﬂ"lﬂi‘ﬂuﬂﬂUWQﬂﬁ'llelagﬁﬂJiJ@]'NﬂL!Nﬂﬂlﬁll‘l]@] Isotropic

9 a 9 9 1 A a =\ dy 9 ~
ﬂ’JﬂﬁllllﬂjjTL!"’UN@“I‘Llf’ﬂ!,Lﬁ\‘ll,ﬂE)‘L!GUEJ\1ﬂumuﬂ’)mﬂﬂﬁﬂﬂﬁ@ﬂuﬁ1qﬂﬁwﬂTﬁ‘V] 2

Sutn= T/ TL(@)*h/2+(d)/6] 2)
we T, =usdagegaluminadon
d = anundaazanugeuesluliaa ey

o Y w A

ﬂ"lﬁ‘lJ%)‘]JLlﬁ}?hﬂTﬁ\‘li‘UuﬁQlﬂ@uﬂlﬂﬁau%1ﬂ Field Vane Shear Test "?\1

. U ) v A = J a = <3 a1 a
Bjerrum (1972) Wy dnsuAumierseonnazaumiiendaunan s, sslagaunull
o [T = A A o FY k) = v A
dmsvAumiieoand P>20% el 1 lumsasngeudyimeduatos ninvesduay
HazAUNINNo A3 NVUALIH 100 UWILINANIWIANANAT E.S. N1AAI 1 118fIUININ

~ k) 491’1 dy I A Y] o A . .
Haf 1A91NNISNATOY Vane Shear NIt unaiiow191n Vane Test 1inagyif Height Strain
< Y1 o v w A A 4 <3| a a A . .

Rate 1unalimimassuus aasulagand1nnuiluasaazdnsnaved Anisotropic U949
o 1 o0 v W 1 I a [ g’J 1 I

lutialu Vane Shear 1 lasmdssuusudouuanarsainanuiluase aaiua s, i

' A A 9 Aa J A o £ 1 4

AUIARO N 1H1UMTAATIZHADIINNAUNIIABIOIAT Correction  Factor (L) VDI

Bjerrum (1972) ingaudonsuasaums 3 az'la

Su(fv): IJ.*SU (3)
A 1 A A o 9
¥\)3) S, = AUIAURDUNNINITTATIY
o Ay v o Aa a v W A
lJ. = G]'Jllﬂiﬂhl@i]']ﬂﬂ’ﬁ‘ﬂ’l Embankment Test NAULINANTITNI AINTNN 8

' A A o o Y v
S = ﬂ1l,!,i\°lmﬁl‘lJ‘I/]‘I/Hﬂﬁ‘]JTlJLLﬂLLa’J

u(fv)
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L4

v S, (FIELD)= 4 x S, (VANE)
. SYMBOL REFERENCE
12 7 O @' | Bjerrum (1872)
A A" | Miligon (1972)
o oW A o Lodd 8 Foott (1974) ]
. - v Floote 8 Preber {1974)
« A gt O LoRochelle et ol. (1974)
5 L0 “I Lo,eredl ond Vorved Cloys
g e —
2 -F v | :
o : Bjerrums (1972) Recommended Curve
[ gyy
5 o8 t
£ %l & g
1 I
. ! (6]
—|- BREIOR CLAY | e A F . .
06 - +— 10 O]
| i—p&]—'l I
04 1 1 I I 1 !
o 20 40 &0 80 100 120

Y o v 1 1
MNN 8 N5 IMANUTUNUTIEHI19AT Field Vane Correction Factor Lag Plasticity Index

nn: Bjerrum (1972)
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z‘: é a = dd‘ 1 = A & 9 1 o A 1
mmﬂummmﬂﬁuﬂgmm %umzmuaﬂmﬂmﬁmmiumuu c}N"l,mm Iuﬂaﬁﬂﬂﬁfﬂl

' . ! : Yo {
(E) tiaz A Poisson’s Ratio (V) Faau13052050 13Raans1an 47

. 9 1 1 d’ = A o 1 a d’d
Lambe and Whitman (1979) ulﬂﬂa’l’)’ﬂ LUDULIILUIAININTSNINBUIDAUNY

va o ' a @ 2
Auaniailu Elastic Cylinder 92 WuMWIaaUzngua TuuIAazinsvereoon lUng

9 9 [ ~ [ v J A Y o ~
ATHUYN ANNINN 9 IﬂElfﬂil'lﬁQW'lﬂ'J'lilffllwu‘ﬁ"ll@\illﬁ\ulagﬂﬂﬂﬂ"llf]\ulujlli\ihlﬂﬂ\iﬁuﬂ'lﬁﬂ 4
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Ex =& =-VE, (5)

1o Exs Eys €7 UNU A1 Strain TUIWILAY X, y, 1A z AUEIAL
E UNU A Young’s Modulus of Elasticity

14 11N AN Poisson’s Ratio

Uniaxial
loading

MNN 9 MIYUAASYBIIAIVDIAUA W TIINYDI Young’s Modulus
#131: Lambe and Whitman (1979)

1 1 [ 4 1 1 [ 1 [ 1
Das (1993) na13N ﬂ’NiJﬁ'lJWH‘ﬁigﬁ’JNﬂTIﬂJ@aﬁﬁﬂﬁqu (Elastic Modulus) NUAN

Undrained Shear Strength na1309aeg lugiasaunish 6
E=[%*s, (6)

Tagh B azdinnlszana 500-1,500 (Bjerrum, 1972)



A5199 4 UEAAIANNTUWUTTLNI19A1 Elastic Modulus (E) 4a2A1 Undrained Shear Strength

(S,) ¥OIFUAUMIYIOOU (Soft Clay Layer)

Formula Reference Remark
E,= 5008, Cox (1973) MINMINATOUNINFAAIVOIAU TUDUUTUI
1hnnelay s, fnvnAundsvestudnson
fia
E, = 1318, Parnploy (1985) NMINATDY C, -T, HI0819UDIDUUUINUN
IRSSIER
E = 125-300S, NAVFAC.DM.71 AUAVITAVOIAUITIIDOUNTUNN PI=40-63%
(1982) (Tonyagate, 1978) Tagihaaauiinuoiau
OCR<3 (Obchittikul, 1989) 1 PI<50%Test or
Vane Shear Test
E,=100-500S,  Duncan and AUANIAURIAUIHEIBOUNTINN PI=40-63%
Buchighani (1976) OCR<3 (Tonyagate, 1978)
E, = 70-250S, Balasubramaniam S vy~ Uncorrected Field Vane Shear Strength
E, =42-1628, and Brenner (1987) Lf]f’) S.rvay= Field Vane Correction ﬁﬂ% LA
(Bejerum, 1972) Lﬁ'@ PI=85 %
E,=100-500S,  Bowel (1996) @3 Normally Consolidated and Lightly
Overconsolidate Clay When PI>30 Organic
E, =80-256S, Das (1983)
E, =1508, Bergado et al. Bangkok Clay Lﬁ’e’) PI>50% 91NNSANYING
(1990) NFAAVBIDUUEIIUNUIL U nInINIAR
30 9ATIYN 55 NA.
E,=250-500S,  Bjerrum (1964) S,= Undrained Shear Strength Unconfined

Compression Test or Vane Shear Test

an: wavaail (2544)
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H Y] v J 1 1 1
M15190 5 UAAIANUTUNUTIZHI19A1 Elastic Modulus (E) 422 A1 Undrained Shear Strength

(S,) VosFuAUHMTIEIT9111UNA1 (Medium Stiff Clay Layer)

Formula Reference Remark

E,=300-600S, NAVFAC.DM.7.1(1982) AaeuiiAvedauMiieInoungunng PI=40-
63% (Tonyagate,1978) Tagihnaaniinueg
AU OCR<3 (Obchittikul, 1989) A1

30<PI<50% ttag PI<50%

E,=240-1200S, Duncan and Buchighani  fieriAavedauMileInoungunng PI=40-

(1976) 63%, OCR<3 (Tonyagate,1978)

n: wardail (2544)

Y o o J 1 1 1
ﬂ"lﬁ]ﬂ‘ﬁ 6 LAANANNFANNUTILHINAN Elastic Modulus (E) 882A1 Undrained Shear Strength

(S,) YDIFUAUMTIBMTA (Very Stiff Clay Layer)

Formula Reference Remark
E, = 150-1250S, Duncan and Buchighani  ASIauAY0IAUM U100 UNFUNN
(1976) PI=40-63%, OCR<3 (Tonyagate,1978)
E, = 200-600S, NAVFAC.DM.7.1 auauidvesdumiioisouudadaudaun
(1982) INNINAADY PI=10-50%A11/52110

OCR=1-5 (Oonchinikul)

E,=100S,WFS=1 Kristanto (1986) HAMINAGOD CAU FS = 1 #A79819AU
milomdaunsn

E, = 5008, 7l FS =2 VIIUHUDIYPN

E, = 1500-2000S, Bowels (1988) M3V Heavily Overconsolidate Clay

fan: wardail (2544)
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Y 1% v 1 v o v Aa A 1
ﬂh’N‘ﬁ 7 UHAIANUTUNUDTISHIINA Poisson’s Ratio mmmumﬁﬂwuﬂmm

Soil Type Reference Poisson's Ratio, V Remark

Very Soft Clay Das 0.20 - 0.40 -
Soft Clay Parnploy (1984) 0.30-0.39 %’ayaauuwm-maﬂzm

Poulos (1975) 0.35-0.45 -

Bowl 0.35-0.45 -

Medium Clay Bowl 0.30-0.35 -

Das 0.20-0.50 -

Stiff Clay Poulos (1975) 0.30-0.35 H

Bowl 0.10-0.30 =

3 Ia
fan: navdail (2544)
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S a A ¢ = [
3. 31]11‘”11mmsmmuﬂummuﬂﬁl?ﬂmmﬂuma

Embankment

Emhbankment

Cement Culumn Cement Column

thuiiaraau

Awniioaou

s T [
fiuudia finud
f. Floating Type 4. End Bearing Type

a S a A cdq Y1 9 o
NNN 10 gﬂgmmmmmumuuwhﬂaﬁﬁﬂumuﬂumq

N3: JICA (1998)
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il Placing Pile Chemical Lime

Lime Column

Method

Deep Lime

Method purposed

— Mixing Pile

By Broms

Dry Jet Mixing

Lime or Cement

Cement Slurry

Method

Mechanical Mixing
1 Typeor CDM
Method

Cement Powder

Method

— Cement Column

| Jet Grouting

High Pressure Jet

Air-Jet Grouting

Type

Water-Air-Jet

Grouting

~ an "y .
MNN 11 gﬂllﬂﬂllﬂ%‘ﬁﬂﬁﬂﬂﬁ‘ﬂﬂ Cement/Lime Column

301: JICA (1998)
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slime

IS VAL

single rube
¢ 40.5mm
compressed air
700 kPa ||

casing rod tnple tube

il surcd
high pressur ¢ 90mm

t 20 MPa
B double 1be !
@ 60.5Smm compressed |

high pressure €

grout 20 MPa L 'JEII:P: IIl| high pressure
high pressurcd grouwt 2 MPa
water 40 MPa \

mproved column

(a) Mixed by pressured grout

improved column
(b) Mixed by pressured grout improved column

with compressed air () Mixed by pressured grout with
compressed air and pressured water

MU 12 NIZVIUNTIEHAA Cement Column 35 Pressure Grout Mixing Jet Grouting

301: JICA (1998)
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‘Water Cement Powder

Weighing Weighing

Mixer Operation I
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Agitator
Control

Slurry Pump  |%

A

Weighting Operation 11

A

CDM Machine

5

Improve Layer

Bearing Layer

MAUN 13 NITUIUNMTHAATITHENVDS Cement Column ITHAN 8N (Wet Mixing)

301: JICA (1998)
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1301: JICA (1998)
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1.1.1 Soil Failure
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1.1.2 Pile Failure
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1.2 Ultimate Bearing Capacity of Soil-Cement Column Groups
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~~ Different possible
failure surfaces
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Test Configuration

1 Unstabilized soil

2 12 single columns

3 Two rows of columns

1 Two rows of columns

5 Two rows of columns, each row reinforced

by one screw anchor

Shear stress (kPa)
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Natural Water Content, (%)

Section Method N
Max Min Mean SD
1 Low Pressure 578  105.80 13.00 67.71 20.40
2 Low Pressure 463  106.50 14.40 67.86 14.53
2 Jet Grouting 183  244.14 26.90 101.34 19.71
2 Modified Dry Mixing 131  106.06 10.20 57.83 11.48
3 High Pressure 519  88.40 20.10 53.55 13.36
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Undrained Shear Strength, (t/mz)

Section Method N
Max Min Mean SD
1 Low Pressure 524 147.00 27.00 63.22 23.79
2 Low Pressure 463 168.00 31.00 76.74 27.19
2 Jet Grouting 226 209.00 31.00 87.58 44.55
2 Modified Dry Mixing 116 229.00 18.00 104.73 32.82
3 High Pressure 492 147.00 13.00 71.95 25.35
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Modulus of Elasticity, (t/mz)

Section Method N
Max Min Mean SD
1 Low Pressure 564 195755 2926 22979 14905
2 Low Pressure 463 78204 6094 26211 10860
2 Jet Grouting 226 75300 8571 30209 15312
2 Modified Dry Mixing 131 95666 10000 31401 12931
3 High Pressure 547 145100 2583 16194 14771

N TUNIA (2552)
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Strain at Failure, (%)

Section Method N
Max Min Mean SD
1 Low Pressure 298 2.60 0.07 0.96 0.37
2 Low Pressure 417 2.00 0.30 0.83 0.30
2 Jet Grouting 226 1.60 0.30 0.62 0.20
2 Modified Dry Mixing 131 1.61 0.30 0.66 0.18
3 High Pressure 489 2.00 0.20 1.02 0.27
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Peak Shear Stress at 10 % Shear Strain, kPa
Normal Stress
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Reconstituted Clay 2.16 3.55 6.59
Square Single Column 2.35 3.94 7.20
Longitudinal Wall Column 2.46 3.54 6.66
Transvers Wall Column 1.93 3.54 6.61
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