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Excess pore pressure around deep mixing column in soft Ariake clay
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Abstract: Deep mixed (DM) column is installed in field through mixing the injected chemical binder with in-situ soft soil using
rotating blades. The injection of chemical binder and rotating mixing disturb the surrounding clay, change the stress state, and cause
excess pore water pressure in the surrounding ground. The excess pore water pressure was measured during installation of DM
columns in sensitive Ariake clay, Japan. Field measured results showed that significant excess pore water pressure was generated in
the surrounding clay and its value was greater than its effective overburden stress to make the surrounding clay under tension state.
However, at the initial stage (5 minutes), the excess pore water pressure dissipated very fast. The interaction mechanism between
deep mixing column and the surrounding clay during installation can be simulated by using shearing-expanding process of cylindrical
cavity. An approach is presented for the calculation of excess pore water pressure around DM column. The proposed method
considers the effect of shearing force caused by the rotation of blades during mixing. In the proposed approach, the excess pore water
pressure is determined in terms of undrained strength of clay, shearing force, injection pressure and pore water pressure parameter.
The proposed method is verified by the laboratory test and field measured data.

Key words: soft Ariake clay; deep mixing column; excess pore water pressure; shearing-expanding process; field investigation;

mechanical analysis

BRI — s FIWIPE AR R 73k, RIVRE RS J 32 BH
TR AR LA HEAR GBS 5, LS5 R 4L

1 . VN i NN

FIRE

WRIZBFEE I CHOR T 20 20 70 KT I
78 A Ji g P Bl o J 43 20— 2D 1t R A
IS FB RN PR R S 40 12 A 3 55 e B e T AR A
20 ZAEMDT S, ZEEE LR, KSR R

Wk H . 2004-07-17 BEF R H: 2004-12-27

FBIH BT R HRZE A A PRI #E 8 (No. 05P114069).
1964 44E, Wit %, WS, FEAFEHR AL ST TP, Email: slshen@sjtu.edu.cn.

EE A AKde, 5,

o B fra=or s, BERR A o VR R4 IE A
iR LR T ARERNEL SLRETERE, o< 1,00 TUXT
A7 WIRE AP R E B BEAERE A L IR T
SN AT LA AR (1 4 SCEARTH AT 21



543

VKIESE A7 WA A B Bt LI FR fLBRUK S 649

(ARSI ERAGZ, Ma>1.01, HEEA: (1) B
() S B ELAR B BERE 1y 1 48 SCELAREE R (2) B
ERENIEHEEIEE =5 RO A S L
SUITRDARE A ] L AR TR OB iR AT P 1 Bk, (EUR AR R
T2 SRS T Ve S TR e g
SE b TR RN R A ) R SRR
I, AR Gt Pl A G R AR L,
ARHE - AR R N A3, AR A R L
BRI F9™e LK s (s 5 ke el P L
(RO FF I 45, AT o] B 1 7 B it B A 1) Sk 48 i o
I H A WY 386 vt T PRV S P 5 TS £ ]
LA R EF LUK s S 54T T B IO T
AP HT, SRR It T R BT U A
N RIALT KA M B A R ) AR R AL
Fs 3 10AeA R FLRUK s ) L AN HE K BT o
FEo B R8I VERIAKIS T SLBUS T R
HoRARik, RANZIAEWRIR Hrsc B, s
T RIEFHER.

2 AR LUK I ) Bk

2.1 IR

RIIIAAL T HA UM S s 8, i
VEIRES N PRI o A 1, A 2 At
K1 . B, ow, AR w B EKE: v
WHELL; g, AT PRPU R g, A ERFH )
s, R . e Liii—)Z (0.0~0.6 m) AR+
5z, HRAERTERG R E (0.6~13.5m) &
HHRLE, BEKO; AR LZ gz,
A% e Fhai kg LY, REUEN . HAE
— KT 10, feE Ak 1000, BLZRK AT 12
RBEEEE, BHA2H 1.14 m, BEK 7.0 m, $Zrf0E
HLS m M=MBAAE, WK 2 s, BiEEbEs
SDM HieEMUE T, A2 R K K H R 1.0
KK, KIBHIE N 140 kg/m®, B #ZEN 50 %.
55 1~8 WML Rl TR 1 m/min, 175 9~
12 HEAE I TI8 % 0.71 m/min, $ETHEEH 1.0
m/min, FFEI RTERE L 30 B/, TR IE 1
HIZE 50~150 kPa Z [f]. 12 HRHELAE 310 min A jifi T
SERe T AR A ALK R AR A, A
3 MRAE R P AL 0.33 m, IR 1.5, 3.5, 5.5,
7.0 m MFERE 4 DNFLBUK T, 76l TN 36
30 s W—IRSLBIKE ).

+ 2 RIS w , WL, Yt qu qc
A A% wpe MN-m P2 KPS
40 80 0 80 16012 16 20600 3000 20

0= 7 o= | 1 y
2 bt =
4+ [ O—#
Oo—aé
g 6 F L o—ud
- TN 9
e 8 _§<n|~}z; [ 0—a¢
IS G—aé
10 Lo
G—u%
12 -33 .0
14 F A AL AT
{I’/I‘ Iiz,{' &6
16 ‘

B 1 REIG LR oAU AR

Fig.1 Geotechnical profiles and soil properties at test site
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Fig.2 Layout of DM column and piezometer (unit: mm)
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Fig. 3 Excess pore water pressure measured during SDM
column installation
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Fig.6 Shearing and expanding of cylindrical cavity
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Fig.7 Excess pore water pressure during shearing-
expanding of cavity

3.5.2 fLBE I R

(3 fs (5 ", FLBE ) R a, 50
A X LB ) FOAT 30N ) 36 (1) 43 B &5 SR
HRENR, Aev] =4 E45R0 558 LB
J1 R HRIRE AT LU SR A 5, Wood P4k
T ARV S KT I T g5 R ] 45 11
Bk, THESMINE R AR T 033, B8R
KB FAS VLT VR 20 04 A 1 LR K Hs
JIZRHUE . FHYCIRICRE 33 R U BOIR 1Y) 47
L1~1.4 Z[0), FEREURE A PRI JSOR 110 4,
{HAE 0.8~1.2 2 (0], T [¥) AAEHAE 0.3~0.6 Z[A].

1.5 F
..z ¢
- a LR Ad
% Lo F * s Y %AAA
§& Ed* 20 ay
R N
E [ ] 'l. N N
=05
= A FURTIREIR B -,
& FURBUR BT L
m R
0.0 L
0.2 0.4 0.6
culpl

B8 FHHARLIILRESRE
Fig.8 Skempton’s pore water pressure parameter of
soft ariake clays

4 B S R Hr

Kot 70 (3) M (4) HITH SRR
MR AR, BVIN ) T, = ¢, B
W H, MK E I Skempton FLERE ) R FIN
AR AR T AT iR 7EE 9 T, EEh 4,=0.91,
M ApL /e, 3 1~3 ZFESL RITHEE R skl
B Apl/c,=3, 1 A4 0.3, 0.6 F 1.1 ISR+ 545 51,
1 RTAL,  EEEFLBRE ) B AR IR KK,
IR AN 0.3 343 1.1, ERFLBR R P30 20 %
F 50 %NS, THELAE TR 45 R AR S T
WA 2l = IR P i T REAR U 4% i R
PR B, T A 5 R 50 BT 15 10 R AH 22 AN 32
10 %, 1 AR £t S m e, DRk i ot J2& 3 B
5 s W—KFTAF10 . SR TTTEL) ril A5cals L s i, 5
A TSR AR EE B, iy LIRS 1] ] I 20
AR S A, IR B A I B AR i T TR) B A
30s, (EAHEIREP NN 1800s™, TS
STE R BT (1) BIP) AN RS2 2 (Es (2)
75 I35 58 B I AR M 42 S 2 PR AR FEANAE s (3) L
B ) BB WY RS 1 O i AR AL



652 E2 N R 2006 4
5 o s b [4] ZEWer. HOLARIFHORIM] BRIG: BeRiRREHA
ZROE T ) SENEL
& & AWIE AR JiiAt, 1997.
<A RS G BRI
3 & Ol5m §3.5m [5] O’Neill MW. Side resistance in piles and drilled shafts[J].
3 e 05.55133_*7.0m
E ’ e — i (Te=c, 5=09) Journal Geotechnical and Geoenvironmental Eng-
%) RXY
g ’ ineering, ASCE, 2001, 127(1): 1 —16.
%E [6] Shen S L. Behaviour of deep mixing columns in
Eﬂ
! composite clay ground[Ph.D. Thesis, D]. Japan: Saga
0 University, 1998.
1 2 3 4 5 6 7 8 .
[71 Shen S L, Huang X C, Han J, Du S J. Laboratory studies
AL r/R,
8] 0 S ik e B FLERE ) BBl At 5+ on property changes in surrounding clays due to
Fig.9 Measured and predicted excess pore water pressures installation of deep mixing columns[J]. Marine
around a single column Georesources and Geotechnology, 2003, 21(1): 15—35.
5 é jn: i/e [8] Shen S L, Miura N, Han J, Koga H. Evaluation of
property changes in surrounding clays due to installation
(1 IS EE SRR, fEm R A &6 of deep mixing columns[A]. Grouting and Ground
At TR T CAE B b | RS A e ) Treatment[C]. eds L F. Johnsen, Bruce D A, Byle M 1.
2ty 2 . > VAN =E Ay . . .. .
FUBUKIETs, RNl ReLE AR 4 4 s Jid USA: American Society of Civil Engineers Press
- S 7 A} ;FT:‘: DA
BN, ALLAT AN A%, AT RBCIRES . Geotechnical Special Publication, 2003, 120(1): 634—645.
S L B B b i Mg \
2) IR BRI i T Rt o DU ASHE R 25 £F [9] Shen S L, Miura N, Koga H. Interaction mechanism

TR AL R

(3) BEHEREMGE TR, I i e 77 A B )
SR IAL B I A 07 A R T

(4) PRI A T 3142 1 L PR o
FUBRAK ISy AT Bty LR HA BT . 5740 ).
FERMIIE ) FIFLBUE ) RHL X .

(5) L1074 T LA e FU 00 5 2 A A 19
s G T R LB IR
fr, LR 5 PR 0 % P TR R 2 e
U o 07T T AR B ST A (LA R b
FRHU .

5 % X W

[1] Terashi M, Tanaka H, Okumura T. Engineering properties
of lime treated marine soils and DMM[A]. Procceedings
6th Asian Regional Conference on Soil Mechanics and
Foundation Engineering[C]. Bangkok: AIT Press, 1979.
191—194.

[2] Broms B B, Boman P O. Lime column-a new foundation
method[J].
Division, ASCE, 1979, 105(GT4): 539—556.

Journal of Geotechnical Engineering
[3] Terashi M. The State of Practice in Deep Mixing
Methods[A]. Geotechnical Special Publication[C]. Reston:

American Society of Civil Engineers, 2003. 25—49.

[10]

(1]

[12]

[13]

[14]

between deep mixing column and surrounding clay
during installation[J]. Canadian Geotechnical Journal,
2003, 40(2): 293 —307.

PR, KA T, T/NEE. TS5 s IRBEA I
[0]. ‘&1 712, 2004, 25(5): 684—687.

HONG Zhen-shun, LIU Song-yu, YU Xiao-jun. On
destructuration of structured soils[J]. Rock and Soil
Mechanics, 2004, 25(5): 684 —687.

Vesic A S. Expansion of cavities in infinite soil mass[J].
Journal of the Soil Mechanics and Foundations Division,
ASCE, 1972, 98(SM3): 265—290.

Massarsch K R. New aspects of soil fracturing in clay[J].
Journal of Geotechnical Engineering Division, ASCE,
1978, 104(GT8): 1 109—1 123.

Wood D M. Soil Behavior and Critical State Soil
Mechanics[M]. Englancl: Cambridge University Press,
1990.

Sakai K, Tanaka H. The influence of execution of DMM
on the surrounding ground[A]. Procceedings 21st
National Conference of Japanese Society of Soil
Mechanics and Foundation Engineering[C]. Japan:

Sapporo, 1986. 1 191 —1 192.



