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Synopsis

Construction projects have often encountered very soft soil deposits, which can pose headache
problems of stability and/or excessive settlement. To solve these problems, many varieties of ground
improvement techniques have been developed and put into practice so far. Deep Mixing Method
(DMM), a deep in-situ soil stabilization technique using cement and/or lime as a binder, was
developed and put into practice in Japan and in the Nordic countries independently in the 1970s.
Numerous research efforts have been paid in these areas to investigate the properties of treated soil,
behavior of DM improved ground under static and dynamic conditions, design method, and
execution techniques.

Research and development of DMM in Japan was initiated by Soil Stabilization Laboratory at
Port and Harbour Research Institute (PHRI) of Ministry of Transport, Japan. During the 1970s and
80s, many research efforts have been done to study the engineering properties of lime and cement
improved soils and to investigate the behavior of improved ground. The Design Procedure includes
the block type and wall type improved ground applications for foundation stability, settlement
reduction purpose. This Procedure is based on the allowable stress concept, in which the induced
stresses within the improved ground are confirmed to be lower than the allowable strengths in the
internal stability calculation. This Design Procedure was revised twice in 1989 and 1999.

Ministry of Land, Infrastructure and Transport (former Ministry of Transport) has a plan to
modify the current design procedure and to introduce a reliability based design for marine
construction works in 2007, in which the Design Procedure on DM improved ground will also be
modified to the reliability based. In the new Design Procedure, the average and variation of soil
parameters and external loads are incorporated by partial safety factors to investigate the stability of
improved ground. The authors have been studied the design procedure and magnitude of partial
safety factors. In this article, the studies on reliability based design of the method are described to
provide detail information on the Design Procedure for practical and research engineers as well as

academina.
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Z=R-S (kN X m)
R=yu Pou+re Fi+7pF Moy, EEREBMUMUE TORENIZLDE—A Y
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1 1 1 1 S=y-(ty+Pwe+ Pws) Ry
+E.(7V.E.p.B.NV_77.E.p.LL.N},) .(3_;j
S=y-4 -o7,
pws AU RIZE DT (kN/m?)
- - - (4.18) Dyws - WERERICI DI (KN/m?)
T, R, :HEBEOEA
B REW (m) R =L (L, +Ly,)
Ly : BEXGBHOEBEOERTMOE S () L, :EREES (n)
n o REOEIEG L, :HEREEZS (m)
_ L t, =Y UETOmEE (KN/m?)
L+ L v EROMREK
y Rk
d) $& 0 HY LA
4) NiR % & Z=R-S
a) 4 L R=pp P+ Veu 2,C0 S - - - (4.22)
Z=R-S§ S=Vpan Fan +7pw By +W -k
R=F,
SZ?"(tl_Ko'Zpi'hi) T (419 oI
i ¢y ARWE LT OIEPEKE AR S (kN/m?)
S UM LESsoERmE (n®)
o T, W HTH LRSS OER (kN)
h o RAHELEEOEE (n)
Ky ik LEARE 4.4 EEMEFTRUENER
fo P REN L OBFEMHERE (KN/m?) (1) B AR S E X o il e o st
=a-Bqu RUWEHRICE LT, HRBIOHE S, FRREKIRSE
Gue : BELE - OFFHEAETRE  (kKN/m?) BTG A=K L LBEHNREEET VI LT, —KT
a WmEA R R I B FRAT I 0 HiFR T B RNE FE & — Roe Hi B s &
B A== T y TEEHEERK ERTIC L 0 BREAE2RD, WE OG5 (4. 23) 12
y R RTHEEABEREEANERINL TS 2,
p RO EOREMEFEER (KN/n)
K, =1.78-(Beyos . % 0,04 - -~ (4.23)
b) &AM (REE) D, g
Z=R-S Z T,
R:l-a-ﬂ-q D, : ARTRRIZBTDHFARENME (cm)
2 e - - - (4.20) D, : HMEZEfr&E (=10cm)
S=y-(-W)/4 g : EIMEE (= 980 cm/s?)
ke BRAS R O Rtk E
T, a. - HIREIC BT D M O B KN E FE A E il
A BREWEE (n?) (cm/s?)
W, R HUEERTHE) GRRFHE E CORRKEE
(kN) ZIZTE, ZOREFEORBIRAS LA~
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EEER - B2
DEFICEBIRGLI TEZ#EH LZEF LSBT, 7*‘1%()“1
B - L
— IR ST HIEE IS B FRATIZ £ 0 SkE 2D 3 1w e KON FE A 12 = Leng
Ml (@) &, “RITCHBISEMIT 26550 2B BRI -2 L1530
YN 3 =]
X o C RS R B 5T & L % M K oy | N\ R
WIEME (o) OBFEMEZHRIEL, ZOBEBRERDEER Hi2 _ 65
(5 (4. 23) ) 0 I 5L A AR MM ~ 00 3 JF P 2 TERR L7 aclilc o
¥ al
SRl - E F-15.2
(2) AJTHER T D% E L 215
= ZHi- } W AR E
*ﬁ.ﬂ‘%% BV, i#% AN TTHUE W % 3 E b T .
TAHAMLERD L. EBEATMEBERELE LT, BEORE | 20s
B 72 R O s 6 s E M A2 B L T 9 @ LA
FTHEWN 2 EE Lz, MBI O & KN E O] X-4.3 Rtk
WTIE, B-4.3 IR T RS BHMEEZ SR E LT RoH ®-4.1 MM (B AWEEHE)
EISEMENT (FLIP, Ver.4.2.7) 4T\, 7 — Y L O%EHE CASE_1 | CASE_ 2 | CASE_3 | CASE 4
. o . e HENT b 120 210 180 210
IKEZENLDS 20cm FREE & 72 B X 5 (T AJI N BE o fx KAE TR 120 210 130 210
RO, BMENIH T2 > TER-4. 1 ITREN D FMA 72 J M L 150 100 190 150
itz D 5 B CASE_1 & CASE_3 I oW THa L. %7, FABTE | 150 100 250 150
Awatcix, BEMEE (k) &L7TO0.1, 0.15, 0.2® .
84— R ARG L LIS, MARBEC k- TR-4.210 R4.2 WA
. . . . WA B = g
AT LT — Y VIER R D, R4 IR E T &, Bl (m)
O AWEERE LY, X (4.24) ZHOTETHO AN 0.10 5.4
EHEREL, “WGCHBISE AT ~O AN E R o e
43D L OIHE L.
*x-4.3 HBEHK—E
(a) CASE_1
FEYER) | AW | G | IKFEM . B eris | ey | PVEBEEER
WE | i | e | s | Sm0 T Sl el B
% % B E b 7K H
Oma Gma mg Kina i%{ P n h ¢f
(kN/m?) | (MN/m?) (MN/m?) v (t/m®) max (degree)
WS BJE OKAE E) 89.8 25.9 0.5 67.6 0.5 0.33 1.8 0. 45 0.24 37
ST BJE KAL) 89.8 25.9 0.5 67.6 0.5 0.33 2.0 0.45 0.24 37
ST g 89. 8 25.9 0.5 67.6 0.5 0.33 2.0 0.45 0.24 37
Ji s |- 239. 8 45.0 0.5 117 0.5 0.33 2.0 0.45 0.24 38
J AR T 239.8 45.0 0.5 117 0.5 0.33 2.0 0.45 0.24 38
Ak OKNL 1) 98.0 180 0.5 469 0.5 0.33 2.0 0. 45 0.24 40
HiAJg OKHr k) 98.0 180 0.5 469 0.5 0.33 1.8 0. 45 0.24 40
s 98.0 180 0.5 469 0.5 0.33 2.0 0.45 0.24 40
(b) CASE_2
Y i b5 T 9 T v | s R
e Il R Bl I O B R e
ﬁ % a e vtk Kk
Oma Gma mg Kina fi P n h o
(kN/m?) | (MN/m?) (MN/m?) 4 (t/m®) max (degree)
ST B (KAL) 89.8 79. 4 0.5 207 0.5 0.33 1.8 0.45 0.24 38
S ERE OKAL ) 89.8 79. 4 0.5 207 0.5 0.33 2.0 0. 45 0.24 38
VAN 89.8 79.4 0.5 207 0.5 0.33 2.0 0.45 0.24 38
JRHE 239.8 20.0 0.5 522 0.5 0.33 2.0 0. 45 0.24 37
SRR T 8 239.8 20.0 0.5 522 0.5 0.33 2.0 0.45 0.24 37
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(¢) CASE_3
U | AW | G D | (RREDE . I o | PYEBERER
. - ey | oo | Kma® | AT Y ZEAER | R R
RIE | BEEGR | IREUE | RERAC | e |y Kt #
% %% ”
Gmak Gma mg Kina A ,D‘ h o
(kN/m?) | (MN/m?) (MN/m?) " v (t/m?) " max (degree)
HNE BE (kA L) 89. 8 58.3 0.5 152 0.5 0.33 1.8 0.45 0.24 38
Sz ERE OKAL ) 89.8 58.3 0.5 152 0.5 0.33 2.0 0. 45 0.24 38
VAN 89. 8 58.3 0.5 152 0.5 0.33 2.0 0.45 0.24 38
JRHE 198.5 72.2 0.5 188 0.5 0.33 2.0 0. 45 0.24 38
SR T e 279. 1 125 0.5 326 0.5 0.33 2.0 0.45 0.24 39
H=iAkE UKL k) 98. 0 180 0.5 469 0.5 0.33 2.0 0.45 0.24 40
Hirkg Okfr k) 98.0 180 0.5 469 0.5 0.33 1.8 0. 45 0.24 40
el 98.0 180 0.5 469 0.5 0.33 2.0 0.45 0.24 40
(d) CASE_4
e b5 T T " hes R
gﬁmﬁ s | ape @Eiﬁ kot | 77 | B g | oo mgﬂg
” ” ?‘a%ﬁzﬁ Vg4 7k b
Oma Gma mg Kina % P A o
(kN/m?) | (MN/m?) (MN/m?) " v (t/m®) " max (degree)
N7 EJE OKNEE) 89. 8 79. 4 0.5 207 0.5 0.33 1.8 0.45 0.24 38
WS BJE UKL ) 89. 8 79. 4 0.5 207 0.5 0.33 2.0 0.45 0.24 38
ST g 89. 8 79.4 0.5 207 0.5 0.33 2.0 0.45 0.24 38
Ji s |- 198.5 45.0 0.5 117 0.5 0.33 2.0 0.45 0.24 38
JR AR T 279. 1 146 0.5 380 0.5 0.33 2.0 0.45 0.24 39
Gpo =PV’ M2 AR AT TSR D L7 A i REE 0D B B Kl
2 1+4v - - - (4.24) BR-4.41C, MEROFAEZR-4.4 TN TRR LT,
ma_g'l_z.v' ma
(b) CASE_3
T, Hh R R e ROGEFE (gal)
Gu @ HABBMERE (kKN/m2) Ef% ;E?%ﬁ ky=0.10 | k;=0.15 | k;=0.20
Ko : WFEHMEAREL (KN/m?) No.6 | 0.219 80. 0 335 400 490
Vot AR () sec?) No.14 | 2.675 161.0 185 205 235
: No.16 | 0.745 40.0 230 260 305
v T IRT YU No. 18 | 1.464 29. 1 170 185 210
o EE (t/md) No.19 | 2.278 19.0 270 305 345
No.20 | 0.342 20.0 390 440 505
No.21 | 0.410 19.0 640 720 840
F=-4. 4 A JyHiEEBE 0 d KN No.22 | 0.603 29.5 260 300 340
(a) CASE. 1 No.23 | 1.708 40. 3 150 160 175
Hh R R e ROGEFE (gal)
%E %%ﬁ k=0.10 | k,=0.15 | k;=0.20
No. 6 0.219 80. 0 325 375 440
No.14 | 2.675 161.0 155 175 205
No.16 | 0.745 40.0 195 225 260 -
No.18 | 1.464 29.1 120 135 150 3
No.19 | 2.278 19.0 235 265 310 %
No.20 | 0.342 20.0 330 365 415 &
No.21 | 0.410 19.0 555 635 745
No.22 | 0.603 29.5 215 240 275 R e i
No.23 | 1.708 40. 3 105 115 125 -100
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CASE_1 CASE_3
T, 0.573 0. 397
oo FL b T 1.073 0.730
b 1.015 0.970
o 2 M T, 0. 368 0.285
1=2000kN/n? T, 1.073 0.730
b 0.522 0.702
T, 0.391 0. 309
quzﬁiigiﬁfmz T, 1.073 0.730
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