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Abstract: Stiffened deep cement mixing (SDCM) pile are gaining popularity in civil and architectural engineering due to their
combination of core pile advantages, such as high axial load transfer ability, and deep mixing column advantages, such as high side
friction. SDCM piles offer high construction efficiency, high bearing capacity, and lower costs. However, the existing calculation
methods for determining their bearing capacity often differ significantly from actual test results due to a lack of unified
understanding regarding their load transfer mechanism. To address this, full-scale field tests of SDCM piles embedded in silt were
conducted to study the compressive bearing characteristics and load transfer mechanism. Ordinary cement and gypsum-slag soil
hardening agent were both used as the binder materials in SDCM pile. The pile load-displacement curves were measured, and the
ultimate bearing capacity of a single SDCM pile under compression was analyzed. The influence of binder materials was also
checked. Coring tests were conducted to obtain its unconfined compressive strength (UCS). The discreteness of UCS between the
field mixing cemented soil and the laboratory test were also analyzed. A three-dimensional elastoplastic finite element numerical
model considering the interfaces of core pile-cemented soil and cemented soil-in-situ soils was established. The distribution of axial
force along pile shaft and the shear stress between contact surfaces under different loads applied to the pile head were explored. The
load transfer mechanism was analyzed and the higher bearing capacity compared with bored piles were discussed. The results show
that the ultimate compressive bearing capacity of the SDCM pile in silt is larger than 1.5 times the sum of the compressive bearing
capacity of the pure deep mixing pile and the single core pile. As the end resistance takes effect and increases, the shear deformation
between the core pile and the cemented soil at the pile tip will increase rapidly due to the axial compression of the cemented soil.
Thus, this position is prone to shear failure. Compared with traditional bored piles, the improvement of the bearing capacity the
SDCM pile is mainly due to the interface improvement caused by solidification.
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Fig.1 Layered soils and its main physical and mechanical properties
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Fig.2 Undrained shear strength of layered soils from
different computing methods
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Table 1 Test program of full-scale field tests
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DSM1 12 1 000 Kie 15 0.5
DSM2 12 1 000 K 15 0.6
DSM DSM3 12 1 000 7KV 15 0.7
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DSM5 12 1000 GS 15 0.6
DSM6 12 1 000 GS 15 0.7
PHC PHC 12 #1554 PHC-A-500-125
SDCM1 12 1 000 GS 10 0.6
SDCM  SDCM2 12 1000 GS 10 0.6
SDCM3 12 1 000 7KIE 10 0.6
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Fig.3 Physical photos of the main steps during
full-scale field tests
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Fig.4 Numerical simulation model and meshing
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Fig.5 Typical strain-stress curves of solidified soils under
unconfined condition
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Table 2 Test results of laboratory unconfined compression

strength
aw I
BEfEAsRL  KIREE o Jeo/ MPa / MPa
GS 0.0 10 4.0 5.7 5.7 5.1
0.0 15 9.5 11.0 10.0 10.2
0.6 10 3.8 3.8 3.9 3.8
0.6 15 6.3 5.4 6.0 5.9
P.O42.5 0.0 10 32 3.4 3.4 33
0.0 15 7.2 7.4 7.2 7.3
0.6 10 2.3 22 22 22
0.6 15 3.0 2.8 3.0 2.9
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Fig.7 Box chart of the UCS results of field core sampling
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2 3 FESE R PR I A AT AR BRI A AR B AL B T 519

1 9(b) ] WL, PHC UM (1% 1 A i 5 &
GRS A I L. AFZATET, 20k
WP TR IR e A G, ARG, o oA
LRI, AR 2T AR,
RITA: T00 55 A7 i i 7038 AN — . IX 32 R A
AR EERE ik BB BR s [ 4 38 0 bty BEL D 4
RIFMER, il PHC-DSM A TiifLi% 5 b8t hn
P T o AT SRR A& 12408 300 kKN, 2315
SRR 7.0%

FH ] 9(c) Pl L, A T 47 28k 3 000 kN B,
PETHURFARIZHT A SR, SR AT HEZH 580 kN,
2 7 _E A I 14.0%; SAE Tt 25T 3 500 kN
N TR A oL ik AR T E S D | S S YN A
700 kKNo [Rlit, [k AR 2 il g 20 A1 il 26 7E A A%
BRI 22 CIEA, BARKIUNAETTRIAE /1K,
SR AL T NS

K 10 AR [FIFT %L N DSM-soils Al PHC-DSM
AN GBS B IR B o A B o fH ] 10(a) AT AL,
6 A s RIS, AR A B R P 00 JEE L 77 3 1
e E B R EE RIS B RAE (2955 TR
TARAHE K GRE D s 12 BRAE -5 Hh 2R 45 R AL (1) T
R PRI RRE O BEL 13 o v A 1 22 S5 B 6 A 58 ) 86 Jm 2 186K
s, 765 m Rl 10 m PREE A B AZAK FRAE 25 i
SRS IRAME N 1.94 {51 2.74 15, AR, XFEC (30
PES GAEEARMAEY IR BUE (IUBE 7052 = R 4L
HU1.5) Al HHER 2 AR R Bt e, it
K2 TR B Pl AR BRIk, iR ey
FLAh R A 7T AT R 2 I

AT E g, B A R 7K D SRR T i A
PRERL T AP JE At o R SR L AR 1 BE R AR BE s 7
LA o 2 AR TR — - i T PR %R
BLRZ L bR B (1) g S R A i T 2 AR
Mo (RS ARG BIE T 1S e FLEEE
PO A OO0 BE B /TR 36048, K5 L L2 RI% &
BEEN . ST JEERNE, BT ERSEE T8
Fl T, 0T MR B IR B I 4y, CRSUES
FARMTEY BARRELS T BE A BE 7 52 = &
WA, Sk ORI RSB ERE AN
&) O CGhPEE A EARMAE) Vil #1, SDCM
AR BHL 7732 25 R30S S R SR T BE ) 32 s
REKBWIA

API FLTE PO T AR A HEZK 58 FE e LL— AN i
FHa Ca< D) MENWMBRBEMEER T, % R84
G T M IEAHEAK SR BRI U SR B R BN
IR o KRIEASCITH SR, 2K iR - St

AKAERIAY, SDCM HEXS T AR F IR BE
MMM, B o BUEREIE 1.0, XREZRET
PP AL f5 508 AR e A 2 1 g, AT
PAFE 70 ) FH R AR BV BE, IX /2 SDCM. AEAR XS
Gl LR AR IR MR 2 W SR Ao A £ 1
W BR S BE 77 g, AR AR BT B AR R 5
qp =N, +7'h 12

b NWERE I REL N, = 6~9(CRTHHEL6);
h BRI TR . HEk, SRAE 2 5T cu iRt
B SAR B AR KSR EE, T A4S 3] SDCM BiE
(RIRR R AR 1298 4 020 kN, S5HLIZ Szl 45 B Eh
W4

f P 10(b) A WL, PHC-DSM F1H 8Y 37 /1t % faf
SR BG N IR, e 3 R R AR 117
FECHISS” 7B B R FE (BRI T A AL ), X
R R G 0 e A BEL D PR A HE I IS
VERE—30 . 72 S HEAE U] -t ¥ EE R 773 3 A B
BT, [Al—IRFEALE PHC-DSM FIE BTN /)7, (BRAE
TR 7340 )5 DSM-soils FHE BTN /) 7, #2 T it :

7,d =1,D (13

e d F1 D IR R S HE R EAR .

» / kPa
80

(a) DSM-soils FiHi 81 & /3

71/ kPa
0 50 100 150 200 250 300
] T

HET g
461 kN

—-—4 120 kN

& 2¢y

R/ m

(b) PHC-DSM 1 B ¥ /7

B 10 FRFAHERT DSM-soils % PHC-DSM 18IS /1
Fig.10 Shear stresses of the DSM-soils and PHC-DSM
under different loads



520 = +

Vaj % 2024 4

A AR - R BE I8 B PR 5, 4k s
AT UV B3 BEL 73 AR o IR, i [ £
+- 52 18] B T BCE W bk i Az & i, 7R
2 B Hh I 77 i ]I AU R G b 1 55 R
B, i E ALt SR 8] AR A 2 F T KR
PR R A T R I, 5 S Ak T [ (R Y 1) g R
TN . ST BY N AT AR IR BB 45 B T R AR
W, FEm BT AT B U)  pAR . AR SRR
P& AE T, PHC-DSM F:fifii (1185 V) J3 2 TEME SR AL
BIABINRE, BT E. Bk, xFikhsk
TR AR, BB ARt TR B AR i 7 B AT R
hnom, HARK EROR TR, RERE 2 A4
PEF s Q% s o7 B [ 4 - ) s FE AR E, 9/
5] A, 7 B BEL 25 422 B A ) ) P 48 S e A5 50 2 ]
AL ; @TE SDCM A il T e A — e W FE
)W A, BREEHE 5 K e 78 R A i
PR, AR THEEMRRE A RS, X5
{EFEFR ARSI W 1 [ 4 & T 23 = SDCM. #E
AN —E . [, RiER PHC-DSM
FHTHI PRI BY 8 ) 78 8 Ik 4 B PR AR5 HE BME HE ARR
FRTH B U3 FE 2 IR 45 7 00 R A3 0 2 DA JBE s |
NEMRRRFEEE 1. Nk, RACHE &K I %345
JIMEPRAE THR AR ER T R T AN 22 4211
4.3.3 SDCM Mk B A (1)l 7] )82 7 EE

B 11 AN 3 S5 A B R A AT B
JIHCHYIREEI ARk . B IRT L, o 0 T £ 217
BN, AT AR SR K I B Gl e B AT B AE
N, ST A R i BB A O RS RS
BRAFEBIG RS P far AU D T
B, B TR [ R LB KAB 08 50, LR
AL 2 £ ULEH B G I B AR AT fr B I A
T DN AR N . fEpEmALE, Hhm R
teZh 2.

Bl 1 %7 g
0 5 10 15 20 25 30 35

T S g 2
L 461 kN
<1 192kN
~<-1 846 kN
F -2 432 kN
-0-3 065 kN
L 3572 kN v
3064 kN _

o I L =)

R/ m

10 b

12 tno

B 11 AR BT O S S B K e A 5 N AT
Fig.11 Stress ratio between core pile and DSM
under different loads

4.3.4 kb B A #-0 #2 it 2k

B 12 ks - e k- R S il 28 . H T
U, R i BE 77 5 AR B A i BE 7 ) k2 R
1), BRI S APT RGO i o B ) T SR 5
Pgedeis . [RIASS W] LR B A 14D i L 7 K 7K
T 3 W H SO 7K AR B ) A A i B 1
RAFWIFT . bl W, CGhiEE SRR 7
R St - S5 AT 7 SR P it L T i R Ok T SR R
WATRERAEIER), RAIE Bz AR EETH
I EARIR I — R 2 atE “FME” .

1000

o N PHC
o Ahits DSM i
— APT Jil5e)

800

600 [

400 [

B3t 4 2 73/ kPa

200

00 10 20 30 40 50 60 70 80 90 100
vt A7 #8/ mm
B 12 e E - R
Fig.12 Load-displacement curve at the pile tip

5 4 %

ACHET I L RAR I A AT BR e Bl o B ke 45
77, XK b g SDCM A Al 1) 470 s K 28K
RePE S A B AL B LT TRFSE, #R1 T GS [k
FIHF SDCM B [13E F 1, S8 7 =59 ST 1)
FEEXT SDCM Bl EMERERISZI, LU SDCM #iE
TR A% G AR 2 42 v R D ] o 7E A SR B 261 TS
BRI LR 4518

(1) SDCM # F T st Fesd kb, B G4
) 7 B8, 77 R T G4 A AT BGOSR AR B ) 2 A
1.5 f%, 5:XM GS FEfbiAaE, KIEHT SDCM
WE B TR 3

(2) SDCM i FH 1R KA, 78 [F-—IREEAL
B S E-K e 5 kI - 5 B 8] S T R He
HASE TR RS /N B AR 2 b, AERE TS 43
FH TN B AR 1 A7 75 2 I 55 20 - 7K e 1= 2 8] BB BH 7
MR TEE AR RIEER G, ARRKIR
Tl ) 52 R AR, (SRR YR 2 1A B D) AR T
LR A RIS e (N o VAT R Y e U LR
o Rk, AL e R AR CHE IR 1A T I NBER,
St T A Ry R AR R S A, s e v
KRB, B RO —K U - S A 2B 45 I
T BRI A 1



2 M X

N By B R B S A AP AR B S e AR A LRI B T 521

(3) Ko A0 J5 5 Hh E 2 i 1 e P 50

7& SDCM HEHF X A% Ge il FLIBEVE M B A e (R 7 3K
JIEZJFE, SDCM AR -+ A S 43 10 55 R 0] FEL
TI1ZY5ETHEM EARAHEK R (S B SRR
FE) VIEE T3 i R 7V T SR O] - A3 B ) & L

jj’

D e 9 P < NP I 7 5 B 5 AN
(4) SEU RS AR TR A% 5 APT NG L) 3

BETHE A R A B, (IR A EAR M) [
TRV A6 T S AR IR 4 i R OR TS AR 3
RER T A A

Z % X W

MR, BOKAE, TR, MAEIKIE LS A B L R
T RTTERI ST, & 1 71%, 2016, 37(3): 672-678.
YE Guan-bao, CAI Yong-sheng, ZHANG Zhen. Research
on calculation of pile-soil stress ratio for composite
foundation reinforced by stiffened deep mixed piles[J].
Rock and Soil Mechanics, 2016, 37(3): 672-678.
XML, AW, BREE, & S S PEEORLERI].
TR, 2018, 4784 4): 262-264.

DENG Ya-guang, ZHENG Gang, CHEN Chang-fu, et al.
Review of SCM composite column pile[J]. Construction
Technology, 2018, 47(Suppl.4): 262-264.

KNP He. & L TREARCH T A S L. &L THE
2EH, 2013, 35(1): 34-58.

LIU Han-long. Technological innovation methods and
practices Chinese
Journal of Geotechnical Engineering, 2013, 35(1): 34-
58.

AEE =K, FIHE, TR, & KL 5ME
SE N T[], B2k THE, 1995(5): 75-77.
NOBUMIO HONMA, KAENORI HIRAI, TATSURO

in geotechnical engineering[J].

TAMALI, et al. Construction method of cement-soil-steel
pipe composite pile[J]. Subgrade Engineering, 1995(5):
75-717.

DONG P, QIN R, CHEN Z. Bearing capacity and
settlement of concrete-cored DCM pile in soft ground[J].
Geotechnical and Geological Engineering, 2004, 22(1):
105-119.

IR B RF AW TR, JGU/T 330—2014 KIELE S
EHEFEAE R AL[S]. Abnt: b B 5T R
2014.

Shandong Academy of Building Sciences. JGJ/T 330—
2014 Technical specification for pile foundation of pipe
pile embedded soil[S].

in cement Beijing: China

[11]

[12]

[13]

[14]

Architecture & Building Press, 2014.

JTB AR R A E]. JGI/T 327—2014 #hTEE A HE
BORFRES]. Abst: s EE STk B L, 2014
Wantong Construction Group. JGJ/T 327 — 2014
Technical specification for strength composite piles[S].
Beijing: China Architecture & Building Press, 2014.
PHUTTHANANON C, JONGPRADIST P, WONGLERT
A, et al. Field and 3D numerical investigations of the
performances of stiffened deep cement mixing
column-supported embankments built on soft soil[J].
Arabian Journal for Science and Engineering, 2022,
48(4): 5139-5169.

REHE, BRAEH . BEHUSCH RREE LS B A B T
IYHEIN. B A1, 2004, 25038 F) 2): 333-337

ZHU Jia-xiang, CHEN Zheng-zhou. Finite-element
analysis of concrete-cored deep cement mixing piles in
deep excavation engineering[J]. Rock and Soil Mechanics,
2004, 25(Suppl.2): 333-337.

FOT, BRIEH, 2898, Mtk iR i B e 3 L i i o
HIRHI]. A TR, 2002, 24(2): 204-207.
DONG Ping, CHEN Zheng-zhou, QIN Ran. Use of
concrete-cored DCM pile in soft ground[J]. Chinese
Journal of Geotechnical Engineering, 2002, 24(2): 204-
207.

B2, VR, WL, 5. hih & a ik TR H
5 o). AL TSR, 2013, 3534 T 2): 998-
1001.

QIAN Yu-jun, XU Zhi-wei, DENG Ya-guang, et al.
Engineering application and test analysis of strength
composite piles[J]. Chinese Journal of Geotechnical
Engineering, 2013, 35(Suppl.2): 998-1001.

YE G CAI Y, ZHANG Z. Numerical study on load
transfer effect of stiffened deep mixed column-supported
embankment over soft soil [J]. KSCE Journal of Civil
Engineering, 2017, 21(3): 703-714.

2R [ A B A S A KT A v HE 2 R o N
AT, B S, 2022, 29(3): 126-128.

LI Ai-guo. Analysis of the application of the strength
composite pile foundation in large area high load
engineering[J]. Anhui Architecture, 2022, 29(3): 126-
128.

BOCE, wiEE, WHSE, & SRR ).
HHILE 2R, 2001, 22(2): 92-96.

LING Guang-rong, AN Hai-yu, XIE Dai-zong, et al.

Experiment study on concrete core mixing pile[J].



522 = +

71

& 2024 4

[15]

[16]

[19]

(20]

(21]

Journal of Building Structures, 2001, 22(2): 92-96.
FE, TKH, 8. ShEBEBERALBETH]. &
HUBHE, 2007, 23(7): 101-103, 107.

LI Jin-jun, DING Yong-jun, LI Hui. The optimization
design of reinforced mixing piles[J]. Building Science,
2007,23(7): 101-103, 107.

TKHE, FHE, X, 55 BVERREE G
)], REEKRZEZHAR, 2010, 43(6): 530-536.

DING Yong-jun, LI Jin-jun, LIU E, et al. Load transfer
mechanism of reinforced mixing pile[J]. Journal of
Tianjin University, 2010, 43(6): 530-536.

R, sl ERE. KV H4LE T Bl E e
R, HE:ITFEEIR, 2004, 26(3): 432-434.

WU Mai, DOU Yuan-ming, WANG En-yuan. A study on
load transfer mechanism of stiffened DCM pile[J].
Chinese Journal of Geotechnical Engineering, 2004,
26(3): 432-434.

RS, XU, TREZR, & @it OH S R T
HREEMR RN, 5715, 2010, 31(7): 2219-2225.
REN Lian-wei, LIU Han-long, ZHANG Hua-dong, et al.
Bearing capacity calculation and influence factors
analysis of jet grouting soil-cement-pile strengthened
pile[J]. Rock and Soil Mechanics, 2010, 31(7): 2219-
2225.

FEFEAT, SEAEM. o Mot 4 R 4 G W AR AR 2 1 R v [
RAHT[I]. E70%, 2012, 33(44 T 1): 183-192.

REN Lian-wei, CHAI Hua-bin. Analysis of factors
influencing bearing characteristics of jet grouting soil-
cement-pile Rock and Soil
Mechanics, 2012, 33(Suppl.1): 183-192.

fEER, AFRER, 8T, 5. B b O A
k2 T B DR U IR B FE]. A S T
FEE44R, 2022, 41(4): 822-835.

REN Lian-wei, LU Chen-chen, WANG Xin-yu, et al.

strengthened  pile[J].

Model tests on multi-interface shear performance of jet
soil-cement-pile  strengthened piles in
homogeneous sand[J]. of Rock
Mechanics and Engineering, 2022, 41(4): 822-835.
XD, AEZER, Mk, &5, w4 G B
WL 2 RERGR G B R[], & 1+ F1%, 2010, 31(5):
1395-1401.

LIU Han-long, REN Lian-wei, ZHENG Hao, et al.

grouting

Chinese Journal

Full-scale model test on load transfer mechanism for jet
grouting soil-cement-pile strengthened pile[J]. Rock and

Soil Mechanics, 2010, 31(5): 1395-1401.

(22]

[24]

(23]

[26]

(27]

(28]

KB, ARTER, AN, K G R A G AT
iR R W L), o s TR R, 2009,
28(3): 525-532.
LIU Han-long, REN Lian-wei, ZHENG Hao.
Experimental research on load transfer behaviors of single
jet grouting soil-cement-pile strengthened pile with cap[J].
Chinese Journal of Rock Mechanics and Engineering,
2009, 28(3): 525-532.

FRA, HAKA, XA, 55 EHEKYE - E AR
TR TTT]. & A 55 TR, 2014, 33(HE T
1): 3068-3076.

LI Jun-cai, ZHANG Yong-gang, DENG Ya-guang, et al.
Load transfer mechanism of composite pile composed of
jet-mixing cement and PHC pile with core concrete[J].
Chinese Journal of Rock Mechanics and Engineering,
2014, 33(Suppl.1): 3068-3076.

FRA, I, KREEH, 5 RKiRE LK LR
EHERBHLUE] 3 HT)]. & 712, 2009, 30(1): 181-185.
LI Jun-cai, DENG Ya-guang, SONG Gui-hua, et al.
Analysis of load-bearing mechanism of composite
foundation of plain concrete reinforced cement-soil
mixing piles[J]. Rock and Soil Mechanics, 2009, 30(1):
181-185.

VOOTTIPRUEX P, BERGADO D T, SUKSAWAT T, et
al. Behavior and simulation of deep cement mixing
(DCM) and stiffened deep cement mixing (SDCM) piles
under full scale loading[J]. Seils and Foundations, 2011,
51(2): 307-320.

VOOTTIPRUEX P, JAMSAWANG P, SUKONTASUKKUL
P, et al. Performances of SDCM and DCM walls under
deep excavation in soft clay: field tests and 3D
simulations[J]. Soils and Foundations, 2019, 59(6):
1728-1739.

VOOTTIPRUEX P, SUKSAWAT T, BERGADO D T, et
al. Numerical simulations and parametric study of SDCM
and DCM piles under full scale axial and lateral loads[J].
Computers and Geotechnics, 2011, 38(3): 318-329.
T, TR EE K T bR R A I AR R S ARy
PEWFFR[D]. b EiACHE K2, 2014,

WANG Chi. Study on bearing and deformation
characteristcs of concrete-cored DCM pile composite
foundation[D]. Shanghai: Shanghai Jiao Tong University,
2014.

ATRERR, TRARU, FEERR, & JREELAUKE RS
TR HE 7K Y A A B AR AR B )], AR TR



552 3 FESE Ry R EE TP IR R S AR ST R AR B S A A S L T 7T 523
%, 2022, 55(8): 93-104, 117. TAERN%Z, 2010, 38(12): 1-4.
YU lJian-lin, XU Jia-cheng, ZHOU Jia-jin, et al. LI Guang-xin. Undrained triaxial tests with pre-

[30]

[33]

[34]

[33]

[37]

Experimental study on frictional capacity of

concrete-cemented soil interface of concrete-cored
cemented soil column[J].
Journal, 2022, 55(8): 93-104, 117.

s, AREA, XU, 25 BRI B S R e -
KR LA R B T[] TREH S 2441, 2021, 290K
Fi)): 82-87.

ZHOU Jie, REN Jun-jie, LIU Zhong. Study on strength

China Civil Engineering

characteristics of concrete-cement interface of concrete
soil cored DCM pile considering age effect[J]. Journal of
Engineering Geology, 2021, 29(Suppl.): 82-87.

BOERES, BN @SR SR TR M. dER:
[ e 3 Tl AL, 2017,

HUANG Xi-ling, QIAN Li-hang. Building ground and
foundation engineering[M]. Beijing: China Architecture
& Building Press, 2017.

Hh [ AR E TR, JGT 94—2008 @AM HEH AR
TG[S]. bt RS Tl ARAE, 2008.

China Academy of Building Research. JGJ 94—2008
Technical code for building pile foundations[S]. Beijing:
China Architecture & Building Press, 2008.

TR, BB R LR A ) K U AR R T A 7
BRIT[I]. TAbES, 2005, 35(H4F1 1): 432-437, 536.
NING Jian-guo, HUANG Xin. Exploration of preparing
cement-based stabilizing agent for soft soil by industrial
cinders[J]. Industrial Construction, 2005, 35(Suppl.1):
432-437, 536.

OB, THEE, YRR, S BCERERIIA B DT AR
W, Lak#sA, 2006, 36(7): 7-12, 18.

HUANG Xin, NING Jian-guo, XU Sheng, et al
Optimization design of soft soil stabilizer[J]. Industrial
Construction, 2005, 36(7): 7-12, 18.

AR, FOR, AR, SRR VA A B
RIGWFFL[T]. M8 TS24, 2009, 3(10): 1871-1874.
NIU Chen-liang, HUANG Xin, LI Zhan-guo, et al.
Experimental research on utilization of industral wastes to
stabilize soil[J]. Chinese Journal of Environmental
Engineering, 2009, 3(10): 1871-1874.

LARSSON R, AHNBERG H. On the evaluation of
undrained shear strength and preconsolidation pressure
tests in Canadian

from common field

clay[J].
Geotechnical Journal, 2011, 42(4): 1221-1231.
B, A RE EIL T B S =5 KRR [T].

[38]

[39]

[40]

[42]

[43]

[44]

[45]

consolidation under effective overburden pressures[J].
Geotechnical Investigation & Surveying, 2010, 38(12):
1-4.

VEBRIL. A4 A 45 9 74 (0 5 E E IR 1 A R[],
- TREAER, 2000, 22(3): 353-356.

SHEN Zhu-jiang. Earth pressure of clay based on
effective consolidation stress theory[J]. Chinese Journal
of Geotechnical Engineering, 2000, 22(3): 353-356.
JEERT. PR LR AR UBT IR T )], At
TREEAR, 2011, 33(10): 1596-1600.

GONG Xiao-nan. Some problems concerning shear
strength of soil in soft clay ground[J]. Chinese Journal
of Geotechnical Engineering, 2011, 33(10): 1596-1600.
RAE, ATHE, RS, S MORZE AN HEK 4 A e
BN 7R FEARAR IR D). AR AR AR, 2021, 54(9):
88-95.

SONG Er-xiang, FU Hao, LIN Shi-jie, et al. Discussion
on the choice of strength parameters for the analysis of
saturated clay under undrained conditions[J]. China Civil
Engineering Journal, 2021, 54(9): 88-95.

R EHURHEI T, JGU/T 233—2011 /KJEHACA
LER T AR[S]. Abat: m st Tk AR, 2011.
Fujian Academy of Building Research. JGJ/T 233—2011
Specification for mix proportion design of cement soil[S].
Beijing: China Architecture & Building Press, 2011.
RTAE BB SEMETEM]. bt hE R
Tolk AL, 2020.

SONG Er-xiang. Theory and numerical methods in
geomechanics[M]. China Architecture &
Building Press, 2020.

B, BeRiE TS HEM] 2 R dest K
AL AT H RAE, 1994,

QIAN

Beijing:

Jia-huan, YIN Zong-ze. Principles and
computation in geotechnics[M]. 2nd ed. Beijing: China
Water & Power Press, 1994.

AFEMmEZ T4 HETEFMHM]. b PEE
HLM H AL, 1995.

Committee of writing this handbook. Pile foundation
engineering handbook[M]. Beijing: China Architecture &
Building Press, 1995.

W, B %, 3R LR TR ). [FISER A
(A RFLARR), 1992, 20(4): 421-428.

YANG Min, ZHAO Xi-hong. An approach for a single



524 = +

71

& 2024 4

[47]

(48]

[50]

pile in layered soil[J]. Journal of Tongji University
(Natural Science), 1992, 20(4): 421-428.

JEmerg. HhILARFEEFMIMI. 3 AR JbRt: P EES T
HiR AL, 2008.

GONG Xiao-nan. Ground improvement handbook[M].
3rd ed. Beijing: China Architecture & Building Press,
2008.

WA ZOE ST, DB33/T 2383—2021 A LHEHR
DR AL B S i TR RVES]. BUMI: WL
BT E B, 2021,

Zhejiang Provincial Communication Department. DB33/T
2383 — 2021 Technical specification for design and
construction of power mix in-situ solidification in
highway engineering[S]. Hangzhou: Zhejiang Provincial
Administration of Market Supervision, 2021.

POTTS D M, ZDRAVKOVIC L. Finite element analysis
in geotechnical engineering: application[M]. London:
Telford, 2001.

GEROLYMOS N, GIANNAKOS S, DROSOS V.
Generalised failure envelope for laterally loaded piles:
analytical formulation, numerical verification and
experimental validation[J]. Géotechnique, 2020, 70(3):
248-267.

JAMSAWANG P, BERGADO D T, BHANDARI A, et al.
Behavior of stiffened deep cement mixing pile in
laboratory[J]. Lowland Technology International, 2009,
11(1): 20-28.

W, ZEonlk, FESC KYE TR B SRR G

EEFEs10 1

[17]

FEx A, WIRE, BB, SR ECN AR R
EHOZI RIS HT[T]. % E 1%, 2020, 41(9): 2851-
2860.

WANG lJia-quan, CHANG Zhen-chao, TANG Yi, et al.
Dynamic triaxial test analysis of reinforced gravel soil
under cyclic loading[J]. Rock and Soil Mechanics, 2020,
41(9): 2851-2860.

RAGOZZINO E. Seismic response of deep Quaternary
sediments in historical center of L’Aquila City (central

Italy)[J]. Soil Dynamics and Earthquake Engineering,

[52]

[54]

[56]

[19]

BT[], BUARASEEAR, 2017, 14(3): 19-23.

PENG Tao, LI Li-ye, ZHANG Ding-wen. Experimental
research on interfacial performance between cement
treated soil and concrete[J].
Technology, 2017, 14(3): 19-23.

ZHU S, CHEN C, CAI H, et al. Analytical modeling for

Modern Transportation

the load-transfer behavior of stiffened deep cement
mixing (SDCM) pile with rigid cap in layer soils[J].
Computers and Geotechnics, 2022, 144: 104618.

T E H kA 22 DL/T 5425—2018 )2t HE%E
A BHARIVELS]. Abat: o B g A, 2018.
China Electricity Council. DL/T 5425—2018 Technical
specification for deep mixing ground treatment[S].
Beijing: China Electric Power Press, 2018.

LORENZO G A, BERGADO D T. Fundamental
parameters of cement-admixed clay—new approach[J].
and Geoenvironmental
Engineering, 2004, 130(10): 1042-1050.

T E SR TR, JGT 106—2014 GESTHEME RSB
ARIFELS]. b F EEH T H Rk, 2014,

China Academy of Building Research. JGJ 106—2014

Journal of Geotechnical

Technical code for testing of building foundation piles[S].
Beijing: China Architecture & Building Press, 2014.

American Petroleum Institute (API). API RP 2A-WSD
Recommended practice for planning, designing, and
constructing fixed offshore platforms-working stress
design[S].
Institute, 2000.

Washington, D.C.: American Petroleum

2016, 87: 29-43.
SOUSA J B, WEISSMAN S L, DEACON JA, et al.
Permanent deformation response of asphalt aggregate
mixes[R]. Washington DC: National Research Program
Council, 1994.

PENG M J, XU Z H. Research on nonlinear constitutive
deformation

relationship of permanent in asphalt

pavements[J]. Science in China Series G: Physics

Mechanics & Astronomy, 2006, 49(6): 671-682.



