41 5% 98 T RKFF R Vol.41 No.9
2018 4 9 A Journal of Chongqing University Sept.2018

doi:10.11835/5.issn.1000-582X.2018.09.006

— BB YR B S 25 1Y ) <7 Pk e g B

2D S e R N S e £

CGIB/EIKRF FHE5MNAIRFR,LH F M 341000)

WE.KRREREIAE A LI T H(HCMW Tix) 248 SMW T:eg i sh E A B kAR %
PR T E AT EERART AT LR SRR LR DNFRE, BEIBRERANILA
Fob EARET HMBERETREL EAREBRBE AT RBAS A Z HCMW T
FW I PR RRTAR EREAN . P LGRS EWENEHEA R T, AR
FEGUR IR EF B DAY b T IR et LR B, F 8 X ERE AR, EFETEE R
B A F) FEA TR A, — AR B ILAEIERIK 0~2 m W B A AR ERLEE
FafEI AT B ZWMHER ARG RRABEETAH 1S mm, XA EFEBHA 5.6 m 4L E &G, A&
WM BAEE N ERBE R R ERBE TR FR LB T AR KN H1.974,1.386
Fo 2,793, ) R THEME M XA R, R EAER, £V HCMW Lk LA KT L P AR,

KB HCMW T3 AFoa 2B PR

RESES :TUL70 XEktRERD:A X EHS:1000-582X(2018)09-048-09

Analysis of mechanical properties of a new

type of foundation pit supporting structures

ZHAO Kang s NING Fujin s ZHANG Junping s YAN Yajing  ZOU Xixuan
(School of Architectural and Surveying& Mapping Engincering, Jiangxi
University of Science and Technology, Ganzhou 341000, JiangXi, P.R.China)

Abstract: Based on SMW engineering method, a new HCMW engineering method for foundation
supporting was developed, with the advantages of good anti-bending ability, strong watertight sealing,
smaller surrounding soil disturbance. Based on the engineering practice, this paper studies the supporting
law and effect of HCMW method in the aspects of working condition mechanics analysis, surface
settlement, anti-overturning stability, overall stability, heave resistance stability coefficient and so on. The
result shows that the horizontal displacement of supporting structure has been significantly changed after

bracing, with a gradually decreasing trend from the surface to the bottom of the pit. With the soil’ s
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unloading in the excavation area, collateral supporting soil pressure decreases, resulting in a decrease in the
displacement of the soil in the lower part of the foundation pit, which generally occurs between 0 and 2 m
from the bottom of the pit. The total settlements around the foundation pit and their distance from pit rim
present a parabolic shape. The maximum settlement is 18mm, which occurs 5.6m away from the pit rim ;
the anti-overturning stability, overall stability and heave resistance stability coefficient of the foundation pit
are calculated, the homologous values being 1.974, 1.386 and 2.793, which are all greater than the standard
safety factors in the specification and meet the safety requirements, indicating that the HCMW method has
a better supporting effect.

Keywords: HCMW construction method; mechanical analysis; surface subsidence; supporting effect
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Fx1 EXELMHEIER
Table 1 Property indices of different soil

R R ESIRE E /BB KINE R 7 P R 2 A BiERK
fiE{H /kPa MR E,/MPa Y/(kN + m %) C/kPa /(" k/(med 1)

) 50 2.5 18.0 0 16.0 2~5
® 170 7.7 18.8 27.7 16.4 0.02~0.05
©) 150 12.0 19.0 0 25.0 15~25
@ 200 15.0 19.0 0 28.0 20~35
® 280 17.0 19.5 0 33.0 70~100
©® 320 — — — — —
@) 1 500 — — — — —

2 HCMW LZEEHEBREIZHRE
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B 05 00 550 0 M 3 S 0 R Ve L T
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G FEL R B B /25 45 l
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HOMW T35 TR s B AR BB [+ =ES.2 mf‘%‘mm
SMW T H 4, Jjts T T 2 iR il 1 . TS T
s e
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W %5 B/ ELE 0 G S 4T LB, T 3 5 7 0 56 B %4
P S 2 0 R X 4% 0 0 B 8 32 1078 L
RGO, e X 6 B ER B 4 T 4 07 B2 o 9 S R S
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F98 515 HRBAOO 14 . B1 HCMWRITZREH

Fig.1 The construction process flow chart of HCMW,
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R2 IREBER

Table 2 Condition information

THIF5 T2 THRE/m X AE S
1 T 2.200 —
2 Pl EES — 1R %
3 THZ 6.700 —
4 T4 — 2 B R
5 HZ 11.200

4.1.1 rEAHFE
B TR A0 P A TR Ty BRAE L O B g M T A R K R A X S R R e TR R
S W
EazészKa, D

K E, KRN/ m; K, M EH RN REGY B EMEE KN/m’ s H & E . m,
4.1.2 R AHBEALHTE

152 18 6 1 W [R5 8 S AP 45 0 1 B AL A% L 8T ) 45 ) SR AR AR TE BR DT 0 T AE N S AR v iy A2 Ak
MR i G T AR M T S5O0 T 0, 3 43 B IE R IEIT 6.0 MR A9 Stk vk 11380, X S 4P 0 SR i A7 4 1 1) 2
WA, & TOIFR R mE 2~K 6 s,

TH1—IFZ(2.20 m)

-1 900 0 1900 -15 -8 0 8 15 -560 -280 0 280 560 -320 -160 0 160 320
1.50 1.50 1.50
5 5 5 5
E E E £
= 10 10 10 10
K S K S
15 15 15 15
20 20 20 20
22.00 22.00 22.00 22.00
FEH/KN - m™) i /mm 2Z5%6/(kN * m) B35 J1/kN
(=270.02)—(266.75) (-1.52—(1.81) (-174.72)—(21.63) (-69.64)——(67.32)

2 ITRI1IMIHELER

Fig.2 The calculation result of the first condition

B2 8 T00 TP 2 2.20 m B TS50, Hy &1 AT 00, 5Pk 3 3 5845 1) A 25 B 0 B 457 A% 179 722 1k i [
9 —0.36~0.00 mm , 25 % 1 53 A5 T8 Bl Y —15.92~8.65 kN « m, 87 J3 23 4 J5 il g —24.81~26.05 kN, +JE /)
(978 il —269.67~266.75 kN/m(IE5 E IR [ B UM I A1 78 , 1715 RoR m BE BT A 628 ) . 181 3 S8 Lk
20M#E 1.70 m B BTHRZE R . S0 43 B SR A 1 0 34 5 SR BT RE 7 A2 AR A L —0.38~3.11 mm, &
S B 43 AT 6 BBl S — 137,84 ~5.66 kN« m, B S5 4% 4 i S — 42.83 ~ 60.89 kN, & J1 By 4> 1 3 Bl K
—269.33~266.75 kN/m, .00 2 B T 1 B BEGUMIBE (88 K, B KIS F 3.47 mm, 4 & 77 B9 28 46 0 [l A Fr
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-1900 0 1900 -15 -8 0 8 15 -560 —280 O 280 560 -320 -160 O 160 320
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/ I
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150.00 kN ‘ 3 { 3 - /
E10 E E E
e bt 10 ml(} ml
X 53 X 53
15 15 15 15
20 20 20 2
22.00 22.00 22.00 22.00 Vi
FEHIKN - m™) i /mm Z5%/(kN - m) B HI/kN
(~270.02)——(266.75) (-1.52—(1.81) (-174.72)——(21.63) (~69.64—(67.32)

3 IR2HTEER

Fig.3 The calculation result of the second condition

TH3—FF4%(6.70 m)

~1200 0 120015 -8 0 8 15 -560 —280 0 280 S60 -320 -160 0 160 320
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/|
//
5 5 5 / 5
1 7
\\ /
£ E £ N £ (
i 10 210 1 21
5 % % % 5]
15 15 15 15
20 20 20 2
22.00 22.00 22.00| 22.00 /
FIEHIKN - m) {3 # /mm Z54E/(kN + m) By J1/kN
(-270.02——(266.75) (-1.52——(1.81) (-174.72——(21.63) (-69.64——(67.32)

4 TRIMITEER

Fig.4 The calculation result of the third condition
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T.54——m##%2(6.20 m)

~1200 0 1200-15 -8 O 8 15 -560 280 0 280 560 -320 —-160 0 160 320
161.73 kN | 1.50 1.50 1.50 L
/
/ ’ )
150.00 kN 5 5 5 ‘/
/7
\
g10 E10 E10 £10
£ it £ iy
K S S S
15 15 15 15
20 20 20 20
22.00 22.00 22.00 22.00
FEH/KN - m™) {i#%/mm 254 /(KN + m) By S1/kN
(-270.02)——(266.75) (-1.52—(1.81) (-174.72—(21.63) (-69.64——(67.32)
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Fig.5 The calculation result of the fourth condition

THS5—FF5(11.20 m)

-620 0 620 -15 -8 0 8 15 -560 280 0 280 560 -320 -160 0 160 320
233.83 kN | 1.50 1.50 1.50 Ll
/ /
/ /|
5 5 / 5
297.44 kN / Y
4 //
/ ¥
be
E 10 E \ E E d
= i 101N 100 10T
% % N % NN % ||
\ NN <\
N NN N
\\ RN \\\\
15 15 \ 15 15 N
// \
/
/ /
20 20 20 / 20
22.00 22.00 22.00 22.00
FEHIEKN - m™) DL fmm Z55E/(kN * m) B f1/kN
(~280.84)——(266.75) (~13.46——(0.00) (-511.45——(391.97) (~291.49——(138.66)

6 ITRSHITHEHER
Fig.6 The calculation result of the fifth condition
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Fig.7 The positive displacement maximum of the sidewall Fig.8 The result of surface subsidence
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Table 3 Calculation Parameters
A= R FE [ F7/ (&N« m~1) BRSPS/ (KN » m™)
1 R 325.500 490.076
2 R 325.500 971.394
HEAXRH
K‘*MP (2)
S — M 1)

Kb K U 24 R BGMe HHEsh £ 6 06 S S A kN« mo, SR 38 T i B e
BRI S T AR R PR ) M ME YR E s M, o8 F 3 R 3R A AL KN - m,
TR, T 5 LR E/D, MG ERLEERZBN 1,250, T4 5 MEERE Ks=1.974>
1.250 , U 7 F g P e ML 2E5K
43 EBEFBREHERE
BEHT 1) B AR ) W JE A S — A 1 T ) Rk 2 R AR M Y 3 B — R R A . RO
T BE SR A ORI RS S R B A ik BT B R A P R AR E N 1,00 m,
WREEARREL S RK .
My

i (3)

K

A My P04 kN« m, 71T i (D B E
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FH K =1.3862>1.250, 1 /& FLIE X ARG e R ZE oK
44 MEEREMRE

RGBS TS A5 M 2 B [T R A ORI 3 T A B A8 A R L St R TR 3 - AR E L
BT AR BTN RS S S . R B R B I DT I TR AR B R . A5 A AR TR BT
Pk R R E M IEIT IR A AN, bt ER eI E AR,

Y:DN, -+ cN,
K= D) 4y ©

XK, PR RS 2 R B e N ERIR R T kPasy, IHis bR E R R4 + 2 KRR E RN
BOFHME KN/ m® sy, RHTAIFIZIE LR 2 B R & + )2 RAE T IMECE ¥ E L kN/m® s H 351 I
VR s D O AR R ST A2 LN A B IR B mq o BTSN IR ff 5. kPas N N 23 2 il R 7K 25
IEY 8

IR IR B R I B AR E M SRR R e MR A R K =15.7142>1.800, i /& HLIE 25K .
BURPURE RS DL e T 2 305 R e shilo i R A4 A3k K. =2.7937>2.20 , 1 R L oK .

g5 L ik HCMW T3k 7 TR 0 FH A e UK A TR 8 = ARBEAR B SMW T3k s iy H 7040, 45 W 1 U4 [
WO 548 1 T30 5 [ Bl s G 1 [l oA 780 40 o J&) 61 B85 A0 5 1) 5 3 A0 % O i 4k T SMIW T3k 1k /K P 58 L Bt
B GF AOE  . 3E XS T ) R RS A AR A TSR A A, TS S B AR e Tk R A M P R R AR E
MBS IE T HCMW T3k 48 4k 2 0% Tk 76 TR i 1A — 52 (0 00 # vk 0 s FH 1

5 & &

1) AP 250 14 7K -1 B 26 NP T 5 A5 8 8 A A8k . KO A A 2 3 BT IS 2 B0 T /N 1 LA
50 2 501 e o 121 = S = @ 1[5l o NS B A N € 32 B P R WA W B o A 2 I ol et e s N VA 27
AN, — B BAEBESUIR 0~2 m 22 [H]

2) G T o0 A 3k I S ] (AU A o RN B S B R I Btk L B R UTRRE BN 18 mum, AR AR B B BT
5.6 m AT I TR TR TE 2 DX IO A 4 A A I e I 2 I A 0% A R o A R A

3) R BEGTHU AT AR L VE R AR PE NPT B AR PR IR BAL, & A R ARSI 1.974.1.386 F1 2.793, B K
TR R 00 2 4 R0, R WA L Tk BB A A5OR) FH TR 7 YR B8 b ARATE R K I8 R A AR B g 2 M T DR AIE SR BT Y

S E K

[ 1] Luis S C, Antonio A C. Bi-layer diaphragm walls: evolution of concrete-to-concrete bond strength at early ages [J].
Construction and Build Materials, 2012, 31(6): 29-37.

2] %G, 24, M 200, 55 e SE A 20T b 5600 ] A2 JE 19 3+ 507 ¥R [T FE PR 22 4. 2014, 37(2) : 89-97.
JIANG Guanlu, LAN Weiwei, XIAO Hongbing, et al. A study on lateral deformation calculation of foundation under
embankment[ J]. Journal of Chongqing University, 2014,37(2) :89-97.(in Chinese)

[ 3] Zhang X, Yang J, Zhang Y., et al. Cause investigation of damages in existing building adjacent to foundation pit in
construction[ ] ]. Engineering Failure Analysis, 2018, 83:117-124.

L4 ] ™8, EAEu FESTHEE 3 2 B A B R & T 40 A LT . 3 PR OR 22 2% 4, 2008, 31(2) : 224-227.



56 TR KXKFFR %41 %

YAN Wei, WANG Weishuo. Technical economy analysis on selection of structure about soldier pile [J]. Journal of
Chongqing University, 2008,31(2):224-227.(in Chinese)

[ 5] Cui K, Feng J, Zhu C. A Study on the mechanisms of interaction between deep foundation pits and the pile foundations of
adjacent skewed arches as well as methods for deformation control[ J]. Complexity, 2018(6):1-19.

[ 6] ZEahr, JEfi, o 5 A8 IR L 45 W 1 B e 5K (14 Fisher J3] A M R[] ], 8 PE K222 4% . 2011,34(9) : 109-116.

LI Bihong., ZHOU Jian, SHI Xiuzhi. Fisher discriminant analysis model for selecting the retaining structure type of deep
foundation pit[J]. Journal of Chongqing University,2011,34(9):109-116.(in Chinese)

[ 7] Gayarre F L, Gonzalez-Nicieza C, Alvarez-Fernandez M 1, et al. Forensic analysis of a pile foundation failure[]].
Engineering Failure Analysis, 2010, 17(2) :486-497.

[ 8 1 74k, F 4 08 AVEL IR TUME G ST S5 28 AN 0 20 W D s R [ FE R R 242441 . 2008, 31(3) : 344-348.

YAN Wei, WANG Weishuo,ZENG Youyi. Analytic method discussion on deformation and inner force of the pile-anchor
structure of deep excavation under construction [J]. Journal of Chongqging University, 2008,31(3) :344-348.(in Chinese)

L9 rafe. LErmHmt &2 & M i 2 FAE M. am e 5 TR, 2007, 26(1):169-174.

SHEN Kailun. Interaction analysis of composite building enclosure of soil nailing and cast-in-pile [J]. Chinese Journal of
Rock Mechanics and Engineering, 2007, 26(1) :169-174.(in Chinese)

[10] B % R B, Rl A% o 55 TR IZ B PR IE 52 45 st Bk i £ Ak B3t [0 . 8 £ 932, 2010, 31(8) : 2575-2579.

YANG Lei, HE Weimin, ZHOU Yang, et al. Optimal design of deep-mixing pile composite foundation [J]. Rock and Soil
Mechanics ,2010, 31(8):2575-2579.(in Chinese)

(117 BE:R SR Ak, 2w ke , 55 2% BB 070 B8 BHL 7 A W Ak 52 4 b 56 vl o T R 8 B 4 02 0 e T3 (T )58 + TR 24 4z . 2016,
38(2):278-286.

WU Chongfu, GUO Weichao, LI Yunong, et al. Calculation of neutral surface depth and pile-soil stress ratio of rigid pile
composite foundation considering influence of negative friction [ J]. Chinese Journal of GeotechnicalEngineering, 2016,
38(2):278-286.(in Chinese)

[12] Wenzhao C, Wenping C. Study on monitoring of deep foundation pit with SMW engineering method plus anchor cable
retaining structure[ CJ// 2nd International Workshop on Advances in Energy Science and Environment Engineering
(AESEE) .Feb 02-04, 2018, Zhuhai. Peoples R China, AIP Conference Proceedings 1944, 020016 (2018); https://
doi.org/10.1063/1.5029730.

[13] W30, il 5 IR B0 SMW T B U 98 0F 58 B TAE ML A3 #7 L) 1.5 £ 0%, 2008,29(4) :1121-1126.

GU Shitan, SHI Jianyong. Simulation test & performance mechanism analysis of SMW engineering method in deep
foundation pits [J]. Rock and Soil Mechanics, 2008,29(4):1121-1126.(in Chinese)

[14] S50, #ROLER . SMW K 8 1 W 5 445 1 78 5 b TR rb 9 07 T - DA DUV T B st B g TR A [T ] 3t B &5 1R 5 R 2
##,2013,9(4):934-938.

MA Yun, XU Guangli. Application of SMW and pile anchor retaining structure in a soft soil excavation pit [J]. Chinese
Journal of Underground Space and Engineering ,2013, 9(4):934-938.(in Chinese)

(15 ] BRDUAR e b, A0 30 42 A HCMW T IA7E N b X REGRBE T T8 Hh Aty B2 LD 1Lt T2 AR . 2014.,43(19) - 78-80.

XU Handong, TENG Kun ,FU Xinjun , et al. Application of HCMW method for deep foundation excavation supports in
Changzhoul J].ConstructionTechnology,2014,43(19) :78-80. (in Chinese)

[16] Fellenius W. Calculation of the stability of earth dams[ CJ. Washington: Transactions of the 2nd Congress on Large Dams,

1936, 4: 445-462.

(m# BB



