555 KOF oK B TR % M No.5
2018 4F 10 H HYDRO-SCIENCE AND ENGINEERING Oct. 2018

DOI: 10.16198/j.c¢nki.1009-640X.2018.05.013

PRI, B0, SRAEAS, A5, B LR T SRR R i PR AR R W[ 1] K AKE TR A4, 2018(5) : 89-94. (LI
Jiandong, WANG Xu, ZHANG Yanjie, et al. Experimental study on vertical compressive bearing capacity of underground diaphragm
wall foundation in loess area[ J]. Hydro-Science and Engineering, 2018(5) ; 89-94. (in Chinese) )

1 M T 4 B 1 R BB O 5

ZagAiR', £ om', kX' F A, F OB, FTEF
(1. 22 ASE AR EAR TR, Hilr 220 7300705 2. BRVGSE BV AR 220, BEPS P54 710018)

FEEE Mo T RS SRR — M O P TR P SR, 7 R 9 P LA R N TR SR, SR
R JEE B 4 7 P 5 R i i 08 1) 0 PR AR R, 0 P A Sy 0 2 b R o 2 AR LR R A
RARIGOIRTE L, Ve A DL T VR RE RS | AT 2 P9 4 RO RL TG, AF 5 Ml 3 0 358 i 1 2801 238 LB A5 18 1)
DPURREREE S5 ARIT HT SES b RE R 168 16 i 2800 T B0 7 48— DR OC AR il 2 L BERE Y, A7 75 (0 35 R
FHIE AR M7 P SR R A 68 1) 7R 200 ey PSRRI EE BEL ) SN M EE BHL ) R 65 s i i B SR R80T
T S et 1) R IR BB RN, B EE BEL TS 5 62% , S i 7R P 5 TRl S5 0 7 AT A 250k T 3 6 i
Tt B AE R AT R JEE B B L b i T e St ALl A e BB HR 2

X OIE LN TR, R, BUENRE, M T LS, w1
FESES; TU4L MEAARERS: A XEHS: 1009-640X (2018)05-0089-06

FeE B oA ORI 2, RARISUIR B+ A B A S5 e 1R AR sty R RE S A v, AN ]
IR 2 XA AR P B, 0 A A PR, 1 R AR JEUIR B b S I e b 2 AR B 2R e MU
SRR O e TR R e W I T BL, 7R3 5 0 S A AR T B A R U6 rpy, DR 70 A1k T o 9
o BUR AR | [N BIR T RARISOIR B A A5

IERA PSRRI AR U A RO RAD 0 S B , B B B 5% 4 1E 1 55 15 4 PR 5 1S40 Y ) 1E 7
A, WU — A Y 2 TR R YE SR 7R B R R VR R R R A AR E BT R SR AR
BRI AT RUR A A BB R 25 0505 , e Rl s e 40 A ooy, Tolb dh A8 B2 S5 pRE, 2 T 5 R 2 i
BRSO Rk BB R RURLRE AL 1 b PR AR B 5 SRS fE—E O TR A A T B DU
LA UM R 52 T R R AL S RALBR A B A AR E 254 2 R AR TR A AR i AR ik
BB - B i R N TORRERE 1o 48 SR BAT By i T M AT S e o R M0 BRRRE (B 25 A RO A
i g, BB O Bl XS TR ) O AR LR R S0

W e v G T s DRI | B S SR T 14 A5, W SRR A T sl 6 8 2 AR B ) B
W)= i S  HR PR RAFRRF I )Z MR IR S AR — b L GO X B Y EE A 7T S
BETF i R FE AR LT S Sl Sl B S Rr o N e BTN T /3 1 i e T UL 229 2
I, 8+ HABES PR T B2 T5 8 o) TR T i Se R Rl T A8 . M N SR e 3R 1= 2 1 T i iy
B X 2 A TR I Ay b T S AN AR ST R G5 A R B 4540 20 el 90 AR, BB M R i
SEBERERIE T ] 5 R B R S — R B RE e il el T S AR R B SRR A T A
28R 1 L 2006 4F 55 G2 B B vh R T T AR SR I SRR AR AR R A, BREIRAE Y LR OL

Wi HEE: 2018-01-12

HELWMB . ERARB#IE4 B H (41402252,41662017 ,41562014)

EBEN: ZFER(1992—), B, HRFKA, BLAsEA, RENF L THISHICHT,
E-mail: 1362165874@ qq.com JE{F{E#H : £ B (E-mail: publicwang@ 163.com)

IEEHIAR  \\DzI4\D\FEHRUKFIKIZ\2018-5 $H1\2018-5.PS 6 4% HERR.FRHE  2018/10/16



90 KoOHooJk B T R ¥ M 2018 4F 10 A

[

YL o PR A g SR, 2 R T , XA G B  E  RA 1 aer A B LR R By
PESFIVIE THFSE . AR N ISR BRI AN N ) i (B E AR G TR )= 5 e J= el SOl 7 1
(R HE A2 L 22 4 TR il TR Y R S ey 121

RS LR S A BB AR v i VORI BT P AR R SRR VR S AL 25 4 ) SR o R
AR R SRR | X M 2 St Bl £ 2 4 i % v B0y o 2l A2 s DL BRI R R P A TS

1 AR

1.1 T EEIEEMERSIME

ARIARFCI PR TR M T SR M R 3 mt K R 3.4 m,
HEVRN 15.0 m ) 0.8 m", JUTARBIEL R 17 « 1, IR AR
FELEREAMIR S 20 ¢mx20 em, J5& 2.5 em, 3% 5 57 em, K G5 4 em,
TEHCA HLBYE B A b T % 2285 AR}, 86 ST SR PR A R 2. 18 GPa,
R B8 SR AR i 5 05 ]+ R A 22tk 1305, SEBRoR A €20 TR
VB T T S FE A ARG DG SRR X H A i DX IR o A
A, 2 1, <0 B, 8 - () R AR R T B{E R 14. 9 MPa, HiiE R 5
PR A 1 342 RN b B 5 R L S PR
TRREEAR 3, W R BT AT B MLBE IR AR T 5 ) b B A R B
LR — AN R R AR | 2R, B, o T RIS 2 R Y B MR ek
JESE ) AR A DL N i S R I A ARG — R IR, WP AR Fig 1 Underground diaphragm wall model
E1~2mm( WA 1),
1.2 HEEHEHFRWREGERE

PRIG R B RIAE R ST A 1.2 mx 1.2 mx 1. 2 m( WL 2) , BEAUAR R ERAH 15 20 em JEREAT , AR5 H 15 30 em
JEHRAE B R )2 BN 1.75 ¢/em’, NSRRI ARYZE 2 em, S EZE 1 em, 55 A& E
HURSZRE R 0. 82, F KN 129% , BI#EEEH 1. 60 g/cm® B8 AR IG AR RL ; I LU e FH . 10 . 4 350 . I
Mt AE=0.25:0.3:0.35: 0. 1(Fifelb) W S#S500E£ 1,

F1 HEXREGKHRA R RS RIS

Tab. 1  Physical parameters of similar materials for loess model testing

T, TREmRE, RS P JEE i VA
Pz BRI % W% Y% - g o
(g+em™) (g+cem™) kPa B/ MPa™! it/ MPa
AU R 12.0 1.43 26.02 16.25 2.67 22.5 23.7 0.11 1.67
P E X B 1 10.7~23.4  1.10~1.68 15.40~20. 50 15. 40~20. 50 — 20.6~33.6 20.6~33.6 0.02~0.90 —

TEHL T LR N AP R TADRE G 24 SRS F (K 10 mm, $8 4.5 mm) |, 5% B 4l st BAR A & an gl 3
iR,

TEARE T MRS 8 MM 4 1R 1 £ (A& 28 mm, {5 10 mm) , T 00 35% 3 BHLH FUR B 6 2 77
TEM T ELEREBE TS AR A B 2 AN e 2 5 T %, B & ILE 2,

22 (R FUHE AN ARBLAE (JGI106—2014) Y 11O BEATARTE L i L 5% 186 ) 0 15 3 340 6 | A vt R e
FRUE NS 2 h WESTRUTREE /N T 0. 1 mm/h,

HEEHFIAR  \\Dz14\D\EERR\KFIKIZ\2018-5 $1\2018-5.PS 6 4% HERR.F2H:  2018/10/16



%5 AR, A5 B MR T S SRR A S R A I Y 91

200

— ﬂﬁﬁf@a B B |
7 5 75 % 9 TotTA] N —
19 s %
§; ok i fis w5 A |
R yrps g 200
s EE N
el 5 ) =
Rl ] | |
Rl = =i = L&)
P 1200 . | (a) 7 ORA]
2 RS S A A (AL mm) 3 MR S A A (AL mm )
Fig.2 Layout of pressure box and dial indicator (unit; mm) Fig. 3 Layout of strain gauges on underground diaphragm
wall (unit: mm)
2 R R 0 5 10 ﬁsﬁlz?)N 25 30 35
2.1 TagE-MEXREBLE 10F
M EESEHAERD Q-s YR MIZE bR 1 | BER AR =
RO (ULP 4) o 25 DU AR 0~27 kN I, fif 805 TE 2 |
A MR AR Ak AT 3K T 30 kN e, SR T -
BEIEIRIGTC, M 3t S 7 A B LR T R, 6 7 or
TSRS SER f IR AR AR ST R 30 kN, S0%
2.2 EHHA B4 Q-s LRI
FH IS AT UL, b % 2455 37 188 a) 1oy 280 , 35 B 1al T Fig.4 Q-5 Relationship curves
i , S O EE B 7 46 &5 5 M 8T 12 kN B, 5540
JEE Ry 2150 K Bl oy A iR L AT, Mfrak R+ i 73 7 kN T 5/ kN
12 kN5 BB RBOUBE S 5 % i ) SEwA bR, e
525 om AT 7 SRR RIS , 2415 4k 1 B AR — 9,
IR ST L R = o ps
2.3 MERANH g .l B!
bR EELE R SN O FE B ) 43 A AN 6 FFr . T F 5ol =3
b 9 RS A R ﬂnﬁﬁ%%w\*@@,mu 60" R
IZ MR SRS 7 SRR LT e T I EE B i BIS  HF e genkdn S 40 il 2
WA L A, A 18 em BT, b 5300 EE FH ) Fig. 5 Axial force distribution curves of underground
INB R KAE 96 kPa, Bl far 2k A9 3G, T &R M EERH 3 FF diaphragm wall

L E R

oI 8 355 A S BERH 7 20 A DLIEL 7, ol 3088 W W P A BT G 2 | AL T — A e 4, 7 88 1) ey 28
& BRI RGN T SRR AR BRI 5 R 2 1) A g L AR LA 8 DA
DU EERH T R T 1o b 44 e T A 8 A, DA S5 00 8 BEL ) 30 % B 8 W i 4%, TE B AR R TR 38 em YUY, 85
LSRRG ISR MBERH T A FHAR /DN I 18 1) r ) 384 K, 35k o 0 A 2= 940 4 JR Ol 743950 - Bk SR >
LB APIE RN, 52 8 ) T4 B ST IER L p B AR RN TR I 1 AR 98 TR BE YL L 8
£y SR DO B NI b S ) S AR S B £

IEEHIAR  \\DzI4\D\FEHRUKFIKIZ\2018-5 $H1\2018-5.PS 6 4% HERR.FRHE  2018/10/16



92 KoOF ok B T OBO% R 2018 4£ 10 A
JFEFHTT / kPa JEERHL 7 / kPa o
0 20 40 60 80 100 fif £ /kN 0 20 40 60 8o T AR/KN

T T T T 1 +3 T T T ) +3

_ ——0 ——0

£ 10 -9 a -10 -9
S 0h ——45 20 o
5 ——15 & ——15
= 30 —18 = -30 —18
Z b —21 i -1
= ——24 = -40 ——24
-50F ——27 —@ sok- ——127
N ——130 - ——130
-60*- —-33 _60L ——33

Bl6  Hb I e Ledin MR EE B g o0 Ari i 26

Fig. 6 Side friction distribution curves of exterior model wall

2.4 EXTrEs6e

BI7 M i i P9 35 FEE B3 A £

Fig. 7 Side friction distribution curves of interior model wall

Pl 8 Sy i b Hh Bkl R i S A A BC 4R, M U 28/ T 18 kIN B, ANk 0l 78 B g & #EAR T, P J5i )
JEERBH 3 A v BE 328 i A AR RO R RN UK T 18 kN J5 , S EE BH 7 )38 Rk /)y | N 5
N EE B 73 sk s BE ) A K R A5, AR & R IR LR AN, U TS O EE BHL Ty | oA s 0028 BEL D 35t o BEL O 7
B RITEFL R, WIHINE 3 kN B, SR 00 EE BE 7 73 4005 28T o5 e K, R 65% , 3% A0 EE BHL ) A
B IIRZ ARG R T ERe/IN B AT I, A/ A B LT3 P i 00 B8 REL T ey 28 o7 LU % i BEL )
R G R I b7 FL g i o, ok 15 kN B, Py 335 002 BEL T st it BEL T A ey 288 o7 BOAH S S Y 3 B0 AR B Ao
7k 30 kN B, SR EE B 7 /%) o5 FUR 2 45% , S0 URIZIAH L, P % 000 B8 BEL 7 | &0 535 0 28 BEL 7 0% a5 2% o Eb 2
SRR T 109%F1 20% , B 1 WG T 15% , 7K & LI 138 1 9. 6%,

701

60
50+
401 —=— A EERH
30k —e— LA EEBH 1

2ol —— L)
——RE LT

all M

ll() 1I5 ZIO 2IS 3IO 3:5

SARQ / kN

(b) TSI L

T E 43 H 1 %

0 5

P8 i s Mo Hh 2k

Fig. 8 Relationship curves of load sharing ratio

161
14}
Z 12t
= 10}
=l e SR
& ¢ —e— PSRy
et ——iBH T
= ‘2‘ S CET
0 5 10 15 20 25 30 35
ST ERQ 1 kN
(a) fr R AT
3 4 &

(1) BTk B AT R 1 ) 2 59 N T8 B BRI AR L) 3 )~ 2 800

A P X

KIREE LS HEE R, 0T 3 L S5 SR B AR BB AR AR
(2) M1 kg U3 1) R 77 e AN 00 BE BH 7 oAy i 00 B2 L g 358 s KL 0 MR B 5 0 DU o 2, DY 3
RSP RAE, HIRBIHARERAR BT I EE R A5 385 HE R 62% , ARH T ORI 0, T i 5 35 Oy i 7 R

FERIBLRY

(3) M P ESE il TORE T8, B fF 2R A3, P3O0 EE BELD AR & S REBCR A A%, A 280

/ML S S A Y TR

IhERIRIRR  \\Dz14\D\EEH\/KFI/KiZ\2018-5 #]1\2018-5.PS 6 &

HER: B4

2018/10/16



54 AR, A5 B MR T S SRR A S R A I Y 93

(1]

(2]

[3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

% X M

= E E. AR LA M. dEE, Bl AL, 2013, (GAO Guorui. Neoteric soil geotechnology[ M ]. Beijing: Science Press,
2013. (in Chinese) )
SRIEA, T, IR, 2. R Tk o A A a6 AR LA R i 5 B A £ B O AR ST [T ] TR B
2013, 21(6): 857- 863. (ZHANG Yanjie, WANG Xu, LIANG Qingguo, et al. Development of similar model material of
collapsible loess and research on negative skin friction of pile foundation in collapsible loess region[ J]. Journal of Engineering
Geology, 2013, 21(6) ; 857-863. (in Chinese) )
FERAS, SCHE, R B M T ELe R B Al R BOHLHI [ M. Jbat. B iiat, 2011, (CHENG Qiangong, WEN Hua,
SONG Zhang. The bearing behavior of diaphragm walls as bridge foundation[ M]. Beijing: Science Press, 2011. (in Chinese) )
FHER, XV R ELEE O E TSR A [ M]. dtat: RS Tl AL, 2014, (WANG Yinxian, LIU Jun. The
design and construction of diaphragm wall[ M]. Beijing: China Construction Industry Press, 2014. (in Chinese) )
U, RS, SCfE. MR ES IR H AR 2L R[], Tolb#E5, 2013, 43(1): 144-149, 70. (WU Jivjiang,
CHENG Qiangong, WEN Hua. Overview of the variety of diaphragm wall foundation developed in Japan in recent years[ J].
Industrial Construction, 2013, 43(1): 144-149, 70. (in Chinese) )
FTLAR, BR M. BT S 0 I G i B B ik S A AR AR T R BB [ )] K RDKGE TR, 2013(2) : 58- 63.
(GAO Jianglin, CHEN Yunxiang. Numerical simulation of interaction between cut-off wall and earth-rock dam based on coupling
of seepage and stress[ J]. Hydro-Science and Engineering, 2013(2) ;: 58-63. (in Chinese) )
CHENG Q G, WU J J, SONG Z, et al. The behavior of a rectangular closed diaphragm wall when used as a bridge foundation
[J]. Frontiers of Structural and Civil Engineering, 2012, 6(4) : 398-420.
WANG Z W,CHARLES W W, LIU G B. Characteristics of wall deflections and ground surface settlements in Shanghai[ J].
Canadian Geotechnical Journal, 2005, 42(5) . 1243-1254.
2RV AR T S S H IR T TR R IR AT [ )] . R EBRIERLE, 1997, 18(2) : 46-53. (LI Tao. Test and research
on the design method for diaphragm wall-type digging well foundation of railway bridge[ J]. China Railway Science, 1997, 18
(2): 46-53. (in Chinese) )
UM, BRIEAR , FRIHAS, & B Db X T E Sl M R B el e p sy [ M. dbst. NRSHE kL, 2010. (MENG
Fanchao, CHEN Xiaodong, CHENG Qiangong, et al. Test on diaphragm wall as bridge foundation in loess area[ M]. Beijing:
China Communications Press, 2010. (in Chinese) )
UL, RS, S, A5 AR e 2k S AT RIS [T ], A 1S TAREEHR, 2015, 34(12) : 2580-
2592. (WU Jiujiang, CHENG Qiangong, WEN Hua, et al. Model study of the vertical bearing behaviors of lattice shaped
diaphragm walls as bridge foundations in soft soil[ J]. Chinese Journal of Rock Mechanics and Engineering, 2015, 34(12) .
2580-2592. (iin Chinese) )
XUBHFE , A3523C. R T Sehs St S [ 1], A8, 2006(5) : 52-56. (LIU Minghu, FU Yuwen. Design and
application of closed diaphragm wall foundation[ J|. Highway, 2006(5) : 52-56. (in Chinese) )
THASNANIPAN N, MAUNG A W, BASKARAN G. Diaphragm wall and barrertte construction for thiam ruam mit station box,
Mrt chaloem ratchamongkhon line, Bangkok[ C] // An International Conference on Geotechnical and Geological Engineering,
Melbourne, 2000, 19-24.
VERFEL J. Rock grouting and diaphragm wall construction[ C] // Developments in Geotechnical Engineering. Amsterdam
Elsevier, 1989. 397-403.
FXE. B TR A [ M]. V5%, V9% 388 K% H tt, 1992. (GUAN Wenzhang. A new chapter of
collapsible loess engineering properties[ M]. Xi’an; Xi’an Jiaotong University Press, 1992. (in Chinese) )
JGJ 106—2014 F R FLAG I AR BT S]. (JGJ 106—2014 Technical code for testing of building foundation piles[ S]. (in
Chinese) )
B SR, ISR, SF. HR AR TRUT R A B S e R i (] e TR, 2004, 26(1) : 67-71.
(ZHAO Minghua, CAO Wengui, LIU Qijian, et al. Method of determination of vertical bearing capacity of rock-socketed pile by
the settlement of pile top[ J]. Chinese Journal of Geotechnical Engineering, 2004, 26(1) : 67-71. (in Chinese) )

IEEHIAR  \\DzI4\D\FEHRUKFIKIZ\2018-5 $H1\2018-5.PS 6 4% HERR.FRHE  2018/10/16



94 koOF ok B TR ¥ R 2018 4F 10 f

Experimental study on vertical compressive bearing capacity of
underground diaphragm wall foundation in loess area

LI Jiandong', WANG Xu', ZHANG Yanjie', LI Fan’, LI Sheng', LUO Haoyang'
(1. School of Civil Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China; 2. Shaanxi College of
Communication Technology, Xi’an 710018, China)

Abstract; The foundation of the underground diaphragm wall is a kind of frictional foundation with relatively
shallow buried depth, which has a wide application prospects in the foundation with huge thick loess layer. In order
to study the vertical compressive bearing characteristics of the underground closed diaphragm wall in the loess
foundation with huge thick loess layer, the quartz powder, sand, bentonite and gypsum are chosen to prepare as the
similar materials of loess, which simulate the natural undisturbed loess. And this model wall is made of the organic
glass. Indoor scale model testing is carried out to analyze the load transfer mechanism and the vertical compression
bearing capacity of the underground diaphragm wall foundation. The testing and analysis results show that the load
settlement relationship curves of the underground diaphragm wall under the vertical loads belong to the type of steep
fall, and there exist some significant failure points. The vertical bearing capacity of the underground diaphragm wall
is composed of inner shaft resistance, outer shaft resistance, toe resistance and soil resistance under the cap, and
the four kinds of the resistance are asynchronous. When the vertical bearing capacity of the underground diaphragm
wall reaches its limit, the load sharing ratio of the total shaft resistance is 62%, and the underground diaphragm
wall belongs to the end bearing friction foundation. The existence of the core soil can effectively reduce the
settlement of the underground diaphragm wall foundation. The testing results can provide a technical reference for

the type selection and design of the underground diaphragm wall foundation at large thickness loess sites.

Key words: foundation engineering; bearing capacity; model test; underground diaphragm wall; loess

HEEHFIAR  \\Dz14\D\EERR\KFIKIZ\2018-5 $1\2018-5.PS 6 4% HERR.F2H:  2018/10/16



