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Conception and model test of shear bond supporting system
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Abstract: In this paper, a new type of support form-shear bond supporting system, which is composed of vertical and oblique piles, is
put forward for deep and large foundation pit construction. Through model test, the horizontal displacement of pile top and internal
force of pile body are measured at different excavation depths for shear bond group and single row cantilever pile group, respectively.
Finite element numerical simulation is carried out at the same time. The results show that the maximum horizontal displacement of
the pile top in shear bond group is about 1/10 of that in cantilever group, and the maximum bending moment of the pile in shear bond
group is about half of that in cantilever group. Shear bond supporting system has greater stiffness, and it can effectively reduce the
displacement of pile top and the maximum bending moment of pile body. It consumes less material, is able to support deeper
excavation, and occupies less space, which will not hinder the construction of the main basement. Therefore, it can save time and cost,
and provide a new idea for deep foundation pit supporting.

Keywords: deep and large foundation pit; shear bond supporting system; single row cantilever pile; horizontal displacement; pile
bending moment

PP AR, BT R e A0 A B £ il )

Lol Ty, BB ROFURRERE B

T ] A 3 1 70 A T YR A S 47 3 5 <R T
BB B+ KO S A R, (AR A T L R
KM, IR ZRE T R RN, TR
TR S Ot TR REIN 1, S T30

V2254 800 TR M A R RO
A LSRR . T AW e g b ok
JEE ™ F R B O 4% R0 D 3200875 090 SR P DB 64 T G P9 52

Wk F:  2018-03-26
BB K HARFNEEET 115 H (No. 11672215).

R AT I o B S e TR M AR
KA MRTCHHT, BRIT h BIOHE AR TEMR, Ak
FE AN, h BOSHRE 5 AL GOUHE— FE 2 AT
SRINIEER . M1 L RS /N A, RENS DRAERE DT %2
A A GERHERE I 51540 7 Ao 28 R 25w
BN AR OB B SRR IR, bt
B SCPBEAR LU, AR D R R B (R oL T, W]

This work was supported by the General Program of the National Natural Science Foundation of China (11672215).
E—ER TN WA, Lo, 1969 4F2E, W, R, FEEAFRAHE TR, ML, MBI 07 T RHIERIZL%: . E-mail: shenhong@whut.edu.cn
WIRER: 2e, 9, 1993 4R/, MiLFsil, NIy I B RIgEsT. E-mail: 493252591@qg.com



BT

HRISE: YRS R R A AR SR T 5L 2575

PUR KRBT RS, 980/ E S 25, O3 Y
I 20%~30%, [FIFE T LSRR, 1Yl
FEASE R 56 rh R XUCHEAE o ) A HE A DL — 5 £ B
wt XFEE T TS ASRIHERE A A & HEATE A
(5 A T S SOUHEATE T AR« o ) 24T s
LR SR S 27 5 Tl - W £ 3 N W Q1 Y
3 PR R . DB AT 5T, R G
AT PR S PE ) TAENLHI IS AT =0, AR
Py O A R B R AT R B, N VB.INET 155 9
T RUCHERE Ve B LA A TR B,

FAHE B TR AR BE RO I 1 Tk 5 N g A
BET R I KT AN TG, OCHEATE B S PR ]
% 9~10 mb, YL TR R S ORI AL R R
(RO IR S8 o MRS, 50 38 0 A AT A 5k AR T A
SR E A B R, MY B
VYRR, FEATEW AR T =06 TRRIE ~, iy
SEI RS SR I EEAR NI, /N T e RBE £
Wi. Ak, ZEAWEET BY S A R AR,
FEAARE I Bt 3 3T T B ST H2 A,
TIHZ R R A SR e (BY ) Rk
SN BT R . FE 0TI, T T R
PERIBAALS, AR MR S8y S R R
FRAR A R BB 2 RO ] RIS T T
PR TG P EAEARE A 3 AT o A % B3 B BY ) e S 4 44
FRH AR B B S A BT B S b & g B
THZRBE AR, DA /S B ) B S R & 1) T
YEWLAL
2 REHTE
21 RABiEIT
2.1.1 HREANALGRE

PRI B 4 75 B AR R IO A, A SR TR
ISR FRER], RSFh 25 mx1.3 mx1.5 m (KxGix
1) 5 AR TR L T A 1 5 T R FH A A 38 B
JS1h 1200 mmx850 mmx12 mm (KexTEx B (I
Bl 1) o BRIGHE P EEE TSR S LAk S
MR . IR 1) RST 25 18 T BB A R R
1.2 m, A PRI A K 5 R Pk L A i 35 AT e
f [ I 5 9 R DL AR O, o e K
25m, mERN 15m, YUKER 20 cm JEERE,
TG 5 TR M T e
2.1.2 FEHEREPE S B B S AR R

182 PVC FNIEERN, ARTEE, W56 0CR
IR, Ak PVC BB Sy 3 T T 5 P EERS
NAR R, WOEH PVC B A BTNE . ST TR

FH ) 800 mm@1 200 mm (AN 7 TR ik - HE- b, A
SCRIRBEE ] 50 mmx2 mm (AMEXEEIE) 1) PVC
o BN 17 ), MEKCh 1.3 m, TR 10em A
DL o0, AR 1.2 m, HERIEESY 75 cm.
17 1~¢50 PVC & LI 5 8% Fr Mg 1] in T i ek
e, ¥ 17 LB A S A N B G, B R HE R
EERE, Wil 2 Pros.

B 1 ERARAE
Fig.1 Model box

i

B2 s

Fig.2 Single row cantilever pile model

BT BT ) SR R, BAL R AE 9 1),
YERBY D R bE 8 AR, AR 1.3 m,
RHMBEACE K 83 cm, 5 AL EF AL 15° 41,
FOMEIR 5 BT 55, A IO o R A it # 9
T (PG A I e, IV g R ) R P A [
Wi 3 . MR BCEAEATELL [ 80 cm 47 .

TERHERE B BY S IR R R, SEik
FENAHE, BRI, 7R N EERS B MRS IS
AR P ARAE I 5 A . B AR 6 20 6 FRER 4 A
MRAHE, B 77 B 410 FREC 8 AL IalhE, FLrhgk
FEHE 4 ML, RImE 4 M. NARFVEMERKAE, [MEE
4 10~15 em, Wil AR | G & 111 PVC & IR
BESH GRS IR, I 2 B e P e ] 7



2576 = +

2019 4F

Y

(@) BB CPAZ: mm)

B3 BURMRR R KRR R
Fig.3 Design and production process of shear
bond supporting system

(b) BRI

2.2 HAWREAESR&

(1) b

IR L F IS 4.875 m®, SR E SN
b, WITIREAF B IFER SN 0, PYEESE A
2y 35°, FJ¥ N 18.3 kN/m.

(2) WARREAE i

IRYG R TS3866 A7 2 A% Hi BH W AR {2
— PP AN AN RS, WEEH: 0~
+20 000x10°°, 73 +1x10°°, MERAFE: +0.3%
+3x10°, KRFEHZ: 1s, HIHAMEICIZ: £20 000x10°°
(AP o FUIZESRAE ] Windows XP R4t .

(3) HHk

HRER 50 mm, A R AR [ i F AR TLAL
I SK THUAE 76 B4

(4) RLIGTHE

KR IR 2, ey diiin+
AR 15— )2 TR R TS24 65 A Y0 TR 1 2R 207 T
AL S 1A% r (R M ) S 6 - W i LAy 1 A 1) - it
%o

3 I

31 HEERIEMIARE

R TFLATT, X PVC & CBABE) HEAT A e ik
5o HIRCRUBERG G — AN S8, SR AN 7 br
TENTE G VAR SRR BUE R R, GO i
HNAS, 73 HHPE S SR SNV AR G R, e AR
) 3 A E=3.032 GPa.
32 HRKEAPR

(1) ¥ 3P A Fe B (A7 B TN AR IO AE P
Pz, ik 4 Fios.

(2) R S0 VAR, BRI AH [F] 5T
HENT T, N T, %0 30 cm,
PRAUEBECKHIFE B I [RIAH ], B DR A AR v FEE AT
A, DAORIEZSSERE o 78 S A W 0] 35 ) ZE A - 3
BB e AR, REEEAT 10 om M4SN HEFRb I,
FFHE — BN () 5 AR SEST, A ORIEDRH 25 S —
, HIMERPEL L 1.2 m AL E L.

(3) WP SEEE G AEME TS (40, K Ik
AR AR AR RN, AR SR AN i
e, SEUETRE 2d.

(4) WERRITHE, HITE 10 om, XG0
DUEE b b 2082 . AR 58 FE e -,
R HARE JE il s, AR AnvE A B 10 min BETH
BAMEAE L 0.01 mm. FEFF42 80 cm, 43 8 kit
AT, BT KT 40 mm Bk A4 FE bt Rt 7. Rl

LR, XIS I S
2 500
| |
b= - N —
Y <
v
w8
ol 17 S
‘ o, A
\_,
v
3T —
900

B4 HEFEAESEE (BA: mm)
Fig.4 Plane layout of pile (unit: mm)

4 RBLHR G

4.1 HETKPALB 2T
PO A A 16 4 B ) SR AR K 6 2 PO B T
KRR S ITHZRIERI SRR, WK 5 FroR.

40

—=— By 39.620 mm
30 -
1<
£
ﬁzm
43_!
10 t
3.881 mm
0b—a .
0 20 40 60 80

THZRE /cm
B 5 MIUKPBEFIZEEXR

Fig.5 Displacement versus excavation depth



57 W

HRHAE BTSSP AR IR AR KRR I 2577

BY )2 BFEM 200 BRI A1) 34,
Bl 5 o e BY B AR TR SP-A2 S 77 T e B
TR, 2 BINE TS K KL 433 K
3.881. 39.620 mm, FHZEIE 1%, S4b, BAIELT
FHZ2] 80 cm I &AW & CHREFIIEDT I HARI
FEY  (JGI120—2012) MU Fry B M di /I ik [ VR
F£ 0.8H (H NIESTIFZERED , JF4%4 60 cm I,
R A AL OB T A% T s SRR, T BY ) 41
RERE K AL P AR . SR AIE W B ) A4 2R B B ok
HAT KSR

B R RS R HER AL LR, AT
Iy e WE AL O R (BT B, BY ) B R
T PR, AR ST R R N A T 3
RUSCAEi b, BY ) R A R TR ) 1
TE R T WIEE SR IS4 R &, 90 T R da e 1
CysaCin I R WA ) Ol VA = K P by
L EUREBEZE FHE 40 om I, B S H R LG S I 4N
W, B TFIZAR BRI, LAWY . 1M
B2 )2 AE TF4E 3 80 om N, BEJE I+ A FF A
IR sE . & 6 hIFE 70 om B EAMREG AL
BE G B AU L, B B2 A S S A 2~3
U W e EE, o E S bR (15 em) (1)
A% T8 1 d O, T BY A b S I O e sk

(b) By ssdl

B 6 FF# 70 cm WAL S E SRR EL
Fig.6 Contrast of soil appearance at the
excavation of 70 cm

42 BTSN

TR I Rl 5 AR, R A e iR AT 2
PIRIEE, o] LAV R4 R o & s K

R IE BT B S R TSR O R W 7
Re HIE 7 ATLUE Y, 6B 2 R A ok
LA B IR PR, & TTE4 80 cm
I, B KA 21.09 N » m, HHILZERE LA 10 cm
by SR A3 A AT A A R S B RS YR
TIPSR BE /N, S A TS 20 A 28 R e
KA, BEA THERBERIC, ETAL 8Ty B i,
LI T 0,

or TSR

—=— 10cm
—e— 20Ccm
—a— 30cm
—v— 40cm
—a— 50 cm
—— 60 cm
—e— 70cm
—— 80cm

20 |

40 b

60

80

PEAE TR 2 /cm

100

120 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22
55/ (N« m)

7 SEESTHESTFRREXR
Fig.7 Relationship between bending moment of cantilever
pile and depth of excavation

BY S BE 5 25 5E 52 RBE I G R W 18] 8 i
Ne X T HEHALHER (W 8()) , M Ak
THERERRR, R IERGEET 0, 4 {H
FAN G KT 0, IRz Rr. SRR
1E o BARTFAZIREAN], AHAT S 2550 7 A A AH AL,
IR RRAR, S IFAZ R B EIik 80 cm I, 25
FEARAEL 73 01 0 IR AR RIE 55 7 37 A7 T 2 3 2 11 0
(BEJEE L 80 cm) FI“IEHTE” LA R 5em &b, 435
J9.78 N » m H1-13.50 N » m. A2 ) 246 R # J
WA FHZ R LIS KM R, BB #H N .

XFPRIER T (LK 8(b)) , BESEREILA 3
ARAE 55, S AE S BT A T A B
LLR 55 cm 4bF1 65 cm Ab. 4R R L F] 80 cm
i, AR AE 5 ) A -6.16. -5.88. 5.50 N » m. it
BES S H AT, RHERAET (5 LA
ERERAL) AR, Habtimszhr, ks
FELZAOGHIE B T A2 R FE S ORI G R . B KE R 2R
ETFHZ 3 60 cm WA LA 25 cm 4k, AL ES Hids
YHERIBIEOCR, JFHE3E] 50~60 cm Wik B
-6.54 N *m, ZJEAT NFE, HEA I TFAG 0 A5
¥, BWITIRAENR AL 15 cm A HBLES 3 ANMEFE



2578 = +

7 & 2019 4F

WA ST, MR A UAMIN 24y, fEHF42 3] 80 cm ik
FUEAE 550 N« m.,

X EE AR 25 RAHE RN, B AR e KRS
JE 0K BY B L ) ST BRI f RS R, 3L
KE N Mmax 25> Mimax 11> Mmax 415 Mmax 55> Mmax 11+
Mmax #1055 JJ B SCH AR R IR T S S50 (1 NI E
AR A FAE B R K H A ik
(R 7 1 [ e N AL A - A N
I RE R UL, T RIFE B S 5, 8 )4
SCARZR T DL S D R . O A S N B4R
BARERHE R B .

TFHEIRE
—=— 10cm
—— 20cCcm
——30cm

-16-14-12-10-8 6 -4 -2 0 2 4 6 8 10 12
Z55E/(N + m)
(@) EALAEAY

THEREE
—a— 10cm
—— 20cm
—— 30cm
—v— 40 cm
—<— 50cm
—— 60cm
—— 70cm
—— 80cm

/(N « m)
(b) RHEF 2
B8 BURARESTHEIFRRERR
Fig.8 Relationship between bending moment and

excavation depth of shear bond
supporting system

5 AR uA R

AT Midas-GTS A K e AT T H A
L, BRI SRS R R I TR e SR Ot B 2 4K B
Pk M B ZHnR 1 Fior.

I 9 sy, Shor B BRI DY DB
APAR, LA LRI AR 10
PR o LA TH R IR - P AR R o AR P T )
AN TR A A {000 %A T R T A2 A% ¥k O 14 7538

FLR AT, R LR, ERE 3
A, JELIR . SRR % R [ 454k
o BRIHZEE R 8 4K, BEHATTZ 10 om.

x1 HEEsH
Table 1 Material parameters
p g PRVERTE R c ®
i PR /MPa At I(N/m®)  /kPa I(° )

) 7 a4 70 000 0.25 76.9 / /
FERLAE PVC % 3032 0.34 14.0 / /
W56 W 20 0.30 18.3 0 35

o kAR
Fig.9 Illustration of integrated model by FEM
K10 BUJyRRRlE
Fig.10 Illustration of sheer bond system model by FEM

FEVH A RIS A AR . B, K

11~12 Fiow S HUBY Iy B 20 AL A VS 5E, e 13~
15 7R

0 ‘ 10.75 mm  18.92 mm 36.13 mm

H

20 e

104
c 40 Hhod FFAZIR
2 n —-= 10cm
60 e —e- 20cm
]1':‘j oA - 30 cm
\'53/ - 40cm
= 80 — 50cm
= ol —— 60cm
= —— 70cm
100 - 80cm

120 jjj 1 1 1 1 1 1 1 ]

0 5 10 15 20 25 30 35 40
fr#/mm
B 11 sEHKPALS
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