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A method for calculating horizontal stiffness coefficient of ring
supporting system for foundation pit
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Abstract: The force distribution coefficient is introduced according to the principle of the stiffness distribution; a method of
calculating the horizontal stiffness coefficient of the ring support system is developed, and its analytical solutions are derived;
furthermore, the revised analytical solutions are given. The procedure is employed to calculate the horizontal stiffness coefficient of
the ring support system of an extra deep foundation pit with ring support. The influence of different closed ring beams and
transmitting beams on the horizontal stiffness is also analyzed. The calculated results by proposed procedure are compared with those
by three-dimensional finite element method. The results show that the error with the two methods is small, and the horizontal stiffness
of the ring support system is mainly determined by the closed beam of the force bar, and is trivially affected by the force beam of the
transmitting beam. According to the proposed analytical formula, the result is accurate and simple, which can provide the basis for
determining the design values of the horizontal stiffness coefficient of the foundation ring support system.

Keywords: foundation pit; ring support; horizontal stiffness; 3D numerical simulation

A R AR S I M A LR A S 4,

1 51 5 P B R S 43 78 40 R P REE L BT B D BRI

Wt ST L 22 (R R DR T AN, B T
FEBORIEZ , BUBER. T, BRI
ARG B R R BT, YO ES R
T, HEbE s IR N A S H TN A2 1
RS AR, A S R SN EER . P
SR MR I3RS RE 5t i HAMZ A A
o R R A TR BB Y SE A e  SCEEA B AT

Wk H I 2015-04-09

FEH: HRMTIREZRWINE (No.201223, U5 EH[2012]308) .

K52 I3 S A BRI 450, 38 H 3B KT
BRI T TR LA R Z AP i USSR
BYUSP SR AR, A SRR &
BB R BEE N B HE R, AR SCNE AR K
RS L 1 KT I E R Bk S A A R O
(1, R T R S AP R R Z B L A 5
GRS B 2, BTt IR SO A B

This work was supported by Wuhan City Construction Committee (201223, [2012]308).

BAEET . EARM, Lo 1973 4R, FL, mIEeR, TENERE L TR

AR A 2 SR TAE . B-mail: cy wang73@126.com



53

A SIS A AR AW B R B S5 VA 5T 841

NG, R KA.
_agEAD,
Alys

kg QD)
e kg AR SR TSR0 L P B S BE AR
(KN/m); A A SCHEAD) AR ap SRR
SREG E A SHEMEHR MR (kKPa); 4 3K
PRI (m®)s b, W4 E ST S E (m):
Iy A SCHERATFIACTE (m): s SRR
(m),

FE] VT 2 278 K PR e A S P W ) o
SR, CEPIEAT T S AR SR 2 B 57
JI53 A0 45 BN AN RS I SCPE B S W v B 2
B EIE FEACSR AL T3 T AR BRI o
SCHEIACTRIEE , st S, N S 45 R A
BT AT RIE 4320 A B i, bR 0T
A TSR S A R BE A S H:, S8 B
PSR L S G A BROT U g . X1/
I 2 S A7 R G T VR T 4 FOARTE Py
SCHEASRIIRIEE, FEERTT T 0] PSP NI RE ) i ]
Fo AV T S IRIEG TN SIS0
% WIEGUHEAT PO & ER 2 K52 D)K. 45
4y L2 SR oo AN R L P9 S 1 0 H s
AR 2R3 P B AT A AR 8 A B T sk R
A e U Hb S e P SCHE AT RN s S i R
o) FEIRERN P S SRR TR RS AN R R 1) 8, 32 T
K FIEE— PN SCH¥E— b s 2 T A 28 e A0 A S e
— PN SCHESEROT RAT “AEN T IA R 7o (H 2 AF
FEPR TR ) s — @) T R PR S A FR KT RIS
THRITIE T T D W BA KT W E SR A AT 2
TR PRIV R S, HoP R
HeTWEMSE, ARTHE N,

e, A S I AREE I A3 EC ) Js ), I
SIS REL, R R S AR FR KT I BE ) o SRk
AT TN HE S, 4R T B SCHEAR R AT I
(1] Gy v ST, R I SCHEAR R NIRE 3
B UE SR BRI o JF DA IR BRI IR A S P A &
A, N FAS SO R A Ut S B A SCHEAR 2R
ACFRIEE, FF S5 BRIC/H T a R T, [mI
OIATT T ANIFIE IR GE . R SR B0 KT I BE R 52 0
IR AT 2R & RS

2 [BPASCEE AT WA 2N o

2.1 EAREE
Bl oF T A SZ A AR 2R KT W EE gt o P o 4

5, TEW

(1) B IR SR R R IR A7 J5345), DL
7] 5% o

(2) ZBEIEGCIARA AT IR 7 A R KT
WIBE SR IR o R G LA RO%E SRR [ A 2 DY
S8 5140 B I HAE TS 38 59 A R BN 55 5 e »
AT DAY S I 5T P ARAS U)K (¥ 5

(3) WSR2 I W B A A S i Dy
SR BRI AT I BE PR S
2.2 KPR

ST IR, IO IR . VYR
TV LRI B, BE AR EAE R A
WK g, WREAERTEA N, W LA
(RS0 Py AT IR ZE I 2 [ R

P:qu] 2)

AR SLIEAR R AP RIEE b K LA 3
BRI, W PR, R EARNDEIRIIA
PARVGER AN 1. 20 3EHE, & LEAEH
Bhd , RN E , RN 4, %1
EHREAS W EA A G 0 52 EHREAE N, ,
SRR E, . SRR 4, 5 5 3 EMRE
Bhd,, YRR E,, RN 4

HHH#H%HHHH it

EILRITERTITITIEY:

EEARREEEELENEL,

37373

LTI TS

B 1 FEERSCHRASERIE TR
Fig.1 Horizontal stiffness calculation diagram
of ring support

WA FAE R vk m ¥ A 8 ¢ » 2 iR
P I BE S BC IR S 0], e S RIS P S2 R LR p, b
Ed
_ d,
p] - E]Al EZAZ 3
+ +
d  d,  d,

714 (3

3




842 P . 0 2 2017 4F
R IRAT AR Ry 91 EHRR LSRR (8) T
_ 1 _ RIFRIE A TN
p] - E2A2dl E3A3dl q_ﬁq (4) - .
I+ ng.s.l
EAd, EAd, =Zé';{ (12)
1 - J=1 =
4 p= IEE X BRI
%%%+%%§, Ao 85 1 BRI 4 2 ER B2 I R K
_— At Al Kl B2 IR 3 QPR ) R K
“W%H Pp——— by, AT UL E A SR L, BRI
- J AR S AR ER B2 B, 08 T R R 2
N=pq~ 0 RIS s, DR L, BOR ST A R
1 IR s g, Johb 1, BRI 4
i WS RY £, By SR S 8 g,
B Nmnd, B Prqd, 6)
P=E4 ~ 2E4 4, = 4B, (13)
[ IRE R4 f M EAR A d] iEiAi
2 i=1 d,-
Tl:d]'znd,——ﬁnqdl D) By = EA (14)
2F 4, 3 Sl
i=1 d,-
SO AR N
) (3 %L g=p, B,=1, Hp<p,<1.
A:—M d%fﬁ4 (8) HEL, BRI AR B s,
P SR B PR AR L, A R A ( Zj (s
a B 1.0, M)
et B S © RS TR AR P 230 BB I 0 B
A 4E A, [1+E2AZd'+E3A3d‘j ASICRE 4y B4
B:f=ﬁkuz o A A, S 1/9 I, T S A
S ‘ (IS, E AT AR R, KT R B S Befi K
0 R AR 90% B B B, R T L TR
FIFATES . T HADARE SO A, W P RS ARSI R TR . T A ST
St Ah TREUER SR K PRIEE 5, A SCHE SO
K, =4 _4E4 1oy TIRHEIT TR, 2 T RTI4TN R,
A, Bd} Rt (12) ~ (15) HEATHIN, H 158 2. 3
o (o PSR RIS B AR R
ﬁ_ia4d 04.7% 11 93.3%, S:BFH S ARHTIRIS 28 TRIIL,
SEAd S 2R HE L BB S 2R A TR 1 -8 7T L A

A n B AMRKER, R SRR K
W RE TS b 3l T A SR R B —TE L
Z B AR DL o
2.3 BIEKPRIETHE#IT

M (100 (D ATREH, @
J& T IR I A AR TR N S WIBE [R5, %
RS RAENZIFRFG G, ASCE v A
A TR A FEA B AE S ok, 2 — PRIk,
ESN1: AP A I E73 12 VAN < B8 RN (B NPT

FH A ST AT SR

S ARG, 2B TR A Ak BT
B S5 AT RS 1) 22 A L, AT B
ARSCH A ST, Uk, TR (10)
ﬁﬁ@m,éc=A§A,M%ﬁ@Emm§Ké

r 1
A

AF,A
Ky=¢ 40 (16)
Bd,



%3 FAHHAE: FEYU R ST R KCTRIE REOT E TR 843
3 AMRJoitEE HEAT SRR
3.1 HEAREME Y Y
oF T SRR P LU R SR R, K
SR R Bt T SR A R G T BT T8, Sy im0
VR, TEAKTSCHEAR A FERE Fta 5 FEIELTE 11 > b 9/ N b
BIATRER p o SR BB 40 5 10 T 2 B 7% S0D, )
S WIS KK A JsmoD,
K, =2 (7 b oY
)

A Ky, /KPS R G — A SR
3.2 IAFEA

XTI SCER R, R DL TR
VY Ji 5 FEAE 5 1) LEAZ R AR A BATAE g AR
G, R SR AR AL B e B, T AL
(1300 57 26 A1 LA B ol 48 A A58 A TP T P ) A A
¥, HHT R (AL BT A LR PR

(1) FERERY PR Jr PR L A I S, I i —
FRCAEA A di /N FRAS7 B8 L o] S A SRR A (AR Y
MINIANI RS, — B 22 (TR .

(2) AEBIL I RN #F ST, XA
SR AT P A IR, RO ) R RN
JEAREIIEI, — AR TR 0 R A

Jrid (1) 5 B AN (2 B W (045 R /S
(fste )y, IR LR Z R 0, BT
TRBE AT RS AR AT A S A A A
(HAEAT PR TR 24 mp o] 5 (R LA Ak 2 A N
AR IS S BIERZ RZEROR, I ML
Gl ik (20 R e FRE IO A R R
DRl r AN B AR AP D, DTS R SR AR
BB, AL BT EN JETIE, H
5B I P AR AR N D PR i, ) Lo R
FERBUSRIUME, 5 PR S KP NI AR Hea]
AT
3.3 “FERAABRTE

K 2 Wi s e T 6, o IR
T INERE, BT LA R AEAR AR R R R SRAGF I Dy
Dy AT oM ik, AR RITTEEN 6, BHIES X B
KK 6, W

5, =|sin6, Dy, +cos6, Dy | (18)
e,
S =4l 19
n

SERREI RS & FITFEATAR L (18). (19)

(a) 0° <9 <90°

2 B ErER

Fig.2 Schematic diagrams of displacement decomposition

(b)90° < 6 < 180°

4 S

4.1 Z=4FRITER RN

MHEIE RN A SR RGFHEDT TRE, i Midas
GTS HAF L R PRSP R Z I = A PR e £ i oy
MrA Y, 2% S 43 5% I IR ROST $ic v vl T 4Rk
e, WAR 1, REELRESYCh C40, HPERIE N
32.5GPa, H:H p=30KkN/m, AR ZMESIAERT
FRALRIZKPRIRE, A5 RO P SR R I B 2
o FENLI A FROTE an ] 3 R

®1 FHERERHMER

Table 1 Bar section size

FF#F AR ST (%6 > 757)/ mm
FRR S W52, 3
R 1 200x800 1 500x900
RS G 900%800 1 000800
RGP 600%650 600x650
AV ORI s
OSKETR: S KD~
“&§wa@ 4&@M%&§a
Q.‘() N
s 7

2 KRR S8
RS R v 56
LR LERAKX

(a) %5 1 BN % (b) 2. 3N

B3 EFAN =R TR
Fig.3 3D FE models of ring support

205 e E 2 AR SE N AR BRI T, L
R 2, TGP CE ISR T KPR AR O
1107 kN/m, ZWIEE R/, FF H AR (RUEAR 3
AR AWAR LR - [R]INtAN2e SEma SCHEAAR R AR
R ), HEAARINEER T K 4 P it



844 Fer +

2017 4F

NILEE 200 11077 KN/m IS 1R P9 S P07 8 = 16 o
K2 FE2 IEIZHEAKABSETR
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Table 3 Comparison of horizontal stiffness from
analytical and numerical results

SRS ARBRAETE)  HUi (MN/m®) DR %

displacement of the second and third supports K, 60.3(57.1) 583 3.42.1)
I R KPR/ mm Ky, il K, 84.8(79.1) 761 11.43.9)

/ (kN/m) Dy Dy e HES PO B IR A S ARITAR,  DABCEAE b S5 KSR BE A

1x107° -0.75 -1.09

1x107 075 -1.09 4.4  ENTIRFIBUERFAF T RS A28 5 2l

1x107 -0.76 -1.16 BRI AT

1x107 -0.95 -1.95 N "

1x10°1 5.6x107 47%107 FRAE 3.3 15T W - S5 A AT e S BB it

B4 2. 3ERAKELBAE Dx. Dy
Fig.4 Dy and Dy nephograms of horizontal displacement
of the second and third supports

4.2 KFRIEHAER

S LI SCHEACTA R W S iR, R4 (17D~
(19) THHEARK K, HJ 583 MN/m®, [F/FHEE 4
W1, Ky, 5Ky 4 76.1 MN/m’,

IVAVQYS ==
OOz, S
N R R S
AR & XX

%
2

2=z DR
I = Y B
K & ST
\ I8 / %;‘;.;/; @_ ',-
2 O EE K
‘ NS A P>
4 YNBSS

() &5 1 TESHEAPALR Dy (b) %5 1 WSHKEALAE Dy

B5 5 1ESHRKPALE Dy Dy
Fig.5 Dy and Dy nephograms of horizontal
displacement of the first supports

4.3  fRNTIRSBAERR RIS EL T

XA BN SRR, AEEL (9 ik
T W wt St d, 72 m, d, 4 88m, d,h
105 m, L4 K, 4 603 MN/m*, K, 5 Ky, A
84.8 MN/m’. 3 3 34 /K FRIBERF L .

M 3 BT UE H, AR 5 AT
B MRIEAAR A, Al G IE 19 2 AR AT 5 52 Bm 7K
PRI E SRR, P ZMiRE /AN, #—P5E
TR SR 2 2R B

Ry BHRDARIV AT R FNEGE I S
ARSI SIS B A AT X Lo M,
Bl 6 Bse Hxt CLHiEk BRI a0, A AT i A EL e 2%
PE R I SKAPAEAS it e 5 B S 7K P47 72 1 &
P RERER R, HLAS D s S 7 1 2 foe K ARLPT X
IO (3t T SRR P TS i Zedm KABL BT 13
I N IESRRREREA 5, B DI TR
A AT 2 I A B

WS4 B/ mm
0 5 10 15 20 25 30 35 40

fiE it

RS

Hofeifg 2* Sl

(a) 24

W SR B/ mm
5 10 15 20 25

-5
-10
-15
-20
-25
=30
-35

fiE it

JELLRRRE m

Hofefg

R

S*SElE

(b) 5" IR A

B 6 RIS TR S SUEAR AT
MRS THEAI S 1 5 S ME L il £
Fig.6 Comparison of measured displacement value by
inclinometer in diaphragm wall value and its predicted
values by analytic solution and numerical solution at a deep
foundation pit

5 PR SCEE K NI EE i PR 2 73 A

51 RIS
M (10D« (11D ATEUE L BEIASCHEKTY
WIRESZ 2 —TER (e NRFAEL) i R A4k

SRR AR AR DL R ) o R B E . L



53

A SIS A AR AW B R B S5 VA 5T 845

5% 7173 Be RS GEE R S A AE PR R A R
Sy MR BRI R H AR R RS, B
DUN SRR IE R PR RAK AL LR
R SCEEAR R AR IR R, AR 2 A %
SOERMEEARA KRR, AR R T E
BEBOE, RN REIGERFFRIN T2 H 52 ) L)
R

AR LU0, AT ORI SEPEAAR R 2 A &)
TPRPIRIE: —RAZ I, e e
B IR, S R A RAE R AT -
RIS RS B SRR T B, G325
mes MR IR RERR 2L DR, BRRAR
JI3E R
52 HHWHEEMF. 4 RF

AU S HT T 55 2.3 T8 3 PH IR GE IR 48 1
AR 0.5, 1. 2 £ 05 1 Gl PRGN 3 A
TR, K4 PRI R 1.

£d4 KRB LR 1

Table 4 The first comparison table of horizontal stiffness
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Table 6 The third comparison tables of horizontal stiffness
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