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Calculation of anti-slide piles spacing based on soil arching effect

ZHAO Ming-hua, LIAO Bin-bin, LIU Si-si
(Institute of Geotechnical Engineering, Hunan University, Changsha 410082, China)

Abstract: Considering the influence of the slope angle on the anti-slide piles spacing, a calculation model is established based on
inclined soil-arch effect between piles. Firstly, on the basis of the assumption that arch axis is parabolic, according to the static
equilibrium condition and strength condition inside horizontal plane and vertical plane, a calculation formula of piles spacing is
derived; and corresponding rational calculation formulas for piles spacing are obtained respectively. Secondly, the calculated process
of piles spacing is illustrated through the calculation of concrete engineering examples; and the result is rational; then the relationship
between piles spacing and internal friction angle of soil, as well as the relationship between piles spacing and the angle of the slope
are analyzed. The results show that the spacing is increasing with increase of internal friction angle of soil behind piles and first
increasing then decreasing with increase of slope angle while other effective factors are not varying.
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Fig.1 Sketch of the inclined soil arching effect
between piles
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Fig.2 Sketch of calculation model
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Fig.3 Mechanical analysis of inclined soil arch

AT A TP IRAS, s BT B
e ERE R, RIEET )% S AN SR &

F =L 3)
2
F =2 4)
84
& F, (ESEEI ZOY V-1 N 73 il 45«
F;,szcosaz%cosa (5
FZ:FWsina:%sina (6)

3 BEMIEER A

3.1 KSEJ7 ) Ak [B) B €

FEARAEAH SR P A 0] L R IR,
T K ATE [R) (R P 4, RIVATE 00 18T () BB B 7 AR/
T AT 152 00 F, o A8 T4 B

BRI ZGE AT AE O
ct+FXtan(p=§cosa VD)

X e ABERJE I -LAAIIERZR D1 o JobETR]a M)



% 4 1 AXPHAESE . LTSN (I DO A ) P T 1213
AR P R A ZAE, FEACEIN, MR B 3 A B4
B4 KRN (7 XA e, 5t rT AR E R TR)

c+8qT:qtan(p=£cosa (8) B, Bl (2) AL (9), g s,
t
2csing g
4 B=t/s c+m=ﬁcosa (14)
mj (8) AN
oy
c+Ltan(p=icosa 9 i (14) A
8A4B 2B

5 v REE THUAR 7 A AT 5 05 B e AN 32 7

CUnlE 4 FroRn ), T ALE R AR B A2 50 451, 7EIX

TR BER-JE S5 EN] . FTLAA BN oy N
F._ q

X

oy=x=1_ (10)
t  84B

e BT C TR, BB B A
T AR AR 2 - S
i

o, :ZCC(.)S(/) an
1-sing
£ a0 AN an Xf-
_4__Zecosy (2
84B 1-sing

FEREIR) B B BRI DL & AR R — B4 U
(K3 Jy B DX I A, AR P (1 - B o 7E AR T 1 — Sy
T2, Wl 4 Pros. B, NAzORuEZ = Mg
52 s DXRE IE W AR 28N T AN A AT T 235 A JEE
IR i EEHE N o

]

%

F
0 i

B4 FNEEACARN =AEZEX
Fig.4 The triangular compressive zone in intersectional
region of adjacent soil arch

Jr ek DE A7
Tcos(@+B)=ct+Tsin(@+ B)tangp  (13)
A THHER T DE ERI& ), T=\|F +F)

0 i DE 5T oG THK
VT T RS

B (1-sin@)gq c

= - osa (15
2c(1+sing)

i (15 ARAK (12), 515

4 1+sing

=— " (16>
8cosa cos @

Hxk, ¥ (4), (5), (15), (16) RfLAZ (13),
2% S

cos(d + B) —sin(0 + ) tan g = 1-sing

J@cos@)’ +(1+sinp)’
(17
IR, Wk 4 /15

1+sing

F,
tan 8 =—=4Acosa = (18)

X

2cos @

cos@zi (19
2t

THH (17) ~ (19), ATLA# H Hk R 1 J5
6o JitReE s =¢/B, ISR s, FRILA N

.- cb(1+sin@)(5—3sin )

= - 20D
4g cosa cos (1 —sin @)

TRAH AP LR L =5, +b .
3.2 R J5 T A ) BE AR SE
AT BB PR R T AR IO, AR
AL E T B A D) FSNTHEf AL AR S BE
-2 TP B R R g, BT LA -
F, < u(F.+F) QD

RT3 HT, BRI A
F.=u(F, +F) (22)

e w ABENS Ak T R R R A, HAT
p=tand ; & ML L AR ] ) BESE A o

mR s KT LRSS ENEEMA e, WIK
p=tang, . @ FPER % XAE

T c+otan
@, = arctan— = arctan < 40P (23)

(e} (e}



1214 b +

b 2010 4F

A o Wb ERIBIN s o Dy b IE
RiSys e AEARIRER ST @ L AR EER S o

fii T2 AL, BEARIE H IR TN =0, Bl
TN EEM o, ST LN EE e .

X T HEI L A AZ ORAUE AR - DAL 23 2
JEE IR <[ iR R HE U o

JIT LUK T - A £

Y

tan
1 ¢

c+ 24)

bl
X b OABEIETESE, Wil 4 P,
RXFE, RN, R AR AT
WRERAE — MR R EE
B (4 ~ (6) AR (22), JFHHf.

tano

= (25)
4(sinax —cosa tand)

HIAER (5), (6) A (24), HHE1G:

s, = 2¢b (26)

. q(sina —cosa tan @)

e (26), Kd=f/sRAX (25), 0]
e f
chtano
2¢(sina — cosa tan d )(sin @ — cos & tan @)

f=A4s=

27)

PrUAHSEPIRE O BE L, =5, +b
3.3 B A R B A E

AR 7 P 1158 B 08 P R s B e 4, i
WS, R BT S A K Ly F1 Lye A
PR R TS A AT A, AR NI A o 2
PIRAA o > oy INF, B8 T 1A P PR i 5 DR oAy 243l
G, IXINEL L, HPUEpEpiaEE; Y a <a, I,
IKVTHT P L AT R R PO O = A, X
I B Ly S HOHEAE AR ) 2 o A LA PRI A A )
PRVCTE R, AR SEBR T AL, N v SRR Ly
ULy, #5 Li>Lys WU Ly APUEPERERI SR 7 Li<L,,
MR Ly A5 e (e, BPECH 38 2 RN g A
I J A BEAE IA)

4 TRESEA
S5 B 7 T 648 S R LT FE e T 4%
B b, E AR TT DT, B 20° A,

WX AT 3 R RPN AR, P A AR P o0
S8 90~100 m, FLKh 100~130 m, BIH 1

TEVL A R Al WAk B4 ) o R 4
B RMERW, CLRE LRk TR Lo M A A
RIEE TGS . MR, WA Ry
R IR B, TSR R v S
M2 . % PRI 25 LA b IR Fabr ok &2
71 ¢=130 kPa, WPEEHESM @=15° o LR T 4L
A 38 28 B0 W T SR P A A 1R ek T S ) R
1 076.6 kKN/m. HIAUE LI 2.0 mX 3.0 m, #F
TN 10.5 mo LS B H BRI LR IE oL, G
WA, HEWEIS A oA, R AR sy JE
T BRI A ¢ =1076.6/10.5=102.5 kPa.

FEARSCHT S ITE 1S 1=5.0 m; $,=56.4 m.,
DU H8 AR SC I 18 HOHE ()44 EE $=5.0 m.
4.1 IHEERWMSEST

A (IR L SRRV s HOAH 25— MBS b,
H TR, X AR s A iTe .
HEWHE s HIMSEMREOCR, W (200 A
X (26) MRBR AT E R

s=g(g,b,c,p,a)

M2 — HAR TR, D) ¢ /et
LR E, AT R Rl

s=g(b,c,p,a)

B TRy R il (200 A (26) FEFEIHE,
MUERTCAE B EE s o0 Bl S5 ki R b Figh
R ¢ B FIIE LG R, Hhdet— 4 [ s
Heko FTLLXEANHE s 5 b Fl e FIRHR, Hitie
s SoMa KR HTE NS ALRINE
W AR, T DA B 53 53T o

(D s 5 MXAR

ZIER] s Ho Mk ARLKER, Wik Lol
p=0~60°, FIHX 200 X (26), 25iH5E
AN s F 5o, HAEZI TR 1, HT @ =20"1,
s; CHETIETY, FTLUSHIN so A THIH . FHH s
Lo X RINLwE 5 frr.

MERTLAE Y, Rt s, it s, , #RbEE @ 1)
BRI, Hes, KT s, , BEIEUs, /E R a1
I EIRE 3 E

(2) s Ha KA

FRAE b SE B s, B a =0~90°, 25l
AN s Ms, , HAES TR 2. His Sa 1)
KA MLWE 6 Prm.

MEFRTLUE s, B o 38K, 1
s, B a M3 KN, Hs, 58T a . 4

28)

29



5 4 3] AR ST T BN (KA O A A IR 5 1215

a<a W, Ws ENBIGHIBERF: Ha > I, A
W s, VE by doe i B )34
4.2 JUMIHE TR

SR AR (9 AR S48 3 ) FH SRk [7-15] T i)
DT, &RPITER 3,

MR LA, ARV VA B A R 2
ZERAR K. TR R 2.0 mX 3.0 m (UHUHEHE, 7

S/m

Be6 sh&oaHlIXF
A s, Fig.6 Relationship between s and «
—_ S
TEYAETI N 1076.6 kKN/m AR, JOBERI L 1. 2
PIRH VA ST 45 R TR, TR 4~7
JUR 5 I S IO 45 RO TR, 34 8
0 . . . ) . — Sty EUUTSN N N o
10 20 30 40 50 60 i o R 5 £ U I T} e = K (RN S R
P ) — y y Sty VL SEL L
B5 550 HER B TREROL, PRI, ST S0 ST A ]
Fig.5 Relationship between s and ¢ SRR B AT — R ) S5 A (L
K1 EEFESNEEARXR
Table 1 Relationship between piles spacing and soil friction angle
0 /I(°) 0 4 6 8 10 12 14 16 18 20
Si/m 3.35 3.7 3.89 4.1 4.33 4.57 4.83 5.12 5.44 5.78
S>/m 14.82 18.35 20.84 24.15 28.76 35.64 47.07 69.89 138.25
o /(C) 24 28 32 36 40 44 48 52 56 60
Si/m 6.57 7.55 8.71 10.34 12.36 15.08 18.82 24.19 322 4482
R2 PERSESIE A KRR
Table 2 Relationship between piles spacing and slope angle
al’) 0 4 8 12 16 20 24 28 32 36 40 44
Si/m 4.71 4.72 4.76 4.82 4.9 5.01 5.16 5.33 5.55 5.82 6.15 6.55
S2/m 316.9 57.43 31.68 21.94 16.85 13.73 11.63 10.13
al®) 48 52 56 60 64 68 72 76 80 84 88 90
Si/m 7.04 7.65 8.42 9.42 10.74 12.57 15.24 19.47 27.12 45.06 134.9
S>/m 9.01 8.15 7.48 6.94 6.5 6.14 5.84 5.6 5.41 5.25 5.12 5.07
R3I BMEEHTEERMSER (B m)
Table 3 Comparison between several methods of calculation (unit: m)
Ik SRR W BRI EAe: IR 71 HESE TUREANE AL
%'y 1 2 3 4 5 6 7 8
HBE g 2 4.1 5.6 6.9 8.6 9.7 359 5
L 4 6.1 7.6 8.9 10.6 11.7 37.9 7
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