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Simplified incremental calculation method of soil nail forces
for retaining and protection of foundation pits

YANG Guang-hua"

*, HUANG Hong-wei’

(1. Guangdong Provincial Research Institute of Water Conservancy & Hydropower, Guangzhou 510610, China;

2. Deparment of Geotechnical Engineering, Tongji University, Shanghai 200092, China)

Abstract: For foundation pits retaining with soil nails, an incremental calculation method of soil nail forces is presented. The results
indicate that the soil nail forces calculated by this method can fit the engineering practice better.
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Lol =

BREEGUSLY R AT S R TS C o H
(R o8 31 3 R U a7 WA (5 e s A I T B R Tl
Wk T IRV, TR, AT
S H ERR S Z 78 B AR, DLECH AT
WRE AT TAe )\ ], A BRI, =
KRS SEMIIE S, Wl 1 s,

X EET IS, B [ I R R T 1R 5 12
WAPAE, BotEARIN 5T AREAE. —
SEREGURE TS AT I R B e = A L ks
Do ik N, i 2R, AT EENER
Pz 1 HP, Wl 2b)Fis. PIRIRE TS
LA RATFR . SR, ULER— 2R AL,
RBEAE 0 AT SCP ) v v B R I i = YR S i
U, Bz A EET ER,

2 EAT R R SR

YER T 4T B s oA, Vi2 TR SEBGIE
W, B 20) )3T N 2(2) B NG EE, 1

Wk H . 2002-10-30.
FEEIH LT AR I H P .

20 ILS AR EIE M LRy, HIER Lk
TN 2) AR B 3 h—Lesl 14T )
(A 4, e A A B L ) IR = A
A AER AT I3 A B UA 2(b), FEEAR
P — 202 ARG P Terzaghi-Peck KW -1
JE IR 246 L Iy, X Fp e A+ 7y S b
JE Tt L RR s T Y, FEA R EIEAEH]
T PIEE I R Dy, AR A SCIR[S] e 3 v
XPUZE T B ERE . BT, ER TR AT
I B, B 2(a) B SR 2 A G 3
), LB 4 96, s — iR AT GRER) 2
TEREGUHZ B IR TG 5 G T E 22, A% &
WAL, WEE FRE R EETEAZ M, M
Fiiu 2 LR BRI, BIKE R AT
AIREE RN, X EARATFE SRS, b e
B AT ) S U R BE o AR R B 2, i AT Y
i TG P A 2B R

X1 2(0) A5 s ) A AG PR LT -
—RAREH IR s DL R AT S R R

TEERI: Bobte, 93, 1962 R, WL, FIRMm L, T ZRAKFIZK RURREOF b @l KM S TR, [RGER2AUr M 0%, 3G LAy

g,

FEVUTRE . Rk TR R R SO il R4S R RN e vt LA



16 Pl s = 2004 4F
A, WIEEBH e, WA, BT TR
%, LR, B, 20 EUR SR
RS PTRL = R Rl aal
5 \ 1\ Usreds
§8 \i%wﬁmﬁm%%%ﬁ
88 U
- |
\
§ [S // )
\ N /
x g | |
WﬂﬂWﬂT\\\\\\\\\\;\ (a) 4 I TH BT S8 Ky e P
@ T/kN
(e 1020 30 4 50 &
\ 1 ‘\
% s b \\
%@ £t
s % 4t \
®) 5t \ &
Ky=1—sin¢
St \ k.
— \
— K.=tan*(45°— ¢/2)
\
s (b) ¥ Clouterre HFFTI H 1 S Hik g 45 4
— 3 SR AT hA A
T Fig.3 Distributions of soil nail forces by field test
()
1 AT KERRER AR A
Fig.1 Distributions of soil nail lengths along depths —
\
\
—
¥
B4 sERIRE

(@

(b)

B2 EHSMHER
Fig.2 The distributing shapes of earth pressures

Fesiz, i SCERISIWETUSER P g, il 2
06 P 77 5 b 1 W T g SRR PR 5 0 T 3 K
(K1, A A 1) s SEBs BT RDR ARG =

Fig.4 The example sketch

FIB oA, B PSS AR I S ) B AT
71, TR AR EE R S TS g
(¥ 38 T SR T AS % SR [6] . oo T AT 0
LU 5 R HLEE.

K 525 — 2107, BeiasoR A A
LA, NSO RS, R T
i, ETHE R 1 B, JHEE TR TT,
W S, BEi, A AT s
WEEAP, B, BEORFFUHRGE, A
AP AT 1 R4, Kk, SR
FEFE PR ] ) APy S e EAT 1 AR
FEHE 5(0)26 )= L IHE)E, #ATH IR AT 21
M, AR R AT =R M LIS, Wl



51

Motte: LGS AT D p s vk Sk 17

S5, =BT A AR TR I ) AN
5 L = AP, AP N AT 1 F-HAT 2 2R
S =R LI HEE R L AT 3, R 5(c)
5T 3 BAZ M. WG, AT 4 )2 L0707
12, SRR p O s I AP, WARAP,
JEHOEAEAE AT 1, 2, 3 SLREISM A, 002+
HIFE e e TP ZE AT 4, BT AT 4 BaEA
s G in b2, Bk, g 4T 4 g2
AZhH, RER—SHTHHZEN, L4455
%77, XMW REFFE SRR o

~—
1
—777777777—\ 1 &2
(a) (b)
o o !
5 N
abr x%_\ N
T e =3y
(©) (d)

B 5 AT EEHE R
Fig.5 Sketches for incremental calculation method of soil
nail forces

MEA b5 TR 5Tt T fe L3z Tk #
AL, LETIR2 )2 S5l TR R R, mIR)Z M
AT HAIEZ e KN, W 0 4T Szl gl Rtk
Wk — 5B 4, i 3 poR. b TR EAT it
BT, WRPELL E AT M52 D i RN AT A LR
st :

(1) AT HAE R AR BT T2 A (1) 436
M A L, DMRFRA AR e, Bk, 2
= A RN ) AN L R ) H T R

(2) AT TG A= AAEH, IR 4T 4L
it U5 Fr R A R T

(3) AP - sy 3 R Al S s AP L
JE 32 A T2 ANBT AR A, S A s )
S AT AR, RBAE TS LA Z 2 b,
W] e A A A sbr . BEAS bR B it T Fi 4%
NIFE L, Rfaifh, X BB ANt 2 B i R
M AL 5 Ak i -

Kl 5(b): BERFAP HAT 1A, #4711t
N LET K N =APy.

Bl 5(c): BrimmAP,y, 43T HIFEEAHE fr g 0
B AT B I SR, AW, BT

MM RS, AP, FOFI LA 2
N L, BILET 1RIEERCA L, RTETEE, WAP
(f O eI S U AL, Rl W 1/ = 2,
AT 2 MBS AT T RINIBER) 2 6%, 5T 24048
AP 273, LAT 1 AP 1 /3,
XFE, HTAPAE AT 1R AT 2 0401 AT
JIsh A
AN, =SAR, AN,=1AP,
3 3
K oS(d): BiamAprs, w L=1, W L=2,

1=3, FZNIRES Be:

2
AN, =2 AP, AN, =2AP, AN, =2 AP,
11 11 11

X, S LET N

1 2
N, =APR +—=AP, + —AP,
3 11

2 3
N, == AP, + —AP
2 3 2 11 3

6
N3 ZHAP3

3 R AT

S ), A4 A T A I 3 S
PGl R R AT T B T B BT

WA AEBE N ¢ = 10 kPa, ¢=19° , ¥y =20
KN /m’, WG SR Z=1.4 m, h 7 (EEEE, BeEs
—UIHEE] Z~=1.4 m kb, K5, EZLNE—Z
HERF, AR FWARXTITEE 1 m, (EJTFESEER AL I T
HEFF, Wl 6 Fras, UL SR REVEE,  AHR R ]
TR LR AR, A 7 R,

\
—

&6 vHERR
Fig.6 The calculation sketch

§lm1m1m1.4m

g 777777

i

E &kPa

N 20 kPa

— 30 kPa
B 7 +EAA

Fig.7 Earth pressure distribution



18 = T

2 2004 4F:

B AP, A P10 T AT 0 )
g, WL AR, AT AT 50
N, =AR+-AP + AP,
4 23

N, :EAP2 +iAP3
4 23
15

N, :2_3 3

AP =5KkN, AP,=15kN, AP;=25kNLA
PLEARAHEE: N=12kN; M=16.7kN; N;=
163 kN; Ny;= 0 kN; ZN,= 45 kN; S AP, = 45
kN: =N;= AP

CIN N pra o T AP T  AP E ot
JEJG TR0 B, W Ng=0 S A ER T

T R m v e 1) b 4 AT A B L b
N2 AR AL, AR AT N

Ni=125kN; M,=10kN;
N3=20kN; N;=13.75 kN,

BAR, No7#0, RAGH, XFHET%R2
AR TN AT 2 i L [ RS 4 i 2 4 4
i s 310, KRR I TR R, 3
SRR LR BAT AR AN, R IR AT 0
AR, RATFE BRI MRS S
Tt TR RN, DA, SRR S SEbR. &] 8
B R b S AT ) S RS 5 3 (K
BoREE, mEmTI, AR AT 1 A e
WAL DA T8 S 2 0 AT 0 0 A FEAR 1T A A
(K7, Ul IR P R S RSB 5 DL R 5 B
Jiike MRS EET] A2 5 18 ZAR A A 1
i 3 AR AN RIS A o L sy sl =4 Ty g, 1Xn]
DAIE L 2R AN RIS e A Py AN R 1T 2% 1S 2,
X H AT BT R L I P AN REE R R,
g, RV T A T k.

E 8 WEEHELT oM ENELES MR
Fig.8 Comparison between computed earth pressure
distribution and Rankine’s earth pressure distribution

4 T FESEA

N T X TR TR UE, ) M4
I R S R A R S R AT T . %
TR T M T ORI X, LTRSS A« Mt [ )
Nk NTHEAE, 7 0.8~3.5 m; Syl
WHE, B 1.4~95m, HPRi%+TE 06~54
m, S~ RRE, WHELE 08~41m, &
PARC~FHEAR; FRBUZ 1, & 5.1~144 m, L1k
BIUIM JIORG Toh 2, BRI~ R, KRy
SO AT RS o ST b KT T R R 1A 9 B
Ne

g ' B o
.1 41w 25012011500 E ke
] | PM 4 ‘
o L2501 20110y e
o4 PMP25@0401 15005 / /I
3 ———— 22001y |
gls PMP25@1 2001~ 6000 Y
v/n
L P06 2011ty éﬂ/ﬁ g
=4 7 LI
[z IM¢5@24DL:I6QD/YM ¢m2 /e /{ 3
% ' Q240L=24000% {1/ /
3 J%zooo 757
| s /
. 25@1 200 . i
= 212001 <
A '
\ P10 TS @1 000 iy, S
PM— BRI )] %
* HEIITURS) 100 kN YM—BE VE

B9 LY RIS K B vt T I
Fig.9 The typical geological section and
design computed one

I S S R B U S ) HL e
WP 10 FR, PATAL, S R
SEBEHBL

AT Sy / kN
0 20 40 60 80 100 120

—o— ik
—a— R
—— Sl

FEHOREE / m

B 10 T ES SRR
Fig.10 Comparison between calculated axial forces and
measured ones



5 130 Motte: LGS AT D p s vk Sk 19

5 4i1p AHFS]
AT AT ) TR 1, A [2] CECS96—97, H [H TR sehntEl bpox brvfikd 4T
N
AT B TR % A RS,
B, A SRR I AL B B[ 4T J He A (3] FREETG, Eut. LA S ER R P N (M, b
. \ N e ST f .
AGSEIARE A, FLAIAL 1 (A T B TS ARt 1997,
FE IR T s S R . T i [4] HeZ2Ar, B, G AT RS N B s i B A T ik
Junyray =7 E NN N
T S RSO R A 254), A ST v —RbiT [A]. # H B SOREETERE[C). Jbnt: N RAZHE HikkAt,
BUTE, AR 5ER, EAETA RS HAM 000277 ‘
TFTE, DB — 2518 3 54 R RE [ 4 RS (51 Wt VRILGT 2 SO S S (K IR ) D[], et

NN . N TR , 1998(6): 113—115.
BOTET, O U R L AT S RN TR, 1998(6)
[6] #tte, ks K. RS2 23 2 iU R &4k

a3 T ELVL)]. AN I, 1994(8): 28— 31.

2 % X W [7] #ete. SEGTST g b LA i) 8 i sE FH VT 577k
[A]. 5 T Jm A L AR B 22 R S5 SR SCAR[CT. sk
[1] JGJ120—99, 42 N BALHEAT b AR e it s A T4 WL R H AL, 1997: 537 —546.

FELARIRFSENE
ITNERELIRFASWEILREERHR

W R TR IUm 15 JCA TR AR CT 2003 4 10 H 25 %2 28 HYEdb R = A T,
KRSV E AR TR TS558 L TR ST, R TAOKRIZEBE &SR, 1 EARIKH
R S TN SRS it SR 22 1 AN T =0T <35 O S S R S i1 B =2 S 577 VA N Sy W et e o =904
FbE TRZER SV R RIS G RE T 55 L TR —R¥RES . RASES R
Go M - TRERIE, ot Bk RO T2 TARMIE R AR L 500 2 A T k4. %
SVRBMANBCE RS2 . 3k 3 RIVERZR, SRR T T/, IR T AH,
RENT HAR R LR S U R

JURSWALRT 21 MRS LR 9 M BLRRE . 12 MEEHRE) f 96 Mok
Ho KEWEMEELTIMESW P REZN. 27 5 B BN 22 298, B0k, BRx
B RN TSI L RNV I FIR 9 AL EAE T miACF SRR S« 12 MR, viek
B EVHR T “RHEh G ArA L1500 7, RN BRAEAE. MR MRMiZE . SBLRIKIA
EEEL R MANH T RIE R AKIC . PHRARIE . ek, gk TR, ma vk DR s A TR 1
W, S PURIRIE T E R 2% 55 L TR E SR B . HARRSEKFHRIRR SCREI% . HATLMN R
(P& O R EAZ . BN T2 D172 2618 Case Western Reserve K23 ik ##z 4 AT
FRIBEARME o B TR 22 2 00 6 2 WS A R W R K 2 R A BAR Oy ME T 8 “F
FE PTG ()2 b TR B R “ AR L3 AR FRe iR s o USRS RS, Wb
&, mmhiEil, WAEE, WATH, M2, mEES:; SoaBA8G)y, FE A ZAREN
KGR, WHghZ, hDmsuun b, 52817 5SREBMET. RRSWAHNF T I¥5E L TR
(RS TAEE P T — AN ROR AR Biie . B RF AR LS, WA RR JR IR B R 3T
HBERE BT R AR G R



