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Theoretical study on earth pressure on shallow tunnel considering
principal stress rotation

WANG Ding-jian, TANG Hui-ming, LI Chang-dong, LI Chun, LIN Cheng-yuan
(Faculty of Engineering, China University of Geosciences, Wuhan 430074, China)

Abstract: The traditional analytical methods for calculating the earth pressure on shallow tunnel are irrespective of the
principal stress rotation, and do not reveal the real stress state of soils, and thus result in inaccurate values. A new quantitative
method is proposed to acquire the earth pressure on shallow tunnel in sandy soil considering the principal stress rotation. The
rotation process and the stress state are firstly analyzed based on the generalized collapse mode for surrounding soil. To obtain
the vertical pressure on overlying soil, the equilibrium equation for the horizontal differential layer is established, considering
the corresponding relationship among the lateral interlaminar stress, average interlaminar stress and average vertical stress.
Eventually the earth pressure is derived by the equilibrium equation for the lateral soils of tunnel. The results show that the ratio
of vertical to major principal stress decreases with the increase of the distance to center line, and it presents a
decreasing-to-increasing trend with the increase of the internal friction angle. The values of earth pressure calculated by the
proposed method fit well with the experimental results when the tunnel is shallow. The new method is even superior to the
method irrespective of the principal stress rotation and Terzaghi’s semi-empirical method. The accuracy of the proposed
method is validated. It may provide a theoretical basis for the design of shallow tunnel.

Key words: shallow tunnel; earth pressure; principal stress rotation; limit equilibrium method; collapse process

0 3 TC PR AR, @ 0 P B O T AR A 1 P
B S, TR R —A Al e, 5 RSB EX TR, AR AR
A 7 A AN RIAS I, R S e = A R A KRARME, B ZHE AR, Bs S mpR

i S RV SRS B R T,
HEE Mt H R B S R L (k3R BEeWE: FXESEMU KRR (“9737 iF &) BUH

it

*E%%%?U#%?FDIEAE\E@F‘?i?éijr_[]'3]oXﬂ‘?iﬁT& (2011CB710606); [EZK AR =R H SHH (41230637)
HREE, BT BB AR, EonT s R AR WS EEA: 2015 - 07 - 02

HERIEE



5

VET R, SR BN R AR BRI S S BT 805

ST E SR, EARREREATHE T BS S i E 4
Rz, ([ERH PR

AT, ARSI E S R M v s
Gy RWR,  BISRERYE )2 R AR PR . SR
J1% 971718, Atkinson 2™, Davis 255, Yamamoto
101 e ST Ay ALV 0 TR R A BRI
NRES AT T AR R A AR PR R R, (H TR PR
T B S R I, MR AR T Sz br T AR,
A PRSP v T T B, T B R TR T ) S R
Wt ARV fe T RS T AR e A, R
TR R SR A IR E I A, R A RSP
HiLHES T BIAE it HRIER; Terzaghi 3 T2
PRSP R, dEId KRy LR P RS T
TR E SRR AR, EIZA KM 77 R
LR, FAERL; Lee ZIpit T Terzaghi J7 i,
IR RS S PRSI, R T O RE
BRI, MR I T 2 N e i B e 4B 1
T Terzaghi AB) & S A, AL T IR AR
SR eSS ESA RS A& v Wi 11 R S - oY ==Y S P
NRPBE T Terzaghi 42 H R HRBRIE R IA MR, H )&
[ 7 B 1 0 s 77 22 8000 & s B AR g R AR A, iR
P AR PRSP i @ L T R TR RS T8 % ) SCH R R Rk
o

JUE UL Ay T AR SR 5] U, (E
RERENZ, XL TED T -8 LARR I PIRESET,
KZ ARG T AR 30T 200 3 57 e 30
o FLE, WTRBRE T LAE, Ko ADNERT]
I3 AL TR BRSO ), BE A R GE A2 5] R ) Ak
FREATY, N1 R A, X BRI SCH I 77
BB, HAET, KT TR SRS B R )
P I RAERS L85 - i s o AR
FeUO), AR RS S S R e RaE T .

AL DD Ty RETE N TN R, B SRR TR
HRREIE FEA A, DA vt ik T g A
P R i R . SR b AR R IR 1S B
IKPAR o3 2 P38 8 v i g 5 0 [ s 02 [) - 35 B
I e &R &, Bhmdsr /K- P22 )P
TSR LG LR A K ). e fm DARSSE O i v #2144
X G I 52 77 VA T RE SR AR RS S R ik =,
FH GG RN 8 5 ik a5 AT X L

1 RIEREZIPEDTE
1.1 RIEBEREIAMER

TE 58 BE 10 S R B VR A0 K 1) Ak o 42 R 3
ER, BT EEE (D) IR, 155

JE Bl R AL 38, NI LA LR e, S R 0 R/
PRATESLY AR, X TROER R BRI A%,
R NT B T RS BT R = B, Mk
BRI DL A iR R O . NS R
B R  H AR ES W S 5 5 T & A T AN [F L)
TR IR I A AR . Atkinson Z5MLE I S M
A ARGRIS AT Fida th, b b R TE A A SR PERRR Y, T
B AR AR SR = A R, R SR S R

Davis 2P AR R 20 7 ik, Kot 7 4 b iR e
R (1) 4 MRS, FRo0 AT 1 AR ML A1 LA e
715 FENSCEPO R O RO A RLRIGH 7E, 4
SRR IR BRI AL T e L T R R, IR
JRAE AR B I T I AR 2 E ok B AL K B
TRIEREE 5 AR T A9 1 ST R TE [ IR () R T
o P AR B AR I 2 AN B Ul . DA
FURE, ARV BEE 2 AR T AR N I 1 s
Terzaghi #2H RN, B 4 2R RS, B At
WAL, (E 78 LAk B ) & 23 4F O PO AR
B\Cy Fl B,C, T RAEAL TR, dhimsl ke 8 AR
A1B\ 1 AoB, TR R B, A WAE T AR Bl — @ R B,
B T8 [ 7 v IRV B R AR B IR . X PR AR 2
A BIR 2 5 AT, RS SCmR R 2,

2b

~ A D g A ~

o e S TR
\\c:ré:\::‘?[ia:::::%:::::::ZZ"\:\::::)’\’ E LSRR
o1

h

B] E B'_:

1 RFRIERERERIAER
Fig. 1 Collapse mode for surrounding soil of shallow tunnel
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Fig. 5 Forces on lateral soil of tunnel
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