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Analysis of horizontal displacement of soil
induced by shallow tunnel excavation

XIA Yuan-you', CHEN Chun-shu', BAKRI Mudthir"? ~WANG Zhi-de', ZHOU Xiong'

(1. School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan, Hubei 430070, China;
2. School of Civil Engineering, Sudan University of Science and Technology, Khartoum, Sudan 12998, Sudan)

Abstract: Soil movement laws induced by shallow tunnel excavation had been covered by many researchers, but the research on the
horizontal displacement induced by tunnel excavation is insufficient. Based on the summary and comparison of three formulas of soil
layer’s settlement, a formula for calculating the horizontal displacements in the soil above the tunnel is derived by combining one of
the soil settlement theories and the assumption that soil is incompressibility. Results of the formula are compared with the published
data in relevant papers and verified by the finite-element simulation results. It is shown that the derived formula is capable enough for
forecasting and describing the horizontal displacements of the soil induced by shallow tunnel. In addition, the vector angle’s formula
of soil’s displacement is obtained based on the formulas of soil settlement and horizontal displacement; and it’s also compared with
O’Reilly and New’s method. The comparison shows the agreement with some researchers’ published relevant conclusions, which
verifies the applicability of this formula for soil displacement. The research results will provide theoretical references for calculating
and controlling the horizontal displacements of soil in relevant practical projects.

Key words: shallow tunnel; horizontal displacement; displacement model; soil settlement theory; displacement vector

1 51 5

BEIE 25 R PR E F L g TP,
HILKCPAL RS A BAE T SRR B o ARSI i
WA R R R B T 5, e BRG] 1) F) s
VAP TP s e L SR TR = | Tl SO A
ARG, HAREET 2 N 7K 3
1) -1 s g PRI AR A AN T 1 B 2208 J ) ) 40 Afi o
DIk, T B B Z S HE R KA, T2

ks H I 2013-10-23

oAt £ B RIS

X REETFAZ D R ) AR KPR, B3
O EWFIT: O'Reilly 270 T B0 1)
it 30 e A e A B T T2 I A AR RS R A )
B OV T HUZ KPR [ 115 /A 2 Chapman
SRV T AR AR R O R ST AR5 SRt LAk
IKEAE R KNI Pinto 245 PV 42 1 % 3 1) e
AR TETEASHAT T o0k, 4G AH AR TR B 14 W i
WSIAEHES T AHSACPE B T A . B X

WAEER: Bouk, B, 1965 R4, 1L, #BdR, W ARN, FENTEE TS TR TP TAE. E-mail: xiayyl965@126.com



52 3 KTCREE: BHRBRIE THE T DI - A PAL R 2 B 355
DTN, AR T BEHLA () = ﬂmzz {“mfﬁw>@ﬂ%m7
ﬁ%&ﬁ@%ﬁﬁ#%@%ﬂ%ﬂ?ﬂ@mﬁ& e n
e T IR PRSP R 2T AR E 2
(EBLA AL wﬁm$U@ﬁﬁ,uar%L
THES IR INL AR A E A2 e U= fj Es)anf
SHRRGIIER L, B TR IR AR o 3

Sk, MHRCRE, HXF%M GAP £
HUPERON B 2% ASCHE TR DR BR AN L ARA
ARG e, HES T LB T2 5 R
JEARPALRE A3, B R SG SCHR A ) TR S 4
P AT BROTRAUSS RSEAT TS T, BRIk T izs

A TREETE, JEMLR R KA S Fofh o 2
MR AT T B

2 A A AR fay A

2.1 Peck ARk

Peck /A e A2 1 Peck™ 2 Y, A A i }F?ﬁ
5 R R PR I s th & e, o
FQ%QE*ETHKW,HﬂFﬁfﬁh%%%
v, Fh R TR AT VA0S, BARDLE 1, $2
bR N W

S(x)=S8,, ex R ex _x (D
max p 212 27[1 p 212

X S, AW DR KT x 4R iR
BEIERIL MRS @ WDTRRR TE R AR AL T R
D3 B0 RURERE s Vg A DTRERE AR

UURERE AR Vg

¥~

| HESRER 71 S=5,. exp(—x*/2?)

B 1 Peck ARRERER
Fig.1 Principle of Peck formula

2.2 BENLA B

BENLA BRI & B Litwinszyn® 7E RST80T T
F2 5 R R H R DU IN B th 1), X TR0 H IBE
18, e — e S S T THE R BEE T2
i R TR AL RS B, DL 2, HabE A
X o3k

exp{ ntan’ ﬁ( é) }dédn
77

ﬁ* X N i B R BEIE R 2 s s B ORI

LW & 0 A AR oG B S
*M%ﬁ%ﬁﬁﬂ%ﬁ%;ﬂﬁwﬁ%%&ﬁ%ﬁ
fRFEIETL 5 .

R A

zZvn

B2 sy

Fig.2 Contraction deformation of section

3 HUEDIRRER

XTI B ALBEIE T AZ 5 DR 2 PO R, Mair
AR, BT A 538 R Ak 96 2 v 9 e i
A, RIS Peck 2T, HURBANREEAL
MDA 98 AR, AN —FF, FRA SR 7, 6

VNP Y

=K,(H-2) 4

A HOABREIG; Z 2w K, N
IR BEAR I R E

:zﬁlﬂii a%}}zM%%%Ex, Sﬁ??é&ckz,
Mair 250 O 3ot B Lo A A e R R A 45

_0.5-0.325(Z/ H)
‘ 1-Z/H

HAZ s WAL W ) By, 25 LS Hb R DL
i (Z=0), Wik (5) ALK, =0.5, ZHEA
EHER . R PuX — 1, IR 2 (5) Rt

(5

TARZIEIEN, SEREAT LRI LLT 3 2%,
WA 1o Kb, n, a m BOAMKESE, HAUk

L, B IE)E A AL R I B K



356 F I S 2015 4F
R1 3MRE K, REFEX aKVS X?
Table 1 Three types of expressions for K, U(X,Z)= 1——|exp| - YE dx =
BIEAFPE e o Fikim g 9)
T ¢ 25] KV X’
%1% ;;gﬁm K,=(1-z/H)"K a2 {X xp[ 5; 2J+C}
e RL4% i, i
2% I () :
N =2 AR TR, 25 BIERRTE R 2 AL 1) AR K
A i — [N b
B3R o e =1z Y RIS IEZN 0, B X =00, U(X,Z)=0, fEA (9

e K AR SH K, .
N T HEE 3 KA, i Z 3 AKX
G CHER[14— 15T B, BLZ/H A

K, | K AR AR B A a5 R T 3. KAl
LKFE, 3 B MR- RS
HATFEER A R B, AEhEak A, 7T
IWABAE M. 3 RAXPIIUA B 24
S5k (1) =031, (2) a=031, (3) m=0.83,

0.0 »
3 = Dyer 21!
0.2 4 a Moh Z012]
04 — 1 EAR
e R 2 B0
N 6 R IS
08  TTeeeame

K7/ K

B3 3RARREHLE

Fig.3 Fitting curves of the three expressions

4 HUZKPABHES

3 RS A R M R BRSO R 25 Hh 2 TR
R IHI L Peck miliithek, M Peck 2 :UAHE
KIS ITRTHE, v LA FE LA TR I i A b 144
SEANTT AR, AT B AR SR, A

U(X.Z) 3S(X.Z)
ox oz

S(X,Y) nf Ltk 1 e E A XN Peck
AXPERE, AESESFREAMFERESLE, X5
R P 2 REEAX, WA

i,=K,(H-Z)=(H—-aZ)K D

=0 (6)

X (7)) AN Peck AT ihZ B, Wiy

2
S(X’Z):\/ZV_TSU' exp(—;fJ (8
7 VA

¥l (8) ARAL (6) W LA#:

HORFFC =00 ML, F52IREE 7R AT R

NS W

KVX X

Ux,z)="% (10)
D= (J

IR TIEN, B Z =0, MHE KB K
KVX X2

Ux)=-2 an
=" (j

X QD PR AT E T 5 Peck HIEERDIRFA
X (D MREMSHEAR (V. D RHEEKTB
A, FUBSIN T —NH U A b2 TR I 2
Ba. SEEHA ISR AX (2),
(3) L, KX (1) ALl Peck A B— M4
o ol L SRA IR BRI TH425 |k i T b F b 2
KA K SR RS R KA (3)
I, 20 QD BB T, TSI ik
o T H AR

5 CREEHITE b

M (KRR R — A TR AR D,
(A R AE e AV, i 4 B, KR
o L B 1 2 o7 Ak 2 KT A B BE )
LA BIRE TR X, AR T T LR
R A L B

-aKVX, XO2
NG ""( _;J

TR TR
= |
|——>] -~

%]E@

4 WHAMEE

Fig.4 Layout of inclinometer pipes

(12>

U(Z)=

Q




e R E T

TR RS THZ 5 1 (K AR P2 88 23 357

T RAER C12) (0 TR IE FE, nrE A R C12)
XA B RATIS, RIS ZAE NS5 a 10
. T (12) PEASH K, FERNATH
RUUREEE R Z AT 5, R R
It Peck ARG S K, HANKFAHE A
B i = N 1 N R B L BT DL LYY S R VX 2 2
P SCREC D, BUR A1 CRE A 3

(1) #[H Bangkok V5 /K it T f#H0!

TRESEI L DR Peck A 30404 2k L 2%
KPR RIS A R WK 5. R H =18 m, W
MPEA2 R =1.335 m, IR PRPRIEHIZEIE & X =4 m.
K 5(a) ' Peck ARXIUAL RN V,=0297 6 m’,
i=14.78 m, MITREIME K =0.82, FHSHAUN
X (12) KA BAE S5 R W, 5(b), B EITTA,
PAAAE G S — SRR, M UE B T AR )
EwPE, HIEWGRBIEIEN, 24a=0.78.

g
g
i)
& N
2 -0 o+ SEUME o+
o A .
— Ak
-15
-50 0 50
B2 K P 25/ m
(a) DiBERIA R
0 *
*
+  SEME
ST . N
g
210
15
20 L
0 -5 -10 -15
AP/ mm

(b) KPR E R
&l 5 Bangkok {5/KBEEHFEME SR

Fig.5 Fitting results of Bangkok sewer tunnel’s data

(2) HEFE4E 5 Heathrow Express % i

TRESEI L DR Peck A 3 0qUh A 2k L 2%
KRG IR 6. LR IEH =19 m,
PR R =4.25m, I AiPRRREHIZIE S X =6 m.
K 6(a) ' Peck AXIUALHEN: V,=0.807 4 m’,
i=10.71 m, MHREEHRFLT K = 0.56. KSHAUN
312D WA U 25 R LK 6(b), H T4,

PG5 S — BRI, G 2L
fitiy, Z24a=0.65.

MIXPRASSEI 25 R T, HER AR (12)
R A% s 3 AL S et b 23 v 1R KT A6 S 1R AR Ak B
o 46, sEPERIA 2 KK BIEARN,
NS a WPES LR, — IO 0~1
Z i), FHa, WARSEME - TH 0.65, X T
+, FTHL0.50 AR TRESERR ) L2 A AT BEAE B 1)
Bt WA 1AL i g E Oy 1R R
Bl AR L, B 2 s pgiE by 2
FENE A Braiica DU e 2R 1, AN
F 2 OLA Y a IR AN TTER, 1Y 2%
R W I ES s e o A sl e, A v i 2 ) A B
SIYREE L, RAHTT RN o H S L5 AE 0.65
IRBEE . KPR R M2 I R B R e
P4 I A5 SICME I AR AGRRAE, I UEH T b A K
(3T FH P

g
g
W
& . S
= + v o P
40 | . e
=50
-40 -20 0 20 40
B4 K P B/ m
(@) VIR 250
0 +
o szl
S — BAIm
g
o
10
*
15

0 -5 -10 -15 -20
IRAP-BLAS/ mm
(b) AKPALRE LA & 2R

B 6 Heathrow Express R FEHIHREER
Fig.6 Fitting results of Heathrow Express trial
tunnel’s data

6 ATRICIr M

K H Plaxis2D A7 B TC R A0 B LBE IE 25 i
(R 10 JZ KPS BEA TR, R T ek S 2 A 100 S g B
SEW NN TR AL S R V& A0 (TR 7 i VY SN e
SRR SE, B RS R 80 mx 25 m, LK 7. PEIE



358 b + 0 2 2015 4F
Wi RE, F1E8 3m, RN 15m, H TR 10
1 H SRS, AN SRR e TRE, . —— B
— A (10

Afaifb gk, wetEN 2 2, HHESHUL
® 2. WREERRABCR IO, JLRASECN:
Fihr W EA=1.4x10" kN, $025 NI FE E1 =1.43x
10°kN - m?*, PR EE 4 8.4 kN/m, WALy =0.15,
PETR B o

\ /
\ \

\/ \7/
B 7 A RRTEA

Fig.7 Finite element model
®2 TESH
Table 2 Soil properties
Hk WEE
=5 R AR B
e T S Y L
/m /(KN/m®) /kPa /()
/MPa /()
WAt 5 16 8 0.30 1 30 0
Fitk 20 16 10 0.35 5 25 0

it ALt R b, E sk A P TR T T 4 D
BESR SEINIAI AR, LAIE AR EL S 57 114 Bk 1 I T A
S o

ZEHETS (LLZ=2m, Z=5m i) KK
AR, FEERA (10) BEATRIE, WK 8. MK
] R (100 1 i i 2 /KPS B, XS
HZIKPAL RS AL A RO B, A PTR RN a 5
314 0.69. 0.60, /35T,

I8 5 TR RIS O, X T4hE
Xo {8, 227 7E BUA B A K P07 B8 Bt V8 FE 1) A2 10 B
f, HERh X, =3 m, X, =6m AT
HALTFEE I AP, JHER (12) 1
TG, W 9. WG RRE, 2 AERRAT &
X (12) Kk, BRI PE o (i1
BRI . AR RO L, AL AU
TS a BT U E T o
45 IUE 0.65,

7 PR RN AT

HUTH AT A28 16 B AR S AP A R SRR 2 02
BRI R B AR Y. G T REE T
251 LR RS R ), AR 2 [E4h 23 kAT
THEE, BT O'Reilly 2 K B ¥, Cording!™®!

KA/ mm
(=)

-20 -10 0 10 20

BRANZ KT 2E 1/ m
(a) Z=2 m, a=0.69

—— LR
ST — A Ao

KA/ mm
(=)

-10 1 1 1 |
-20 -10 0 10 20

FRANZE /KT HE 2/ m
(b) Z=5 m, a=0.60
B8 T FRBALAKF AR B H A 2

Fig.8 Fitting curves of horizontal displacement
of in-depth soil body

0
2 +  BUULR
4 — K 12) g3
=
=6
8
10 +
12 L
0 -2 -4 ) -8 -10
KA #/ mm
(a) Xo=3 m, a=0.69
0
2 + B
4 — K 12) g3
=
=6
8
10
12 1
0 -2 -4 ) -8 -10

KA/ mm
(b) Xo=6 m, a=0.63
B9 KPMBERERRUSG Lk
Fig.9 Fitting curves of relationship between
horizontal displacement and depth



523

RTCRA: IRIRREIE T2 5 D ) AR KL RS 2 B 359

feth, F R AR SRR R 1 BEE L AT R
B AT DR S MBI /1 A LR AR A K5
ifii Ahmed 25 1°TUJE 1 3% W | AR AU AL T T4
W, AT H <3D (D JBEiE H AR E)
(KIBEIE , - P72 O Hle v BRAE Rl 2 T A B
AT H = 4D [FEE, AR R EE m FEE
. A TTEDHT, KO KRR o 5 XN
10 Jrosifs il

B 10 BEREATEE
Fig.10 Vector angle of displacement

HRAEASCHE T (2R 250 (100 it
JEDIRE AL (8) AR R E M o, I
EYMEA

U(X,Z) akKX  aX

t = = =
e S(x,z) i, H-aZ

#1518 O'Reilly ZMIBA,  BI - ARALF 4 1) b
B, N REMa FIEYEN

(13

X
tang, =—— (14>
H-Z

HTZH8 o WHAE 0~1 ZH, "3
tano, <tano, o X —4IREY], ACHESRHLZ
iR 28 APTHFH K i Ay o, 85 O Reiilly 251 IR
RO o, i)y, IR O e 1] BETE D2
T BT, BRI, A O R e BE i O R RN T A
S5 RGN M@ 22 R, R EAFVIRE
{E RN TP RS D K, 3K B B6IE T & Cording!™
fgsie, e LY Ahmed 21558 —5.

8 4 i

(1) BE5Ag TR ITE THZ 5 R i3 2 Dk
M ZHK, 11 3 MRRERIAS, KL 3 RAK
(AR RS P S BRI — 380, OO T B it
BRI, b zeg 2 s, e fd i E.

(2) fEMB)R PR BRI HERY b, BT R AHE
KGR, BB 2 R K, Rk, #HEFH

TREEREIE EO7 LKA A FREE ARG
R F P S DU B R AT R TR 2 R IEAT T LAy
M, AR, R AR SRR &, 151
ZH a WECHEIR, AR E TR Aok
Rt RS %

(3 #EFHPHERAK A A (11D 5 Peck
ERIEFEAX (D GEHAMSEERR (V. D,
SURBEINT —ANH DU iR 2 DR B 5L a.
B LLS Peck HRYTIFEA X &M — Ak
F, P CARE IR B T8 1425 | S 1 H 3R T B b 2R 7K
PERE AL, FLECBEMLA RS BT AL i) A 20k R 2
(2). (3) T M.

(4) WA TR T3t 1 AR A2 K A S AR
WO R ) PR A 2 b0 T R A AT TR,
AR S A B Ok B H ) B OE O il 2T O It
i, 5 EAMAIEE I A AR .

2 % 3 MR

[1] OREILLY M P, NEW B M. Settlements above tunnels in
the United Kingdom— Their magnitude and prediction[C]//
Proceedings Tunnelling 82. London: Institution of Mining
and Metallurgy, 1982: 173—181.

[2] CHAPMAN D N, ROGERS C D F, HUNT D V L.
Predicting the settlements above twin tunnels constructed
in soft ground[J]. Tunneling and Underground Space
Technology, 2004, 19(4/5): 378 —380.

[3] PINTO F, WHITTLE A J. Ground movements due to
shallow tunnels in soft ground: Analytical solutions[J].
Journal of Geotechnical and Geoenvironmental
Engineering, 2013:

(4] FHZEAE, NISEER. ol BE I i 5 R R 2 8 8 Jo AR
FEIM]. dbst: Hh EBREE H AL, 2002.

[5] FNEIK, JME, BAaxst. Bt 5 M S DR R

JERL R iy oy A AR (). 2540 028 5 TR AR AR, 2000,
28(3): 500—506.
SUN Yu-yong, ZHOU Shun-hua, GONG Quan-mei.
Distribution of deep displacement field during shield
tunneling in soft-soil areas[J]. Chinese Journal of Rock
Mechanics and Engineering, 2009, 28(3): 500—506.

[6] TR, Ak, 2, & WRZHEE i L3 =K1
PR ENAS AT, 5 J1%, 2011, 32(4): 1186—1192.
JIANG Xin-liang, LI Lin, YUAN lJie, et al. Dynamic

analysis of strata horizontal displacements induced by



360 b +

71

2 2015 4F

[7]

[10]

(11]

[12]

[13]

shield construction of deep tunnel[J]. Rock and Soil
Mechanics, 2011, 32(4): 1186—1192.

EbE, AR, TKOR. A MBI TR R Ak
AL AT AL (9] %, 2009, 30(6): 1699 —
1704.

WANG Zhan-sheng, WANG Meng-shu, ZHANG Mi.
Methods for estimating subsurface ground movements
induced by shield tunneling[J]. Rock and Seil Mechanics,
2009, 30(6): 1699—1704.

PECK R B. Deep excavations and tunnelling in soft
ground[C]//Proceedings of the 7th International Con-
ference on Soil Mechanics and Foundation Engineering.
Mexico: Balkema A A, 1969: 225—290.

LITWINISZYN J. Fundamental principles of the
mechanics of stochastic medium[C]//Proceedings of the
3rd Conference on Theoretical Applied Mechanics.
Bangalore, India: [s. n.], 1957: 18 —26.

MAIR R J, TAYLOR R N, BRACEGIRDLE A.
Subsurface settlement profiles above tunnels in clays[J].
Geotechnique, 1993, 43(2): 315—320.

LR, BER, 2k BETHZL DR R TR &
JEAM ST SIS 1 0)%2, 2004, 25(10): 1542—
1544.

JIANG Xin-liang, ZHAO Zhi-min, LI Yuan. Analysis and
calculation of surface and subsurface settlement trough
profiles due to tunneling[J]. Rock and Soil Mechanics,
2004, 25(10): 1542—1544.

FE. BRI T | 2788 S S AT )
HIJ5TE D). PG4 P22 B TR, 2006.

BN, R BB VR 2 AT B 5 8 AR Bt S 07 AT

[14]

[13]

[16]

[17]

[18]

[19]

). AACERHE, 2010, 27(4): 110—115.

WEI Gang. Study on calculation method of width
coefficient of subsurface settlement trough in shield
tunnel[J]. Journal of Highway and Transportation
Research and Development, 2010, 27(4): 110—115.
DYER M R, HUTCHINSON M T, EVANS N. Sudden
valley sewer: A case history[C]//Proceedings of the
International Symposium on Geotechnical Aspects of
Underground Construction in Soft Ground. London:
Balkema A A, 1996: 671—676.

MOH Z C, JU D H, HWANG R N. Ground movements
around tunnels in soft ground[C]//Proceedings of the
International Symposium on Geotechnical Aspects of
Underground Construction in Soft Ground. London:
Balkema A A, 1996: 725—730.

CHOU W I, BOBET A. Predictions of ground defor-
mations in shallow tunnels in clay[J]. Tunnelling and
Underground Space Technology, 2002, 17(1): 3—19.
LOGANATHAN N, POULOS H G. Analytical prediction
for tunneling-induced ground movements in clays[J].
Journal of Geotechnical and Geoenvironmental
Engineering, 1998, 124(9): 846—856.

CORDING E J. Control of ground movements around
tunnels in soil[C]//Proceedings of 9th Panamerican
Conference on Soil Mechanics and Foundation Engi-
neering. Chile: [s. n.], 1991: 2195—2244.

AHMED M, ISKANDER M. Analysis of tunneling-
induced ground movements using transparent soil

models[J]. Journal of Geotechnical and Geoenviron-

mental Engineering, 2010, 137(5): 525—535.

LDHs-MK S5 Pk R, L RERAI N BT T ARG

LDHs-MK & &8R- & H LB 5T

FVER DEVE, 16 TP, P, 108 0L, EM: 26 T, MR TPEACRIKH AL, RRIR: S LR, HE RS TA]
2014 4F 12 7, #adE1545: ISBN 978-7-5170-2809-3.
WHENN: ABTLEEX LDHs CEHUEED 5 MK (sl 1) APREREE L T S (M5 B I BUN T R IT, RAE
S3HT T LDHs MEHIAGZE LR 431 S R RUBURL TE SR A5 A RR I, MRS IE T L0 380 25 1 e g, HFFFUERT T LDHs
ST T AMERE . AELL ERFSUAERE B, H A MmNt (MK KRBT —F LDHs-MK JEIRE 2 &SR, Wi T

i PEZRAK L



