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Experimental Study of the Influence of
Surface Surcharge on Tunnel Lateral
Deformation in Soft and Hard Soil
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Abstract: The influence mechanism of surface surcharge
position on tunnel lateral deformation in soft and hard soil
is studied by using the scale model test. Considering
different surcharge position and tunnel traversing soil
layer properties, the changes of ellipticity, the joint
opening, and the additional earth pressure of tunnel
segment during the graded loading-unloading process are
measured. The test results show that when the load is the

same, the tunnel ellipticity decreases rapidly first and
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then tends to smoothen with the increase of eccentricity
of surcharge, the ellipticity of the tunnel in soft soil layer
is larger than that of the tunnel in hard soil layer due to
loading, and the decrease of tunnel ellipticity in soft soil
layer is more obvious with the increase of eccentricity.
Increasing the eccentricity of surcharge can effectively
reduce the opening of the tunnel joint. The deformation
mainly occurs in the left and right shoulder and the top
joint of the tunnel when the load is directly above, and
mainly in the shoulder and the top joint on the opposite
side of the load during eccentric loading. Under the action
of surcharge, the earth pressure of the tunnel in the sandy
soil layer is uniformly distributed, while that in the soft
soil layer is mainly concentrated in the horizontal
direction. With the increase of eccentricity, the earth
pressure decreases gradually and the main concentrated
point shifts to the oblique section of the opposite side of
the load. Finally, based on the results of finite element
parameter analysis, the protection suggestions on the

surface surcharge in the operating tunnel are proposed.
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tunnel; ellipticity; deformation of joint; earth pressure

i 5 3R T b Rk A R R (R ST K, & 2R 4R A
LA S A TR G Bl A L, MK B T I ST X3,
PN & AR (R 98 R MEAR T AT AR 2 {0 20144, |
MR R R R HE B2k 16 k. IR bR
B MR B A 27 4 SO AR LT R . 2008
AT, L g b R TP o T R 5 A b T I i A
FBIw K KA F G, oA AL 2 B
HUR v SIS Fe Wi E IS5 2010 45, R b2t T
057 - 11 S B R b R B T LU BETHE ) 6 5 R
| FHgis s I RA S EHKFWR M AD/
D.(D, MI%iEAME ) F ik 35. 7 %o, tH LG Bl IEAE T
R AN 7K B 5 2018 4, I b R 58 &% 6 m it i HE

"

> A

-
A%\
03



5 3 1

RS A A R v Ry AR X R T A 1) AR TR i ) LB 323

+ B E R R A K A R ik 27. 98 mm Y 5 H DURE
DA K Bt 102 407855 5 14 A 4l 10, Hh kSR
YERTS , AN 357 A A 28 IR 1 i R R DAY
AP O IR ) AR T, P I o 5 | R 4k
AEIK B R T AR R A, Ak R BOR TR
BIRK , BB E ) 1E H

SCHRL6-7 I X B 2k T 000 T AS[R] 454 2R 1) ) 4
BETE TF R T 7k BE ) 2 RS AL | HAh SR n o g
BB HE—E 2% B8 T TSR
AR T ] Bl - A4 1 ar 2SO0, VAT S e 1= 25 A A
HAEH . BEE R 2RO R TE 152 1 RE A B
KEZm, Cui 559 % J8 + S R5E L5 WA 5 AR, R
55 N AR IR 58 T 7K A X6 B (A ) AR
TERISEM . Atkison 55 SR BN SS AT TORME: 1
R T YRS I, ARECT M9 R T AR A kAT R
BRI T35 e Yang S5 OB T £
TRZE IR T P BEHEE A A DR 3 K TR AR ME 20 FH T B
TERGE TR RZM o BORAESE 1 B U AL L 1
10 A 45 RAAY 380 o FHAEVE RIS 42 3 b W 4
I8, AF 5 T 40 R )23 v B A I 7 R TR AR ME 2 VR
TRARTE K AT R AR AR . RIS A
TABRICEANR T KRB EAEH T R E 285 -
B+ 2 O B AE JE R R S 85 AR TR B R
Huang 55 W HFSY T Hb 3@ 28 T.00 T BE B 4 I 2544 1)
s AR R, . Yamamoto 28 HIFSE T Hh 26 R A
b Y ot o) Pl RPN AL BTN Y 9k i P D B W 1 i R S
TR AR BGOSR 1M 5L PR TR A 28 & e - 1 Tl
B RHA IR, FZ )R HEEAMEH . Huang 55 '0F
EE G W SR e N E: % L N R A A e ¥4
L0 AT e A OO JR PR R 2 (B R HEA TR ARG
S PRAE 3 1 2 N 4 RUBIRN IS B4 T e B R
R TSR XTI ) R A [ AR T RS e R . 9
HE RS A A BT — 2 e AT T
£y N NN VA= w1 [ STER A STERUS AP A

Jey 0 Mk 22 TR e e il TR R ke HE RO [T T
Pl 22 5 X6 % 18 52 5 78 T8 08 5% e AN R 22000
SR H BTZE A 25 e AR M J2 25 Ry 8 3 28 ) B
TE 52 AT D o AR SCHE T3 I AR RO AL
G T AN () 3 288 7 65 R o 2 6 J2 PR B I MRt
tE iR /R ] 7 STER i A PR s = la bl b ol 7 STE
PRV (B3] 5 422 =k o T o S Ik 1 A T B fn = Fe T /Y
ARG 7R 1 Jr e E T Bk 1 1 A8 JEALRE,
T R S SR 5T AT AR S AR A

1 AR

1.1 RBIBEIZT

A6 T AR Y I R4 % 3 LA T LRl AR AL 8 5 C=
10 5 7 3 J3E AR, H B C =1 LA R s A 4 0
WEC=10 AT SRS R R R 1] 1 i
F14) 5 M Ak B 3, T B 2 BFRE  AME R 8 000 mm,
B R RN 300 mm, 4 58 & R IE 55k 2 000
mm, LA C50 IR &E - Ge 3, BT R 30 GPas &
FHEZAD AL 6 N4, B2 K 24 e 2 AR LA
14 206 GPa fit MA4S P[] B2 A4 1442

E1 REFHEEEEE(SEA: mm)
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Fig. 3 Situation of tunnel passing through different soil layer (unit: mm)
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