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STUDY OF TWO SHOCK ABSORPTION MEASURES IN TUNNEL
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Abstract: Based on Newmark’s step-by-step implicit integration FEM method, the response analyses of a
generic tunnel by using viscous-spring artificial boundary technique under various earthquake accelerations and
multiform conditions of surrounding rocks are presented. The seismic responses of the tunnel are calculated by
changing parameters of surrounding rocks within certain influencing distances to the linings. Two kinds of
shock absorption measures, which are setting shock layer and grouting in the surrounding rock, are investigated.
The shock absorption effects, applicability, and shock mechanisms are analyzed. The results show that the
differential displacements and stresses in the lining of the tunnel decrease and the linings are protected when the
two measures are used. It also shows that for weak surrounding rocks, rock grouting is an effective shock
absorption measure and the aseismatic capability of surrounding rocks can be improved. For underground
structures in hard rocks, the seismic effects on tunnel stability can be ignored even if tunnel is located in
earthquake-prone regions, but for important projects. The results provide useful reference for the aseismatic
design of tunnel.

Key words: tunnel engineering; shock absorption principle; dynamic analysis of structures; viscous-spring
boundary; finite element method

B BX: 2003 -05-27; #EEIHME: 2003 -07-24

Z2ETB: EFRHLA NN LIRS A Q002DIB20062); ZMATH K2 “HE” A4 TERESEBTE

fERMA: B 1964 -), B, WL, 1986 FEHETFHEN\-—REBAKRKE TR, EHE, FEAFS L 5T TR WHEENTITL
f£. E - mail: gaofengl964@163.com.



®24% F2H BB BN PTEE R T «223 ¢

1 35l

it

BT 5 F —FF, BB S5 T G54t T LU
KRR K E . BT, FEEE RS
RHATHGR . 3 1 Figi R SO E e
PEFEERBIN ). TETER: RAEFEHR
BN RIRCR ;SR AN T 4 TR S 3 n A /1
SREL; SRR & YR - 2R N KRR JE b1 R 1 4t
WIRIERJE s SRITE F sAHFBAS I 08 A S8 AN
FRUEIREE L . AT 5 L SR R AR A VR v LA 1
HER BT BIRIWIRE . 58 2 B A2 7E B Ao 1R 3
R MR ERERE, AR T A L% % B BEE
£, ATEREE B3R R NN . TR
W IE A IR A 2 R B B R S = A R, B
ISR R B R R ED Y%,

AICHE T AFEESVER T AR EE AR
Xt BEE R S N R, 6l R B E A ) —5E
LHABEEMERSE, R TREMLERN,
H T 8 I SRR LA 1 7 2 FE AR T LR R A
W1 7, AT & 8% 1) H ) o

2 ¥MAE

2.1 Newmark X9 Hifs - $# EN*

KA Newmark BRNF4Fifh - 16 IEHIERE
BET AR Y, HRTTARRE =1+ At B ZIH
BB PHITRREA

Mii,y +P s=F, M

2 tAr
g2r+m +K£r+m (2&4 '&%%)

P
Cii,, +Y Brag',dV (GE4M)

Sar T

@)

Rof: M OB ERMBRERANE, ¢ BERNEIE
MM, K ARMARIBEENE, i SR A
MR E, , WERYARERR, « b

Z1+Ar —1+Ar

ERE RN BNE, F o AMTENE, B
AT, o NI .
Newmark 77 {3 H T FI1R % h

l—'tlt+Al = Ii‘t + [(1 - 5)Et + 5ét+At ]At (3)

u a2 @)

Zt+At

A g, ¥ AR HEE

=u, +u At +[(05-p)i, +yi

t+At

MNP EITEREE.

1) #i=0, %

oy =T =8, A A C P, )

i,y =W, =8, +A1-0)ii, 6)
i, =0 @

) WHAEET S SmE
AY' =F,, -Mi., —Ci, - [B odav ®
(3) WHWBE, EFEGMRIEERN
K =M /(yA*) +6C /(yAD) + K ©)

4) KA, BRENEEE AL A

K'Au' =A¢ (10)
5) HNEEHE, Bi=i+1, AS
Uy =y, AU )
liyy =Wy~ 1,0 ) I(PAL) (12)
iy = Uy, +OAH 13

(6) Btk Au' X Ap' RAWRBMEN, £F
R, WEHRG), HEHL, 4

Wyg =Upny (14)

g = Uy (15)

vy, =l (16)
RN RE P, ENTHEEH.
A Z I S5 BEL B S SR FR B R BB 1

C=aM + BK (17)

AP a, BAFH, WHEHMARIRMET
MAZHIBE B & LA E . B H Bk 6 =025,
y=0.25.

22 iWR&H%

ZBBIFE AN TR, REAN LI R
ToBRIBUA A, Ry - BN T AU FE T 3L
SHB e BRI, IR RRERL Y TERR R A 5T
fed. HATIOREMEDH

C, = pc, }
(18)
Kb =G/(2rb)

X ry AR RN LA ALY C MK,



¢ 224 o BN TR

2005 4

S35k M 5 A T3R5 r =r, PIZRTT 10 _E ORGP
JRBRAMLHEWE; c =G/p HEVIEE, G K
VIR, p MREHE. M T A g AL Ty
) FRORE A BELJB A 5 3 i R (18) P ) G
¢l E Fc, B, E M, 530 PR R4
W

3 BESHMThxREEDRRERN
® i

T B XU L Bk B bR B ST 5, B T IR
40.0m, HEAMRICHERLE 1. HEIEHE: %X E=
180 mx 110 m, FEJEIAA 2 ML BEHE - #adEA
Ting, MR e R 110 . g
Bl 5 2 M0 0 728 A %ot B 1 R S R R S, JEER T 10
AARRMEE, RATEERES ", te—A
Bl A A R A RBTIRAIH, BEIRARME
WEEARR, ALK Hz), WK 1. HRBERT
5 %&HUES), 43 518 El - Centro 1 7Z 1 . Taft HhFE ¥
PR (R FR Kobe MR FHILREREE
B M A0 S (T AR Tianjin H I AN 4R 24 ] K
BF 50 a ABHAEZ A 5% N\ T 7& B (f8]#% Dghq 3
B, X 9 AARRIMEA S E T EX LR
BERT, BERmIGN S, WK 2~5
* 2. BRTHUE, BT El-Centro iR M
Kobe HiEHA/EH T HE 45 R

110 m

180 m

K1 ARTERTL

Fig.1 Finite element mesh

Mt E A RE Y, ERGERMELER ., 55
EABEE A=A TR KIIN T, BRI R AT
B PR S TS 2 18] B 2, 3 AT, A
ME IS 2~6, BMARMEARTEN 0.1~2.0
Hz I, BRIEATWIN A BKK RN, 6L
Ab, RN, 5 SHVRBAER TUE G REA
R TIXANAE R E SR, EE R
PR/, BB, BIREENBIRAE S
Bl B s AR R A bR B, (B AR N ) A
BRI, PRI R ) 5 B R AL 22 (BE 1 AT BT &
LB R AL 5 A WA RS 3 85 KA 8 1 22 1) B A
BIEEL, WE 2 KE 3, 4; BEEMBEARE, i
RIS ESAFE, SHRHhERNEAHEE,
ek 3 116 1 R S I PR A /I S L2 A B A A e A

£1 HRPENESBRITNERHER

Table 1 Material properties and fundamental frequencies

EH 3k B B /MPa TR L AE/AN +m > 2R J1/kPa P BEBRAIC) HA4/Hz
B 1 5 0.430 19.0 0.5 8 0.069 580
A 2 25 0.420 19.3 2.0 12 0.138 872
HE 3 50 0.410 19.5 5.0 15 0.218 419
& 4 500 0.400 20.0 30.0 18 0.683 278
BE S 1500 0.360 20.5 100.0 24 1.185 260
HE 6 3 600 0.320 21.0 500.0 33 1.840 420
FA 7 13 000 0.270 23.0 1 000.0 40 3.403 420
% 8 26 000 0.220 25.0 1700.0 55 4.706 640
F& 9 33 000 0.180 27.0 3 000.0 62 5.186 220
[ 10 150 0.415 19.8 12.0 17 0.374 440
WREEL 31 000 0.190 25.0 3400.0 60 —
WRER 1 6 0.380 10.0 0.60 6 —
WRZ 2 1 0.380 10.0 0.10 5 —
JnfEZ 1 1500 0.360 20.5 100.0 24 —
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Table 2 The maximum principal stress at bottom wall and the maximum displacement in the liner
El - Centro Hi7& Taft Hi Kobe Hi %% Tianjin HE % Dghq 7%

PR min B RBE NN OB RBE NN OB B2 N KB BBE NS OB A8

/kPa /em /em /kPa /cm /em /kPa /cm Jem /kPa /em /em /kPa fem  Z/cm
&1 5527 14710 0.02 296.1 6.594 0.029 857.4  22.730 0.11 446.5 22310 0.120 1433 56.260 0.510
BA2 2473 14340 032 1082 6.664 0.043 4952  26.520 1.34 2 581 9.383 0.028 3858 25.190 0.030
f#&E2 2936 10760 0.18 1211 6.816 0.107 7200 25.760 1.44 4064 12.610 : 0.380 6032 23.740 0.880
F&4 4075 4679 0303 1558 2.736 0.141 7401 15.960 0.84 2746  6.367 0.227 4 589 8.086 0.313
BEs5 2 051 3.103 0.142 1043 1.699 0.081 4690 8912 0.375 1372 = 13.019 0.092 2 904 4.805 0.230
&6 1199 1957 0.08 660.3 0970  0.036 2951 5.198 0.203 814.8 1.581 0.050 2228 2.837 0.118
F#&7 5887 0.820 0.031 l331.5 0.379 0.016 1472 2.059 0.076 3542  0.550 0.018 1161 1.124  0.044
A 8 397 0483 0.018 234.5 0.228 0.010 234.5 1.192 0.043 220.6  0.309 0.010 749.4 0.674 0.026
F#&9 3672 0415 0.015 180.2 0.200 ~ 0.009 216.7 1.031 0.040 2073  0.264 0.009 684 0.584 0.024
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Fig.2 The maximum principal stress in the liner under
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Fig.6 The effect of shock absorption layer on the maximum
principal stresses in the liner(the surrounding rock No. 2)
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Fig.7 The effect of shock absorption layer on the maximum
principal stresses in the liner (the surrounding rock No.
10)
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Fig.8 The effect of shock absorption layer on the maximum

- principal stresses in the liner (the surrounding rock
No. 4)
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Fig.9 The effect of grouting on the maximum principal
stresses in the liner (the surrounding rock No. 2)

~ LEE (E#E10)

- HwEE (WEEL, BEE =12m)
4000 -~ HEE(WEE2, EE=12m)
- HWEE (WEEL, B =32m)
- HwEE (WEE2, BE=32m)

3000

2 000

B }1 /kPa

1000 ¢

B k£ K K # B & EE %
T EIREEE ¥
s z s KM R

fr B
B 10 nfE EX IR RN K E KR (A 10)
Fig.10 The effect of grouting on the maximum principal

stresses in the liner (the surrounding rock No. 10)

SFEE 2, WEE 1 MR EAR N A
WA, AR AN ERR RN ) 98% A4 IR
2 BRI INC A A SRR RN K 82% A



F24% F2M B BEE NPT R TS TR ©227 ¢
= EmB E (B #E4) 0.004
~AwmBEE(WEEL BE=12m)
4500 ~~ AWEE (wEE2, BE =12m) 0.003
pt —~ FHmEE (WwEEL BE =32m) .
3 600 (\ — AWEE (WEE2, B =32m) Z 0002
\ H
§ 2700 &:—1 0.001
E 1 800 T 0.000 ~EREE (REE )
0.001 —=—HBEE (BEE 2
200 ‘ EEE E B E B AE &
i M do# R , E L
B OBE TORE K
fr B
& g Bl 14 B0 R X R R O A8 A (B2 4)
B I R R R B B R 4) Fig.14 The effect of shock absorption layer on the maximum
Fig.11 The effect of grouting on the maximum principal differential displacements in the liner (the surrounding
stresses in the liner (the surrounding rock No. 4) rock No. 4)
0.004 ~ AWEE (HE2)
T
0.003 ~ AWEE (WEEL BE =12m)
0'004, -~ HiEE (mEEL, Eg‘: =3.2m)
E 0.002 + 0.003
oy £
R 0001 5 0.002
@ #
0.000 | w o 0.001
:L>_|
—-0.001 0.000 + Eocgin
-0.001

B 12 R AR EE R REE 2)
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Fig.13 The effect of shock absorption layer on the maximum
differential displacements in the liner (the surrounding

rock No. 10)
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Fig.16 The effect of grouting on the maximum differential

displacements in the liner (the surrounding rock
No. 10)
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