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Table 1 Parameters of materials
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Table 2 Damage volume of concrete vs. different impact energies

V/m’ /%
E./k] : ‘
HE H i FE b
65 1.15 0 0.76 0

130 1.73 0 1. 14 0
260 2.14 0.58 1.42 2.26
520 3. 90 1.02 2.58 4.02

1040 7.74 1.79 5.12 7.04
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Fig. 7 Displacement curve

PR FLIGR IS R 3 R o 8 25 o ol FE 0 DA 34 K 5 08 0 R i A 1) e RS2 A% TR (2 B R B 27 o i BE
P RT3 DR 5 38 1) 2 (B UL 28 0 1 5 AR B s A 0 RS ) (2 B8 R T R SR 2 RS . (2) HRTE S
ASRE RSO T A7 b T S5 R AR R L T IR BE 4 s IR B et B8 DU 45 45 BR 2R L B AR A 1 0 L (5L
HT TG 1 B AT 4 A7 A R AN T A AR TR DT T A AN AR, TR BB A 5 S A4 . LAY ST A B R BE
TG iy R RO T IR 6 RIS A A 0 R BB b A0 A5 L 0 A B BB R S B RV A Y it s AR 16W,
(1040 k])REE L % A1 vhali T HEZR S84 Hh R H B VR 5 = B 0 B 0K, B W Z 45 4 RE A8 PRI 268 K 2
RO OU T B A nb i AN SR AR . TRBE 1 B — 40 3 DX SR A 2 360 B A S5 M A BT bk 7 A R 3 R A 52
M A0 1] 45 K P b A A5 6 IR L 9 A1 B8 ol A TSR A



552 DS 1 5 et i %36 %

2 HRiR S Fa i & e

5 PR P A v XA 25 R S P T IR R AT, A S SR FH R 5T A BRCAR T 2 B IR TS 1 5 -
DA 5%+ AR I5 A vl 0 S MR RO VS A IR R . BT R B R A AP e R RE A A EE D
AR o B R T TR S B e ) (ELAE L0 R PR 4 A TP A D R . AR SO R o EPS
WORITR A R+t JRURE - CEPS J0RE L AR R R AR, 2 — OB R £ TR,
2.1 BERTHEBSHBAZESHY

A BRICHE R AN 2 Fr7 SO IR IO - S 2 B o R R A, 5 T A A R AR R SR Rk M 4 1)
SR AR AT AR, N 860 kg/m® L IARA LN 0. 2, BEMERE R Ry 10 MPa. B AL #5541 MPa, i
IR B K 100 kPa, ¥ 9% A1 b i BB it [ 2 R AW, K DL 1. 4 m R+ 5 H#O2 MIR ) 7 i R 2%
LT o
2.2 MmEHAEREREILE

VAT R B2 R R A bl SRR LR HE AR 8 B, MR 8 W R LA Y 2 Y b
o J1 0 1483 kKN, K TR 19 810 kN; 5 32 65 whads J1 M7 Fe 00 75, B8 0 4 00 by g i 4R 450 2% , 0
W R B2 T ohds K 20 60 ms, KT H#UZ 0 50 ms,

A rp T R R BT A 0 e VR R A R X e an & 9 s . AL 9 Rl DLE L2 SRR R
iy 28 1 A8 AL R A W) S B % A oo S 07 B T80 s 1 38 g5 (L e 3L 67 B Wk 52 08 Kk A B AR O
AN Z A TE T, 32 M3 AT 50/ s B B Ik A TE R 45. 1 em, KF 322 15,5 em.,

L6 01
i —o— Soil cushion -10
1.2 F . .
—a— Light soil -20
z —+— Soil cushion
S 08 E 30 ) )
S = —a— Light soil
—40
0.4
=50 |
0 —60 1 1 1 1 Il
290 310 330 350 370 390 0 200 400 600 300 1 000
t/ms t/ms
P8 ity O3 I AR A L P9 o i TR BE I R X L
Fig. 8 Time-history curve for impact force Fig. 9 Time-history curve for impact depth

2.3 BELHOGIILE
e iR BE - ARG R 9 T3 3. 3R 3 T LAFE .2 P2 T HE S 409 A 7R 55 - 458 s 1 AR
FAZEAN T T 2 AR A5 1 M FROAR 22 B I, 02T, 5 AR BE b B0 3K 2 0. 576 m?, b o AR A R
2.26 %6 s F B L 55 AW S A0 AR s B4R A
RIATEBRERELMGERIILE

Table 3 Comparison of concrete damage with different cushions

V/m?® W/ %
)
HEH 5 M HE 2
T #JZ 2.144 0.576 1.42 2.26
L=yt 2.032 0 1.34 0
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Table 4 Comparison of steel stress

0,/ MPa a/m 7/ %%
2
HE H AR HE Z1 AR HE 48 FRi
THZ 95.3 78.9 172.8 120. 8 7.35 5.53
B+ 95.0 22.9 133.6 11.2 5.68 0.51

2.5 {I#IfLL
IR 45 K B (0 B Xof HE UL 3 5 Herpros, S EE AR TR BOALES 5 by o o R 18] 1) e KA RS o s R A R Ao
oo IS5 AT LU I il TR A REER  MEHE SR S5 M e 5 0 /R T B9 AL RS A X 8RB/ s b i
Wi 1] 42 8% TG 2 3] 5 11 A 7 J T IR K RS2 A% U e b 48 2 R T o £
xS LB

Table 5 Comparison of displacement

so/mm s;/mm s./mm
HhE -
HEZ1 T M HE 48 X HEZR i AR
TH#HZ 2.7 3.9 2.0 2.4 0.4 0.
L2y it 2.2 3.4 2.0 2.4 0.2 0.2
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Table 6 Damage volume of concerte at different thicknesses

V/m® w/ %

l/m

HE 28 5 M HE 4 T
0.6 1.79 0.43 1.18 1.70
1.0 1. 84 0 1.22 0
1.4 2.03 0 1. 34 0
1.8 2.06 0 1. 36 0
2.2 2.25 0 1.49 0
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Numerical analysis of dynamic response and impact resistance
of a large-span rock shed in a tunnel under rockfall impact

Wang Shuang', Zhou Xiaojun', Jiang Bo”*, Zhou Yuefeng”
(1. MOE Key Laboratory of Transportation Tunnel Engineering ,
Southwest Jiaotong University , Chengdu 610031, Sichuan, China;
2. China Railuay Eryuan Engineering Group Co. , Litd, Chengdu 610031, Sichuan, China)

Abstract; In this work, based on the determination of the rockfall impact energy and using the dynam-
ic finite element numerical method, we analyzed dynamic responses of large-span shed-tunnels of
mountain tunnels under rockfall impact, and investigated the characteristics of damages suffered by
the shed-tunnel structure’s reinforced-concrete. The impact depth time-history curve and impact force
time-history curve under different conditions were presented for comparison and different buffering
effects were also summarized for comparison between the common soil and the light soil on which
shed-tunnels were constructed. Meanwhile, suggestions concerning the choice of backfilled soil and
the propriety of its thickness were proposed. The results from our study will be valuable for the de-
sign of mountain tunnels’ large-span shed-tunnels and the prevention of rockfall that may damage
them.

Key words: solid mechanics; dynamic response; rockfall; impact load; large-span shed-tunnel; light
soil; concrete damage
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