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Abstract

The impact force of falling rock is one of the main loads to be considered in the design of tunnel
structure. ANSYS/LS-DYNA numerical simulation was used to simulate the structure of concrete
shed and cave impacted by falling rock. The numerical results were compared with the results of
the existing theoretical calculation methods of rockfall impact. The results show that the recom-
mended method for calculating rockfall impact force in China is seriously small, and the Japanese
formula gives the largest result. The results of various theoretical calculation methods vary great-
ly. In order to ensure the partial safety design of the shed and cave structure, it is suggested to use
the Japanese method to calculate the rockfall impact force.
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F. =2.108(mg)”> 2*°HY® (1)
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Figure 1. Structure model of shed
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Figure 2. Rockfall model Figure 2Rock fall size
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Table 1. The material parameters
= 1. MREH
ok HE/(kg-m™) J#45/MPa i A% FR/MPa AR
paY g 2400 3x10* 38.3 0.2
i 7800 2x10° 400 0.3
[/ 2000 2.0 0.148 0.35

3.2. FARAEHESREERR

ASIZH ANSYS/LS-DYNA $ff, @ 55ehs TR — S AL, 8 2R s ) BEUTE A iR
AR ) A AR

AR B o B0 A TR - b b i R R BRI T ), R S IE R LA R R B R E . R
e brT 2 C30, KA HIC MOEMSEAY, 24807 PR L 1 B & BE A RR AN T AR P (& R, 7R TR Bt L5 s)
B R 7SS N H12]. HAM RS EOLE 2,
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Table 2. Concrete material model of HIC
= 2. HIC R B LA AR

ZH 4 Ry (g/em’) F/MPa T/MPa G/GPa D, D, &
ZHUE 2.4 33.67 2.4 12.53 0.04 1.0 0.01
ZH 4 C A B N Stmax P./MPa U.
ZHE 0.007 0.27 1.86 0.84 11 162.0 0.009
ZH 4 P/MPa U, K/GPa K,/GPa K:/GPa

ZHE 950 0.1 62 —40 26

X TGNV AR SZ 7 5 R 4 A P 388 S ASE R 194 % 1 [ P A A e A
MAT_PLASTIC_KINEMATIC >RA540L, SBPERE A0 AR & S AN i S AR & Eg 1Y 1%, JEIRSEAFHET Von
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FAKH Tam SyHO %5 A\ = P SEIG IS I LA I I 26 Kk RFEOR[13], N A M BRI KRN o, = 5082, -
AEE TSR EA R L2 IR R, W% SONNIPERMEHSERY, I BRI R % BT )P
HAMAFTA B .

Hefih e B VA SR 8RR AT @ e, YA INIEE KB H AR, B2 HE il . b
J2 5 MR TR <2 8] R I THI TR 1 24, b3 T AU 5% 7R 350 10 % 22 1) SR R T T 387 388 12 B o A 8 2% 1 R
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R AL, FEE ERTA R E B

AT R ICR A TREET . YK, 1)K A SOLID 164 #.yt, T REEE4N5H K H BEAM 161
BTG, PAMEE ST R IE AT 28,617 ST A, 8300 > Beam ¥7T, 17,195 /> Solid #ijr, AL
H 25,495 1N HTT, Wi 3.
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Figure 3. The element model
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Figure 4. The results of various theoretical algorithms are compared with those of numerical simulation
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PRI TE B/ AR R B S SEBRANF, KRB IR EMAR T, MA S TS, & a5%mE0n
Ee P T2 P Sl e T E e L Ee S N L O N D e U N S N o O G I R B R E B M TR N
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Table 3. The results of various theoretical algorithms are compared with those of numerical simulation

=3 BTEREESERSREREMERT

TR AT SI(kN) I (%)
(m) BEFME BEFINREER  BAEFR ELINEER BUETNEE 4 - S -
1 1.7 48.7 88.3 57.7 81.6 98.1 44.0 1.5 33.7
2 2.3 69.4 133.9 87.5 113.8 98.0 39.0 17.7 23.1
3 29 85.3 170.7 111.6 148.4 98.1 42.5 15.0 248
4 33 98.6 202.9 132.6 165.2 98.0 403 22.8 19.7
5 3.7 110 231.9 151.6 182.6 98.0 39.8 27.0 17.0
6 4 120.9 258.7 169.1 196 98.0 383 32.0 13.7

T ¢ =|F-F|/F,:¢, =|F. - FE|/F.;;¢, =|F, - E|/F,;¢, =|F, - F|/F, -
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