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Fig.1 (a) The tower used in rockfall impact; (b) Test data acquisition scheme;(¢)Drop Hammer
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Fig.3 Waveform of impact force and acceleration
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Fig.6  Waveform of impact force and acceleration
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2536 0.0649 0.0726 0.0610 0.0756 0.0475 0.0726 0.0982 0.0756 0.0792 0.0726
2580 0.0515 0.3404 0.0459 0.3405 0.0376 0.3404 0.0739 0.3403 0.0628 0.3404
i~ B P RO BB BOIEE PR BOOMEE R % ROIEE B
/(m-s7?) /s /(m-s7?) /s /(m+s72) /s /(m-s7?) /s /(m+s72) /s
8350 1.7179 0.0174 1.4158 0.0180 1.2563 0.0174 2.2804 0.0180 2.0966 0.0174
8020 0.0713 0.1024 0.0579 0.1083 0.0523 0.1024 0.0927 0.1083 0.0872 0.1024
2536 0.0113 0. 0667 0.0099 0. 0696 0.0082 0.0667 0.0161 0. 0696 0.0138 0.0667
2580 0.0078 0.1678 0.0068 0.1708 0.0057 0.1678 0.0109 0.1708 0.0090 0.1678




%3

HL T S A2 B A e s B 5 A A o 409

RS R Bl 2 1) S VF(E ;s QXS 00 F B 1= 1) 35
A, 8020 FEASFH LU T AL ES 2470 i FRAELZEER , (Hi%
WRUEE R AT Aol Pys R R S m, BRE
23 50 em b R FRAE 25K QX0 F R 1= /1
v A iy L 8350 , (LB FIIELHE X AN il 2 Ik 3l (o2 5% A
PR E I FRVF R R TS0 B A AR B A i A
JZ WO 00T B 2 K RE I AL ) SR S A R S 7
M MR Bl B2 R 2K

A S A (] JBE R 2R S UM A v A oy
U, P Gz nb PR RE , JF A eh g5 th i =
JE bl Bk ey B8R L, THAE T nli ey 8T HEARBERY
SN, A E T LAR RS

(1) IR AR P e J3E st 20 o g ph R A
BB =APR KR, mURE S A vl i 2 e 16 O = A
TE Mk o i B8R

(2) FitiE $8J2 PR BB, v A 03 JE /A
MR Y A BENE (R | oA L I Z B IR BE L2
P ety B M /1, b B R 9 22 v CR B
2R B T

(3) M BA T BRI BE AR, v 41 v i
REFFEE [ B8 T 0. 03 535S BUAY + R A B 47
TRZR {7 A1 ol R[] 290 0. 04 s, LG np P fiE
FR TR MR 0P RE o

(4) ANFRJEBERIRT , R4 R — ALY
IR ARG EL B R TH BE AL | foe N T 38 {1 s B 221 7
B EH 5 Al — 25 AF R, PO 1Y i ol ey A
A EREDSN:OLEIIVA S NEY i i sz =) -4t DR ) | IR
F1 ek 7 22 1 S

(5) #MCZ R b B o fT ok B ALV )
(GB 50190 - 93) H i HLRE Xof th £k B 45 44 114 31 3 Wi
RPN 95405 m R g, R IR 30
40 .50 em B A A1 10 m @R, LRJRIEE N
40 .50 cm I}, HY AR AR S B 2 PR 2R o

S 2 3Lk ( References )

[1] KAWAHARA S, MURO T. Effects of dry density and thickness of
sandy soil on impact response due to rock fall [ J]. Journal of Terra
mechanics, 2006, 43(3) ; 329 — 340

(2] whpush, BRibel, Bt 3% b di J b5 ok oo e B h e
[J]. kSl Bt TR 5, 2010, 37(2): 59 - 64 [ YE Sigiao,
CHEN Hongkai, TANG Hongmei. Comparative research on impact

force calculation method for rack falls [ J]. Hydrogeology &
Engineering Geology, 2010, 37(2) ; 59 —64]

[3] SBAF, E44, R, & — Rk oo i s
[J]. 1l#e 2% 4%, 2014, 32(3): 345 — 349 [ GUO Shaoping,
WANG Quancai, WU Qing, et al. An improved impact force
calculation method for rockfall [ J]. Mountain Research, 2014, 32
(3): 345 -349]

(4] BER4, 240, B, 55, T o ik o B A TR A0 %4 504 b
HIRE LT AA SIS TRAER, 2015, 34(S1) ; 3116
-3122 [ HOU Tianxing, YANG Xingguo, HUANG Cheng, et al.
A calculation method based on impulse theorem to determine impact
force of rockfall on structure [ J]. Chinese Journal of Rock
Mechanics and Engineering, 2015, 34(S1) ; 3116 —3122]

(5] &3, XM, JEamd Rt J]. giis¢

#i2, 1996, 18(1) : 101 —106 [ YANG Qixin, GUAN Baoshu. Test

and research on calculating method of falling stone impulsive force

[J]. Journal of the China Railway Society, 1996, 18 (1) 101 -

106]

TERL, A0, PHACZE. HZ M 7 7% A ohb AR R F 19

BWFsE (1], EARTHEIR, 2013, 46(9) : 131 - 138 [ WANG

Min, SHI Shaoging, YANG Youkui. Experimental study on a new

[6

[

type flexible rock-shed under the Impact of rockfall [ J]. China Civil
Engineering Journal, 2013, 46(9) . 131 - 138 ]

FEHERE, OB, Hm A wAE TR T]. AL
2%, 2014, 35(1) : 48 - 54[ YUAN Jinke, HUANG Rungiu, PEI

[7

[-—

Xiangjun. Test research on rockfall impact force [ J]. Rock and Soil
Mechanics, 2014, 35(1) ; 48 -54]

TERL, AW, PHACZE. ZRPENNR 76 7% A vhii AR H R 9 8UE 5
HrlJ]. LREJi%, 2014, 31(5): 151 - 157 [ WANG Min, SHI

[8

[

Shaoqing, YANG Youkui. Numerical simulation of a flexible rock-
shed under the Tmpact of a rockfall [ J]. Engineering Mechanics,
2014, 31(5) ; 151 —157]

XSIJUR, A/, VERR, S5 R IRAEIATER T e M4 A ik 4 A
R SEUES BT ] 5 B TR B4R, 2015, 31(1) .
1- 6 [ DENG Liyuan, SHI Shaoging, WANG Min, et al.

[9

[

Application of waste tire to new type flex block wall and its
numerical analysis [ J ]. Journal of Logistical Engineering
University, 2015, 31(1): 1 —6]
[10] EAY:, BB, 220, 5. A A LIRSS R
MALBEBESE ], PSR 22 R ( TRERR AR , 2016, 48(1) -
43 —49 [ WANG Dongpo, HE Siming, LI Xinpo, et al. Study on
the dissipating effects of aluminum foam sandwich slab under
rockfall impact [ J]. Journal of Sichuan University ( Engineering
Science) , 2016, 48(1) :43 —49]
[LL] fTEBA, 2ds, Sk, R4 i 8 T R A5 g Jyma i [ T].
4 Jy22 2011, 32(3) . 781 - 788 [ HE Siming, SHEN Jun,
WU Yong. Rock shed dynamic response to impact of rock-fall.
[J]. Rock and Soil Mechanics, 2011, 32(3): 781 -788 ]
[12] mide, fEWY, BRI, % #R(ITHE) —BC O M b Br ok
PRI R PR A B AP ORBEFE [T ] PR 2224 ( TR
J%), 2014, 46(2) : 8 — 13 [ XIANG Bo, HE Siming, OUYANG



410 TIR U 36 &

Chaojun, et al. Study about the flexible protection technology I S prsE )] . WEsh 5 ehid, 2007, 2(5) : 99 - 103 +157
against rockfall for the deck of shaping bridge on the Dujiangyan- [ZHOU Zeping, WANG Ming-yang, FENG Shu-fang, et al.
Wenchuan Highway [J]. Journal of Sichuan University Deformation and failure of a reinforced beam under low velocity
( Engineering Science Edition) , 2014, 46(2) . 8 —13] impact [J]. Journal of Vibration and Shock, 2007, 2(5): 99 -
[13] Z=00w, kiR %, b, 5. JRIB & vhdi G b BT IR 103 +157]
[J]. BM5 S REN, 2013, 29(5): 73 - 79[ LI Huanhuan, (15T X0, Bk, s a4 F T HE S0 45 ) ) HE 2 1% 30 i i
ZHANG Jun-fa, TAO Lei, et al. A Review of the roof protective [J]. JEsh R4, 2008, 21(2); 107 — 114 [ LIU Feng, LV
buffer materials for rockfall impacts [ J]. Power System and Clean Xilin. Nonlinear dynamic response of impulsive loaded frame
Energy, 2013, 29(5): 73 =79 ] structure [ J]. Journal of Vibration Engineering, 2008, 21(2):
[14] JAEF, £, W05, 5. R EE 1 R AR b R Y 107 - 114]

Response of Power Structure Equipped with Buffer
Cushion to Experimental Rockfall Impact

GAO Liang, LIU Weiwei, TAO Lei, ZHANG Junfa

(School of Civil Engineering and Architecture, Xi’an University of Technology, Xi'an 710048, China)

Abstract; In view of the issues of rockfall disasters occurring at hydropower stations, the rockfall impact tests were
conducted for examination of rockfall barrier structures, such as soil cushions, S-shaped steel and color steel plate.
The tests were designed to investigate the buffer energy dissipation law, and consequently proposed an effective
impact load model of the barrier structures. In the finite element simulation, it applied the impact force to the top
floor of a certain outlet-building to study the dynamic responses of the key positions, the structural roof and the
equipment floor. Results showed that the acceleration and impact force changed with time, basically a shape of
triangular pulse. The buffering capacity of the soil cushion increased with the increase of cushion thickness, and
the impact duration was close to 0. 03s. S-shaped steel had good buffering performance and it could be used for
shielding side walls of structures from rockfalls. S-shaped steel worked well with color steel plate as a buffering
protection system, exhibiting a favorable quality, with an impact duration of 0. 04 s aboutd. As the thickness of a
cushion increased, the amplitude of the structural dynamic response decreased significantly. The vibration of the
electrical equipment in the outlet-building hit by rockfalls at different heights were evaluated in terms of varied soil
cushion thicknesses. Research conclusions can provide reference for protection design of power structures threated

by rockfalls in the later stage.

Key words: rockfall impact; dynamic impact test; buffering cushion; impact loading model; dynamic response



