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Caving failure characteristic of slope rockfall on Yiwan section of the
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Abstract ; Because of the complex geological environment in mountainous area, rockfall has become one of the
common geological hazards, and it is also the weak link of research. Previous studies have analyzed and
discussed many aspects of rockfall. However, the research on the problem of rockfall disintegration caused by
the whole failure of rockfall has been neglected. The disaggregation behavior of rockfall in the process of
instability is the key to predict the influence range and control effect of rockfall. Therefore, this paper takes
the rockfall of tunnel portal slope along Yiwan section of Zhengzhou—Wanzhou high-speed railway as the
research object. From the point of view of structural plane, the caving failure characteristics of slope rockfall
are examined. Based on the investigation of 15 tunnel portal slopes, the development and distribution laws of
rockfall in the study area are firstly summarized from three aspects: slope gradient, lithological association and
height difference. Then, according to the structural characteristics of slope rockf mass, the failure modes of
rockfall are analyzed. Based on the corresponding relationship between the volume and shape of the upper

dangerous rock and the lower falling rocks of the slope, the caving failure evolution process of the slope
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rockfall is further discussed, the motion features of the rockfalls are finally predicted and analyzed with the
simulation software Rockfall. The results show that (1) the upper part of the slope is steep and the lower part
is gentle in the study area. The upper bedrock is bare and the slope gradient is basically over 70°. Dangerous
rocks are mainly developed in weakly weathered limestone and dolomite. Slope height difference is between
150 and 300 m. (2) Dangerous rock in the upper slope will gradually slide along the basal sliding plane or
fall along the tension crack in a stepped mode. (3) The main caving damage mode of slope rockfall in the
(4) The

rockfalls at most tunnel entrance slopes are highly dangerous. These dangerous rocks may threaten the safety of

study area is that the rock masses in the upper slope disaggregate along the structural planes.

tunnel entrance. Therefore, it is essential to take appropriate measures for prevention and cure. The research

results can provide reference for effective prevention and control of dangerous rock in Yiwan section of

Zhengzhou-Wanzhou high-speed railway tunnels under construction.
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Fig.1 Distribution of slope gradient
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Fig.3 Height difference of slopes
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Fig. 6 Stereographic projections of the tunnel portal slopes
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Table 1 Size of rockfall at the entrance slope of the

Xingshan tunnel

&
~N

1. o B i <. B 1
) K/ %/ wm/ ﬁﬂz\/ Gy K/ =/ Mif;\/

m m m m” m m m’

g

W1 .6 1.2 0.9 1.7 W16 1.5 0.7 0.7 0.7
w2 .0 0.8 0.5 0.4 W17 2.0 0.8 0.9 1.4
w3 .0 1.0 0.5 0.5 W18 1.5 2.0 0.6 1.8
W4 .o 1.6 0.7 1.1 W19 0.7 0.6 0.3 0.1
ws 2.0 1.2 2.0 48 W20 1.5 1.2 0.5 0.9
wo6 .5 0.7 1.0 1.1 W21 1.6 1.2 0.7 1.3
w7 0.7 1.0 1.2 0.9 W22 1.6 1.0 0.6 1.0
w8 2.0 30 1.0 6.0 W23 30 1.5 20 9.0
W9 .5 1.0 1.0 L.5 W24 1.0 1.0 1.0 1.0
wio 1.2 0.8 0.6 0.6 W25 1.2 0.8 0.6 0.6
wir 1.8 1.0 0.8 1.4 W26 0.3 0.4 0.6 0.1
wi2 2.0 1.0 1.0 2.0 W27 1.0 0.8 1.5 1.2
w13 0.5 1.0 1.0 0.5 w28 1.2 0.8 0.7 0.7
wi4 3.0 1.6 1.0 4.8 W29 2.4 1.8 1.0 4.3
wis 1.5 0.7 1.0 1.05 W30 0.5 0.8 20 0.8

10 FREESHE

Fig.10 Location distribution map of rockfall
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Fig.11 Caving damage mode of rockfall
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Table 2 Parameters used in simulation of rockfall
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Table 3 Risk evaluation of the dangerous rocks

= AAER oA E 6o d Rk feERtkE

IRERH e fiEm RS TR
=R 94 0 1172 N
EngAll| 100 0 2 063 Bk
w5 84 1.0 1 100 Bk

Vb 180 100 0. 3094 [N
Vb8 243 11 0 0 0 Al
v 24 1 100 1. 1 166 Bk
L2 YN 97 3. 2297 N
Pk 100 0 1872 [N
48 86 3.5 816 BN
HRgE N 100 0.3 2129 Bk
HRILE O 22 0 1011 N
AT 70 0.1 1676 Bk
BER% 32 0 0 N
Z 4 B 100 0.1 1213 LN
G B bR 84 0 2010 N
6 it

(D) WHFE X AE A K & o A MU - i B 2 B BETR
Y, LAY IR [ =700, B BERERL R h T
WO YRR T ELERE. A EERT
755 WAL B9 B I 25 SR B vh o e 22 A
434 F 150 ~300 m Z[H]

(2) W PE R 32 Z 0 RS LA ZS, 20 T 1E
IR NRZIE IS A B S ANV NI B2 RS 15
IR G, A A R, SR G n Bl f o L (2 Bk
& AL ) B B B AR D5 X I i 2 G 45 A T T AR
NS RAPEE SALANTTE VAN,

(3) W52 DX PN 8 2 i i A3 A A X 3 B8 Ol i 39 1
A 4 R T g AR B

(4) V03U 2# B8 38 P 11300385 9% A1 LA TR W5 H
SRR T M0 380 A i) S B T HE 30 A S
ZIN A R BRI 0 3 R AR T B i 3 7 A A R A X
BN HeAe i v A e B MR, 7™ ol e % 3 1 )
TG, T EER UM L B4 75 6 1 0

2 % 3L ik ( References) :

(1] JACl, &5, B 3CE 45 IR A% 0 XS oF
fli B IR [ 1], BR3H 22 31,2018,58 (6) 1100 - 103.
[ZHOU W J, XI Q, SHEN W J, et al. Rockfall
analysis and risk assessment for Fengtai-Shacheng

Railway [ J]. Railway Engineering, 2018,58 (6):

[2]

[4]

[5]

[7]

100 - 103. (in Chinese) ]

Mz, EARIE. LT PFC BT Z 2 4 BbE G
HBVEF AT B HOR 5 T 8,2019,19(19)
301 - 309. [ TIAN Y, WANG L F. Study on the
collapse sequence of rocky steep slope dangerous rock
based on Particle Discrete Element [ J |. Science
Technology and Engineering, 2019,19 (19).301 -
309. (in Chinese) ]

PRULEL, 37, JF L0, fE A IR K E R IR S
BFLT]. PRI R =74k ( AR , 2015,
32(6): 53 -60. [ CHEN H K, DONG P, TANG H
M. The status quo and trends of perilous rock and
collapse disaster [ J |]. Journal of Chongqing Normal
University ( Natural Science Edition), 2015,32(6) .
53 - 60. (in Chinese) ]

Bt B SC, s . W R R R T LR
SISV T [T ] K SCHE BT LR Bt , 2018 ,45
(3):138 - 145. [ YANG D, HU X W, HU Y Y.
Mechanism analyses and evaluation methods of
schistose dangerous rock mass in cavern [ J].
Hydrogeology & Engineering Geology,2018, 45(3) .
138 —145. (in Chinese) ]

IRBOR ,INB IR, 9530 3%, 55, =R R X Bl fe A ik
i T AR 2 N 8 W SR A B [T . K SOl BT TR
Wi, 2015,42(6): 154 —158. [LE Q L, SUN X J,
CAI L L, et al. Geological model and deformation
failure process of the Wangxia unstable rock mass in
the Three Gorges Reservoir [ J ]. Hydrogeology &
Engineering Geology, 2015,42 (6) 154 - 158. (in
Chinese) ]

IR BIRVE AT ST ] kIE L AR 2% 4 ,2005,22
(H4F] 1).387 —391. [HU H T. Research on the
collapse and falling stone [ J ]. Journal of Railway
Engineering Society,2005,22 ( Supl) :387 - 391. (in
Chinese) ]

WA S SCHL, BRI, S R B M R AL
MEBIGXHRI]]. 2505 T4 ,2018,25(4) :
33 -40. [XU W, FENG W K, GUO S W, et al.
Cause analysis and prevention countermeasures of
Dashipan Group collapse in Yiliang County[ J]. Safety
and Environmental Engineering, 2018,25(4) .33 -
40. (in Chinese) ]

WY BRI, M DU BE. DT UE B R A s R E AL
HLT]. o I M R R 5 B iR i, 2008,19(2)
1-6. [LI M, CHEN H K, YE S Q. Failune
mechanism of Hongyadong dangerous rockmass,
Chongqging City [ J ]. The Chinese Journal of
Geological Hazard and Control, 2008,19(2):1 - 6.
(in Chinese) |



fREEAE A [T]. NRKIL, 2013,44(9) .24 -

172 SO ST T T BT S B O 2020 4

(9] Rz, marls, fim. 2435 T e X s 4 28.[HE X Y, CHEN H K, TANG H M. Study on
Wzh hiReEEsr[]]. A A %5 TR%E, damage disintegrating characteristic of Wangxia
2016,35(10) :1965 -1974. [CHEN J Y, YUEH Y, perilous rock in Wu Gorge of Yanglze River[]J].
XU Q. Dynamic stability analysis of perilous toppling Yangtze River, 2013,44(9) .24 -28. (in Chinese) ]
rock in complex environment[ J]. Chinese Journal of [17]  FE5 B8, £/NZE. ZEWE R 1G5 il R ol IR 4
Rock Mechanics and Engineering, 2016,35 (10): ARG [ C]//2016 4F 4 [ T8 M i 2% R 4F 298 3¢
1965 - 1974. (in Chinese) ] SRS b A e TR M B Lk R B

[10]  Fem % HE ek, E4h , 4. mZ ML i IBE A 188 2016.727 -733. [ WANG H, CHEN H K, WANG X
FRAEAFSE (0], T8 M T 2% 41,2011, 19 (4) . 498 - W. Tests for formatted collapse disaster of quasi-
504. [PEI X J, HUANG R Q, PEI Z, et al. Analysis masonry structure perilous rock [ C ]//Papers
on the movement charateristics of rolling rock on slope Collection of 2016 National Academic Conference.
caused by intensitive earthquake [ J]. Journal of Chengdu: Engineering Geology Committee of China
Engineering Geology, 2011,19 (4) :498 - 504. (in Geological Society, 2016:727 —733. (in Chinese) |
Chinese) ] (18] w255 = FBJ7 i kil AL B % 18 XU Al 5 4%

(0] RO, U5 A Fie. DO H 7R A 39 7R 0 3 T 33 3l 45 AT X SR AR [T ] BR o A i (Hh9E30) ,2019,39(1) ¢
[J]. 44 J12%,2014,35(3):772 - 776. [ CHENG 157 = 163. [ YU Y, LI L S. Review on risk
Q, SU S R. Movement characteristics of collapsed assessment and control measures for tunnels on Hubei
stones on slopes induced by Wenchuan earthquake Section of Zhengzhou-Wanzhou High-speed Railway
[J].Rock and Soil Mechanics, 2014,35(3) 772 - [J]. Tunnel Construction,2019,39 (1) :157 - 163.
776. (in Chinese) ] (in Chinese) ]

(12]  FEZLAy, #H B W], EohkIE. JE T AHP-Fuzzy 31 K [19] &, R P82 ETEAL R TT ki 5 A M AR
FH AR AR AL R PE PR [ T]. K F 42,2019, SEMES TR [T ], B IR IR T 5 TR, 2015, 29
34(3):1 -7.[TANG HM, HAN M M, WANG L F. (2): 190 - 192. [ ZHAO Z H. Application of
Hazard assessment of collapsed rock mass in limestone stereographic projection on analyzing stability of the
Area based on AHP-Fuzzy method [ J]. Journal of slope along the road in Mentougou County of Beijing
Catastrophology, 2019,34(3) :1 = 7. (in Chinese) ] [J]. Resources Environment & Engineering, 2015,

[13] ¥R, BRMh. SRAfE A 138 O3 KU M O is—— 29(2) :190 - 192. (in Chinese) ]

PADU I 48 3 B B 8 o5 i 3 1A S 49 [ 7] b B 4R [20] RSl =ik 2 X A s B =000 B 0 Ml 3 2 A 3%
2009,28(8):1039 - 1046. [ XU Q, CHEN W. Risk [J]. BRI K254 ( ARBLE ) , 2008,27
assessment method for single rockfall geo-disaster: a (1):91 -95. [ CHEN H K. Geomorphology research
case study on the rockfall in Danba County, Sichuan, on chained regularity of perilous rock in the area of the
China[ J]. Geological Bulletin of China, 2009, 28 Three Gorges Reservoir [ J]. Journal of Chongqing
(8):1039 —1046. (in Chinese) | Jiaotong University ( Natural Science) , 2008,27 (1) :

[14] &7, 0, BHFEE, 5. AV ARLE R BE 3 91 -95. (in Chinese) ]

S VR VR A R R BT [ ] K SO 5 TR M [21] ROGER R C, JORDI C, OLGA M. A fractal
2019,46(6) : 149 —155. [ HUANG H N, HUANG J, fragmentation model for rockfalls [ J]. Landslides,
ZHOU C H, et al. Application of UAV images to 2017, 14(3) .875 —889.

rockfall investigation at the high and steep slope[ J]. [22] WANG X L, FRATTINI P, CROSTA G B, et al.
Hydrogeology & Engineering Geology, 2019,46 (6) : Uncertainty assessment in quantitative rockfall risk
149 - 155. (in Chinese) | assessment [ J ]. Landslides, 2014, 11 (4).711 -

(15] B, EARSE, Rk, 5. B3R A K E M 128 722.

HEPRGRARLT]. ARZE,2014,36(5) :336 - (23] @hiR4E,PRaE, £ R, 5. T E ZHFFLUE i 5 X

345.[HE SM, WANG D P, WU Y, et al. Formation S 0 E AT BESY (1], T2 Hb R 2 4, 2017, 25

mechanism and key prevention technology of rockfalls (2):520 -530. [HAN Z H, CHEN X, WANG X L,

[J]. Chinese Journal of Nature, 2014,36(5) :336 — et al. Risk assessment for Luojiaqinggangling rockfall

345. (in Chinese) ] [J]. Journal of Engineering Geology,2017,25(2):
[16] ffl3s, BRutdl, LM, UL AR R B G A R 520 -530. (in Chinese) ]

miE. LR



