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Abstract: Dangerous rock disaster is prevalent geological hazard in southwest China. Under the influence of gravity, dangerous
rock masses can easily trigger rockfalls, posing a significant threat to infrastructure such as roads, bridges, and railways.
Therefore, it is crucial to effectively intercept rockfalls. Common interception facilities, including stone-blocking trenches,
stone-blocking nets, and retaining walls, are often constrained by terrain and construction limitations, making it difficult to
implement them on a large scale and resulting in reduced interception effectiveness. The southwestern region of China is rich in
Cizhu bamboo, which exhibits rapid growth, strong reproductive capabilities, and resistance to bending, rendering it highly

effective in intercepting falling rocks. This study employs a combination of model testing and numerical simulation to
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investigate the impact resistance of Cizhu bamboo and proposes a strategy for using Cizhu bamboo to intercept small-scale

rockfalls. The research findings are as follows: (1) The energy requirements of Cizhu bamboo increase with diameter and wall

thickness, while decreasing with age, length-to-weight ratio, and aspect ratio. (2) A cluster of Cizhu bamboo can consume a

minimum of 3 975.55 J and a maximum of 10 890.88 J of energy during impact resistance. (3) Utilizing the CRockfall software,

the interception effect of Cizhu bamboo on rockfalls is calculated, indicating that a slope with a height of 43 m and a dangerous

rock of 0.5 m in diameter requires the planting of 2 rows, 3 lines, and 6 clusters of Cizhu bamboo.

Keywords: neosinocalamus affinis; dangerous rock disaster; dangerous rock treatment; shock energy; numerical simulation
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Fig. 1 Falling stone test specimen
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Fig. 2 Diagram of fixed smash bamboo
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Fig. 3 Falling rocks impact on smash bamboo
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Fig. 4 Schematic diagram of full-factor experimental design
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Table 1 Experimental results of diameter and wall thickness of bamboo

024 HE BARMEN BMEA TFHEA S FEAAR FIMED tRfEE BRAE BIERK dEEN)
35~40 275.34 197.90 251.68 4 251.68 36.76 0.146 1 0.8329 209.61
A 51~45 283.95 223.71 253.11 12 253.11 20.90 0.082 6 0.956 7 242.15
46 ~ 50 309.76 223.71 255.44 16 255.44 22.16 0.086 7 0.961 5 245.6
E##/mm 51~55 344.18 240.92 268.06 13 268.06 27.85 0.1039 0.948 0 254.13
39~ 40 240.92 206.51 223.71 3 223.71 17.21 0.076 9 0.884 4 197.84
2y 41 ~ 45 258.13 215.11 240.92 11 240.92 15.39 0.063 9 0.964 7 232.42
46 ~ 51 275.34 223.71 241.54 15 24522 18.32 0.074 7 0.965 6 236.78
4 275.34 197.90 250.60 8 250.60 26.22 0.104 6 0.929 3 232.89
b 283.95 223.71 246.45 14 246.45 19.86 0.080 6 0.961 4 236.94
6 283.95 240.92 260.43 15 260.43 13.98 0.053 7 0.9753 253.99
BEJE /mm 7~9 344.18 240.92 281.79 8 281.79 33.09 0.1174 0.920 7 259.44
4 249.53 206.51 240.92 3 238.05 13.15 0.0552 0.9170 218.29
i 5 258.13 223.71 240.92 15 240.35 18.24 0.0759 0.965 0 231.94
6~7 275.34 240.92 258.13 12 243.79 19.18 0.078 7 0.958 7 233.73
T AT/ NF AT 1 all B AT, 7182 ~ 3 alfi 47,
F2 KEHE, EFRFTAKEERKNESR

Table 2 Experimental results of length-to-weight ratio, age and length-to-diameter ratio
a1 ACIEN R mMEA CPRET R PIET bR ERARE BIERE ARiEED
i /a AT 1 344.18 197.90 258.13 44 258.13 24.95 0.096 7 0.9752 251.73
e 2~3 275.34 206.51 241.50 30 241.50 17.78 0.073 6 0.976 3 235.77
09~13 344.18 240.92 269.60 15 269.60 28.66 0.106 3 0.9510 256.40
BN 14~18 275.34 223.71 254.16 14 254.44 18.40 0.0723 0.965 3 245.63
KE 1.9~27 283.95 197.90 250.60 16 250.60 23.70 0.094 6 0.958 0 240.07
/(mkg™) 1.2~13 275.34 223.71 245.70 9 245.70 22.81 0.092 8 0.9419 231.43
EAK) 1.5~16 258.13 215.11 241.78 10 241.78 14.88 0.061 5 0.964 0 233.07
1.7~22 258.13 206.51 237.79 11 237.79 16.45 0.069 2 0.961 8 228.71
65~70 292.55 240.92 259.85 10 259.85 18.50 0.0712 0.958 3 249.02
A 71~76 344.18 249.53 278.21 9 278.21 30.42 0.109 4 0.9316 259.17
77~ 85 283.95 223.71 25321 14 253.21 18.71 0.073 9 0.964 6 244.25
K2 86 ~ 103 275.34 197.90 247.37 12 247.37 25.19 0.101 8 0.946 6 234.17
65~70 275.34 223.71 251.44 9 251.44 19.61 0.078 0 0.9512 239.17
EAXi) 71~79 258.13 223.71 237.79 11 237.79 13.48 0.056 7 0.968 7 230.34
81~97 258.13 206.51 236.62 10 236.62 18.25 0.077 1 0.954 8 225.93

T PTI/NT AR T 1 all BT AEAT, PT82 ~ 3 a2 1T
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Table 3 Experimental results of impact position and diameter-to-thickness ratio
KSR HfE RRES BoMED CFET S AR PHES bR ERRE BERK  AMEE)
0.5~0.9 344.18 223.71 260.82 16 260.82 26.79 0.1027 0.954 4 248.92
AT 1.0~1.5 275.34 197.90 251.51 13 251.51 23.6 0.093 9 0.9530 239.70
R 1.7~2.6 309.76 223.71 260.82 16 260.82 24.69 0.094 6 0.958 0 249.85
i i & /m
0.6 ~0.9 275.34 215.11 246.66 9 246.66 20.63 0.083 7 0.947 7 233.75
Pl 1.0~1.5 266.74 223.71 243.79 9 243.79 15.51 0.063 6 0.960 2 234.08
1.6~1.9 258.13 206.51 235.90 12 235.90 17.00 0.0720 0.962 2 226.99
6~7 309.76 240.92 268.89 8 268.89 20.44 0.076 0 0.948 6 255.08
A 8 344.18 233.71 266.74 13 266.74 31.42 0.117 8 0.941 1 251.02
PR 9 283.95 197.90 250.24 12 250.24 23.91 0.0955 0.949 9 237.71
L 10~13 275.34 223.71 249.53 12 249.53 15.99 0.064 1 0.966 4 241.14
I
v 7 275.34 223.71 246.05 5 246.08 18.85 0.076 6 0.9273 228.19
8 275.34 206.51 234.66 11 234.66 20.03 0.085 3 0.9529 223.60
et 9 266.74 223.71 245.84 7 245.84 15.60 0.063 4 09531 234.30
10~12 258.13 223.71 244.61 7 244.61 15.60 0.063 8 0.952 8 233.07
TE: PTR/NT2ET 1 alf SRR AT, ATH82 ~ 3 ali et
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Fig. 5 The energy required to smash bamboo in different diameters Fig.7 The energy required to smash bamboo at different ages
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Fig. 12 Diagram of the bamboo destruction pattern
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Fig. 13  Finite element model of smash bamboo
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Fig. 14 Illustration of collision process
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Fig. 15 Tllustration of changes in stress during the collision process
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Table 4 Simulation results for different diameters and thicknesses

Ef/em JE R /m B RAB/T e/ IME/T fiiF%/ecm JREET PRI BhRE
0.003 240.86 110.670 -14.51 145.53 143.60 1.9327

5 0.004 247.79 10.194 —14.58 187.17 180.43 16.878

0.005 269.17 52.546 0.12 224.54 211.99 14.560

0.006 338.63 37.174 12.50 314.85 301.52 13.328

0.003 276.50 102.050 -12.40 86.27 53.23 33.035

6 0.004 276.50 30.800 -0.18 158.52 116.95 41572

0.005 314.60 63.086 0.11 97.08 73.519 24.421

0.006 372.06 18.030 0.19 155.13 116.19 38.930

0.003 299.07 77.015 —24.83 107.97 75.00 32.939

; 0.004 306.78 44.891 ~46.61 103.42 85.59 17.833

0.005 330.53 37.910 0.10 142.89 126.14 32.950

0.006 41425 0.830 -0.11 177.09 147.70 29.392

2.3 YRS SR BB L

X153 A BB AL AE SR, DA E 1 m 42N 50 em,
JEEE R 5 mm B BRI UEAT T X b, FEAR ALK
B rh, BLRR IGO0 T VE A R — AR AT P AR 2 R
234.44 J, BUEFEALAGSE RS 224.54 1, ZHAHEARN,

ARSI AEM RN 0T, AR 2807 i BE TR, R4 T
T YRR EE AR . IR R R S PR,

NFE S AT LA, Wy FR AR 5 A (A A A T
ity ZEPTIER T T e A L ELAT R — B, BE AR
(TS5 S AR T L SEE

x5 PEERINE SHEEMITL
Table 5 Comparison between physical model experiment and
numerical simulation

- AR Bk
' I R ]
0.003 153.87 145.53
0.004 198.55 187.17
0.005 234.44 224.54
0.006 328.62 314.85

3 BUMEEEARRE

31 —NETIHFERE R

MR8 AR 22 AT B v a0 RO AR AT 31 B4R /)N
T 4 cm ZEFT /N FE 180.97 T fER, BELARAE 4-6 cm
(28T B /N FE 239.83 T B, HLARTE 6-8 cm MY ZEAT
H/IMHFE 251.60 J e T, SR I AR T A6 28 AT DA B 1)
VA, S 8 /N AU U N ZEAT DL A 667 m?® 2 JE X
33 AN A R FH RR LGB B 280 7 vk A T R 2840 i
B — MZEAT /D RETH FE 3975.55 T ik, I Z RETH #E
10 890.88 J BB (55 6) -

Fo6 —MNEIMERRE
Table 6 The energy consumption of a bamboo cluster

R <4:4 ~ 6:6 ~ 8cm <4 4~6 6~8 N
26 21.38:58.15:20.17 6 15 5 5941.27
18 31.14:61.83:6.92 6 11 1 3975.55
30 72.18:26.99:0.83 22 8 0 5899.98

32 EMEHEATER
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CRockfall 2 i T P32 K2 I DUATE 20452 S I AT A
WF5E I & 1) — 3k V% A 38 30 43 B 5 8 3 97 A il B T4k
o AT S B T BORG BER BE b LR [ A1
RO T AR KR4 T, BUIMA TR shpiia i it R5: .

AT —h ik (R 43 m, SE34 3 52) TR AT — ik
& (B A2 0.5 m, HEF 22.0 kN/m?) (J8 20), sk
B TP B RS HOLE 7.
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Fig. 20 General view of the rockfall section
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Table 7 Falling rock section information

5 KBS KE/m  BREGEKE/m BRK/m /)
1 9.8 0 9800 -0
2 1.6 8.2 8.355 78.959
3 2.1 7.6 7.885 74.554
4 39 11.0 11.671 70.478
5 40 8.1 9.034 63.719
6 14.1 6.6 15.568 25.084
7 25.8 1.7 25.856 3.770
8 25.7 03 25.702 -0.669
60
J—
50 f
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Fig. 21 Trajectory of rockfall movement
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Table 8 Data collector results

24 SN 95% A IEFRAA SFHH
HE/(ms™) 10.405 8.848 4.177
HhifiRER /K] 7.794 1.849 0.468
Lk 1 /m 0.766 0.636 0.244

RARHALE/m 27.043
A 1] 5 PRl /m 3.207

e KR GE B R 7.794 kI, e KA Bk N
0.766 m, % [i] g M E FEl 3.207 m. 264 R B 1.5, A%
THE KRR 11.691 kI, S K HBk S B 1.149 m, fiek
o 1] UM R 4.811 mo

HR G — N ZEAT I FERE B0 3 975.55 ~ 10 890.88 J,
T LA 5 AT B R B2 3N, /N R Y
1 Mo D RNBOR R 24T, — M — A ZEPTLL 4 mx4 m
AR, B 2 28T NIRRT, — NEEAT K2 e O 4
(R[] B2 0 3 me I A ARV A B K75 7 (&) 20—
2D BRE RO E SRR 2 51 3 47 6 MAZEAT .
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B, TEHUIE 25 F AR T2 R UL, A 4 A0 R

(4) PERCR . AT AT LR AR, AHAL T 93
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PEIE R o NI, BEEh PR BT IR RS A BT
T EAL T 2847 o
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(1) 2 PpARZEAT P ph il 25 1 0 /R AT 2807 Fr s
Al et b A B FIRE LAY A5 KM 1 T BEE AR K L
R AR LU AR HE R BTG, A28 58 LU RN (37 X6 Al 47 28 77
JIT T R L AR A BB R, AR PR o B
TARRAT AT TIkge, Horpopr AR AT 44 1), 24T 30 4R,
R IRAB Ay 2847 BT 5 Be it 43 A 7E 197.90 ~ 344.18 J, Hrh
FE M 232.32 ~ 258.13 1,

(2) Z BPAR ZE AT vh il BUE AT et i i B
7h 5 em, KEN 2 m, BEJE 0.005 m (255 BoR, Prap
i I8 AT FE 231.94 1, KU AR IS, SRl 224.54 7,
T KRB, X LI T PR R s SR BT SR

(3) AR BAAR 2R AT AT o 3 0 AT o B (A AL
FRES GRS — A ZEAT B e 2, 15 8 — NPT i b
REVHAE 3 975.55 ] AEHE, I 2 RETHAE 10 890.88 J Bt .
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i . MR HE CRockfall #4114 LA i1 e & B 43 m fa 5 H 4%
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