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Research on the Construction of a Comprehensive Defense System for Dangerous

Rocks and Rockfall in Tunnels with a Design of Protective Devices

QI Genfei
( China Railway 18th Bureau Group Fourth Engineering Co., Ltd., Tianjin 300350, China )

Abstract: A research has been conducted on the defense system against dangerous rocks and rockfalls, with a

particular focus on the prevention from falling rocks at the entrances and exits of railway tunnels. Firstlly, an analysis

has been made of the hazards of the rockfall in Chengdu-Guiyang railway tunnel, thus identifying both internal and

external factors affecting the formation of rocks and rockfall. Subsequently, a comprehensive defense system is

proposed, incorporating such five layers of protective measures as active protection nets, stone barrier walls, passive

flexible protection nets, rail barriers, and the extension of open tunnels. In addition, a novel design of steel tubular

elements has been introduced, which utilizes its unique structural characteristics so as to achieve a compressive plastic

deformation under axial load, thus enhancing the effectiveness of the rockfall protection system.
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Fig. 1 Tunnel in Yunnan-Guizhou section of

Chengdu-Guiyang railway
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Fig.2 Comprehensive defense system structure block diagram with 5-layer protective measures

1) S—JZPidr . EDhBrm. 3SR R B
LR AE A B s BBk R b, T PRI bR i E
My 24, BUBE WA 3.

r AW
%

B3 REENGIFMWIFZE
Fig. 3 On-site installation of active protection nets for
sharp slopes

Wl 3 Bz, SRR A E 3B,
FHEZHN 20mm, KEH 4m, FHFREEERN 2m. £3)

B it P e it B AN 22 R G 2T A, AN 2228 Bl 16
mm, IR 200 mm x 200 mm. F BB T
Uiy 55 W T A 11 AR IERA I 4P T A 3% , T iR T T 11 o

2) BTJRB: Ak, HEEERER LG
wVR AR ESP, DT OR3P % T SE 124
FUAR AT . A R R EE - WU e,
ARG I mx 1 mx 1 m; 8247055 R 890 i 1 e
+IEeht, FEARSTA 2 mx 2 mx 0.8 m, FEAiHEE A
lm; PARSEENSm, %EN1.5m, SEEED
(ISR B 4P TR AH 32

3) BEJRB . WS RMERT . s PR
BB AR O, R B 5 wp R R e
MVERT, RERE A RS2 it Ia A7 0 ohili 0 F R e BE
B L7 A X T it T DX IR R 2 AR . AR
SEBRE O, B S M B A SR A AR AT 1) X 4
¥, AR AMZTREE N AN TF 2.5 m, BFFEEN



12 7= DA | /A = S 4

2025 4F

25mm, KJEN6m, FFFHEIEEHR 2 mx2m. FZPER
PR RIIR R SF 24 150 mm x 150 mm, RIZR 5424 4.0
mm, i E R 2. AR EAR R T, TEREIE
TR Ty 35— B s R B PN, K
100 m, BiP ™ 5 m.

4) SFIZHA: NP . IR 5B
£5) E= 8 97l s B o5 e 2 0/l (B I 2 3 (i
BRIE A EBG NG, X 5 T X s Ak
PR BEIEA O, AR SR R AR T A A AN L
WIS, WP 1.0 m,
B (R A RE A 100 mm.,

5) BAEPY: BB, AT RIERRE
W At TR TG, MR e A 15
10 T DAY P T AR A AR e R N, ko
feriE AT RRIEYE . O A E . B
KER20m, TEEEH9Im, SN T m, THHERA
FTNET, AT R FH TR BEE A EA T T, b T e 152 9 7
TRBE 1 H 1
24 BEERAZEMEERIRSH

Wk iH i 2 V% A B AR R LG T RALSE 5 2B
fiti: FESBY . FEARE . BN L AR
PR . &2 A 7, SRR T —A
SERMIBIPAR R, RENEAG R PR ik Bk B Bk g
T Ay BRI R BRI E R 181 T . ARSI,
FERFIR ZRIZATHT, BRI ISV A KB A
A6, TEARIZTTIE, FNBIEA RN,
ferTE AR, RIZRE N AR, FiEis
17 Bl AT 2 415380 T RRE

3 FENERTHEEAMIPIZIT

VA I ETEA IR TR . TR A R RN A K E
IR BRHE TR . VR AR I A A 1 EE
R, PR | T s TS A
WA s A RS BT, AR T
HHHIBH e 2, PISCIE AL, BIRE . B
MRS TR AT G opal, DAVSIGE VA il P s s /b
A B
3.1 R&giEit

BT BT S AR C R CE AR T A B AP X8 L
DA B KRR b i/ ooy e A i opls 770 NI I
G, R V& ARSI BEAS AT 396 b5 Ak Ry B 2 B A AR
ERe. EWRoolF A A%, RSz, £l
WORLM B (Vb BRA . KRS 1 SR e ) 1
AR HE . RERMN3IMAER 16
mim (1) 15 558 3 B B A 22 O TIE 2 A ) g AT S BT

TR RO B B
7 800 kg/m?, g AR
4 2.1x 10° MPa, A
ok 0.25, Ja s 2N
235 MPa, YIZE#id>
10.0 x 10° MPa, {44
BT A B ai
il 4 .

H T A S 10 o it
i el ROCR, AR
R S5 F Bl Iz F T
T oot M7 A R ey
PERE AT P SERE G R AR Fig. 4 A new type of rock
Rt L5 T RE falling protective structure with
S IS LI e B
FEEAHBLS], SHRF by . AR s oo
PERNEIE LN T 100 AR BE A AR, DU sl ) 155
BaiaCo AHRC, TEUTAEERGS 100 By kA bk
AITEOLT . SR Pa R 2 R R B, Ank 5 FR .

2 000 mm

B4 FENERTH

steel tubular element

1
|
|
|
|
|
|
|

a) REFRIER b)) il 5 c) ZlisEka
B 5 EEERTHNSBEEXTIEE
Fig. 5 Sectional view of collapse mode of

thin-walled tubular components

BRI A B P BT A AT EL LA 6.

PR
g B AT P A S
(AR T

S MR PR T

Eo #MHENERTHEGHPRITEETRTEE
Fig. 6 Schematic diagram of the overall layout of the new
steel pipe top element rockfall protection design



5 6 31

BT RN, HRBE TR OB TR
b i) AT A T RERS BRAT IR A ML, R e
AR AR I A S, HAE S TE i A ip AN BAT AT AT
G AR E . IXRMERIC AT 8 B e 5
PRI R A AR, X FIBEHEHE 7RG RIS,
TS 5 AL R R R A . B EIROTF
AL ST R AE oy, X SR AR
SRR BE RIS, MIMBAE T AN SR . 7R84
Prgd e, ARFED A S E T EFE.

AR, EFREFXLEZR, e
248 ) IR 2 A FEAE A A 1w, DA T 6 1 A e
BT I, A IRC AR L ol B 8 7S H
NI AIRRRE I T, AR b T A R T
P vy g A A R A bl g o X ARRE e e
{14 ] M AR AL S VERT B LR i AR T
TS 1 S JZ TN A B AP R E B i R i) §EE
Kl 7a JE/R T — B R B LR RLE RGN
L. MBI EOR, ARICIFES — kb i id 72
HR R T A R A SR A anfET 7 B, i
BT T ROT I T R B B b
1T A 5 DR G AP DO AR s JFCA7 5 R o o e
M5 | AT o

3 | j
a) FH—WhdiE e b) bl AE e
B7 EXMENLERER
Fig. 7 Real scale test deformation images
32 HEESH
TEPERE AT IS RE T, W 25 TR R RE R 2O B RE
. B, WiRfE. BIBVMIRAEE N T H IR AT
SRR ETE KRB, 1RSI RE ST B S 2k
AT R IL, MUE VIR REA B B RER Y 10% 1Y
THOLT AN, B, FaRRouskik, H
F42 R=0.4m, B p=3 000 kg/m’, JiH m=804 kg,
B v=30 m/s, (5 ELTTHIERSE] =025 s, 1L 360 kI 1)
VG shREFNEE SC b0 1 m MO B BT, BERLIE
HHERAZ SO, R, a5l aE Ry
SRAE . T 8 TR R G RE R AR T N BE
P 5] A 2L AR 2

FRK BEE TR G A D A R L B e RS 13
0.4
C A_C C B C C
03
REche:
| A ZhiE;
302 Fohi.
18 _C_Eness
20,1 oo vk
/
N )
01 0.05 020 0.25

0.10 s 0.15
B8 REprtETLiL
Fig. 8 System energy change curves
HilEl 8 "I, FERIFP bl hRERBE RSO T, H
AN R P RE R ST R, B RE R A 2L
2y, HPENIRETE 4% LIN, RETHShREREE
FEZ AN — A/ IME, RITE 0.08 s TR 2R T
K, 7E0.15 s fERRARE, RRMAHK; NEZE
W KB — (B, REIEA TR, BJRET .
BT R BE I TH] A2 L T 2R WL IRT 9.

3.0
—A— WEHIE )
250 A WA EHOE; A
—&— il LT, A
20F e
£
R} 1.5F
ﬂa X
1.0F < (‘L“"‘V ‘LA;L‘
) ' ;
0 0.05 0.10 0.15 0.20 0.25

f1a)/s
9 BT ik

Fig. 9 Deformation curves of component units

HITET 9 R, AR R S KB N [v) 14 i g A0
W, RERAER T IR AR, b, BT
RICIFRY IR RAZTE R D T 033 m, G AR R
SPARRIN, JUHF AR ASTE )N, AR AE TR RE
TR IR AR IO R RS R T, XA
SRR RS, SO AR AL R (A AR TE

I

4 L5k

0 X 5 B B R A A KU e BT 2
FRIAR I, ASCHERIEA O PRt T
SRS, 2R

1) B RN A ROT AR B R R R b i Shag . [
FRREFE TS 00T, R BE RS (LR B b B AR R ST
1, BRERM G LS, HRshiRELE 4% LU



14

W Lk K

=

2025 4

2) HRVNER T RO AT 50 T 0.33 m;
3) RV IR O T S E IR TR RS

AIVERE, RERSA IS v A il AR ) T R
REPR BRI IS A Y 2 4

Hitt, MG FIR S BTAE R AT A B, iR A kR

B &5 7% O S5 DA R A i S B4 e e,
AT BRERSG A A1 B AR R AL 2R
R ARG ST B3P T A MHE S .

S 3k

(1]

skiEEE, b, B B, S Rl KA R
ETE AR E B IR ST (7], fR A AT, 2023(2):
78-80, 93.

ZHANG Haifeng, LI Xiangyang, YANG Ming, et al.
Study on Prevention and Control Measures of Dangerous
Rocks and Falling Rocks on Highway Slopes in Tourist
Attractions[J]. Fujian Building Materials, 2023(2): 78—
80, 93.

TR IR RGO E B BRI
[J]. TREEARBIGE, 2023, 8(1): 205-207.

WANG Dong. Research on Prevention and Control
Technology of Dangerous Rockfall Disease on High Slope
of Mountain Railway[J]. Engineering and Technological
Research, 2023, 8§(1): 205-207.

PEE, K &, A R el BRESERE Ok
AR FVINTT 0 S TRER RIS [7]. RO
2022, 13(6): 84-91.

ZHONG Changgui, ZHANG Lei, ZHOU Liang. A Study
on Evaluation Method and Engineering Countermeasures
of Dangerous Rockfall Disaster at Tunnel Portal of High-
Speed Railway[J]. High Speed Railway Technology,
2022, 13(6): 84-91.

£ AR WA BRBET Y G ARG T B
[J]. ILPEEESR, 2022, 48(23): 80-83.

WANG Sen. Study on the Remediation Scheme of
Dangerous Rockfall on Steep Slopes with Interbedded
Sandstone[J]. Shanxi Architecture, 2022, 48(23): 80—
83.

IR G R T T TR A B S B
et [1]. B g, 2022, 48(6): 83-88

(6]

(7]

(8]

9]

[10

—

LI Gongchen. Protection Design of High-Speed Railway
Shallow Buried Tunnel Entrance for Dangerous Rock
Fall[J]. Railway Investigation and Surveying, 2022,
48(6): 83-88.

B E A IERE P DG AR AR RESY (1],
BREEHARQIHT, 2022(5): 6-11.

ZHANG Hong. Research on Prevention and Control
Measures of Rockfall at the Entrance of Baotaishan
Tunnel[J]. Railway Technical Innovation, 2022(5): 6-11.
THER, WEM, BB, S TR U R E G
AT IS SRR NS TR SE ()], BRIE SRR,
2022(10): 111-115.

YU Jinquan, PU Chunlin, MA Kang, et al. Study on
Motion Characteristics and Hazards of the Dangerous
Rock Mass in Siping Tunnel of Tongzi-Xinpu
Expressway[J]. Railway Construction Technology,
2022(10): 111-115.

TERefy, s, 4, S SKGh MOk IRk IE
P& 5 V& A RRAE K B P R I 5T (9. BRIE AR E BT
2023, 66(11): 126-133.

WANG Yinghe, LI Shiliang, LI Wei, et al. Study on
the Characteristics and Protection Design of Tuyu Tunnel
Rockfall on Zhangjiajie-Jishou-Huaihua Railway[J].
Railway Standard Design, 2023, 66(11): 126-133.
skwist, FEA, whanvE, 5. —FUETR A R S
AN K LT 8 PRI 5T (9], 1274 4k, 2024, 56(3):
785-799.

ZHANG Wanqi, YIN Guansheng, YAO Ruyang,
et al. A Novel Theoretical Model and Crashworthiness
Research for Internal Inversion Tube[J]. Chinese Journal
of Theoretical and Applied Mechanics, 2024, 56(3):
785-799.

SKEGHT, SR, W OB, 5. FIEIE WM IIRER
AL MERG B A R ZIEPRIGE S (7], TARER
FHEOR, 2023, 55(5): 14-22.

ZHANG Ruifu, ZHANG Luqi, PAN Chao, et al. Multi-
Objective Seismic Control Effect of Inerter System with
Nonlinear Viscous Damping Considering Functionality of
Buildings[J]. Advanced Engineering Sciences, 2023,
55(5): 14-22.

(A BAAE)



