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Experimental of Failure Process of Long and Short
Rockbolts for a Week Deep Tunnel

WANG Feng-yun'*, PAN Rui’, CAI Yi'*, NIE Li-qing'*, CAI Yong-xiang'>, TANG Min-jun'"
(1. Anhui Provincial Key Laboratory of Intelligent Underground Detection, Anhui Jianzhu University, Hefei 230601, China;
2. School of Civil Engineering, Anhui Jianzhu University, Hefei 230601, China)

[ Abstract] To study the effect of anchor length on anchorage effect of weak rock masses in a deep tunnel, the indoor similar model
tests were carried out on failure test of rock masses during the excavation opening. The variation characteristic on the failure,
displacements and stress of the rock mass after excavation were analyzed comparatively under three conditions ( without anchors, with
short anchors and long anchors) . In the loading test, the failure process of rock mass around the opening shows that the failure process
of surrounding rock occurs first at the side wall, then the arch waist and the arch collapse. The surrounding rock in the arch roof after
reinforcing rock bolts forms the effect of strengthening beam because of the reinforcement of rock bolts, which leads to the significant
increase in the maximum settlement and failure load of the arch roof. The length of rock bolts need to pass through the plastic loosening
zone of the arch roof. If the length of anchor rod is not enough to anchor the whole plastic loosening zone, there will be stratification
between the anchored surrounding rock and the unanchored surrounding rock. Based on the theory of homogenization strength of rock
mass, the short bolt mainly increases the effective support force of surrounding rock at shallow tunnel wall, thus improving the strength
of surrounding rock, and the long bolt (cable) can regulate the stress in the elastic zone of deep surrounding rock. Therefore, the
combination of the long bolt ( cable) effectively regulates the stress state of surrounding rock.

[ Keywords ] tunneling rock; model test; anchor length; displacement failure; plastic zone
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Table 1 The mechanics parameters of rock masses

y/ E/ c/

Vg /(°

(kN-m~®)  GPa v wpa €7
ER 20-25 1.3~6.0 0.3-0.35 0.2~0.7 27~39
Bl 2025 0.026~0.12 0.3 ~0.35 0.004~0.014 27 ~39
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Fig. 9 Tangential stress of rock under three conditions
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Table 3 The calculated parameters of rock mass and bolts
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Table 4 The calculated parameters under
different bolt lengths
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Fig. 13 equivalent radius and equivalent support

force under different bolt lengths

5 #i
o T WFSER% T FF42 I BT o P 1 28 57 , 38

¥ F5 M HE - www. stae. com. cn



B R 5 TR

2488 Science Technology and Engineering

2025,25(6)

p=0.627 MPa

p/MPa

P14 ANTR) R TR BE T 8] L A8 2R P AR A 5 T

Fig. 14  effect of bolt lengths on equivalent plastic radius

i ARG S b 1 O R B R B 3 A
BT B FELE B [ e A I A R A Al
BUAE, I 20 A 1 R R [ O ML B, A5 2 LR
gt

(1) I =il [ T 00~ A% I8 B, LR IR
IRy Ay i 358 s e HE B s R AR | i I I e 2 B U
IR, e J 6 Tk A A T 33, L A4 B2 39
L AR ) £ 28 (LA BRI 84

(2) BHFT A 4 B2 2 ae BETOUSE PR A8 2l IX B T X
SETUEL A A AR I T s 227 51, 255
PR BEAS L LA 131 B8 A~ SR P A 2l IX B 1 1) L
5 AR B [ ) Bl Z [BIAFAE S 2 =7 AR

(3) R FHE— A BRI 70 I o B T [T AL B8 ]
R, ST BRGNS e 2 I BE Ak L 4 A R
PPy B i IR BE J FEDE R At I FT
AR FH IR S5 00 i [ 45 g A 5 L 52 B T 1 407
A ST T TR LA Ak D RS

(4) AR SCHIFSE R 14 A 5 SR AT 5 1 SR AR T 2 7]
A BTEIME T, i ZDoKG A AR T ST A AT 15 LA 22 18] A
VERISRZR A o atE— 20 AR 5 L T X L il 2] 59 i
FHEAERIFLE,

(1] XU, )0, SRR WIALBUE R B LR I T 5

BE[1]. AaNFES5 TR, 2016, 35(2) : 312-332.
Liu Quansheng, Lei Guangfeng, Peng Xingxin. Advance and re-
view on the anchoring mechanism in deep fractured rock mass[ J].
Chinese Journal of Rock Mechanics and Engineering, 2016, 35
(2):312-332.

(2] &V, Jr5, WRaEN, 45, BRI TN Iy R 1 45 44 7R 805000
KB E J1 % B[], & £ LR AR, 2022, 44 (6):
1069-1077.

Yu Tao, Fang Yong, Yao Zhigang, et al. Bearing effect of pres-

tressed bolt-anchored structures and mechanical analysis of sur-

rounding rock [ J]. Chinese Journal of Geotechnical Engineering,
2022, 44(6) : 1069-1077.

(3] EmBE, RIRR, L2, 55 BFTSCP T W ) R 55 G R

A2 1 5B BT[], BlAdoR 5 TR, 2024, 24 (2) .
757-765.
Wang Huixian, Wu Qingliang, Bao Anhong, et al. Elastic analysis
of stress and deformation of deep buried tunnel supported by bolts
under two-direction unequal pressure[ J]. Secience Technology and
Engineering, 2024, 24 (2) . 757-765.

(4] ok, ETZE, BRE, % FETREHE BRI

BRCRBITE (1], #H+J1%, 2014, 35(7) : 1965-1972.
Wang Bin, Wang Weijun, Zhao Fujun, et al. Study of bolt ancho-
ring effect based on self-bearing characteristics of roadway surround-
ing tock [ J]. Rock and Soil Mechanics, 2014, 35 (7).
1965-1972.

[5] BT, FhEkis, ENI, 5. SUBURMREBZ T RAR LB AL
WX o [J]. R 5% & TR %, 2016, 33(3):
387-392.

Cheng Weimin, Sun Lulu, Wang Gang, et al. Similar material sim-
ulation test of steep-inclined extra-thick coal seam[ J]. Journal of
Mining & Safety Engineering, 2016, 33(3) ; 387-392.

(6] JaRE, Bm2, defgf], %, HTHANLE IR & B

RLELE AT [J]. AAJFE TR, 2017, 36 (10)
3746.
Zhou Hui, Qu Chengkun, Huang Jianli, et al. Analysis of rational
shape of stop line in deep coal seam based on model test[ J]. Chi-
nese Journal of Rock Mechanics and Engineering, 2017, 36(10) :
3746.

(7] B0, BHE, T8, % WECEE R T Sy O S & U

BTEERBARDITE 1], R 5% 2 TSR, 2020, 37(3):
461472.
Pan Rui, Cheng Hua, Wang Lei, et al. Analysis of the bolt-grou-
ting support in deep roadway and combined high-strength bolt-grou-
ting control technology[ J]. Journal of Mining & Safety Engineer-
ing, 2020, 37(3) : 461-472.

(8] X2EAs, ARHERE, JEAEN, S, TRHSE I i 5 1 4 e

BREALM B O R [T]. R 5% 2T 4R, 2020, 37
(1):4049.
Liu Xuesheng, Song Shilin, Fan Deyuan, et al. Experimental study
on deformation and failure evolution of surrounding rock for deep su-
per-large section chamber group [ J]. Journal of Mining & Safety
Engineering, 2020, 37(1) : 4049.

(9] AT, TOCH, Rafe, S5 I I FE 8 55 A 5 i
MEREIRFRERTIEL )], AR TRREAR, 2017, 50(1) : 104-114.
Xu Qianwei, Ding Wengqi, Zhu Hehua, et al. Study on progressive
unloading failure characteristics of superlarge tunnel in soft and
weak rock mass[ J]. China Civil Engineering Journal, 2017, 50
(1):104-114.

[10] AL, FEMrly, R, 45 GORERIE 0 H A Sk mor
B FCA B R AR S SR T]. AL TR, 2017, 39(4)
617-625.

Xu Qianwei, Cheng Panpan, Zhu Hehua, et al. Experimental and
numerical studies on progressive failure characteristics of weak sur-
rounding rock mass of tunnel and its anchoring effect[ J]. Chinese
Journal of Geotechnical Engineering, 2017, 39(4) . 617-625.
(11] J755, AR, Mk, % APERE T =R s KM

¥ Mk . www. stae. com. cn



2025,25(6)

TR, 45 - DR I S AR08 11 P e AR

2489

[12]

[13]

[14]

[15]

[16]

FEAHRBEGRER [ 1], EAR TR, 2015, 48(2) : 125-134.

Fang Yong, Fu Yapeng, Yang Zhihao, et al. Similarity bmodel
test of highway tunnel excavation beneath mined-out area[ J]. Chi-
na Civil Engineering Journal, 2015, 48(2) . 125-134.

SHIESC, FHEL, AR, SF. TRERERIE LA B I A5 H R AR R 4
BB IEL )], MEHER, 2020, 45(3) : 889-901.

Jing Hongwen, Yin Qian, Zhu Dong, et al. Experimental study on
the whole process of instability and failure of anchorage structure in
surrounding rock of deep-buried roadway [ J]. Journal of China
Coal Society, 2020, 45(3) : 889-901.

KTy, HXER, INEDL, S BRI REWTIEORTAN S X R GUEAT
fitti LA & (V). B RS T, 2021, 21 (8):
7770-7776.

Zhang Li, Dong Xingshu, Sun Jianguang, et al. The optimal com-
bination of system anhor bolt layout in the fine division of tunnel
cross section[ J]. Science Technology and Engineering, 2021, 21
(18) : 7770-7776.

Sun Z Y, Zhang D L, Fang Q, et al. Displacement process analy-
sis of deep tunnels with grouted rockbolts considering bolt installa-
tion time and bolt length[ J].
140. DOI: 10.1016/j. compgeo. 2021. 104437.

BUAE, BEIAE ) R B IR X R R 32 T R o A
HEFAE5 1], A+, 2018, 39 (11): 40334041,
4062.

Computers and Geotechnics, 2021,

Huang Minghua, Zhao Minghua, Chen Changfu. Influence of an-
chorage length on stress in bolt and its critical value calculation[ J].
Rock and Soil Mechanics, 2018, 39(11) : 40334041, 4062.

[l , 2, 2R, A5 S [ i 1] < BE T i AT 4R e

[17]

[18]

[19]

[20]

FE[1]. RAT5 %4 TR, 2017, 34(6) : 1075-1080.
Xiao Tonggiang, Li Huamin, Li Haiyang, et al. Pull-out proper-
ties of bolt with different anchorage length[ J]. Journal of Mining
& Safety Engineering, 2017, 34(6) : 1075-1080.

XIFME, EAY), RARE, . W PCE BB, A
BRGSAPHORBITE )] A 0% 5 TR, 2020, 39(1)
105-114.

Liu Yupeng, Xia Caichu, Wu Fubao, et al. A combined support
technology of long and short bolts of soft rock tunnels under high
ground stresses[ J]. Chinese Journal of Rock Mechanics and Engi-
neering, 2020, 39(1): 105-114.

2] R R, XUNIHE, A FEA R EUZE 2R EAL A KX
R R AT (1], A 1S TR,
2020, 39(2): 217-2217.

Li Yingming, Zhao Chengxing, Liu Zenghui, et al. Research on
layered evolution law of surrounding rock bearing layers and
strength analysis of “layer-double arch” bearing structure [ J].
Chinese Journal of Geotechnical Engineering, 2020, 39(2) : 217-
227.

SRERAR. B S B AR B MR AR AT 5 M A RSB B AT S
AR D] BRI APEE RS, 2013.

Zhang Yidong. Study on bearing characteristic of composite bolt-
rock bearing structure and its application in roadway bolting design
[D]. Xuzhou; China University of Mining &Technology, 2013.
Alejano L R, Rodriguez-Dono A, Veiga M. Plastic radii and lon-
gitudinal deformation profiles of tunnels excavated in strain-soften-
ing rock masses[ J]. Tunnelling and Underground Space Technolo-

gy, 2012, 30 169-182.

¥ Mk . www. stae. com. cn



