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Study on the pre-peak cyclic shear fatigue damage characteristics of 2G-NPR
bolted rock joints
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Abstract: The shear support performance of 2G-NPR bolts has been verified; however, their damage behavior
under fatigue loading remains to be further explored. Through laboratory pre-peak cyclic loading tests, the shear
mechanical properties of PR steel(Q235 steel) and 2G-NPR steel bolted rock joints were compared, exploring the
effects of different normal stresses, roughness, shear amplitudes, and rates on the shear fatigue damage characteristics
of 2G-NPR steel bolted rock joints. The results show that: (1) As the normal stress increases, the shear strength of
PR steel bolted rock joints exhibits a marked decrease after an initial increase in the number of cycles, whereas the

shear strength of 2G-NPR steel bolted rock joints gradually increases. This trend underscores the significant role of
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the negative Poisson’s ratio effect in enhancing the shear fatigue performance of the 2G-NPR steel bolts. (2) The
peak and residual shear strengths of 2G-NPR steel bolted rock joints significantly increase with higher shear rates
and normal stresses, but are less affected by changes in joint surface roughness and shear amplitude. Additionally,
the pre-peak shear stiffness of these joints increases with roughness, shear rate, and normal stress, while shear
amplitude has only a minor effect. The flexural angle of the anchor rod increases with the roughness, shear
amplitude, and shear rate. (3) The ratio of shear force to axial force of 2G-NPR anchor bolts is consistently lower
than that of PR anchor bolts under different cyclic loading conditions, indicating that the 2G-NPR bolts can
effectively withstand axial force during shear deformation, thus maintaining the stability and support effectiveness
of the rock mass. This research offers a valuable reference for the application of 2G-NPR anchor bolts in rock mass
support engineering, particularly in regions prone to microseismic activity.
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Fig.1 Production process of bolted rock joints
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Table 1 Mechanical parameters of rock joints
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Fig.2 Static tensile test curves of bolt body material



« 546«

EOIF TR

2025 4

22 REHR

WE 3@Fr, ffHEE GCTS AR AR
RDS-200XL HYA 1 BT A3 A7 4 [5] 25 ) T 7 0 Rif
PEIA AR T BT YRR o %% S FH DI ] R4 )
ARG, I EEH E LW SEIAS [F] B B far 2 (AL
Byn#, HAhWnm s RO AT FEFIEE 71551
25 mm Fl 150 kN, HAZFEIHEE N 0.001 mm.

AP

LiRPREIIIE-Y

\AAAAAAR/

R )
WY >

- NI

mass® o

\AAAS

»N

%%é%n
. DI Al
L NIKIR D R A
(a) RIE B & NN & K
M1 M BT B Bt 111

B A AR R A A

BN T PRAE(40% fonae 0% T
U e DRSS AT A BRI BT Y 77
L Ve BYPDEE(1 KN/sER 1.5 kN/s)
i IR =S BAGER '
JINER (1 kN/SE1.5 kN/s) 5 7 i1 %%(0.5 mm/min)

A
(b) VETTIEIA BT DN B R = = B
K3 IERT I IIEA
Fig.3 Pre-peak cyclic shear test

TR0 K I e v [l B i S5 Tt i 1
NAI RN 2, 4, 10 MPa. I, DUEEEE N
1.2 MPa/min A5 M R ) B 77 28k 28 18 58 1B
Z e a1 30) A7 3 MASEIIETEL
BB L RA A4l 7720, BL 1L.OKN/s(8] 1.5 kN/s)I
LT TR 32 AT 1 T 2 U TR B AT 20D ) 4 i ) BY
P41, B ikt t 980%. BB II: Ik &
NEAB, SRR EERT, B SHFE, DS
BB T AH ] ) B DD R A /NS Uy, BRI F|
A SAE, T 1 40%(EE 0%), SR LA R R 558
Wz, 1 80%, LI BI LIy 40%(EK 80%).
A AT BTV AT 8 A 0 D A Lk B E IR FR IR
o BB UL SRAAM S 720 BL 0.5 mm/min
(1% B ) 38 2 it i o 8 B ) A A 2 AR R AR R (B
YIS #2IA %] 10 mm FHEIE).

AR EREHRE T AFNERR A JRC(HH
TETAELRE P58 )« BY D)l L % 328 5 i ] 5 g T 11 BY V)98
AL . % 2 k7 9 AR T, SO
THUHEAT T AN FEPA AT BT UEs . ik 3
FEEAT 08 ] S5 A TV R PR A B DDl i, SEiEAT
BYA6 15 B AN [R] 00T (0 i (5] 235 A% T 04 B D)
T T » T HEERTEIMRIINE BT D) 0 R
PRAE

R VERTIEI INERGR TT %
Table 2 Pre-peak cycle loading test plans
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1* Q235 1.0 40 10 10
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3*  2G-NPR 1.0 40 2 0
4 2G-NPR 1.0 40 2 6 50
s*  2G-NPR 1.0 40 2 10 }(5’8
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7% 2G-NPR 1.0 40 10 10
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9% 2G-NPR 1.0 80 2 6
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Table 3  Shear strength of bolted rock joints under direct shear

LR B JRC Efiﬂ
Case 1 Q235 10 10 9.03
Case 2 Q235 2 10 3.99
Case 3 2G-NPR 2 3.86
Case 4 2G-NPR 2 6 4.00
Case 5 2G-NPR 2 10 4.26
Case 6 2G-NPR 4 10 6.16
Case 7 2G-NPR 10 10 10.40
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Table 4 Fitting results for shear strength by Mohr-Coulomb

failure criterion
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