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The effect of rib on load transfer of the thread steel resin bolt
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Abstract: The contour and size of the rib on the thread steel have significant effects on the anchoring strength of resin bolt in the coal
mine. To analyse the effects of ribs on load transfer of thread steel bolt, theoretical analysis and numerical simulation methods were
used for solving the load distribution of the bolt. By simplifying the mechanical model of the bolt as an axisymmetric model under
the pull-out condition, the second-order variable coefficient differential equation has been derived for the shear displacement, in
which the variable coefficient function is periodic and discontinuous. Based on MATLAB, this differential equation is solved by
Fourier transforming the periodic, discontinuous and variable coefficient function into a continuous function. Thus, the shear stress
distribution is obtained and then compares with that of the round steel bolt. Furthermore, a numerical simulation of the bolt has been
conducted by ABAQUS to verify the correctness of theoretical solutions. Moreover, based on the results of theoretical analysis and
numerical simulation, the rib stress concentration coefficient F is defined to discuss the range and degree influenced by the rib. The
results show that the shear stress is a zigzag decreasing distribution along the long axis of the bolt. The rib stress concentration
coefficient F'is in a range of 1.875 and 2.156 in the effective bearing zone of the bolt. For pull-out force of 300 MPa, the shear stress
peak value reaches 36 MPa, which indicates that the initial damage and failure zone commonly occurred near the rib in the anchoring
system.
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Fig.1 Resin damage caused by stress concentration
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Fig.2 The parameter schematic of thread steel bolt rib
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Comparison of 7, (z) between thread

steel bolt and rod bolt

3 IRGUHAEAT 1 B 3 O AT PR TR AL

CAll

. E(z) / GPa G(z) / GPa
! a; b; a; bi
0 167.500 0 1.1500
1 12.694 7 -6.598 5 0.256 1 —-0.132 00
2 73456 -10.462 4 0.149 1 —-0.209 30
3 1.386 1 -10.368 1 0.0300 —-0.207 40
4 -2.58717 -7.174 6 —-0.049 5 —-0.143 50
5 -3.3974 -3.1399 —-0.065 7 —-0.062 80
6 -1.7379 -0.479 8 -0.032'5 —-0.009 60
7 0.5308 -0.122 7 0.012 8 —-0.002 50
8 1.6929 -1.413 8 0.036 1 —-0.028 30
9 1.192 6 -2.840 8 0.026 1 —-0.056 80
10 -0.256 1 -3.180 7 -0.002 9 —-0.063 70
11 —-1.408 9 -2.2595 -0.0259 —0.045 20
12 -1.4610 -0.872 1 -0.027 0 —-0.017 50
13 -0.5503 -0.042 9 —-0.008 8 —-0.000 90
14 0.490 0 -0.238 5 0.0120 —-0.000 48
15 0.8477 -1.099 6 0.0192 —-0.022 00
16 0.336 6 -1.8195 0.009 0 —-0.036 40
17 -0.543 1 -1.807 5 —-0.008 6 —-0.036 20
18 —-1.066 6 -1.110 6 -0.019 1 —-0.022 30
19 —-0.864 7 -0.304 8 -0.0151 —-0.006 20
20 —-0.169 8 0.005 6 —-0.001 2 0.000 04

FPRUE RIS P 0 BB LR RS KL
W ZHEEWTHEME (R D, REEHA
PR TCHUE R ABAQUS W HESL AN A AT 3247 7]
FERR RS . —4ERIAY NI 12 B, A AREER
HEZELH,: R 162 540 4> C3D8 /N A S T,
XTRESCEN AR S R HEAT AR 4H 7, DAIRIE SRS
i

Kl 13 25 100 MPa Fidk i #8564 T r =1, A5GV
IS FTHEAT AR ) o0 AT R 28 5 1 11 B DTN 4 A
AR, WAE T ARSI IR TR 45 A R



258 1A T AREE: AR SCIRRT AR AT 17 R AR I8 1 5 2811
= 221
=] o

£
= 20+
H
w18+
R
E
=216 |
kS
1.4

(a) BFTHL IR BB R

(b) MRS AT R E R

B 12 =Z#REUNN AR EE TH R
Fig.12 3D numerical simulation model
of thread steel bolt

14
12
£ 10
> 8
R
E 6
=
R 4
2
0 . . )
0.0 0.2 0.4 0.6 0.8 1.0
KL/ m

B 13 BN A EEE T AR
Fig.13 Numerical simulation result of shear stress
distribution

4 pHEE
4.1 HBERHN A& E

AR 43 AR R ot AT B VIS 77 43 A PR 5
SE SUREIRE J e . 58 55 @ AMEEIIHE AR
KBTI 7, 5 AFREARH F 0 AN R 2 {8
REBIYIRE D) 7, ) WL AR Ry e rh A P, BT

F=1./%q (18)

1max

F iy z oy A th £k an i 14 B, F s
BRI HE 11 FI7EL) 0.5 m A BT YN ) 2598
N0, 0~0.5 m i FE A A B0 BARE X I, IhIX
WA I R BRI R (1.875< F < 2.156),

B 14 HERIN R A REU A R
Fig.14 Rib stress concentration coefficient distribution
along the bolt axial direction

4.2 IRESUNEEFRIR AT

NAET oMbk /1 58I 2 (B K &R, 5E L

HEFFRAR A E, P (MPa) 5 r =7, TH_FBIYIN Sk

7, (MPa) HUAE NEEFTHIBTEE ko R
k=Plt_,,

R AT P 5 = T _EBYYIN KA
r WIRRWE 15 Fir. AT, ¢, BE P 22k
PERIK:, k =8.333. 300 MPa Fiik i 45514 N 7, 7T
1% 36 MPa; TG HTHRIBREE — A 12 MPa, BY
DI5REE N 35 MPa. T~ RSN A Bl AT 4 [ R 4t
WIS IR 25 ARSI BRI 46

(19

50
45+
40
& 35F
i 30
g 25t
20 F
15+
10
50 100 150 200 250 300 350 400
bk A%/ MPa
Bl 15 SFTHIRAR P 5 r=r T mmax KX R

Fig.15 Relationship between pull-out load P and 7max

B FH FIUSE RSB I B AT 10 2 e P ] 17 45 B
iy s, B 22 R . OO )& NI 15
LR ERMT, RATT BN, L BIm SO
s QXS ATETRBE TN FJ AT AL, IR JOR 3
B SIRER AR 25 S ABEAL, SR BT BB 2R 4
P FFEAERRE I 18] AP 5 <5 R ST P I v ] )
PR AR BERT AT RN TN 77 o 3 FEREAT h B AT TR
DI IFFAR i IR 3T B 30%~50%033), A A4 it
PR BER S B T A1 L 75 B B S A IS (40 A 7, 200



2812 Fer +

71

% 2018 4E

R 3 PR. BFTR TR IR AR e Ak, A
FE—EHIMAAATAE s ARIGR 3, BEONFFA
HAT T S0% TN T TR BLF 7, AN 5 5| S I A A
AL A B VIR o J W R AL T 3 SRR A 4t
VAR DI N Gl Gp U YN NN P B
IR .

2% 3 ¢20 mm mﬁﬁﬁ%ﬁﬁ@ﬂﬂﬁMﬁEm Tmax'{a
Table 3  zmax of different type bolts ($20 mm)

. Jai AR TR ) T
Jo=
/ MPa / MPa / MPa

Q235 240 72.0~120.0 8.64~14.40
BHRB335 335 100.5~167.5 12.06~20.10
BHRB400 400 120.0~200.0 14.40~24.00
BHRB500 500 150.0~250.0 18.00~30.00
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