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Dynamic mechanical properties and strain rate effect of bolts

WU Yongzheng' > | FU Yukai'*? ,ZHENG Jianwei' "

(1. Coal Mining and Designing Department , Tiandi Science and Technology Co. ,Lid. ,Beijing 100013, China; 2. Coal Mining and Designing Branch ,China
Coal Research Institute , Beijing 100013, China; 3. State Key Laboratory of Coal Mining and Clean Utilization , Beijing 100013, China)

Abstract; In order to reveal the dynamic mechanical characteristics and strain rate effect of bolt support materials un-

der impact load,so as to provide reference for the support design of different magnitude rock burst,and finally achieve
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the purpose of classified prevention and control of rock burst. The static and dynamic mechanical properties of different
impact toughness bolts are tested in laboratory, the impact resistance of different toughness bolts is analyzed through
meso , micro-scale ,and the effect of strain rate on the dynamic mechanical response of bolts is also analyzed. The re-
sults show that the impact absorbing energy of CRM700 bolt is 1. 30 times and 1. 14 times of HRB500 bolt and
CRM600 bolt respectively, the peak load is 1. 18 times and 1. 07 times of the two bolts,and the instantaneous deforma-
tion is 1.33 times and 0.91 times of the two bolts. The fracture morphology and metallographic structure of CRM700
bolt and HRB500 bolt are significantly different. The fracture source area of HRB500 bolt is dimple shape,the middle
expansion area is quasi cleavage+a small amount of dimple, the final fracture area is dimple shape,and the metallo-
graphic structure is ferrite+pearlite , while the fracture area of CRM700 bolt is dimple shape,and the metallographic
structure is tempered sorbite +bainite +ferrite. At the same time, the strain rate has a significant effect on the yield
strength , tensile strength and strain of HRB500 bolt, but has little effect on CRM600 bolt, and has the least effect on
CRM700 bolt. Compared with the dynamic mechanical properties of the three kinds of bolts, the load curve and impact
energy curve of CRM700 bolt are relatively smooth ,and the material shows the characteristics of slow fracture after im-
pact load ,which has a good adaptability to impact load. The CRM700 bolt strength has a poor sensitivity to strain rate
while its strain increases significantly with the increase of strain rate ,which is well adapted to the impact load at a high
strain rate. Under the impact load at a high strain rate,the energy absorption capacity can be improved by increasing
the instantaneous deformation. The grain size of HRB500 bolt is grade 6 ,while that of CRM700 bolt is grade 10. The
higher the grain grade,the smaller the grain size and the better the strengthening effect. At the same time,the decrease
of grain size results in the increase of crystal interface , which effectively hinders the crack growth,increases the crystal
interface area and decreases the inclusion concentration on the grain boundary. Thus it avoids the intergranular fracture
and greatly improves the impact resistance of bolt. The smaller the grain size is,the lower the gradient of dislocation
accumulation around the second phase,and the weaker the sensitivity of strain rate to the mechanical properties of the
bolt. In a word ,no matter from the characteristics of impact load curve and impact energy curve,or in the sensitivity of
strain rate, CRM700 anchor rod shows a good adaptability to impact load , which can improve energy absorption force
by increasing instantaneous deformation under high strain rate impact load.

Key words : bolt ; dynamic mechanical properties ; strain-rate effect;rock burst;roadway support

Il s A DA AR T SR e A i B A S
TR B 19 FOR AR B3 BE RO Z AP e -
i MR AT BB i 2 O AR T AR 5 LA R
M R ARNE LA R SRR A ok b A 3 L 4 A
S BRAR I B i ) BT B — | Ok Bz 1 [ N Ak
FEHITE

5 HABSZYIE AL, BT S Y0 T Bl sl o
il R HA SR A O g, ity b A S X AT R
SORH R BEEOR AT A #fN A 0, MR
HA Sh#r T IR A g BERE A . 7E B 3 vh i st
FEARIE 7, [ NS E T T R BRI ST AR« B
LA RS T vl b R I A R TR R AL
B H el B T AT SO U] DA BT S
il 3t AR T A A AR T A B 1Y AR
AR E I B FBLA 32 IR s 2 AR AED R R
T T WA AR S 240 SR 42 4 3 o b R 5 ] o 4 R
VRS LA T2 S AT R 2 WA o b s 7 A A RE A, 30
AL R D R D 583 ok A8 X T ) PR AR, 5 ¥ —

AT R TR A - IR A R - S AR S R L
R LA I T YBI L B 1  FE #% Y, 4 v
ki S T PR BT b R D 5 AL R R b
M AR £ 5% 55 50 25 A AR 3 A T LB e R AL
S B4 A A5 ) BEAT T R AR A B AR i )
I XS LRI I 5 SRAH O LS R A AR v
drRAGA B A, 3B 1 b 28 1 P I
SR WAL, X HE oA T b AT RIS B AT o
RE 5 B E A R AR B B 5 T AR AV R i
FTF A 2700 17 5 2 5 SCA 7 3 5 A T ) -
SHEITARE 8K T B BT AR 1Y 7 2R LA
AR S SR SRS B R BT o8 B A R IR o
SREIRE ) B T GL AR AT R 2R . T JLAFR IR
BRBFEIFTE BT R T o0 e X vh oy i R, JF
KT R e bk B AL BEAT BT T AN TR
FRE B -2 A RO 2 RS W AL B, 4 ) ot
b A LS e P e s B e el O e A A
RIS BT



H11 4

www.chinacaj.net

FIUBCE BATFTASI S 122 Rk B AR A0 S 3711

VR, [ A AR 25 7 ol il PR AR 1 SCHP RO IE 54k
HAE R TSI R Bl b SRS T i, (H BRI ] o
B A B S RERRE & 7R AR i oy e R U I A R
RONE T Bl R TR, A Le A IR R, A
IFSE TR AT S AP B ReL gl 285 g 2 A P R IO A A
INEED . EH S O [ b B PR AT A
BB T EREE W00 5 A AT i e b o v
fIE WIS AR 3 A /IN X B T B0 25 7 2 i 7 1) 522 i 1L
e, LU AN R R gl B A 8 S s HR S %
SEYE R B it AR E S R AR H Y

1 $EFBSMEENEEE

1.1 EEHEMER THTE S F R

H AT A8 18 B AT S8 T RE 93 S PR 5L N A
b B PR B, BRCEL SR S0 B FT 9N 5 8 HRB40O,
HRB500 1 HRB60O , # 4k P 4 #T 9 5 & CRM600
HI CRM700, AUk 3560 16 O o b e 45 38 S 9
FH#) HRB500 , CRM600 I CRM700 = Fjp2#l R H
JAW=1500 B IGHLXT 3 FhESHT A9 Ty 2= PR REHEAT T
IR, FFAAR g 2 v BE 3 245 S8 L 36 1, 4l AT AT A 3
FE-fiRe &l 1 Fos

R1 WG EHEENRER

Table 1 Test results of bolt materials
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Fig. 2 Impact test curves of bolts
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