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Abstract ; There are many challenges in the process of underground engineering construction, such as
high stress, extremely soft rock , strong mining and other complex conditions. The surrounding rock is dif-
ficult to control and its deformation is serious due to the stress concentration and energy accumulation,
leading to frequent roof fall, collapse, rock burst and other accidents. Anchor bolt is the main support
mode of underground engineering chamber. In order to absorb energy released by surrounding rock de-

formation and control the deformation of surrounding rock, it is necessary to develop energy-absorbing
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bolt with high constant resistance, high elongation and high prestress. This paper summarizes and analy-
zes the development process, performance test and field application of energy-absorbing bolt. Energy-ab-
sorbing bolt absorb energy by structural slip and material deformation. According to the working princi-
ple,the energy-absorbing bolt can be divided into three types:rod structure type, mechanical structure
type and body material type. Compared with structural energy-absorbing bolt, the structure of material
energy-absorbing bolt is relatively simple,which can give full play to the mechanical properties of mate-
rial. The author’s team developed a new constant resistance energy-absorbing bolt,and carried out static
tensile and dynamic impact tests. The results show that the bolt has high strength, high elongation and
high energy absorption characteristics, which can meet the requirements of surrounding rock control un-
der complex conditions. In the future , the test, design, construction and acceptance standards of the con-
stant resistance energy-absorbing bolt should be formulated to realize its application in underground en-
gineering in different fields such as mine, traffic, municipal engineering and water conservancy.

Key words : underground engineering; energy-absorbing bolt; working principle ; mechanical property;
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Fig. 1 Classification of energy—absorbing bolt
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Kt Ry 185 mm, AFABBHEINE AR FFR 045 5 0L
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Tab.1 Research and development history of energy—absorbing bolt
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Tab.2 Static test statistics of typical energy-absorbing bolt

iz B FF2EAY HFFAZE B/ FRRER/mm AR E/mm JEIRGTE/KN RBRATE/KN i/ mm
Swellex
1-1 ) Xu % 20 2 200 — 235 153
BliFT 2
1-2 Cone #iFF117) AR Ortlepp 22 2 000 ~2 300 181 ~253 — >30
Modified Cone Lk
1-3 ) Cai % 17 — — 150 >150
Bl 300
1-4 J BT (20 XIS 22 2229 172 196 15
2-1  Garford 4fiFF3" Sengani 22 — 153 ~165 184 ~233 252 ~280
2-2  Roofex f#iFF? IR Ozbay 4% 13 1 800 80 100 300
JE B s Eat Rl
2-3 S AT 55 22 1 459 150 160 627
T AT
3-1 D EIgEFE) Li 12 90 51 69 22
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FHRHE New Concept
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55 JEZ e 1.0 kg, A5 B MR RESR K 3. 9%
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ekl o o U, I RE R RN 0.5 m, v B T
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9 3.0x10" J5 BUONAR AR TR T ) RUA AT 14 7
iR EG, VA R S N 1S m, YRR 2 006
kg, #2184 mm, I WCAY BE S O 4. 7 x
10* J, FHAZ R RI GEAAT I IR 25 R L3R 3 P 5
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2.2.2 HUMREE A AL fE 4 AT

Varden 27 JFJE T Garford BFT 1Y V% 5 b oy
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10* J 5 i AT A0 J& 7 4 B A8 T 8 T 11
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Li* R T D BUAEFT B 7 B ob o0, 95
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Tab.3 Dynamic test statistics of typical energy—absorbing bolt
5 HEFE 2R HEFT 28 i INA HAERA/mm FHAKEE/mm fHi R/ mm W RERE/104 T
1-1  Swellex #i#F3 Charette % 28 — 80 2.9
1-2  Cone ##F) Ortlepp % 22 2 000 ~2 300 — 3.9
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TS 2] AR St-Pierre % 17 2 200 250 3.0
Cone f#FEL36]
1-4 ] AV AR 4 22 1985 ~1991 184 4.7
2-1  Garford £F117) Varden % 20 350 180 6.5~7.0
2-2  Roofex fiifT13®! bk Charette %5 20 — 200 2.7
LB KT &ty
2-3 rl s V0 45 22 2 400 580 5.4
%ﬁ[m,w]
3-1 D BU4FTL20-40) Li 22 900 143 2.0~3.7
FFA
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" P
3-3  PARI k141 Knox %5 25 2 400 254 9.8 ~10.2
2.3 [EPEMREEFAM RIE AR IS T R

TEEA IS, MR AR AT A B
() A ERE ) AN W RERE J1 (B 5 45 A B RE SR AT
Hh (B R AR I ( CRLD ) AT A L, JLAE T BE 14
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i 3 0 g T B R, 2 P BABIE A 1 BEL T g
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x4,
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Tab.4 Static tensile and dynamic impact test scheme
. e s . FFA
gy ks R FHAER/mm
KJE/mm
CREA-S  #fihifd  CREA HiFT 18
1 500
CRLD-S R CRLD H5#T 22
CREA-D  ZhJjvpdi  CREA T 18
3 000
CRLD-D 5 CRLD 44T 22
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FERGE ) iR Wl R G0 4 0l iR
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Fig. 2 Static tensile test system
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Fig. 3 Drop hammer impact test system
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