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Study on mechanical response characteristics of end anchorage body under
dynamic load
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3. School of Civil Engineering and Transportation, South China University of Technology, Guangzhou, Guangdong 510641, China)

Abstract: In order to study the instability and failure mechanism of roadway surrounding rock under dynamic load, the stress wave
propagation law and spallation failure characteristics of pre-stressed end anchorage body under different impact pressures (0.2, 0.3,
0.4, 0.5, 0.6 MPa) are studied using SHPB test system. The spallation strength and strain rate of anchorage body specimen are
calculated by graphical method, and a spallation damage model of anchorage body is established and verified by high-speed camera.
The results show that the peak strain of stress wave decays exponentially under different impact pressures, and the spatial attenuation
amplitude and attenuation index are positively correlated with the impact pressure. The spallation of the anchorage body specimen
first occurs near the free end, and the spallation thickness increases gradually along the reflected wave propagation direction. When
the impact pressure is above 0.3 MPa, a new spallation occurs in the middle of every two spallation surfaces of the test piece. In the
range of 18—33 s strain rate, the effect of strain rate is dominant, and the spallation strength is up to 69 MPa. While the strain rate is
41 s, the spallation strength decreases to 17 MPa. The free end of the anchorage body shows spallation closure after impacted by
dynamic load, but spallation closure is not observed at the spallation position at the anchor end due to the residual cohesion at the
anchorage interface.

Keywords: dynamic load; anchorage body; stress wave attenuation; spallation; strain rate; damage mode
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Table 2 Mechanical parameters of anchor rod

FRIZERD AU BEA/mm  HUIRE/MPa JEARGRE/MPa
AT 2 24 >700 >450
AR AT 1 12 >350 >225
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Table 3 Mechanical parameters of anchoring agent
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Fig.2 Pre-stressed end anchorage body test piece
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Fig.3 Dynamic load impact testing system for pre-stressed anchorage body
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Table 4 Fitting results of amplitude with propagation

distance
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0.6 1.82 0.48 0.985
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Table 6 Spallation strength calculation results
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Fig.13 Damage evolution characteristics of end anchorage body under dynamic load

(a) 200x10°6 s

L R

(e) 1 400x10 s

B 14 RAE18s A ERTTE

Fig.14 Spallation process of strain rate 18 s™! specimen

HEF

FH P 14 AT50, 200x1076 s B, NSFATF Atk
RO AR AEBIR, 900x107¢ s I, A5k E
EH T2 9 SO i8, AE 1 B i B 30 T BSR4z v 7 [XC
FEAS 1 Z24E, 1100x10°0 s BHA R4 2 24
i, 1200x 107 s B S S R A5 4k S0 5 T 4% 1Rl
&3, P 3 J22400, 1400x10°s LURS 1 )28

XS HORFF AR DHEET . AR
L, R e R RE AR Z R, 55 1 R
PR, NI RE R S MR BRI R, AR
KR, 3 KRR ESE HIRR Gk A
Lk, I UG BB AT TIUE o0 A e o I 47 P
2o RN PN T E A R, AR
H S 1 AR B EREUR R, &



3302 = +

& 2022 4

S AR X . BB KX 3
XO3, Sl P 14 WKL, i 0 [ 52 S 3
R R AR A B B B E R X R S B4
X, MRS X EARN KA, AT

4 7 B

(1) AR S 3R R 77985 V6 5 3 AR B A%
R R A3 s 2 A B U, 5B RN
2% ) 3 YR L T U 2 0] 8 g e . 7738 3 9
LRI i EERL L T WA TS iy NI AVA Y dnd 115 - R0 Y =W
TR BOE N .

(2) PEAEBARE (0.2 MPa) RFEAR K
HEH, mrdAE (03~0.6 MPa) R AE AR
PREZE S e R AAE E e i, Bl SO )
B AL R, AR R R IR K. B 0.4~
0.6 MPa ki S T 1453 P Ab 2 2 [ £ i i R 44 T
G, BEAE P SR SE N 2 24 W O A
W, T 1 AR EIR

(3) B ARSI N, TR ) R 2
P00 S 2 PRI RS RN, TERARR 18~
33 s EEIN, BRI HHE R S, B
5 5 R IA 69 MPa, MAREE 41 571 i 580 B R M
KT 1857, ZEREE N 17 MPa.

(4> AR ZehBahdi e, BTmEIE
A, B IERAAIG, M E b -
B - A CeRAEANYFRATE, e S
BARFRNGBERMBERKEW G . B E R
X SR X R AEER, BRI XL,
FIFHRERE

X Ty A T i A I g 2 N, AR SC DA
S S ] A2 1D 270 95 Ul SR D 3,
T PE T 7 5 B T SRR A, lpha A Ek RS
F) TR 77 AN [ ] % s [l Ak 52 A () [l s BT 1)
RIE, FERRK AP St —P5eE.

“ BB AT R SCh e e SR e R
B S, R R PR SR [ A B 0 B IR B 2 R
INFFEREATWEIT, AshBIa) T REE S S S
P B SR — P ER AR

Z % X W

(11 TEE, 24, TR, 55 St N EH T & E 4
JyZm BRI AT LI R 5 24 LR, 2022,
39(4): 731-740.

NING Jian-guo, LI Zhuang, WANG Jun, et al. Experimental
study on mechanical response of anchorage body under
dynamic tensile stress wave[J]. Journal of Mining and
Safety Engineering, 2022, 39(4): 731-740.

EEM, AN, ERI, & RSN ISR B
[H R 3 i A R AR [T]. BEIR 53, 2019, 44(8): 2318-
2327.

WANG Hong-wei, SHAO Ming-ming, WANG Gang, et al.
Evolution characteristics of stress field of thrust fault slip
surface under mining disturbance[J]. Journal of China
Coal Society, 2019, 44(8): 2318-2327.

L, XBED, XM, S BREEN ) IRAE A I A
AEAT I R SRAFAELT]. MR 243, 2018, 43(8%6F] 1):
79-86.

GAO Kui, LIU Ze-gong, LIU Jian, et al. Propagation law
and failure characteristics of blasting stress wave in coal
and rock of structural belt[J]. Journal of China Coal
Society, 2018, 43(Suppl.1): 79-86.

ERTT, BRZE, FUFEE, & WAE TR M R YR Y
LN )Py FE A NL[T]. R %A TR AR,
2018, 35(4): 787-794.

WANG En-yuan, FEGN Jun-jun, KONG Xiang-guo, et al.
Focal model of hard roof fracture and far-field vibration
effect of stress wave[J]. Journal of Mining and Safety
Engineering, 2018, 35(4): 787-794.

g, VREK, MY, 5. BN A A e SRR B
F1E R RIS AU [I]. A 1%, 2021, 42(8):
2099-2108, 2119.

LIU Xin, XU Hong-fa, FAN Peng-xian, et al. Experimental
study on stress wave attenuation law of rock filled fissures
under confining pressure[J]. Rock and Soil Mechanics,
2021, 42(8): 2099-2108, 2119.

SRR, EA, SRR, SF. X LI B A R
REPERISEIR[T]. R4k, 2019, 44(2): 435-444,

JIN Jie-fang, WANG Jie, GUO Zhong-qun, et al. Effect of
confining pressure on stress wave propagation characteristics
of red sandstone[J]. Journal of China Coal Society, 2019,
44(2): 435-444.

FERY, RV, SR, 5. B E SO R &
FE 46 SR RIS AL (0], PRBh5 s, 2020, 39(8):
151-158.

CHENG Yun, SONG Zhan-ping, JIN Jie-fang, et al.
Experimental study on stress wave propagation and
attenuation characteristics of Sandstone during stress

unloading[J]. Journal of Vibration and Shock, 2020, 39(8):



12

WIRA R BRI i [ 7 SR 7T

3303

[10]

[12]

[13]

[15]

151-158.
AR, WK, S, SF. Bl i O AR A AT b
JIETRAE s m[)]. $R3h5 s, 2019, 38(17): 51-57,
72.
YUAN Wei, CHANG Jun-ran, JIN Jie-fang, et al. Effect
of axial static load on the amplitude of stress wave in
variable cross-section bar[J]. Journal of Vibration and
Shock, 2019, 38(17): 51-57, 72.
AT I8 TR AT PR TURRAE LA s XA
WA )], R E AR R RIR, 2017, 13(1):
16-21.
ZHAO Dong-yin. Using dimensional analysis to explore
the attenuation law of explosion stress wave in medium
and far range rocks[J]. Journal of Safety Science and
Technology, 2017, 13(1): 16-21.
T, BRI, 7%, BRRIRD b S R ) S B T
] #4155 TR, 2018, 37(6): 1520-1529.
YU Xiao, CHEN Li, FANG Qin. Experimental study on
stress wave attenuation in coral sand[J]. Chinese Journal
of Rock Mechanics and Engineering, 2018, 37(6):
1520-1529.

e, ORI, BOfm. TN ST SC R G5 JIRHIE
E@iﬁdﬁi‘%?um. B 24T, 2008, 33(7): 727-731.
LI Qing-feng, ZHU Chuan-qu, DUAN Yu. Numerical
simulation of dynamic characteristics of pre-stressed bolt
support system[J]. Journal of China Coal Society, 2008,
33(7): 727-731.
FAUB, MR, FEERRE, . i onr (F A i
EBRABLRI[]. BER 4R, 2018, 43(9): 2389-2397.
WU Yong-zheng, CHEN lJin-yu, JIAO Jian-kang, et al.
Damage and failure mechanism of anchored surrounding
rock under impact load[J]. Journal of China Coal
Society, 2018, 43(9): 2389-2397.
AT, RAE, B3, % AN ERIES T
Hhie N ARREFU[I]. A L%, 2011, 32(10): 2965-
2971, 2976.
SHAN Ren-liang, ZHOU Ji-jun, XIA Yu, et al. Study on
axial stress distribution of bonded bolt under explosive
dynamic load[J]. Rock and Soil Mechanics, 2011, 32(10):
2965-2971, 2976.
TAO Ming, CHEN Zheng-hong, LI Xi-bing, et al. Theo-
retical and numerical analysis of the influence of initial
stress gradient on wave propagations[J]. Geomechanics
and Engineering, 2016, 10(3): 285-296.
WU Qiu-hong, CHEN Lu, SHEN Bao-tang, et al. Experimental

[18]

[20]

[21]

investigation on rockbolt performance under the tension

load[J]. Rock Mechanics and Rock Engineering, 2019,

52(11): 4605-4618.

ZHAO Hua-tao, TAO Ming, LI Xi-bing, et al. Estimation

of spalling strength of sandstone under different pre-confining

pressure by experiment and numerical simulation[J].

International Journal of Impact Engineering, 2019, 133:

103359.

%hﬁ FAR, TR, S5 WU S A sl B
5 E’Jﬁ%“fﬁn[ﬂ o E R A A R, 2021,

50(3): 459-468.

LI Zhuang, WANG Jun, NING Jian-guo, et al. Experimental

study on influence of preload on dynamic load impact

resistance of anchor[J]. Journal of China University of

Mining and Technology, 2021, 50(3): 459-468.

ERMS 7y, TgEl, £R, % b ahEdE M RSk

ook ROR AT L)), R AR, 2021, 46(11): 3433-

3444,

QIU Peng-qi, NING Jian-guo, WANG Jun, et al. Experimental

study on impact aging of anchored rock mass under

impact dynamic load[J]. Journal of China Coal Society,

2021, 46(11): 3433-3444.

R, BRZE, Ey, & ZhhPah N ek

KR Sy 2 RESPE D). S5 0%, 2019, 40(3): 942-950,

1004.

WU Qiu-hong, ZHAO Fu-jun, WANG Shi-ming, et al.

Mechanical response characteristics of full-length bonded

anchor under dynamic disturbance[J]. Rock and Soil

Mechanics, 2019, 40(3): 942-950, 1004.

FALAL. By A M) A st BB Tk R AL,

1992: 46-50.

WANG Li-li. Stress wave basis{M]. Beijing: National

Defence Industry Press, 1992: 46-50.

FRM, EERN, BRI, & il MR LA R

SRR R SRV (0], BRKE S obidi, 2022, 42(1):

18-30.

YUAN Liang-zhu, MIAO Chun-he, SHAN Jun-fang, et al.

Discussion on strain rate effect and inertia effect of concrete

specimens under impact[J]. Explosion and Shock Waves,

2022, 42(1): 18-30.

R, TIETK, AT, S BT e 1 7R R B

SRIEPERER R[] MR, 2021, 46(12): 3819-3832.

LIU Shao-wei, HE Ya-fei, FU Meng-xiong, et al. The

relationship between the solid cement ratio and the anchoring

performance of resin anchoring agent for mining[J]. Journal



3304 EE I Y 2022 4
of China Coal Society, 2021, 46(12): 3819-3832. 434.

[23] &ffn, FERE, sl Hhmdaog /e T Ak 4 MAN Ke, LIU Xiao-li, SONG Zhi-fei. Experimental study
N I TR RIS T [T]. O S R, 2020, on spalling of deep rock mass disturbed by semisinusoidal
40(5): 119-125. stress wave[J]. Chinese Journal of Geotechnical
JIN Jie-fang, WANG Xi-bo, YUAN Wei. Experimental Engineering, 2022, 44(3): 428-434.
study on stress wave attenuation characteristics of variable [29] ZRAE, SRR, R etk EE SR
section red sandstone under axial static load[J]. Mining ERRIGT A [J]. L2125, 2020, 37(4): 51-59.
Research and Development, 2020, 40(5): 119-125. LI Qing-hua, SHU Cheng-lan-qing, XU Shi-lang.

[24] 385%. w5 /EH IR B 4 iR N IR 376 IR A 72 [D]. Experimental study on spalling of ultra-high toughness
Kb EHBRFEEH AR K, 2010. cement-based composites[J]. Engineering Mechanics,
GUO Xian. Study on the propagation law of stress w-ave 2020, 37(4): 51-59.
in concrete under impact[D]. Changsha: National University [30] k. VRETEREENTAD]. A HERER
of Defense Technology, 2010. AR K2, 2006.

[25] &Mk, fEHY, BN, 5. Rl R LA R R ) ZHANG Lei. Research on spallation strength of concrete[D].
WAL TR PRI 7], AR S TREER, Hefei: University of Science and Technology of China,
2017, 36(8): 1939-1950. 2006.

JIN Jie-fang, CHENG Yun, CHANG Xiao-xu, et al. [31] 97, AR, BREEN, 5. JREELAR R
Experimental study on the effect of axial static load on the HEIE SR, 2008, 28(3): 193-199.

propagation characteristics of stress wave in red sandstone[J]. ZHANG Lei, HU Shi-sheng, CHEN De-xing, et al. Spall
Chinese Journal of Rock Mechanics and Engineering, characteristics of concrete materials[J]. Explosion and
2017, 36(8): 1939-1950. Shock Waves, 2008, 28(3): 193-199.

[26] &4 L, WH, BRGE, 5 bR RS R 2R [32] T, DRMSTT, Mpfii, S5, TRHROKWT I AR = 3 i 4k
WA B MR I W T (0], A A 1 E TR IR, PERTN #h [ AR RS E ML )], R 5% 4&T
2011, 30(6): 1081-1088. TR, 2020, 37(1): 50-61.

LI Xi-bing, TAO Ming, GONG Feng-qiang, et al. NING Jian-guo, QIU Peng-qi, YANG Shu-hao, et al.
Theoretical and experimental study on fracture failure of Study on the stability mechanism of anchorage bearing
hard rock under impact load[J]. Chinese Journal of Rock structure under dynamic and static load of deep large section
Mechanics and Engineering, 2011, 30(6): 1081-1088. chamber[J]. Journal of Mining and Safety Engineering,

[27] #ARSE. BEFUIREEH AR B) S J A R SEIR BRI, 2020, 37(1): 50-61.

HERHER AR K2R, 2007, 37(10): 1312-1319. [33] &4, Medels, shEH. BHEESEMHILK E AN E

(28]

HU Shi-sheng. Experimental techniques for studying
dynamic mechanical properties of concrete materials[J].
Journal of University of Science and Technology of
China, 2007, 37(10): 1312-1319.

Wt QIBERN, RE K. IRECE A ISR sl
KIEZRIEHT T[], &L TRE2ER, 2022, 44(3): 428-

A SRR IR R ER, 2018, 43(8):
2203-2210.

JING Wei, XUE Wei-pei, YAO Zhi-shu. Variation law of
internal friction angle and cohesion in plastic softening
zone of roadway surrounding rock[J]. Journal of China

Coal Society, 2018, 43(8): 2203-2210.





