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Test method of dynamic mechanical properties of filling body based on
pendulum-loaded rock bar SHPB device

NIU Leilei, WANG Cong, ZHU Wancheng, LUO Ke, TONG Wenhui
(Center for Rock Instability and Seismicity Research, Department of Mining Engineering, School of Resources and Civil
Engineering, Northeastern University, Shenyang 110819, Liaoning, China)

Abstract: In order to deal with the difficulty of measuring the transmitted wave in the backfilling SHPB (split Hopkinson
pressure bar) test, rock bars are used to instead of steel bar as the incident bar and transmitted bar for improving the pendulum
hammer driven SHPB system. The wave impedance matching formula and viscoelastic wave propagation in SHPB test is
proposed. Based on the study of stress wave propagation in rock bar systems, the viscosity attenuation coefficients of stress
wave propagation in the incident and transmitted rock bars and the reflection and transmission attenuation coefticient of the
rock bar-backfilling body are defined. Based on the Kelvin-Voigt model, the effects of rock bar density and wave velocity on
the transmitted wave measured of the filling body in the SHPB tests were simulated and analyzed by using a one-dimensional
wave propagation analysis procedure. The relationship between the wave impedance matching coefficient and the reflection
and transmission attenuation coefficient of the rock bar-backfilling body were obtained. According to the characteristics of

field backfilling, the wave impedance matching coefficient and the reflection and transmission attenuation coefficient, four
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long rock bars were selected to modify the pendulum hammer driven SHPB system. The viscosity coefficient of the rock bar
was measured and stresses and strains on the interfaces of rock bar and backfilling body were calculated by using the one-
dimensional wave propagation analysis procedure. The stress waveform characteristics and signal-to-noise ratio of the
transmitted waves were analyzed. The matching degree of four kinds of rock bars and backfilling wave impedance from good
to poor is obtained, which is green sandstone, granite, marble and basalt. The dynamic impacting experiment on the filling
body was conducted and the stress balance in the sample was verified. The pendulum hammer driven SHPB system with green
sandstone incident bar and transmission bar is established, which provides support for the dynamic mechanical characteristics
of the backfilling.

Keywords: wave impedance matching; SHPB; Kelvin-Voigt model; rock bars

FEBCRAT 4 0] SR S e, 580 R RIRA ST, By 1L R DU, SCB™ Ihar (| 2 i
ROTRU, MRS L F R R ) 2 R o SR B9R S h T 32 1) 8 AR BT oR 150 S5 410 30 23 52 i 72
BURRITRE, NI, 75 25T s S 3h T s Bk R g 2Rtk . (HU2, #4548 SHPB(split Hopkinson pressure
bar) 156 A G0 G R AR E 0 ASSAF RSB SIAT0F, S BRI EE s kL, B BLBTE D, 5 & m AT R
U BT AR 22 5K, Hoil BHATIE AR B & @ AT A1 1/10, 308 ST A0 B R A5 5808, e ES T
PO, XELORS BI04 B SHRE , 8200 3 24558 B 1153

£ SHPB 156 i, 18 7 A R R SHAT | 2 S AT 1) 5 i A 3 ik, 228 55 5 S 0 U IO T4 Jo 2 [ 1
B RHHTE . U, 70 ] SHPB AR G LI I, A58 AN [l A J5t =2 8] ) 35 BT DS M) [R) AUl St . 4
ANARET AN TR BE B B R PR SR EAT 1 5 AN [A] 2 BHLATC VT Bl 5, 45 21 KF 25 5 30 i S fL BE HEAE 1.60~
1.65 Z[6] o X1 Ay R A1) 3 2o W B, 6 B ) P AR AE B o B | LA R S P A 4 Y
R REAT T ETE, R B B DUAR G s S s £ % Sl AR i i BEL D, BB, L I i A ek
MR o AT ST FIHT SHPB AR 56 28 G0 AN [ e BT AR 81 a4 AT 1 bl U, X Lo b 1 AR
TR B BEPTAE XA A1 S ASHTHL R B | SRR B 52 R AL, D BHTB N, SR e (B R, 3 i i {E
M

T2 A0 B A AL BN R S0 R SR B, 107 ) A A1 P A4 2 7 A W L 8 Dl A T 1 7
L, 5 B P8 T R N ) AR S i A R s . R RRE D i BB RT3 1 R AR Y 5
PREAE, St 0 R 1) A5 I ) P 2 AL A R AL . E WA S50 45 Kelvin-Voigt BEAMRTE 15 G54 T A M b
O 3 3 R R 5 2 1) B IR ] B O 2R o L AU 1R R PR AE B o BT £ A AT R S AT, BRI 5T T 39 B
Xt L 7 AL B R, R AR BT Kelvin-Voigt A RIIFIT T N H7 i 76 KA AT v 0 4% 6 1 R
Mo AN BAE T RIRAE AT BRE A 40 UL B I R % UL B BN I s vk ) 4 AL B B AL

Zi BT, AR CAT 2 RIREE AR S AT RS S5 T 8% B ) P A% 3 P A A S IE 5T, (R AEXS
FESEA ) 2Rk A DN T, A5 A7 AR B SR E RN L A G IR B I, RSO B X sk S %
5t SHPB 156 v A SRS A 528 S0 T D0 ELATAH 22 B0 S B30 3 S5 I X LA 00 k) (R RO R AF S, 2 114 SHPB 3k
56 PP BT 12 22 3K, 007 B2 7 38 7 2 A0 R S8 SR 5t T ) o S S A, o8 5 o AT, S e ) 422 o o
A SHPB 46 22 48, 2 FeSBUA (14 80 45 g~ R P i Bslie 26 1F

1 EF SHPB iX¥ AV BEHT T ED

1.1 JEEATHINE SHPB XIERKE

PR ph o gk SHPB I3 R 40 th ke B | AP 0F R e RB R A S0 s RGAUR, WA 1 s, i
AR BRI b AT PR AR IR AT R R G AR AT L B SR L e R AR 22 ] B AR
S5 vl B A B R S0 R AR R R B A AR (Y, DL8S0 R YL AR AL, A ST
PF . BT A 2 m, 2R 50 mm.

091444-2



5 44 & S, A B TIRERINZUE T SHPBRE B AY SR S A T R Ty ER ]

Computer 2 High-speed camera Pendulum
LT
Calibrate the bearings S
Strain gauge . ~
Buffer baffle Transmitted bar \ Sample Incident bar / Deflectors P
== Penduluin hammer

0 N A N

P B o A A
Bridge box

0000 0000 |: 0000

Dynamic strain gauge

MUY
74— Foundation

-

Computer 1

\
JEAVAY
\J
[o)

)
-

DL850 scope corder
1 R gk SHPB X404 B /R 2

Fig. 1 Diagram of pendulum hammer driven SHPB system
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Fig.2 Stress wave propagation in the bars
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KB 2.920 47545 1.80x107 732 1.450 4.86 19.81
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Fig. 4 Relationship between wave impedance matching coefficient K

and transmission attenuation coefficient 8
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Table 4 Basic mechanical parameters of the rock

Ak HE/(grem™) e/ (ms™) WP/ (kg'm2-s™") YU % /MPa YUhiiE A/ MPa PP /GPa
EiEe 247 3399.17 8.396x10° 29.8 2.40 8.4
Ak 2.88 4290.93 1.236x10’ 87.6 6.82 26.3
pNliES 2.92 4754.50 1.388x10° 98.5 8.12 30.0
TRE 2.98 5988.33 1.785x10° 182.5 15.23 49.4
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Table 5 Dynamic mechanical parameters of four rock bar-backfilling

w L FMER¥y EEnsiERE/ IR 2 CE Sk LR IR/ V B IR/
FARRE . IVEAESN o .
(MPa-s) (ms™) RBK (kgm™s™) N 55 B SR W fE
SbE 1.00 47.95 2.269 8.396x10° 0.553  0.507 0.045 0.16
Wiaske 0.60 46.67 3.340 1.236x10’ 0.541 0.474 0.033 0.13
Pt 0.50 2.57 45.55 3.752 1.388x10° 0.525 0436  0.019 0.11
ZRE 0.30 48.76 4.823 1.785x10° 0.520  0.436 0.013 0.10
WFF 0 46.69 0.634  0.619 0 0
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Table 6 Relationship betweensignal-to-noise ratio and strain rate

BT R (5B Ry MR} /v R,/dB
39.56 0.040 683 3535

47.95 0.045 667 36.59

b 58.83 0.051 652 37.86
67.21 0.060 663 39.08

79.02 0.068 669 40.10

35.62 0.029 646 32.96

45.66 0.033 667 33.90

VA e 54.32 0.038 652 35.31
66.27 0.042 663 36.03

77.27 0.047 669 36.93

33.22 0.015 652 26.94

42.55 0.017 663 28.23

K 55.79 0.023 667 30.84
68.23 0.028 652 32.65

79.36 0.032 669 33.59

39.43 0.013 683 25.78

48.76 0.016 667 27.66

Lk 58.65 0.020 652 29.60
69.27 0.023 663 30.65

80.67 0.025 669 31.34
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