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Prediction of dynamic response of rock under impact loads
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Abstract: The existing dynamic response diagram of marble to shock waves is used to verify the applicability and rationality of
prediction model and prediction formula for the nonlinear dynamic response of rock under low velocity loading. The applicable
conditions of the loading rate waveform function are proposed. Based on the study of the apparent elastic modulus of the fitting
coefficient, the impact compaction coefficient a and the impact initial elastic modulus b, as well as the compaction action a; and
slip action a, of the fractured voids in a rock sample, are proposed, and a=a;+a,, a;>0, a,<0. When it is subjected to the action
of loads, the compaction degree of the rock sample and slip action exist simultaneously. In the loading section, |a;/<|a,|, and in
the unloading section, |a;|>|a,|. That causes a<0 in the loading stage and a>0 at the unloading section. The loading-unloading
rate response ratio f, which represents the ratio of the average tangent modulus of the unloading section to the average tangent
modulus of the loading section, is defined. As the value of f increases, the degree of rock damage is also greater. At different
frequencies, the sandstone has f~2 in the loading mode of triangular waves and sine waves. The measured values of strain,
deformation rate and energy value of each strain gauge are in good agreement with the calculated ones. It is proved that the
nonlinear dynamic response prediction model and prediction formula for rock under low velocity loads have good applicability
and rationality in the case of high-speed shock waves with millisecond time variation, which broadens the application range of

the prediction formula and model. It is helpful to the design
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Fig. 4 Data processing of strain value of T6-a
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Table 3 Measured and calculated values of displacement, strain and deformation rate of T2-1
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Table 4 Prediction of energy values of T2-1

A i BAH SEAL A% SR ZEE SkbratE HEMREE HERE
HH ti/ms GH J, kN L5 /mm Al /mm 0., Al /mm 0.,
0.0000 0.0987 0.0000
0.0018 0.1805 0.0011 0.0011 0.0002 0.0004 0.0001
B
0.0257 4.9479 0.0340 0.0022 0.0918 0.0014 0.0885
0.0275 5.0760 0.0362 0.0022 0.1028 0.0013 0.0948
0.0293 4.7700 0.0363 0.0001 0.1033 0.0948
0.0312 5.1701 0.0376 0.0013 0.1099 0.0013 0.1014
HERAE
0.0513 0.8477 0.0201 -0.0038 0.0689 -0.0041 0.0574
0.0531 0.4307 0.0164 -0.0038 0.0665 -0.0041 0.0548
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Table 5 Comparison of values of fitting coefficients @, b under

different loading frequencies and waveforms

LE A FHL
S B il SRR e MR E b
=MW NEE 0.2057 11.4750
0.1 HZ  EN#B 0.3944 7.2328
=MW NEE 0.1977 11.6330
02HZ  HI#RE 0.3933 7.9914
=MW NEE 0.1932 10.8210
05HZ  EI#B 0.3909 6.5645
IESZHE B 0.2077 11.3290
0.1HZ  EN#EE 0.4138 5.5772
IESZH B 0.1879 11.5660
02HZ  EI#EE 0.3674 8.4786
IESZH B 0.1806 10.4720
05HZ  EI#B 0.4087 7.4019
b nERE -2.4622 23.298
T2-1 ENEEY 5.7083 10.262
b mEE ~4.8394 18.724
T2-2 B 3.4458 9.4661
s MR -0.3875 32.022
T6-2 R 1.9206 5.104
MebuE mEE -1.0133 35.849
T6-3 R 1.831 2.768

(1) BHER 5 W51, MUEME N 96 kKN [HIfr 4 Nk 7E
WO A R L, ANE IR IE N IE 5% A2 = f3,
YA B ISR (38K, s B KL R a
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FENERI ap<0), {HBEE far 277 N 80E 2 /1 34 0,
TENNERELS, AR A ER N, B ay 1B
Wi K. B (16) AIHI: a=aitay, WA REL a B
BN, BRBONTE. R AR ER T H
INEBL v S R o HVB A TP 0
IR IE .

(2) R 5 0l A1, B R UL R A SRR 25
WK, EER BTN E KT N B A ) 26 AR
&2 HWA BT ) 2658 K T I BT U1 2468
o X —ING A R R DL PR A

a) T AERMMERE FIFIEEIY . FFm
BANE, NG Y E S ERRLY, I
BOP I B K T B I ) i . Beik LI
12 &=0 (270, (28),

167 s

14| —e—RidEk2
—A— RAF 3

1 1 1 |
03 041,05 06
RAE1073 Ly

12 N - NEXARE

Fig. 12 Relationship between stress and strain

kB :
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o Az01

L
am = 7' ; (27)
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asm = L _ZAL = % o (28)
Hh, AL NERABE, L NINERBCF T2
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L.
b) 2 (16D FIAN, i UM AE & PR AE B,

[ A AR A ER (REER B a>0) FEF
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B SIE AE FONIBYEAS T, FEAT 8 EI %
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BREIE T 0, BUEA |a,|> || B AR A2 EIEAR
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D] G S A0 o 206 L i 1Y) B B K Tt B 2 B i 1) B AL
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