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Damage evolution of weakly-weathered granite under uniaxial cyclic impact
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Abstract: In order to study the mechanical properties and damage evolution mechanism of weakly-weathered granite under
blasting stress wave, single and constant-velocity cyclic impact tests on the granite specimens at different velocities were
carried out using a modified split Hopkinson pressure bar (SHPB) with the diameter of 50 mm. The results show that the
damage threshold determined by the energy method in single-impact tests can be used in the cyclic-impact tests. The stress
relaxation platform exists in the crack propagation stage of the weakly-weathered granite at different strain rates, and it
becomes more obvious with the increase of strain rate. The peak stress is positively correlated with strain rate. In the cyclic
impact, the maximum stress and strain are positively correlated with the impact velocity, and negatively correlated with the
total number of cumulative impacts; the damage evolution can be divided into three stages taking on an inverted-S shape, and a
damage evolution model with two parameters is established by it. The fitting effect of the model is ideal and has physical
significance; the damage degree at the median point and the relative number of cycles can be calculated by using the
parameters « and S in the model, are positively correlated with the impact velocity. The damage evolution models described by
different damage variables are different, so it is necessary to define the damage variables reasonably.
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Fig. 3 Dynamic stress balance check for specimen E4

053303-3



5 40 4 15 743 5 i i %51

772 R Bl A A B 2 B e At 20 RIS (5 B 19 LU R 5 AR A TE I B O R, R AR DAL O A
A HT Nicksiar 5552 £ A M0 1] 72 W 32 R e 8007 7, 4t sl 28 0 ) I A4 T i A RN g
5 S R T fRe B, AE M ARER ob il A BT B fEL. Li 204 (0 R AR SHPB X FE b 5 e & o i fF

R, A 2N 3 A HR AR A SR R A DA e A 483 0 B (L T AT 09, 7 8 RS RN BT, S 200 71 5 30
ASYUHR SR (Y FUAE Y R JC A 15 1k — 20 SRR 0 s T2 P v Aot A0 i B A O Bl 248 o ki 3 47 B 0L, 228
W T SASUEAELN J) |\ BAR B3RO0 o LA SO A BE i B (L, nT kA R AR RN A R A R s Bh A
WREELSR JEE oo T LA B S W AELINE AR &, INF, 501 LA 3 S0 728 g 18 L) R A6 D 45 SRAR T )i

RS 6 AF T, AR BN RS R o, WSO PR FRBE & W7, D FL A8 e T 6 5 B T
PRS2 ANIE] 4(a) B ShZRFUMERE W, A HLh 2805 7 -0 4% ith 2 4 BLim A1, 4n el 4() P .l il
i TR, B

n

1
W, = fo oide = 5 (@it + ) (8 — &) )

K o, Fl e, 530 R 1 7 10 722 i S B8 A — 6 49 L T R HE X g 8 ity o 107 AR (v =1, 2, 3, +++), 24 i=0
i o=e=0; ¥ x=cg, dc fRAZL (4) 1, 735133 W, Fl W, B0 2H Jem’,

30 30
- . . . —Al,3.69m/s,22.11 s Oye
) Lateral strain ~ Volumetric strain  Axial strain 5 CIW,=0.036 4 J/em®
TS Ty [ —A3,4.06 m/s, 29.04 5
A / — 3
£ Unstable crack / W4=0.050 1 J/em
S20r <20
< growth ¥
g 2
g15r g1sr
-5 Crack —=}...._ S / 7
<10r initiation " 10|
S5t 5k
ZZW=0.041 0 J/c 7
) N A2 1 ! 1
—0.004 —0.002 0 0.002  0.004  0.006 0 0.001 0.002 &,  ¢,0.003
Strain Strain
(a) Typical quasi-static stress-strain curves of specimen A0 (b) Dynamic stress-strain curves of specimens Al and A3

K4 kB R R aE T

Fig. 4 Volume energy calculation for load segment

H BRI 2, W,,=0.041 0 Jem® Sy ER i i £ T BR, 11 4(b) AT A, 24 vk sl B v = 4.06 m/s
B, Wy > W5 % — LR LUAS [R5 B A T B by, LA i I 77 A4 2 W 380 i ol I ) 8 8 SRy 452475 1 R,
SCHGAE R ILIE 5 R 1, 1 ng WESELBRIE, LID iR RKAR L, p MIREERE, v N oy s, v N
DB, oy, BB— R P ShASWEAE N T, & 5 — i PR AR 3, N oy 2R 8, W, o A TR

P S(a) 25 T AN IR R AR SR AR N 7R AR 2R . Y s BURE A 6.94 mys B, A A S, O DA
JE R B . AE e B R, 55 R A B R BT 4y R SR B B L SRS R B BRI B B 3 B
B AT HERR SN0 7, HE R B BORN I AR AEAE o o, S B DL SR RN AR Sy AT 4 R 1
55 2 BB, B 2 EIAREY BN AR M, R R A AR AR S T R T R SR R (8] 5(b). (o) TR EA
—SE MR AR RE T, IR Bl 3 1 AR RE R BT B . Ay R B B W AR R I X, BT 2R M i R
R MR AR R B, LR N AR ST T MBGE I . R T RS A RS AR, kv
SOV %, i AN AL S [m] 2R T R A SR AR TR B B B R 38 s, AL BRI R O B OO, AR
SEY B B Bl L1 A ST BB K, 3 R AL A Jee AR B, 7 s B B I R LR B B
P F- 65 B, #ERCICGR Ay Be i 7. [WIR, 7 A e D 24 i+ 3006 2 10 1 A B A, m] 3L o FL IR O e
N 3 T AU L B I A v 8 B A R AR 1 T IR R S 2 AR T LIRS

053303-4



55 40 45 B, % SEEER T S XUAE R R IR i 1L 5

Elastic |Crack propagation 'Unléading
‘-\p\hase

Stress/MPa

0.004 0.006 0.008 0.010
Strain
(a) Stress-strain curve (b) D5, v=6.94 m/s (c) E1,v=7.92 m/s

Pl 5 AN [ s 2 B ity 9 107 -1 2 il 2 R BERTE X

Fig. 5 Stress-strain curves and failure modes of the specimens subjected to single impact at different velocities
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Fig. 6 Stress-strain curves and failure modes of different specimens subjected to cyclic impact at different velocities
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