W40 % 9 wmOE 5 W & Vol. 40, No. 9
2020 4 9 A EXPLOSION AND SHOCK WAVES Sept., 2020

DOI: 10.11883/bzycj-2019-0432

HEARD R T RN A

g AL EBEEY, XK, FEAEY, AT E B
(1. Bt TR AE IR 530 TR B, 198 RI5t 210094;
2. TEA RSB B E B TSR, W 180 471023;
3. WERHE KR TR 2R, WIE %M 471023)

FEE: W50 R AR R I EIRD 7 2 R (0 2 R, FH 4% 37 mm 11943 85 38 Hopkinson [E AT (SHPB) i Wi 24 B 31 &b ik
17 v 258, 755 T 460~1300 s i 2% Fa 710 B P4 AS 7] 285 2 38 (19— 24 10 725 e 406 N2 7 -1 A8 56 3R 5 B E RS (107 s IR
G B SEI S5 R, & BB R 77 A W A4 87 AR BN 5 A o %o b R 28 D B, T R I R SR AR P L R A e [ R
PR V)R 3G B2 T 6 10 AR R AR R Hp Bl 25 0 5 R B0 TSR AL, T SR S E RD AE o TR A SO0 T A A S K

XHBEIR: MNP PAR A I FLER; et 5 R AR

FEZES: 03473 ErFERHMRES: 13015 NERFRERE: A

Study on strain rate effect of coral sand
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Abstract: A 37 mm-diameter split Hopkinson pressure bar (SHPB) apparatus was used to conduct impact tests on two types
of coral sand to investigate the effect of strain rate. One-dimensional compressive stress-strain curves with the strain rates
ranging from 460 to 1300 s™' were obtained under different compactness levels. Combining with the static compressive results
(strain rate of 10~ s7™"), it is found that coral sand is affect with strain rate obviously. Comparison of physical properties of two
types of coral sand indicates that the strain rate sensitivity is highly correlated with the proportion of inner pores of the particles
and friction between the particles. The calculation models of dynamic intensification factor are proposed, which provide
theoretical basis for the numerical calculation of coral sand under impact.
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Fig. 3 Test section for coral sand specimen assembly
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Fig. 6 Axial stress-strain curves of coral sand under static loading (Strain rate: 6.25x107* s™")
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Fig. 7 Axial stress-strain curves of coral sand 1# under different compactness levels
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Fig. 8 Axial stress-strain curves of coral sand 2# under different compactness levels
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SHPB S50 il il 7= A S5 09 T B BT AR B 48, b1 T FLBRE - g il 4R o ) 1oz g BB, (ELAL
B LU T 7 Fi/N TTT FEARG, 2e HACRE A T o B AR 0 32 1) R A4, 3k 2 8 o A 5 T DB PR 2 3 A i (1) #h T8
AR AV AR A BT B A7 AE — BefE I ], % BEA ST BA — & RN ae 715 () IMHIed BoA 5
BB IBURL SR 2, T 3 B A 8 mT 5 | A BB 0 A U A, DT 5 AL 3o T 0 o PRI ot B 9t v 1
B0 3 i FLBT EE 8 O A [ B R 20, S W SHERI 00 5 0 S b T 44 I ) AR S AL BT 36 A I ) X, A7 5%
52 JE I 52 0R (14 SR AR T S R 5K, i SRR ) A 2 A 30 ) SRS Al

TEAH [ B4 07 A2 I, 1T 246 15 KRB 0 465 FL B L A 39 DT 8 A, 3 D 0 92 0 o e X T 45 A )
F1% 778 AN, 400 L BT EC A [ A 3 T 40 i 0T AU AR 252, 32 IO 78 3RS W 5 /1N T T 246 it I it 32 T2 A8
LMK, H B A A3 RT3 K, S 262598 55 30K [15] A 0940 S EA AR DU 102 A RS2 MLAE

093102-5



5 40 4 15 743 5 i i $o

23 NTRYMHIE

ST 2% BE 5 R B Y PR G R R A AR bR 0 T 1k, B A T SURDE S 2 R R R R T, AR TR
S 5% B 1 W AP B D R, AR TR AL AR ], 72 A AN TR T 2 3R

WE 10 Pros, FEMEERS AR, RS 0] 45 5 B 0 R, 76 B3k Jm IS, 2#00 58 B = T 1ib, JF HLo
i 22 (E WG AL T B 386 T 34 015 6 A [) 67 AR 2R v B, 1m0 i Bt [R)BEAR T 2800 . 1 e bk 5 P Fh b
AN R AIL TR AT OC, 2400 0 - B RiAR 55 /0N, I EL R (B B AH X 458 /57, 76 R 46 B 3R B0 A B B 1, PR I 7
A R A8 AR R 280 RF A i B 5 v o 3k % W RV %8 B AH R B PRI D, |l 1 PR 45 B AR TR AL A AS ()
H AR R 2 5

35

Sand 1# Sand 2#
0L 6.25x10%s! === 6.25x10*s!
—— 460 5" —— 5805 .
—— 650 ;—l —— 840 ;. Density: 1.178 g/cm?
25 F—— 800" —— 9805 .
—_ o o
900s! 1300 s‘/ \
20+ S
A

Axial stress/MPa

0 0.05 0.10 0.15 0.20
Axial strain

B 10 AH IRV EE N PR SEIRD I ) -0 A8 il 2%

Fig. 10  Axial stress-strain curves of two types of coral sand with the same density

PR LD s 45 J3E 2 B 3 7 728 23R ) 88 1R T K, 0 463 T 52 55 BE AR TR g, BOW A2 {E 0,03, 0,05, 0.07 Ak X
IO F) 8 25 00 3 5 A I 0 B4 P AR RE SO o AR R, A IAT 11 s, ANHER H 240 B4 I AR AR AURE B
TE 600~800 s F1% IV AL < ] P 1 Al 100 F) 38 5 28 AT ADUAH 25, 1400 ) 5tk Al 2R B S IR R AR A AN G, T
R SR B HG 28R T A [R] B IV AR (B A A 7 2 S, R T) I A2 37T I A 14 48 o 28 50 A T 14 I T Dk
/o A SCHR P R WM RO L6 T 47 I 7 A F) SR 5] B 45580 N2 5K, AT ol 2% 78T AU 1) 3l B 452 A 6505 A
[ENOENAGSEY 2 SNV B AL LR oW 2 3 N RS S5 § VAR S B o o O DIV ke 9 = o R /A 7
£33 QAN B S ) VARATE Y A

5

—a=— Sand 1#, £=0.03
—e— Sand 1#, £=0.05
—a— Sand 1#, e=0.07
4| —o— Sand 2#, £=0.03
—o— Sand 2#, €=0.05
—— Sand 2#, £=0.07

Strengthning coefficien

ro.T Density: 1.178 g/cm®

400 600 800 1000 1200 1400

Strain rate/s™!
P LT A I A a6 i 2R KA I A R P AR A5G AR
Fig. 11 Relationship between strengthening coefficient and strain rate
/8 = o 7 Y RS R <y VA D /D YW NPT X i ety 1 1 O V1 P e B ) 1 = e SO =i e S S
A3 B4 3 T A 2% 380 R T 1%y 7 726 (L P S0 B oy A O T AR o VA8 P A BT D 44 T 4 7 T AL o Xk SR
TR, ELRRERE A A AN ) R B 1 A ] ) o7 A AR R . 1B B8 B T ELRDIR . R RO e 22,

093102-6



55 40 45 P, A IR AL AT %59 4

L3022 W OB HE A S BOREA)FLBL o5 PO, TR A A8 1 32 o ORI AR A Ak B AR | UKL A BT BT . VR e A
B A5 ES ; 2400 UL 32 2L ey P FLB A 5 32 90 553 Ak Py 2 0 e S BER AR RPE IR, AP 12 s . i T
FLIBE T B9 82 We o S I 7™ AR A IR 0 s TR, R AR R A9 5 2 T 24 B N LB Be i T 0, R L
AR [59 JBE R, BOAE F) % SR o8 LA, TR, 2#@%‘%fjutﬂjii§§ﬁﬁf“ﬁ$ﬁim

Burst break"’/;

Snap break

K12 PR RIE A

Fig. 12 Different broken modes of coral sand under compression

A F NN A SR B AR RSN ) D R AR T G E AT T R A IS 7 A AR, (RSN kA g
b0 A7 72 ORI A, 32 B AR A 7 SO A AR, AR B ST A I . B T AR SCRI SR, AL R
U RS T SRR A TR, T A RS J L ASAEAE N LB T L P 4 S 5 5 1 A R B st 2 5 B0
AR RN AN B I B AR AR S A
24 THFSIEIRIE

XFFIREE T | A RN R, DG 8 R R LR R B, R SRAE DR R AR Z2 00, 5 AR Ak
WSS R RS, SR f= oyl oy, ot oy HENSREE, o NERSRE IR AE PO R 22 T
B2 B AR, AR vhil N AR A2 B — 4R R AR R AR AR Y, -0 AR 26 TR B Bl SHPB S
U NS B R HIZ

ARSI PR A i B PR A5 14 R 2807, R3O 5 AR I AR A O, P A SO SCRY 3 28 1 5
B SRR A A AL PR, PR RD I 0% 2 A5 1S 5 R 55 Bl A2 2 1] B O R AN & 13 i, P RR D Y
Sl ARG T R B B A IV AR SR HE R HG I, (WIS A R [ R A% SR, 247 4% ST B A 14 R T s/ o

35
1ol —e =30%, 460 57! —— =30%, 580 5!
I —e 7=30%, 650 ! 30l —— =30%, 840 5!
— 11=30%, 800 s —+ 7=30%, 980 5!
e =30%, 900 5! —— 7=30%, 1300 5!
8+ e =60%, 460 5! 251 —— =60%, 580 57!
e =60%, 650 5! —— =60%, 840 5!
e =60%, 800 5! 20 1| —— 7=60%, 980 5!
~ 6f e 11760%, 900 s |~ —e 7=60%, 1 300 5!
— 7790%, 4605 5L —— 11-90%, 580 5!
—e— 11790%, 650 s~ \ —— 11=90%, 840 s~
4t e 7=90%, 800 5! ~ e 7=90%, 980 5!
— 7=90%, 900 s°! 10T oy — p=90%, 1300 5!
2t St
0 0.04 0.08 0.12 0.16 0 0.04 0.08 0.12 0.16
Axial strain Axial strain
(a) Sand 1# (b) Sand 2#

K13 shaSHam R 505 IR R AR I SC &

Fig. 13 Relation curves of dynamic intensification factor and strain

093102-7



5 40 4 15 743 5 i i %91

A5 B A SR, § T B0 R RO ) 2 A BT84 25 (L G, Bh 780
BRI S A BRI ) B S M P T30 5 3,

RIS 545 R AT AR R0 3 38, AT AIIRD, 7 = B 3, 72 0~0.02 1
A5 K ) R PE B ) 7 277 -

[ ~1605.60+20626 0<£<0.01 O
" | as+b 0.01<e<0.02
/\rl—'
a=0.1255-288.65 0
{ b=-124x10"¢+7.453 n=30%
a=0.1055-329.9 o
{ b=-1.05x10"¢+7.869 n=060% @
a=0.1415-382.38 oo
{ b=-141x10"¢+8.394 n=90%

K e AN, e RIARH,
FE B AR IR BE, f T WA B, 2 (L 72 4 A7 R 512 JBE 2 [ Y O 38 T e
1.683 5+ 1.25x 107, n = 30%
f=412710+1.05x 107, n=60% £>0.02 3)
0.746 2+ 1.41 x 107, = 90%
XF 26, AT — WA BOR R f=a - ik, ba | B 390 15 AR A 5G9 bR KL, Rk
ﬁﬂ‘j

@=0018 15+0.2948 L

{ﬁ=—1.399><104é—0.2997 n=30%
@=33723%10+0.02186 .

{ B =-7.7666x107&—0.6479 n=60% @
@ =8.170 § x &4 .

{ B =5.8246x10"—1.467 5 n=90%

% IE B 3 25 S i ALY B A R, AR SO AL fe i LB B T 4 18%, IR IB N wily B B9 RS2 B, A
SR T AR 3 RS R, (AT DL b A BRI 5, T 5 AR SR 5 3 BT 100 A o] 288 5 R g A28 2T 11 g
J1-NAE R R BA AW EEMME

3 & it

1o FLERT R I ARAS RN HL B A 17 72 3250 A S i 38 B 11 52 2% 1) 7 A A, TR g 2 A Bk BE A8
5 T RE N T A2 T8 2% 18 ) 2 A5 A W R, S b TARE BT SR B 248 F 0 AR SCHE T S B i A
PEATLER 3BT, AR A0 0380 w0 B P R 1 oA | el — T 200 IR AT O R AR B A g~ AL ] R
CEIID i

CU) T A5 e 45115 Bl 25 T 40 1) 7 7 - A% il e T A7 A DO, 2 2850 A A T e ek, 5 EL e il i A A i
N RS AT T, A AR R A A A AR A B T O

(2) AR A7 A AL RGN, AL B - g il 2 rh S B 5 40 DA B 2 MU, P9 LB 35
R AR IR0 SE A A 14 IO A S50, AR, 1 R SR 40 5 BB A 2 38 i A 2 I b o A8 S 7 A A o5

(3) I % 52 J5E 114 B b oy A 3 B P L S b, I PR T A RO T 0 I A P 8 2000 10 B 5

(4) P b IFR) R 1) 18 5 28 5000 728 AR RN [R], 140 7 B ST IR B e R 5 0, 240 R B M #5 M0 X
G

093102-8



540 % P, A IR AL AT %o

32 B LR BL A BB, A ehily B I T AR R BIREAL B, O TR B A Y IR S B, 5 AT R

IS (9 SHPB 13 45 AN SCE IR XTI | 7 Bt i) oz A8 SR 000 14 52 W) DR 32 A0 T B, A R FLBR R =
S IR AR AN, B T PR U A R RN, R T A A SRR A S ) v R A B E R AT
XL TARRRAEE T — L Ik .

S Hk:

(1]

(2]
(3]

(4]

(5]

(6]

(7]
(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

NOORANY I. Classification of marine sediments [J]. Journal of Geotechnical Engineering, 1989, 115(1): 23-37. DOLI:
10.1061/(ASCE)0733-9410(1989)115:1(23).

RS, RIS, R RE, S5, B VDA B i TR BT (M. Jbat: BlaE i iR, 1997.

e, S ZT . v [ g T R AR A TP B ) R B 5T D). )5, 2019, 40(10): 3897-3908, 3919. DOL:
10.16285/j.rsm.2018.2085.

GAO R, YE J H. Experimental investigation on the dynamic characteristics of calcareous sand from the reclaimed coral reef
islands in the South China Sea [J]. Rock and Soil Mechanics, 2019, 40(10): 3897-3908, 3919. DOIL: 10.16285/j.rsm.
2018.2085.

WERG, KV, BRARNI, A, 45 0D R 40 D 5 ) 3R M T S RO RS (D). A J1 2, 2019, 40(6): 2275-2283. DOL:
10.16285/j.rsm.2018.1160.

CHEN M, ZHANG T, SHAN H G, et al. Study of the relationship between compression wave velocity and physical properties
of calcareous sand [J]. Rock and Soil Mechanics, 2019, 40(6): 2275-2283. DOI: 10.16285/.rsm.2018.1160.

WANG X Z, JIAO Y Y, WANG R, et al. Engineering characteristics of the calcareous sand in Nansha Islands, South China
Sea [J]. Engineering Geology, 2011, 120(1—4): 40-47. DOI: 10.1016/j.enggeo.2011.03.011.

WANG X Z, WANG X, JIN Z C, et al. Investigation of engineering characteristics of calcareous soils from fringing reef [J].
Ocean Engineering, 2017, 134: 77-86. DOI: 10.1016/j.oceaneng.2017.02.019.

B, U & g ehd R8N (M. et BB Tl B At 2010.

XIAO Y, LIU H, XIAO P, et al. Fractal crushing of carbonate sands under impact loading [J]. Géotechnique Letters, 2016,
6(3): 199-204. DOI: 10.1680/jgele.16.00056.

UK, BRHET, SR, A5 E KRR AR AN S BTRD s R R IR ST (9] AR S iy, 2020, 40(2): 023102. DOL:
10.11883/bzycj-2019-0066.

ZHAO ZY,QIU Y Y, ZI M, et al. Experimental study on dynamic compression of unsaturated calcareous sand [J]. Explosion
and Shock Waves, 2020, 40(2): 023102. DOI: 10.11883/bzycj-2019-0066.

LV Y R, LIU J G, XIONG Z M. One-dimensional dynamic compressive behavior of dry calcareous sand at high strain rates [J].
Journal of Rock Mechanics and Geotechnical Engineering, 2019, 11(1): 192-201. DOI: 10.1016/j.jrmge.2018.04.013.

\)

YU X, CHEN L, FANG Q, et al. Determination of attenuation effects of coral sand on the propagation of impact-induced
stress wave [J]. International Journal of Impact Engineering, 2019, 125: 63—82. DOI: 10.1016/j.ijimpeng.2018.11.004.
B, TR, IRH S, 45 5D sh A R R IR B 5T (9], Bk Bh 5 b, 2018, 37(24): 7-12. DOL: 10.13465/j.
cnki.jvs.2018.24.002.

WEIT Q, WANG M Y, QIU Y Y, et al. Impact compressive response of calcareous sand [J]. Journal of Vibration and Shock,
2018, 37(24): 7-12. DOLI: 10.13465/j.cnki.jvs.2018.24.002.

SCHL, BT, SRR, AF. A5 SR I o —4E R AR R 4B AT [J]. SR HE S bt 2019, 39(3): 033101. DOI: 10.11883/bzycj-
2018-0015.

WEN Z, QIU Y Y, ZI M, et al. Experimental study on quasi-one-dimensional strain compression of calcareous sand [J].
Explosion and Shock Waves, 2019, 39(3): 033101. DOI: 10.11883/bzycj-2018-0015.

FLOREZ E S. A study of strain rate effects on the mechanical behavior of sand [D]. New York: New York University Tandon
School of Engineering, 2016: 137-143.

HUANG J Y, XU S L, HU S S. Influence of particle breakage on the dynamic compression responses of brittle granular
materials [J]. Mechanics of Materials, 2014, 68: 15-28. DOI: 10.1016/j.mechmat.2013.08.002.

HRIC, TRANBR, EHI . DR 4 T TR Ab 10 32 ) 2k e D). M KE 5 nli, 2011, 31(6): 619-623. DOI: 10.11883/1001-
1455(2011)06-0619-05.

093102-9


http://dx.doi.org/10.1061/(ASCE)0733-9410(1989)115:1(23)
http://dx.doi.org/10.16285/j.rsm.2018.2085
http://dx.doi.org/10.16285/j.rsm.2018.2085
http://dx.doi.org/10.16285/j.rsm.2018.1160
http://dx.doi.org/10.16285/j.rsm.2018.1160
http://dx.doi.org/10.1016/j.enggeo.2011.03.011
http://dx.doi.org/10.1016/j.oceaneng.2017.02.019
http://dx.doi.org/10.1680/jgele.16.00056
http://dx.doi.org/10.11883/bzycj-2019-0066
http://dx.doi.org/10.11883/bzycj-2019-0066
http://dx.doi.org/10.11883/bzycj-2019-0066
http://dx.doi.org/10.1016/j.jrmge.2018.04.013
http://dx.doi.org/10.1016/j.ijimpeng.2018.11.004
http://dx.doi.org/10.13465/j.cnki.jvs.2018.24.002
http://dx.doi.org/10.13465/j.cnki.jvs.2018.24.002
http://dx.doi.org/10.11883/bzycj-2018-0015
http://dx.doi.org/10.11883/bzycj-2018-0015
http://dx.doi.org/10.1016/j.mechmat.2013.08.002
http://dx.doi.org/10.11883/1001-1455(2011)06-0619-05
http://dx.doi.org/10.1061/(ASCE)0733-9410(1989)115:1(23)
http://dx.doi.org/10.16285/j.rsm.2018.2085
http://dx.doi.org/10.16285/j.rsm.2018.2085
http://dx.doi.org/10.16285/j.rsm.2018.1160
http://dx.doi.org/10.16285/j.rsm.2018.1160
http://dx.doi.org/10.1016/j.enggeo.2011.03.011
http://dx.doi.org/10.1016/j.oceaneng.2017.02.019
http://dx.doi.org/10.1680/jgele.16.00056
http://dx.doi.org/10.11883/bzycj-2019-0066
http://dx.doi.org/10.11883/bzycj-2019-0066
http://dx.doi.org/10.11883/bzycj-2019-0066
http://dx.doi.org/10.1016/j.jrmge.2018.04.013
http://dx.doi.org/10.1016/j.ijimpeng.2018.11.004
http://dx.doi.org/10.13465/j.cnki.jvs.2018.24.002
http://dx.doi.org/10.13465/j.cnki.jvs.2018.24.002
http://dx.doi.org/10.11883/bzycj-2018-0015
http://dx.doi.org/10.11883/bzycj-2018-0015
http://dx.doi.org/10.1016/j.mechmat.2013.08.002
http://dx.doi.org/10.11883/1001-1455(2011)06-0619-05

5 40 4 15 743 5 i i %91

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

[26]

271

[28]

[29]
[30]

ZHENG W, XU S L, HU S S. Dynamic mechanical properties of dry sand under confined compression [J]. Explosion and
Shock Waves, 2011, 31(6): 619—623. DOI: 10.11883/1001-1455(2011)06-0619-05.
SONG B, CHEN W N, LUK V. Impact compressive response of dry sand [J]. Mechanics of Materials, 2009, 41(6): 777-785.
DOI: 10.1016/j.mechmat.2009.01.003.
BRAGOV A M, KOTOV V L, LOMUNOV A K, et al. Measurement of the dynamic characteristics of soft soils using the
Kolsky method [J]. Journal of Applied Mechanics and Technical Physics, 2004, 45(4): 580-585. DOI: 10.1023/B:
JAMT.0000030338.66701.¢9.
LUO H Y, COOPER W L, LU H B. Effects of particle size and moisture on the compressive behavior of dense Eglin sand
under confinement at high strain rates [J]. International Journal of Impact Engineering, 2014, 65: 40-55. DOI: 10.1016/;.
ijimpeng.2013.11.001.
HUANG J, XU S, HU S. Effects of grain size and gradation on the dynamic responses of quartz sands [J]. International
Journal of Impact Engineering, 2013, 59: 1-10. DOI: 10.1016/j.ijimpeng.2013.03.007.
BRAGOV A M, LOMUNOV A K, SERGEICHEV 1V, et al. Determination of physicomechanical properties of soft soils
from medium to high strain rates [J]. International Journal of Impact Engineering, 2008, 35(9): 967-976. DOI: 10.1016/;.
ijimpeng.2007.07.004.
MARTIN B E, CHEN W N, SONG B, et al. Moisture effects on the high strain-rate behavior of sand [J]. Mechanics of
Materials, 2009, 41(6): 786—798. DOI: 10.1016/j.mechmat.2009.01.014.
SRR, RS, AAREE, PR A% 0 R S B0 R 4 R AR R PSR AT [T]. A ) oF 5 LR AR, 2005, 24(18):
3327-3331. DOI: 10.3321/.issn:1000-6915.2005.18.022.
ZHANG J M, WANG R, SHI X F, et al. Compression and crushing behavior of calcareous sand under confined compression [J].
Chinese Journal of Rock Mechanics and Engineering, 2005, 24(18): 3327-3331. DOI: 10.3321/j.issn:1000-6915.2005.18.022.
B, 2RI, R, N RS T 85 BT Y — 4 R 4 R SR 2 R R AT (D). A0 1 5 AR AR, 2019,
38(S1): 3142-3150. DOI: 10.13722/j.cnki.jrme.2018.0175.
LV Y R, LI Z Z, LI L. One-dimensional compression behavior of calcareous sand and its experimental technology under high
stress conditions [J]. Chinese Journal of Rock Mechanics and Engineering, 2019, 38(S1): 3142-3150. DOI: 10.13722/j.
cnki.jrme.2018.0175.
LUO H, LU H, COOPER W L, et al. Effect of mass density on the compressive behavior of dry sand under confinement at
high strain rates [J]. Experimental Mechanics, 2011, 51(9): 1499-1510. DOI: 10.1007/s11340-011-9475-2.
DE COLA F, PELLEGRINO A, GLOBNER C, et al. Effect of particle morphology, compaction, and confinement on the high
strain rate behavior of sand [J]. Experimental Mechanics, 2017, 58(2): 223-242. DOI: 10.1007/s11340-017-0331-x.
PARAB N D, CLAUS B, HUDSPETH M C, et al. Experimental assessment of fracture of individual sand particles at different
loading rates [J]. International Journal of Impact Engineering, 2014, 68: 8—14. DOI: 10.1016/j.ijimpeng.2014.01.003.
FALSE, HIBS I, BB, 45 RSN 012 M. AAE: thERRAHR A AL, 2017: 133-135.
THRE, T, SRS B sl J2E (M), deat: B R T H i, 2010: 31-33.
JEIEEE, AR, A B S A NG (M), S8 T ERFEBOR A R, 2016: 166-167.

GiEgitE £ )

093102-10


http://dx.doi.org/10.11883/1001-1455(2011)06-0619-05
http://dx.doi.org/10.11883/1001-1455(2011)06-0619-05
http://dx.doi.org/10.1016/j.mechmat.2009.01.003
http://dx.doi.org/10.1023/B:JAMT.0000030338.66701.e9
http://dx.doi.org/10.1016/j.ijimpeng.2013.11.001
http://dx.doi.org/10.1016/j.ijimpeng.2013.03.007
http://dx.doi.org/10.1016/j.ijimpeng.2013.03.007
http://dx.doi.org/10.1016/j.ijimpeng.2007.07.004
http://dx.doi.org/10.1016/j.mechmat.2009.01.014
http://dx.doi.org/10.1016/j.mechmat.2009.01.014
http://dx.doi.org/10.3321/j.issn:1000-6915.2005.18.022
http://dx.doi.org/10.3321/j.issn:1000-6915.2005.18.022
http://dx.doi.org/10.13722/j.cnki.jrme.2018.0175
http://dx.doi.org/10.13722/j.cnki.jrme.2018.0175
http://dx.doi.org/10.1007/s11340-011-9475-2
http://dx.doi.org/10.1007/s11340-017-0331-x
http://dx.doi.org/10.1016/j.ijimpeng.2014.01.003
http://dx.doi.org/10.11883/1001-1455(2011)06-0619-05
http://dx.doi.org/10.11883/1001-1455(2011)06-0619-05
http://dx.doi.org/10.1016/j.mechmat.2009.01.003
http://dx.doi.org/10.1023/B:JAMT.0000030338.66701.e9
http://dx.doi.org/10.1016/j.ijimpeng.2013.11.001
http://dx.doi.org/10.1016/j.ijimpeng.2013.03.007
http://dx.doi.org/10.1016/j.ijimpeng.2013.03.007
http://dx.doi.org/10.1016/j.ijimpeng.2007.07.004
http://dx.doi.org/10.1016/j.mechmat.2009.01.014
http://dx.doi.org/10.1016/j.mechmat.2009.01.014
http://dx.doi.org/10.3321/j.issn:1000-6915.2005.18.022
http://dx.doi.org/10.3321/j.issn:1000-6915.2005.18.022
http://dx.doi.org/10.13722/j.cnki.jrme.2018.0175
http://dx.doi.org/10.13722/j.cnki.jrme.2018.0175
http://dx.doi.org/10.1007/s11340-011-9475-2
http://dx.doi.org/10.1007/s11340-017-0331-x
http://dx.doi.org/10.1016/j.ijimpeng.2014.01.003

