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b 288 0y 2 Tl R — B A ) 2 AU R ST HE R AR SRR T B Jo ) A 1 B RSB T VAR SR
fiff S S A T 2 ) I 3 B Rk AR VA T, 3B DT ) A S S A M AR VR e S i i B )
fili b, 388 77 M2 A7 A PRI A ) R A7 A% 2 T 3 250 8K 1T B 22 i) S8 e 2R 480 % i X3k 1 467 % 4 AN
B, A ) P EAAFAE, IR BN T RIS B T B R R A & b R ) e e, 8
S B R T AR AN g R TR A N A R A SR GUIX IR Y g AR FIAR TR AR A, Oy T 22 1) i A 5 B4 58
RS B B AR GE KT R ) S AR ST AR S B A RESE TR JE B AR 23 M AOA] SR A T 4K
FRARY A ) S5 T A Bl ) A7 PR B e vk by AR PR UM 7 ¥ A0 2K T T o) 6 A0 11 45 DN

33 1% (peridynamics, PD) J& Silling & - 2000 4F & i 1 —Fh JE JR A # g, JEHEH T
S At T 4 4 405 45 I 34 4 [ {8 (Silling 2000, Silling & Lehoucq 2010, #F 25 2010, 7 A/ %5 2017
Jig% 45 2019, Madenci et al. 2022). X373} J) 27 & T A6 RN 3R 00 JAR, R 2L A ) 2% 3 o)
TIREHAG R0 T7 R, A T AR 2 X Jmy 4% 18] 3 AN A AR A5 ) @ M G — HO A B A )
MO GRS, T3 ) AR AR R AU A R o ORI RAT . Rk, R
Wi s )¢ BRAe (M R IR B W33l ) 2 A g AR RN 37 8)) ) S R R RO AL 3 B )y e A
Ry Ty RS S ke TN ) 5 AR T IR e B 5 2, HARAR AR ) s Z TR A FH DB =X, e e 17 44 81
IS B 137 8)) J) S A R RS AL 58 SCRUHIE T W) sl Z AR ) KB HOIR A, 23 )%
AGIKT R AT I ER R D3 A, 42 MUASHY Y ) SRR T X, 137 8 ) A AR ] B AR ) ) Ok B R I
W51 (bond-based PD). ALY 5) J) % (ordinary state-based PD) AR AT 35 )
¥ (non-ordinary state-based PD). %f T8t 3L 5 ) 2# B AY y m 2 18] I KRR AR DA 5 45 A5
P AL (R A2 T B AT G A HE B (1) 755 f N ) B mOE G 1 6 BT A1 PR Y . (R Is
WS R ) R B 5 SO AR AR T T 1) A ], R Ay i R A AR AR s A5 DUIPR Ay R A AR A

AT S LSRR BL 0 4, T S RIS 8 ) 2 AR J R, 2 R ¥ R G R AR 3 ) o
OO DL KRy e R R ) 2 ) @ (B ST R, AR T R S HOK AR . IRG R G, wRIB YRR R
RN ZhAWrR . MORL ST K R 9 95 RS REAE, e Jn n W 2R i) L) A 3 B ) S E o
it — 0 e .

2 I NF R DRE

FEUL 3 I3 7 BV v, 8 SRR LA 4 Al 25 0 2 ROk A AT AR BRI B X 0 o1 o B
AR B E 6 W BT AT AR SRR, W R 2 R <iTdm sl A aA s IR Xt
TR I I3 7 AR, T 52 T8 AR A T D AN 1Y O A B BRARAS AT 58, 3 5 1%
ALV o WILEN SRR K. WE 1 PR, /2% RL 3 1A e, 0 Aty
JR R x, FOEE) 5 RE . AR RE B DA K ) R R AR IE AT AR R
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p(z)u(z,t) = /H {T [z, t] (' —x) — T [x',t] (x — x')} AV, + b(x,t) (1)
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5% x KA, 5K, T+ AU < L33 I A AE I 3 ) 22 UK BF 530 3

B 1
WAKET 5h H FEA.

Tz, t)(€) = L&) 5721 ®3)

K, p W W R oM, wk tZIAL RS bz, ) KTy, o s 4838 Hy N I AE — 19 A
= —z HBERE, X(ONVMARE, Y(€) =y -y NERRE, Tz, N T [ ]5 50Tz
Fla' Jy 5% 42 2 TR AR [T R % R AS T I (% 2 TR ], ()38 7% 120K 25 15 T sl 5 i 0 %2 e A
o WIESHEN )1 BN, wh W R, MK R, (ARSI ER B ER Y,
q = (wz) e WFNBCE, 6 R ARFRIZIK &, ¢ )% B4 X T8 S I 8)) ) R 4T 2
)45 FH g 45 2 5570 RO ARDO AR T 07 1) A ) [ B 8 T 3w DA 43 il kg AR Bk 0 85 510 4 T8 ) T
Yy &) 5 RV By 7)) 2 PR VAR i 5 ) N TS 8 U vk, RTS8 AN
YERE T W AU Y 8l ) 5 AR Dy BRI ) B B e 4. R BRI K B A L S i R 1 TR
(Silling et al. 2007, Zhang H & Qiao 2020a).

WAL By 7 R AR e R ) B B B T 43 i D AR AR T RN B ) AR T R N T
TG BN HE AN, Le 45 (2014) HE5 T 5 A7 BI04 WA T 3 ) % B Madenci A
Oterkus (2015, 2017) FIJ 4 52 JE 210 52 W R £ 3 T a3 ) ) F i Pk B8 e A1 o 3R 1 s
TGO Sy 4, 06 B 52 YA AR RIS 58 5% W0 R B, A 39 3 ) 2 A0 T LR AE, O
FLAT 3y 8)) )y 2 R | R BE AR R A BB (R R T 5, A SRR U B T B R B X TR R}
(KPR ) (Silling et al. 2007).

3 LT NF R ETIRE

3.1 RIAENIF M EN

DT o ) s SCRR 5T T )T R AR B R E IR S, I3 8)) 70 2% A W 2R 40 BT 1) 2k
filt. ERT, N R S5 AT b 2l 7 2 i e v U] A I ARG SR ORI A e A AR Y. Horp ) R T
AR S P BT BV JU) T LA 7R 4 (Silling & Askari 2005, Zhang H & Qiao 2018a):
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| X (&) \/Go/ (4ex’ +agx) 4t
K, (O ARRABE HEHRES, s WBEAICE, s NI I FE, Go 4B Il 5 B R
R, 1 M a2 3R 1P a4 N L 53 ) 2 S8 ot 5533736 [ o RS2 i R B w Al
K24 (Zhang H & Qiao 2018a, 2020a). 3 I S A HE I, 2 B A 1 %6 sl HS JL I S K
F s I, 4T RRE 2 TA) A LA TR S K AT R, W R < I R T IR 3 )y
B, i SR s i W7 R AE A 20 A5 B, RISy Jie A T ARRE T BE R (B4R ) s I e R T
HR) A P AT I L 2 0 TR B A A R TR B FHE BT AR I RE . sk (5) P, WA
) 77 5 BRI e S AR MR 2 5 TR S B L RGE Y L e . e Ah, A 5 e
B ALY R R s B R B O 3 R S R R ) e K, e S AR AR SR Tk ST IR A A B R 5K
(Silling & Askari 2005, Ha & Bobaru 2010).
I 5 e 2 T2 I B v U A AR 7R - (Foster et al. 2011)
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L, w 9 B RE L, w ) BERE B I IR SE, B OV —HERE RN S Sl AR AN, I
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5% x KA, 5K, T+ AU < L33 I A AE I 3 ) 22 UK BF 530 5

Md=0, WAKARE; d= 11, 5iZ N GHENREENR. XS B 0T T %
WL I AEAS Y S B RE L, TR B2 R S 4 i i A% AN 22 . X R g, 0 B 40
HA A I R T 2 B ) A R k.

3.2 MEEEEXHAIIEE

MR LRI T 3 L3 8 T h W 5t R AR R T, AR EE  ROTE R S A 0T
T P43 BT IR AR A S 2 R A AN ) R, T D R ) 2 B T B A O T o TR . X R, R
([ A 1 22 F I S fe B %85 35 0 B U 2 800 S Va6 1 R 380, e AT TR A5 I A6 1R 40 440 1T A T 38
K (Silling & Askari 2005, Foster et al. 2011). Ifi FHH 4 3 L 2 S5 K80k S KR N AR | IX 7
AL B 20 B v S SRR AN G BRI L A AT R KR N AR (R S, T A R A R 1 I A )
KIRN: s = 00/ E, &5 WA ST TR BIM ELHE & 240 (Gerstle et al. 2005). J& T AL 55 fE
# %, Tsai-Hill 1 Mohr-Coulomb 5 J& #E W4 51 N AEH AT 8) ) B8, o N T2 &
FERERN 5 A A R BEIRAT R 430 B (Wang Y T et al. 2016, Hattori et al. 2018). 4Ry 3 T~ 3 & B 18
) & AR {3 AR AN T8 T T R4 1 1R A0 T 224 90 B

Ry 48— T i R T 2R B (1 I A 3R R IA 2L, Gerstle 45 (2005) #4334 70 /il 6 & LA
o} 1 AF 5% B RE R A, SR B A o B R Il S R R R A5 B T B AR IR I SR 2, SR T Ry
SE O KT AN ) ST 45 (1) 88 B Ak S ms 32 Pk k. Stewart A1 Jeon (2019) $2H1 T — R XUZ Hl 52 4l 4k
BN, KT 30 I 2 BRI 53 T 385 N 0 3 DX B N g R TP X G Sl A R R T i R R R 1R I
FAR KA, T BR T RS RT3 B2 (R 52 W0, 20 A 77 TG 2 1t A 5 iy RGP A I S A 2
fif. Je4h, Zhang H Fl Qiao (2018b) 57 T — Fi [ I 2% FE A AL 55 B R i 5 BE R AT 35 8)) J) 24 1R
BMRBERL, 5INT A B R GU 2407 52 07 2%, 43 W T 0 0 [ LRI o0 B S0F BT A ) R
TOO T 7 FLAT BN 5 R B P AR R0 AR B R R R IS R, Wang Y W 55 (2021) 07
T HIE N ) 3T S By ) R B ) SR G AL R A ) i A Wk AT 3 S 5 ) A B
Bl )y 5 SR AR T7 R B 4 A e, B T e G R R L RSP R R R RGO AE AT RE R R AR
A

PR, RGO AE XA R A ) S AR T ARGt DG &R Oy BRI b 23 A kRO R A L
f1h ik 55 R IR SRAT Ay, T G SL AT 3 Bl g e 10 S P B O3 B BRGUR S R AE AR TR
Macek 1 Silling (2007) A 5% T 5 50 A4 RT3 30 ) 22 OB MERE Y, 45 T 55 R 15 B AH G 1
U3 8)) 77 2 5 S MR A K2, 25 18 T B IA B i IR A K A8 2 5 I VAR T . A, R 5 D) B Al —
Tofss FH AR AR G M T 28 ) 2 43 W 07 0. S BRI R AT DA R R B AL ()3 37 8)) ) # W SR AR T —
HARA 4.

4 BB R LR
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RE SRR N ) 9 5 IR 0 T AR by RAE SR 20 o S INIR S K TS 8, 2 4 b 5 )
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R R AR 80 ) 2 B HE AR R A e R AR L N ) 5 B DR R T Ry, Ay T B R 4
1T 3 5)) ) 2 Tk G Wi 44 07 2% AR A4 1 T ] e

RE TR R O 1 I 24 g 27 SR i 7 X AL G Griffiths BE RS CR & X BRI L & BR
IRy, B AT 2T 8 05 2 B T SR e SR ISR W £ BTk, BT Griffiths B8 fORE R €
X, Yu Fl Li (2020) B850 87 72358 )1 24 B 2480 ge s B HOR, s —gerho g, 3
LGRS 3T G Je = 4 i T B RGL, FEE T A T RGO 0 I S K 8 IE Rk L
Zhang H Fil Qiao (2020b) #&H T ¥x 33 1 % A R LUK ER, TH 867 & B8 R4 S i
RGN e AR A A, B SR AR T e D) B B 1R TR 2480 i 9 RE RS SORL A — I
1, Zhang H 1 Qiao (2020c) ¥ & T iT35h 112 IS HE S N M e L g i S8R (WE 2),
JE FOLBEE e A AR A v SRS A B, SR FH LU AL RS 3 O3 i (1 7 o T IR & B R, KAl
T DAL T DL RTR A RS0 e RSO b Ak, st A R B RS BCR n R 34 8 12 T
TR SR At

Silling #! Lehoucq (2010) 3K H fe & sy HE 1 Rk H#HER T J R ik 3l )1 55 807 1%, IF
VB4 1 T %5 Rk, Hu W K 28 (2012a) RZEHIR H T AR RE6 J B i 4 JE 3 3750
5 PR RN A B, WS T L A SRS LA K AR A BR AT T B4 5 RN, I L
G PR G EE 45 L, B0 F T B AT st i 3 iR, A 2 S R ) 22 I & B 5K
1538 12 W AR R SRR 3 DX 18] Dy B0 2 AR 4 B A2 IR X2 B4 38, L), Stenstrom Al Eriksson
(2019, 2021) &5t T3 )15 I B AL A SKAR TE =X, Tk 1 IR BL N p R ds 5, S 7
L2l J 5 3 B K3 F 1 s

FHE 7 3 7127 3 By w] 1 — A0 SR AR 2L 202K i [ ) 5 FE X 7. Jung Fl Seok (2017) R H 47
1) 00 18 7 V00 Wi & T W 24, Gl b 3 3 8 3 2 3 B v SR G i Ny S DR, JF LAk ST
TIRG MRz 8 ) %% 57 #5 8. Panchadhara F1 Gordon (2016) F) i 3%38) ) 2% ) K %
FEE A AR R ) 5k &, fi Tt T AR G R ) 5% T B 5 RR, S T RE0N T ALVR T A 5
AN JJERER 7. 4k, & HRe s I B0 7 R b R G 1Y N g o R R ) AR T
Imachi 5§ (2018) K e/ = 3 Ji ik K AR B AR AL 80, AL T W MRS 3 8)) ) 22 I AL
FARG DT RE, H b T B A R A B G N s R L IR, AT E— SRk R T B AR
U N )58 5 R 7, 0 A T QUi A 3 RER R AR 44T O (Imachi et al. 2019, 2020). Dai
25 (2021) FIHIUE 2 )1 #0000 1 S T AS TR Gy 5 B, SRR T M SE 5 R LR T P A AR TR Y
N 758 B2 R, b4, Hattori 4 (2018) 5 Zhu Al Oterkus (2020) K HI47 7% 4 EE KL 3 8)) )
FEAERL 0T T S UE R A RIS A 2T T (10 . 7 56 B TR 7

W38 3 5 B AR AT T HH B T 2409 mi I8 &7 v 1k, AN 15 75 B0 T W 207 % 2 50 Wi
4 ), AT AR 2 O S SO A R R TR DG B R R B . Ny BRI R T B4 S
2012 AT Y 2 )1 FREHE T 1SR A 0 B 52 21 5 B¢ . J0 6] T 248U v (¥ 3. J) o 8 R -, 36
1R 8) 1) F B i = HAR R W) 3 X, ARl T 3 3l ) % B 3E— 0 SR A A9 3. SR,
U35 8) 1 2 AR AE AR A A A e W 2 ), R A TGl SR RS T IR Bk . BE R R




% x M KA, TKAE, FeAE - LI B) ) A AW R ) A U R 5 7

LS

& 2

P 5 5 % B MRS A B AR (Zhang H & Qiao 2020c).

&3

o h ¥ I (Hu W K et al. 2012a).

ST 2 2 H0nT LLARAIE B 2% R G0 o 1 2 AR TR, 100 [ I R 45 3 3 3 ) 2 A% e ¢
FHAR RS T AT RE.

4.2 BEBRIZY

Wi s 7y 2 vh GO RS SRR 40 (T /), W TR (T0 7). i T 7R 4 4 (100 7)) L)
FOR A TG, 22 IR IE 3 5)) ) 2 e S K % I J e 85 I B v D 3= 2205 B T T ARG, A1
Kb TR, TID R DA R VR 2R 2R 5 T 2R T 5 I T W A PR — T, 0 8 B IR M AR, TR
TUBATAE N 248U 10 T2 414 R, LLORIE VR & 3 24 GO o 46 O BB 1 FE e (R 1) T 280 &8 LIl
G A BRI S RE R BT R T B U U B A A AT ML SR R AL e ) L, T DATRON B AL TR e AR
(Caimmi et al. 2016, Madenci et al. 2016, Dipasquale et al. 2017), 1E £ 45 fiff 790 2 24 s L 4% A I
EFNAE (Zhang H et al. 2021). J5—J7 [0, XF Ty FHY RS R L, RE0HE RFFNRG



8 7 = biis Jie xxxx F 5 x &

TR, SR T 20 L DR B v DU A 78 43 % R T RS R TOD 289 T 584 2 500, A 0 B 5 i) JU I 4 388 ) 5
TATE W RS0 A B AT A UER S B (Ren et al. 2016, Zhang Y & Qiao 2019a).

g B HEA o AT VR A B KT 2 r) L, Oterkus A1 Madenci (2012, 2015) #3712 ) AR S 1R & 7Y
G ) ) A RL T A ST R 1 s S A S R S BT U A W s v IS TR
B PRS2 AR CA K 5~ THT B 1) R0 L AR T8 5 | (i TIT 284 B 28 il . 6F 1 [ 1) )2 R A 1)
B Hu Y L 25 (2015) %5 )2 A1 BEfE B3 B2 20 g T B L IO BRI TT 269 ke S84 A f 1 358 4, ) T ke
4y 2F A Y W A ) U ST S S AR RN REAT N . Zhang Y A Qiao (2019a) $EH T 1T
TR A 2R i) R 114 13 % 6 £ DT BREVEE DU, s SCBY VIR T 3T 35 8 ) A B 6 £ 1) SR A 7 1, S HE S A
Bl S0 5 f 5 AR T LI S e R BRI A5 ROC &R, 40 B T BY DD AT F R T1 2 G0 2 )
. Wang Y T %5 (2018). Yu H T %% (2020) L A& Madenci & (2021) 43 %l F) FH 8 Jie #% # 1k &
ST BT 3 5 ) SRR B G T B SE AR TR AR AR 2 B0 A L E R BRI, TR X R 5 £ A
R e AR T o3 S T I S A, o BT T e YRR AR, BT Al R A
53 JE VR TR e i 15 8. A3, Zhang H 2% (2021) #2 H1 T & 30 [A) P A4 RELL K ST
TR G RGN 5y 8 ) 2 W B W), HES T A A G IR I SR 23 0 I S A i P Rk B 2L
WE 4 iR, 702K ORG B R GUR T 7 3) 01 54, A0 8 7 i 49 B Groe o T AN TT 24 Wy 2R
OO Y (1) B AR TEAR A, IF 51N Benzeggagh-Kenane (B-K) 5% bR 207 A B4 W 84 E U, 257 T 3%
Bl 2R A BT R ), e BT TR A ARG A PR R R AR PR AR AT N . kA, Kk
ST ) F PR WA IR AL ¥ 8 2% T R 45 5 iR il TR A T S0 T RS 1T 28
JI5sEERF, HE b T 80900 A8 T UL SR GRS (Jung & Seok 2017, Imachi et al. 2018,
Dai et al. 2021).

T35 Bl 3 2 AT AE 43 W TR £ TR 284 0T R i R I 38 3 Bl T T A DR A RS [ S G R R
SEAR T 2 (R R A, ME DL B ANTR T 1) I35 8l ) A RGO A ) FE R R, SLEER TR o
T 7R TT AL S L0 G IR A AN ). 55— 5 T, 48 ST 3 3 ) 2F BEARAS fig d sQ SR AE Hh B R T 1)
BB A6 20 T1 284 24 40 ) I 38 B (Zhang Y & Qiao 2019a). |~ Uik HL T 1 5)) )y 24 A Y
(Madenci 45 2021) HLAR [F) I 22 SCT B 6 A A R0 i@ 3 AR T2, E % KR 5 78 T I AN g 0 Sl et o
T TR IL B ARG, HOB AR TR 5 A AR A7 A . I FH AL 7% 37 23 it ¥ 07 105 m] 43 3 L0 90w T
TR TT A0 I8 (10 5 AR TR A, AH A 5 AH DG IR 3 3% 8l g 2 S O 20HE )5 TN TR & RL R SU i e o7
i (Zhang H %5 2021).

4.3 SRR T

X T R R, REGU A vty B AT 30 A7 A S DXL 6 A Rk AR 9B AR TR e 1, WIS AT AR
Ak T SR IE R BT Y B ) R, Ay A T B A R SRR P 25 R K S TR IRES (Mitchell
2011, Rahaman et al. 2017, Javili et al. 2021, Mousavi et al. 2021). X T 5t 358 14 A4 L (1) W7 24 1] 8
Madenci Fll Oterkus (2016) 54t 1 i @ 37 1 550 38 P A4 RL K AT 19 8)) ) A8 BRG] N von-
Mises Ji I 71 W) R 5% 301 [w] 7 s A ASE 28 R FH 30 3 3 g 2 35 2808 ) R0 85 R0 BB A AR M 1l 1 R JR)
IR T BT, 3 B T 2R S0 i P A5 238 R A A R R A5 A8, 5 [ IS 25 B9 B 3 R MR AR T 1) i 7 e
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A B B A3 4 3 A A (Zhang H et al. 2021). (a) 4 7 B A H, (b) A AR, (c) Fi
BE.

AR ME U, ORI SR SRS AR RS T RS, BT T R DRI R A AR RN LA
SIBVEX A (WL 5) . Ak — 2 BT R QR B X, Zhou %5 (2018) AT T FLflHr A 28 r N
AN TE R F1 S 2 AL I 3 1R B8 P XK/ AT AR, SR SSY /I [ Jit Jik 4% 4 A1 Mohr-Coulomb Ji ik
HEN N7 T I35 80 27 g SR PE R Y 49 31 T 5 B g AH U 1 28 PEIX IR . Asgari Al Kouchakza-
deh (2019) 5& X T 3B PER R 550 ) % von-Mises 25 50 8L N ) R A5 2 S PE AR | 40 07 7
DR R PE R TEARAS, 5 BT 45 R R, B UE 7 98 Pk N ) R0 N AR 52 SCIHERA . It
4b, Liu Z M 4 (2020) 5 Zhou 4§ (2021) 73 5 A F 4F & ¥ 54k 4% £ LL & Drucker-Prager Jif it #E
W TR AT I ) ) 2 B JE I3 A TR I A R ) SR i AR T

BRI OC T o A R 1 35 8l ) 2E I T A o T R R AR A [ A A, KT
Uz 3 2y ) 2 5 S R B O e I, DL R I 4 g Ak 4y BT I S AT AR A b . b b TR AR S B I
AR L PR g s AH OGP, 28 BIUHE T A 4 (1 B Bt o D) AN 15 T 0 R R R i S
b7 e oA D) 2 WF 9 411032 R M (Madenci & Oterkus 2016). [ I 56 56 58 1 W7 24 (R AIF 9% 5 8 4 o
PEMZ LY Je = B Fr, 5P T anig A 8omr . A ihide . Re . REUl 5 RS 50 o
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4E+08 3E4-08
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2E+408 1E+08
1E+08

& s

Gt # o T o MM AR P £ M H 2 A (Madenci & Oterkus 2016). (a) u = 0.0025 m;
(b) u=0.003 m; (c) u=0.0035 m; (d) u= 0.004 m.

MrAThsR st = .
4.4 FBHER

B 58 BB T LI Ak B 4 S0 i o S s A S R T A AR T AR 5 AR T R
Y e 7 D7 28 DA e B 0 2 4% ) S ) B )T T B

Yang 45 (2018) £ 37 T S 3T 50 )1 2 10 8 BRGS0 B 40 B 6 T, SR AR LR i 4k
ke 2k B B P9 ) 5 B IR 6 2R TIN5 B T SRR e R R AR R D R 6 R 2 8
RARBFFT TR BE L T B S (v B R T S 0 {2 (R G L PR S T AR R S A R
KK M IR A5 2 8, 51 E 53 )02 5 IR TR A B, 97 55 (R G036 58 D B 45 R,
UE T BERL A Btk (Yang et al. 2020). S 43 47 fE M A4 R 10 85 1) 3= 5 8L 07 24 1) 5, Yang %%
(2021) 45 HY T 96 £ 7 284 ) 0 1 A S 3 20 R 0 AR Mk R 1 S A RURN B U118 T 1 B 43
O HY T T R S R AU G R A5 P R 5 TR R A ), R D e B9 2 T T e A 5
SR AR MBI, V)4, Rossi 5 (2019) 758 IEIT 8 Iy BB ISR B 38T WL R I A
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a 5/ b A
ft fmax
c
6frnax
GF
>
- O S0 s1 s s
o w

& 6

BERMRAFMEFH N FRHERABE. (a) TRBRAFRRAKE, (b) KF 3 hFHERD
H# A (Yang et al. 2018).

) g of B, WS T R I P A RE R B4 3 A B2 . Tong 4% (2020a, 2020b) 4 H iz 3 80 J) % B
A, R S ok R HOR A WAL ) 2 )5 BB B AR A T 0, IR 91N B G AT BR G R 5 B ST TR
PEAT R 3 8)) g 2 3 BE 4505 B 5F 23 B 17 VR e - 4 A D BE AR I . Gl 4% (2021) #2057
TR A MRHZE B AR R 3 3 0527 i 28 DR R R PR 1 32 HE AT Benzeggagh-Kenane (B-K)
W AE DU, 2 A 1 VR S 2 A A T A S R ) L

4.5 TH7SHTER )7

I3 8y g o B Bt BLOK, BTz N HT T 3 A & R 8L Diehl 4 (2019) 5 Isiet 4%
(2021) 73 GRS 40 T BEUHEB) AN LU A oy Bid S A BESh A BOR 3T 5 80 D) E i o AR
PE, Silling (2003) & X F H 3 3 5 J) 27 8 8453 §7 T Kalthoff-Winkler ) & Wi 24 % ; Ha #lI
Bobaru (2010, 2011) W97 T #8055 X (B 7) ; Agwai Fl Guven (2011) I H 8 5t
T8l 15 B T S ARG R R, I X T A ROT AR E R B A R 2 )n, T8l
03 5 A N B AN [R) A4 BRI G5 4 1) 3h &8 Wi 200 B, A48 & ) SR B (Hu WK et al. 2012b,
Ghajari et al. 2014), I AERRZ 1 ¥l (Cheng et al. 2015, Ozdemir et al. 2020), /&%t 1+ (Wu P et al.
2021, Wu & Huang 2022) FfIZ5f1 (Zhou & Wang 2016, Zhou et al. 2016) %&. Kz kit 7 X, 153
Bl 17 B A Wr R et 50 32 En] 23 D w98 Fhrh RS — 28 ] il F A 2 el B e
U375y ) o W s e ), B S A BT AE ] T RGO A 3R Sy AFILR, r BT R SUH . Il
FRRAT UL S e B BRSO 2K, G MR R ) 3e, B E MR HE 3 )1 % J
R S5 J7 R T 2R GUR I (1 Wr 3R 00 2 2 8, P 9E sh 8 1 i LB RGO R S B A Y )
5% & 5l F (Panchadhara & Gordon 2016, Hattori et al. 2018, Imachi et al. 2018).

FERE R, Bl A W7 2% — AN SBE I RN R A AR L 1 1 Ta) B, 4R ) 30 25 W 2R T 45 2 8L
A G INBCE R . KLY RS 24 0. % B2 28 W in) @105k 2y, i F AT T
A TE UK T 3 ) 2. Silling F1 Askari (2005) T K3 HY T B IS TR) A8 4 1 S B Il S
KHEM S Kilic (2008) & X T x5 J) # A K AR F K TE 2, JF 57 7 A8 10 F B0 ik



12 )| 2 it & xxxx B x &
T e
O 02 0.020.050.100.140.180.220.260.300.340.38 0.42 0 02 0 3 6 9 12 15 18 21 24 27 30
[13us] O 0
—0.02 —0.02
—0.050 —0.025 0 0.025 0.050 —0.050 —0.025 0.025 0.050
0.02 0.02
[21us] O 0
—0.02 —0.02
—0.050 —0.025 0 0.025 0.050 —0.050 —0.025 0.025 0.050
0.02 0.02
[31us] O 0
—0.02 —0.02
—0.050 —0.025 0 0.025 0.050 —0.050 —0.025 0.025 0.050
0.02 0.02
[60 us] O 0
—0.02 —0.02 . —
—0.050 —0.025 0 0.025 0.050 —0.050 —0.025 0 0.025 0.050
0.02 0.02
[75 us]
—0.02 —0.02 — —
—0.050 —0.025 0 0.025 0.050 —0.050 —0.025 0 0.025 0.050
& 7

B A # AT o = 23 MPa T4 Bl i ZI R sh A9 B An g XL K MR Gk % 2 A7 (Ha & Bobaru 2011).

SR A Ty B AL AR K AR A R s KA 1) Sun AT Huang (2016) 20 #7 T )2 & 2 & F K o
d AR )8 Chu 45 (2020) 55 Liu' Y X 45 (2022) K] Johnson-Holmquist (JH-2) Ak @7 T %
JERRHIAT  AR T AR ARTE g M R B R 1 2y ) A, IR A T B B R B A R AT O
Ah, WEE A4 5 F) ] Holmquist-Johnson-Cook (HJC) Ji #E - 86 8 | ZW'T kG 3t 1k 455 28 LA &%
Johnson-Cook (JC) s A PERLAY g7 7 38 Il TR % L. PMMA RIS A 04 R} 1 22 TE 1805 UK (1)
W3 8 1 2 L IR R e AT 00 T MR sh AW AT A (Wu L W et al. 2020, 2021; Zhan et
al. 2021).

WA, Sy 3 i 2l A5 W 24 0] 1A 35 B ) vk SRR, WU AT IR Y T AN ) S AL 2 A R R
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AR AFE: HIEN M (Dipasquale et al. 2014, Shojaei et al. 2018). A Itz 3) )1 /&
B (Macek & Silling 2007, Han et al. 2016, Ni et al. 2018) LA & ¥ 5t /35 3 5 /1 2 Rl & A Y
(Zeng et al. 2022) %%.

4.6 PR E BT

FARE G R 22— N ORGSR B 37 AR 308 36 A 2R 0 T 42 M 1) A2 2% [m) i D4 RAIE
BRLFL I, Seleson 55 (2013) 5 Alali 1 Gunzburger (2015) 43 il 57 1 15 3 8)) ) 2% 4F 7 & St i
BT PR o BT 7 A4 RE S T AR WSSO AR SR T BRI B AR S I ) BT 2 TR) L, Wang F 4%
(2014) 5 Zhang H A Qiao (2018c) I JH il A < A (K13 3 ) g 27 W s v U, 50 #r 17 2804 11 1 B
FR A4 R ST i RS ) @, Zhang Y FI Qiao (2019b) #2 th 1 T35 3h ) 2 F 0 # il BRI R i
G fie 8 T B AR ) 3 A 7 AT R SR R R, RN T S RAUI R Y I R DA EE S A )
WAL FE. T ], Behera 5% (2021) 57 7RG SRR AR UL 53 ) B, B8 T AR
JEE P R 42 F T J2=, O A0 I oA SRR R 0 A 7 B3 0 AT OURE 1 B4 e ) T 2R AN R A T
T, AR I T 2R A I 8 ) R (Anh et al. 2022). X T 5 I 2R GUK A5 1% £ 1)
L, Qin A5 (2021) FHI S LI 2 3 ) 2 BERSWE 9T 1 & T A A S T )2 R KR T 2R ) R, A4
T ARABEE S S, 7 MRS W R AT N . Zhang H 45 (2022) FIH 55 J) 27 45
T3 BT 7 UM RL S I W 2 Je) 2. AN B 8 o, 4T TR AT I 8l g s AR S I ) A
B3, RHIE I 8) )27 fe U 2S5 BORSKAR T 510 2SI BE R FIRL A TR & 25 73 285 X
5 FTH B L RS A PR, i RS AR VR B A S H) A T B O AR I, ST T A AR SUR AR IE R
SRR SE PRI, 3 B T S I SR AU S T E AT L S PR B AR S e ) L SR AZ AR Y AN AT I T o3 B
FRCPERE S, O0F T AR R TR G A T D A S Y R S < e R S o A AR U 2 B
S5, WP SERE S A T e M AR 5 N, ATt 1k — 2D T

4.7 WHERYT K

W o7 Y AR LW F O E U, o TR B AR SR
Oterkus %% (2010) B K45 H T M g N AL 1 30 J) S B (0 9% 55 & X, 70 A T MR grd
JEBY BERI 9 95 75 4. IEJ5, Silling Al Askari (2014) R Gt 7 T U835 3) 1124 (0% 95 B O 9
97 RGN S AT B T AR W 9 R, ARSI h ) s SCT RN T 3T 3 B ) S B A BR N
AR, T AT T AN R 5 W R o B (0% A i AR AR L R 9 55 R0 AR B B, T SR AN [ B AR (1)
9 55 B R, X PG S-N 9% 55 S50 i 28, $& WU A= B B 3 8 ) 0% 55 S 8 TR RGP R B
KL 57 ALY JE % Pairs N, @730 3 8)) ) 27 9% 55 Ry e e84 R %18 35 8)) ) % 9% 55 1%
R, Jung F1 Seok (2016) 55 Zhu %5 (2021) 73 BIWFF T M3 #oad N2 G AR MRS 2 A KL
9% 55 W 54 1] 81 Hong 5 (2021) 5 Ma %5 (2022) 20 8T T F1 K 4% B S Rk B rb 190 57 4 80 A
PR . AE Silling (99 55 B IL Al F | Zhang G F 45 (2016) F ] s A4 45 N 738 B M a0k 4%, 31
TR RN RS E PR, PO TR TR R DL R W AR S A AR 1 9 57 2 S0 A IS B . Jung A Seok
(2017) 51N TAEIER Paris #EW BA R 3535 8)) )1 2% T FU0r, SKAR T T-IL A R L01) 95% 55 Wi 2. Liu
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MM A R R I 50 h F A (Zhang H et al. 2022). (a) # £ R 3 /3 4 £, (b) 2237
WAFHER RS A N

a . b lge e
T ‘%b’ﬁé
o
S AT
TR
4
KRk

&9

W s N HHEA (Silling & Askari 2014). (a) B Lk HFzh h ¥4, (b) HF o FH %
WA S HRE.

B C %5 (2020b) 37 1 1E 3l 125 57 o s SR BURBERL, WIS 1 AH St I 6 TC18 Bk & 9 57 R Ui
FefusZma. tbAh, Hu A1 Madenci (2017) A ] S-N % 57 1 £ 48 1E 44 BE i 5 B8 BRI, 708 T
i 15 L2 A A BHZ A BRI 57 iR . Nguyen 45 (2021) $th 7 — Rk TR RE B % L L% 3) )
TR SN TR OT A N IR BRI AR AT E . Bang A5 (2021) 23 590 A BCE AN A B
T LR 55 6 Bt SR T 35 3 03 A 0% S5 RS A n TR 5T ) A, Li 4% (2022) $E i
T ERPERDRL R AR R RS S 3 ) O R, SR T ORI B T2 5 Tk A AR AL AR AR, S T AR
PR [ 5 (] 2 DL R 57 W 24

SRR, L3 80 01 AR W 3 ) 2 2 A SIS T AR (K E e, i T Lo Bk, TR
W N2 ROBE AN 22 ) BE 37 R 5 A P ER I 288 ) R0 ) 2 SR T RO, 3 8 ) 234 2 RIS 2 1)
BRI LS T SRS ROR . TR AEAE (2017) RUBTEESS (2019) LRI TEN 4 T 5)
WEZEINLETIEZY P BE Red EFURiNE oI ne i3S
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5 4 18

I ah 15 K AR SR AR 3 TF S A g, S T AR I S DR ER s IR S A A T g A
HE 2R 08 72 (R 2 5 AR 2, i S 1 ARE S 40 1 b B, DATIE RT3 AR A HL [ 5 4 116y 7 284 432 105 i)
B AR SCRG R T8 01 5 (R PR AR R R R O, PR A 4l T AL 80 ) S A R R
SUCRMR . BERRLGL FBTERIR . R AW PRI I W A 57 A
5 Tl AT SRt e

KIERA L E) I A AR W R T 2 1 BTy FEBL T AL BB WESCIIR A, 1T 8 ) 4
WEFE IR T2 e . B TR PE RS RE . TSRS S P 20 M i 0 e 2 B8P L & T P4
TRERREU € R B, LA SR . % 57 REUY R S5 e eIk 54 e AR 3 37 80 g 24 ik 9
R B 2 . RN, 54 1 2 W R 23— Do, W e BRI R,
TAVERSRL ) R RIS . = YE AU R AR L I 2% 5 46 1R IR 2R 5 A DA R ZR BT i 22 FRUREToM
RALAE.

S K AR B S 4 (12172192, 11972224, 12102226). h [E 1 4 J5 B 2 3 4
(2021M691798) By I H .

& % 3wt

wWhE, TE, e A, TRUE. 2010. BB )12 T RN L J) 2 RS, 40: 448-459 (Huang D, Zhang Q, Qiao P Z,
Shen F. 2010. A review on peridynamics (PD) method and its application. Advances in Mechanics, 40: 448-459).

T, K5, akIE, sRESC. 2017, Im3A BN I EWIGTRERE. 12421, 38: 1-13 (Qiao P Z, Zhang Y, Zhang H, Zhang L
W. 2017. A review on advances in peridynamics. Chinese Quarterly of Mechanics, 38: 1-13).

JWiF%, T, Erdogan M. 2019. 2 E I 51 oW a3 3) ) 28 5 05k, Ji2# it e, 49: 576-598 (Gu X,
Zhang Q, Madenci E. 2019. Review of peridynamics for multi-physics coupling modeling. Advances in Mechanics, 49:
576-598).

Agwai A, Guven I. 2011. Predicting crack propagation with peridynamics: a comparative study. International Journal of
Fracture, 171: 65-78.

Alali B, Gunzburger M. 2015. Peridynamics and Material Interfaces. Journal of Elasticity, 120: 225-248.

Anh H, Hanlin N, Satoyuki W, et al. 2022. An in-depth investigation of bimaterial interface modeling using ordinary
state-based peridynamics. Journal of Peridynamics and Nonlocal Modeling, 4: 112-138.

Asgari M, Kouchakzadeh M A. 2019. An equivalent von Mises stress and corresponding equivalent plastic strain for
elastic—plastic ordinary peridynamics. Meccanica, 54: 1001-1014.

Bang D J, Ince A, Oterkus E, Oterkus S. 2021. Crack growth modeling and simulation of a peridynamic fatigue model
based on numerical and analytical solution approaches. Theoretical and Applied Fracture Mechanics, 114: 103026.

Behera D, Roy P, Madenci E. 2021. Peridynamic modeling of bonded-lap joints with viscoelastic adhesives in the
presence of finite deformation. Computer Methods in Applied Mechanics and Engineering, 374: 113584.

Caimmi F, Haddadi E, Choupani N, et al. 2016. Modelling mixed-mode fracture in poly(methylmethacrylate) using
peridynamics. Procedia Structural Integrity, 2: 166-173.

Cheng Z Q, Zhang G F, Wang Y N, Bobaru F. 2015. A peridynamic model for dynamic fracture in functionally graded
materials. Composite Structures, 133: 529-546.


https://doi.org/10.6052/1000-0992-2010-4-J2010-002
https://doi.org/10.6052/1000-0992-2010-4-J2010-002

16 Vi = Beia i xxxx F 5 x 4

Chu B F, Liu Q W, Liu L S, et al. 2020. A rate-dependent peridynamic model for the dynamic behavior of ceramic
materials. CMES - Computer Modeling in Engineering and Sciences, 124: 151-178.

Dai M J, Tanaka S, Oterkus S, Oterkus E. 2021. Mixed-mode stress intensity factors evaluation of flat shells under in-
plane loading employing ordinary state-based peridynamics. Theoretical and Applied Fracture Mechanics, 112: 102841.
Diehl P, Prudhomme S, Lévesque M. 2019. A review of benchmark experiments for the validation of peridynamics

models. Journal of Peridynamics and Nonlocal Modeling, 1: 14-35.

Dipasquale D, Zaccariotto M, Galvanetto U. 2014. Crack propagation with adaptive grid refinement in 2D peridynamics.
International Journal of Fracture, 190: 1-22.

Dipasquale D, Sarego G, Zaccariotto M, Galvanetto U. 2017. A discussion on failure criteria for ordinary state-based
peridynamics. Engineering Fracture Mechanics, 186: 378-398.

Foster J T, Silling S A, Chen W N. 2011. An energy based failure criterion for use with peridynamic states. International
Journal for Multiscale Computational Engineering, 9: 675-687.

Gerstle W, Sau N, Silling S A. 2005. Peridynamic modeling of plain and reinforced concrete structures//18th
International Conference on Structural Mechanics in Reactor Technology (SMiRT 18), Beijing.

Ghajari M, Iannucci L, Curtis P. 2014. A peridynamic material model for the analysis of dynamic crack propagation in
orthotropic media. Computer Methods in Applied Mechanics and Engineering, 276: 431-452.

GuiY J,YuY, HuY L, et al. 2021. A peridynamic cohesive zone model for composite laminates. Journal of Peridynamics
and Nonlocal Modeling, 3: 383-409.

Ha Y D, Bobaru F. 2010. Studies of dynamic crack propagation and crack branching with peridynamics. International
Journal of Fracture, 162: 229-244.

Ha Y D, Bobaru F. 2011. Characteristics of dynamic brittle fracture captured with peridynamics. Engineering Fracture
Mechanics, 78: 1156-1168.

Han F, Lubineau G, Azdoud Y, Yan A. 2016. Adaptive coupling between damage mechanics and peridynamics: A route
for objective simulation of material degradation up to complete failure. Journal of the Mechanics and Physics of Solids,
94: 453-472.

Hattori G, Trevelyan J, Coombs W M. 2018. A non-ordinary state-based peridynamics framework for anisotropic
materials. Computer Methods in Applied Mechanics and Engineering, 339: 416-442.

Hong K, Oterkus S, Oterkus E. 2021. Peridynamic analysis of fatigue crack growth in fillet welded joints. Ocean
Engineering, 235: 109348.

Hu W K, Ha Y D, Bobaru F, Silling S A. 2012a. The formulation and computation of the nonlocal J-integral in bond-
based peridynamics. International Journal of Fracture, 176: 195-206.

Hu W K, Ha Y D, Bobaru F. 2012b. Peridynamic model for dynamic fracture in unidirectional fiber-reinforced
composites. Computer Methods in Applied Mechanics and Engineering, 217-220: 247-261.

Hu Y L, De Carvalho N V, Madenci E. 2015. Peridynamic modeling of delamination growth in composite laminates.
Composite Structures, 132: 610-620.

Hu Y L, Madenci E. 2017. Peridynamics for fatigue life and residual strength prediction of composite laminates.
Composite Structures, 160: 169-184.

Imachi M, Tanaka S, Bui T Q, et al. 2019. A computational approach based on ordinary state-based peridynamics with
new transition bond for dynamic fracture analysis. Engineering Fracture Mechanics, 206: 359-374.

Imachi M, Tanaka S, Quoc T, Bui T Q. 2018. Mixed-mode dynamic stress intensity factors evaluation using ordinary
state-based peridynamics. Theoretical and Applied Fracture Mechanics, 93: 97-104.

Imachi M, Tanaka S, Ozdemir M, et al. 2020. Dynamic crack arrest analysis by ordinary state-based peridynamics.
International Journal of Fracture, 221: 155-169.

Isiet M, Miskovi¢ I, Miskovi¢ S. 2021. Review of peridynamic modelling of material failure and damage due to impact.



5% x KA, 5K, T+ AU < L33 I A AE I 3 ) 22 UK BF 530 17

International Journal of Impact Engineering, 147: 103740.

Javili A, McBride A T, Mergheim J, Steinmann P. 2021. Towards elasto-plastic continuum-kinematics-inspired
peridynamics. Computer Methods in Applied Mechanics and Engineering, 380: 113809.

Jung J, Seok J. 2016. Fatigue crack growth analysis in layered heterogeneous material systems using peridynamic
approach. Composite Structures, 152: 403-407.

Jung J, Seok J. 2017. Mixed-mode fatigue crack growth analysis using peridynamic approach. International Journal of
Fatigue, 103: 591-603.

Kilic B. 2008. Peridynamic theory for progressive failure prediction in homogeneous and heterogeneous materials. [PhD
Thesis]. Tucson: The University of Arizona.

Le Q V, Chan W K, Schwartz J. 2014. A two-dimensional ordinary, state-based peridynamic model for linearly elastic
solids. International Journal for Numerical Methods in Engineering, 98: 547-561.

Li H X, Hao Z M, Li P, et al. 2022. A low cycle fatigue cracking simulation method of non-ordinary state-based
peridynamics. International Journal of Fatigue, 156: 106638.

Liu B C, Wang K, Bao R, Sui F. 2020. The effects of a/p phase interfaces on fatigue crack deflections in additively
manufactured titanium alloy: A peridynamic study. International Journal of Fatigue, 137: 105622.

Liu Y X, Liu L S, Mei H, et al. 2022. A modified rate-dependent peridynamic model with rotation effect for dynamic
mechanical behavior of ceramic materials. Computer Methods in Applied Mechanics and Engineering, 388: 114246.

LiuZ M, Bie Y H, Cui Z Q, Cui X Y. 2020. Ordinary state-based peridynamics for nonlinear hardening plastic materials’
deformation and its fracture process. Engineering Fracture Mechanics, 223: 106782.

Ma X C, Wang L, Xu J H, et al. 2022. A two-dimensional ordinary state-based peridynamic model for surface fatigue
crack propagation in railheads. Engineering Fracture Mechanics, 265: 108362.

Macek R W, Silling S A. 2007. Peridynamics via finite element analysis. Finite Elements in Analysis and Design, 43: 1169-
1178.

Madenci E. 2017. Peridynamic integrals for strain invariants of homogeneous deformation. Zeitschrift fur Angewandte
Mathematik und Mechanik, 97: 1236-1251.

Madenci E, Barut A, Phan N. 2021. Bond-based peridynamics with stretch and rotation kinematics for opening and
shearing modes of fracture. Journal of Peridynamics and Nonlocal Modeling, 3: 211-254.

Madenci E, Colavito K, Phan N. 2016. Peridynamics for unguided crack growth prediction under mixed-mode loading.
Engineering Fracture Mechanics, 167: 34-44.

Madenci E, Oterkus E. 2015. Peridynamic Theory and Its Applications. New York: Springer.

Madenci E, Oterkus S. 2016. Ordinary state-based peridynamics for plastic deformation according to von Mises yield
criteria with isotropic hardening. Journal of the Mechanics and Physics of Solids, 86: 192-219.

Madenci E, Roy P, Behera D. 2022. Advances in Peridynamics. Springer Nature.

Mitchell J A. 2011. A nonlocal, ordinary, state-based plasticity model for peridynamics. SAND2011-3166, Sandia
National Laboratories, Albuquerque.

Mousavi F, Jafarzadeh S, Bobaru F. 2021. An ordinary state-based peridynamic elastoplastic 2D model consistent with
J2 plasticity. International Journal of Solids and Structures, 229: 111146.

Nguyen C T, Oterkus S, Oterkus E. 2021. An energy-based peridynamic model for fatigue cracking. Engineering Fracture
Mechanics, 241: 107373.

Ni T, Zhu Q Z, Zhao L Y, Li P F. 2018. Peridynamic simulation of fracture in quasi brittle solids using irregular finite
element mesh. Engineering Fracture Mechanics, 188: 320-343.

Oterkus E, Guven I, Madenci E. 2010. Fatigue failure model with peridynamic theory//12th IEEE Intersociety

Conference on Thermal and Thermomechanical Phenomena in Electronic Systems, Las Vegas.



18 Vi = Beia i xxxx F 5 x 4

Oterkus E, Madenci E. 2012. Peridynamic analysis of fiber-reinforced composite materials. Journal of Mechanics of
Materials and Structures, T: 45-84.

Oterkus S, Madenci E. 2015. Peridynamics for antiplane shear and torsional deformations. Journal of Mechanics of
Materials and Structures, 10: 167-193.

Ozdemir M, Akb C, Mi D, et al. 2020. Dynamic fracture analysis of functionally graded materials using ordinary state-
based peridynamics. Composite Structures, 244: 112296.

Panchadhara R, Gordon P A. 2016. Application of peridynamic stress intensity factors to dynamic fracture initiation and
propagation. International Journal of Fracture, 201: 81-96.

Qin M Q, Yang D S, Chen W Z, Yang S Q. 2021. Hydraulic fracturing model of a layered rock mass based on
peridynamics. Engineering Fracture Mechanics, 258: 108088.

Rahaman M M, Roy P, Roy D, et al. 2017. A peridynamic model for plasticity: Micro-inertia based flow rule, entropy
equivalence and localization residuals. Computer Methods in Applied Mechanics and Engineering, 327: 369-391.

Ren H L, Zhuang X Y, Rabczuk T. 2016. A new peridynamic formulation with shear deformation for elastic solid.
Journal of Micromechanics and Molecular Physics, 1: 1-24.

Rossi C N, Invaldi M A, Barrios D R, Iturrioz I. 2019. An alternative bilinear peridynamic model to simulate the damage
process in quasi-brittle materials. Engineering Fracture Mechanics, 216: 106494.

Seleson P, Gunzburger M, Parks M L. 2013. Interface problems in nonlocal diffusion and sharp transitions between local
and nonlocal domains. Computer Methods in Applied Mechanics and Engineering, 266: 185-204.

Shojaei A, Mossaiby F, Zaccariotto M, Galvanetto U. 2018. An adaptive multi-grid peridynamic method for dynamic
fracture analysis. International Journal of Mechanical Sciences, 144: 600-617.

Silling S A. 2000. Reformulation of elasticity theory for discontinuities and long-range forces. Journal of the Mechanics and
Physics of Solids, 48: 175-209.

Silling S A. 2003. Dynamic fracture modeling with a meshfree peridynamic code//Bathe KJ (ed) Computational fluid
and solid mechanics 2003, Amsterdam, 641-644.

Silling S A, Askari A. 2014. Peridynamic model for fatigue cracks. SAND2014-18590, Sandia National Laboratories,
Albuquerque.

Silling S A, Askari E. 2005. A meshfree method based on the peridynamic model of solid mechanics. Computers and
Structures, 83: 1526-1535.

Silling S A, Epton M, Weckner O, et al. 2007. Peridynamic states and constitutive modeling. Journal of Elasticity, 88: 151-
184.

Silling S A, Lehoucq R B. 2010. Peridynamic theory of solid mechanics. Advances in Applied Mechanics, 44: 73-168.

Stenstrom C, Eriksson K. 2019. The J-contour integral in peridynamics via displacements. International Journal of
Fracture, 216: 173-183.

Stenstrom C, Eriksson K. 2021. The J-area integral applied in peridynamics. International Journal of Fracture, 228: 127-
142.

Stewart R J, Jeon B. 2019. Decoupling strength and grid resolution in peridynamic theory. Journal of Peridynamics and
Nonlocal Modeling, 1: 97-106.

Sun C Y, Huang Z X. 2016. Peridynamic simulation to impacting damage in composite laminate. Composite Structures,
138: 335-341.

Tong Y, Shen W Q, Shao J F. 2020a. An adaptive coupling method of state-based peridynamics theory and finite
element method for modeling progressive failure process in cohesive materials. Computer Methods in Applied Mechanics
and Engineering, 370: 113248.

Tong Y, Shen W Q, Shao J F, Chen J L. 2020b. A new bond model in peridynamics theory for progressive failure in

cohesive brittle materials. Engineering Fracture Mechanics, 223: 106767.



5% x KA, 5K, T+ AU < L33 I A AE I 3 ) 22 UK BF 530 19

Wang F, Liu L, Liu Q, et al. 2014. Studies of bimaterial interface fracture with peridynamics//11th World Congress on
Computational Mechanics (WCCM), Barcelona.

Wang Y W, Han F, Lubineau G. 2021. Strength-induced peridynamic modeling and simulation of fractures in brittle
materials. Computer Methods in Applied Mechanics and Engineering, 374: 113558.

Wang Y T, Zhou X P, Wang Y, Shou Y D. 2018. A 3-D conjugated bond-pair-based peridynamic formulation for
initiation and propagation of cracks in brittle solids. International Journal of Solids and Structures, 134: 89-115.

Wang Y T, Zhou X P, Xu X. 2016. Numerical simulation of propagation and coalescence of flaws in rock materials under
compressive loads using the extended non-ordinary state-based peridynamics. Engineering Fracture Mechanics, 163: 248-
273.

Wu L W, Huang D. 2022. Peridynamic modeling and simulations on concrete dynamic failure and penetration subjected
to impact loadings. Engineering Fracture Mechanics, 259: 108135.

Wu L W, Huang D, Bobaru F. 2021. A reformulated rate-dependent visco-elastic model for dynamic deformation and
fracture of PMMA with peridynamics. International Journal of Impact Engineering, 149: 103791.

Wu L W, Huang D, Xu Y P, Wang L. 2020. A rate-dependent dynamic damage model in peridynamics for concrete
under impact loading. International Journal of Damage Mechanics, 29: 1035-1058.

Wu P, Yang F, Chen Z G, Bobaru F. 2021. Stochastically homogenized peridynamic model for dynamic fracture analysis
of concrete. Engineering Fracture Mechanics, 253: 107863.

Yang D, Dong W, Liu X F, et al. 2018. Investigation on mode-I crack propagation in concrete using bond-based
peridynamics with a new damage model. Engineering Fracture Mechanics, 199: 567-581.

Yang D, He X Q, Liu X F, et al. 2020. A peridynamics-based cohesive zone model (PD-CZM) for predicting cohesive
crack propagation. International Journal of Mechanical Sciences, 184: 105830.

Yang D, He X Q, Zhu J Q, Bie Z W. 2021. A novel damage model in the peridynamics-based cohesive zone method (PD-
CZM) for mixed mode fracture with its implicit implementation. Computer Methods in Applied Mechanics and
Engineering, 377: 113721.

Yu HT, Chen X Z, Sun Y Q. 2020. A generalized bond-based peridynamic model for quasi-brittle materials enriched
with bond tension- rotation—shear coupling effects. Computer Methods in Applied Mechanics and Engineering, 372:
113405.

Yu H C, Li S F. 2020. On energy release rates in Peridynamics. Journal of the Mechanics and Physics of Solids, 142:
104024.

Zeng 7 X, Zhang H, Zhang X, et al. 2022. An adaptive peridynamics material point method for dynamic fracture.
Computer Methods in Applied Mechanics and Engineering, 393: 114786.

Zhan J M, Yao X H, Han F, Zhang X Q. 2021. A rate-dependent peridynamic model for predicting the dynamic response
of particle reinforced metal matrix composites. Composite Structures, 263: 113673.

Zhang G F, Le Q, Loghin A, et al. 2016. Validation of a peridynamic model for fatigue cracking. Engineering Fracture
Mechanics, 162: 76-94.

Zhang H, Qiao P Z. 2018a. A state-based peridynamic model for quantitative fracture analysis. International Journal of
Fracture, 211: 217-235.

Zhang H, Qiao P Z. 2018b. A coupled peridynamic strength and fracture criterion for open-hole failure analysis of plates
under tensile load. Engineering Fracture Mechanics, 204: 103-118.

Zhang H, Qiao P Z. 2018c. An extended state-based peridynamic model for damage growth prediction of bimaterial
structures under thermomechanical loading. Engineering Fracture Mechanics, 189: 81-97.

Zhang H, Qiao P Z. 2020a. A two-dimensional ordinary state-based peridynamic model for elastic and fracture analysis.
Engineering Fracture Mechanics, 232: 107040.

Zhang H, Qiao P Z. 2020b. On the computation of energy release rates by a peridynamic virtual crack extension method.



20 Vi = Beia i xxxx F 5 x 4

Computer Methods in Applied Mechanics and Engineering, 363: 112883.

Zhang H, Qiao P Z. 2020c. Virtual crack closure technique in peridynamic theory. Computer Methods in Applied Mechanics
and Engineering, 372: 113318.

Zhang H, Zhang X, Liu Y, Qiao P Z. 2022. Peridynamic modeling of elastic bimaterial interface fracture. Computer
Methods in Applied Mechanics and Engineering, 390: 114458.

Zhang H, Zhang X, Qiao P Z. 2021. A new peridynamic mixed-mode bond failure model for interface delamination and
homogeneous materials fracture analysis. Computer Methods in Applied Mechanics and Engineering, 379: 113728.

Zhang Y, Qiao P Z. 2019a. A new bond failure criterion for ordinary state-based peridynamic mode II fracture analysis.
International Journal of Fracture, 215: 105-128.

Zhang Y, Qiao P Z. 2019b. Peridynamic simulation of two-dimensional axisymmetric pull-out tests. International Journal
of Solids and Structures, 168: 41-57.

Zhou X P, Shou Y D, Berto F. 2018. Analysis of the plastic zone near the crack tips under the uniaxial tension using
ordinary state-based peridynamics. Fatigue and Fracture of Engineering Materials and Structures, 41: 1159-1170.

Zhou X P, Wang Y T. 2016. Numerical simulation of crack propagation and coalescence in pre-cracked rock-like
Brazilian disks using the non-ordinary state-based peridynamics. International Journal of Rock Mechanics and Mining
Sciences, 89: 235-249.

Zhou X P, Wang Y T, Qian Q H. 2016. Numerical simulation of crack curving and branching in brittle materials under
dynamic loads using the extended non-ordinary state-based peridynamics. Furopean Journal of Mechanics, A/Solids,60:
277-299.

Zhou X P, Zhang T, Qian Q H. 2021. A two-dimensional ordinary state-based peridynamic model for plastic deformation
based on Drucker-Prager criteria with non-associated flow rule. International Journal of Rock Mechanics and Mining
Sciences, 146: 104857.

Zhu N, Kochan C, Oterkus E, Oterkus S. 2021. Fatigue analysis of polycrystalline materials using Peridynamic Theory
with a novel crack tip detection algorithm. Ocean Engineering, 222: 108572.

Zhu N, Oterkus E. 2020. Calculation of stress intensity factor using displacement extrapolation method in peridynamic

framework. Journal of Mechanics, 36: 235-243.



% x KA, 5K, T+ AU < L33 I A AE I 3 ) 22 UK BF 530 21

Advances of peridynamics in fracture mechanics
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Abstract In peridynamics, nonlocal integrals are proposed to calculate the node internal forces, and
a unified mathematical framework is utilized to describe spatial continuity and discontinuity, which
thus avoid the stress singularity caused by the local spatial derivative in the discontinuous region. Nu-
merical peridynamic models have meshfree property, which is naturally capable of analyzing the frac-
ture problems. In this paper, the elastic peridynamic model is briefly introduced, and the critical
stretch, critical energy density, and strength-based peridynamic bond failure criteria are successively
presented. Then, the research advances of peridynamics in the field of fracture mechanics are system-
atically introduced, including the computations of energy release rate and stress intensity factor, J in-
tegral, mixed-mode crack fracture, elastoplastic fracture, cohesive zone model, dynamic fracture, hy-
brid material interface fracture, and fatigue crack growth. Finally, the prospects for further research of

peridynamics in fracture mechanics is provided.
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