= ) /B HIY RAL R TTE A

. Y .
2 gy A g IR Bx IR gk«

* (BIETAL K2 ARG KF TSGR, A8 230009)

+ CRBEER R AR TRESM, &8 230601)

WE: ELHUEELT, =4k VIR L/ R DXOSA7 (2 BN ARk, U T IEA S R . A
FEHANENL 7 =4y RIS OTIA(XBEM), T fr 4R st v IRT) /R QUSSR R RIS 11370 Jefs
ZYRERINE V BN I ZREUE R 73 RSN B TEAE R Z 25 /N R TEAL e BN 45 o 2R3 /I s T A A RIS 4% PR R
F AR ImAR [ B RS BOATE R IT (A, Horh R XIS B2 35 S AR 4 A0R8 AN )45 AL A pR BOE I 4R (LA
MEIRERAT o T BRI 20 TROIR B R B E N FEACR AR . 422 BT 380E RO SME S50 R W I 5 ek o . 13
BT REHRSL SR T 3RAG =4 V TE) 2R EUES ) e B LA RN 137, A3 D) I 2R EUS DX SSAS 4 S 3. 3
J&IL R ICEBA ENTERAE, & T =g VIR D 2RSUEER Se AL R AN D13 ) 70 A, FLA mRS A 4
TR MRS X I BE ARG ) DX SR S BN 33 0 ARE T T =4 AL FOTiERE Y, SCh et TN R, i
LSRN, R T RIL T ICIER M =Y V D) 1 /2R GUEE K 58 8 N 137 A TRERA PR AN A R

KA —HEVIORLG N §RRIASGEAXBEM); #TIEfETT

hESAS: 03432 CHEVRIRIE: A

ik

5l

TEEAR HUMA 2% TR P L HI =
4tV IBVIE RS, R =05 IR = A X
HWEEIAE XA . BT U AR BOR ) 2H R ) 2R
B =Y VOBV RS ) 5R S R
P I o T B R A A R ) AR R A . [
M, WEFITFE =48 Vv R /RLE MR 13 R
A BB R S SO TR S & .

H el E AR T =48 VIR /280885
B R 2 JR PR T 2R I () A e T 82 77 58 [
T RBAYEBEZ. Chue M LinEH T IER &
[ S P ) N g 3 S B i) — Fce, IR R AR S
PR T U0 10 A B2 38 5 Ak AR b R R
Ungamornrat!?! ff| 55 & 7 % #% Galerkin 14 # Jo ik
(SGBEM) 73 #T T =4t 22 AH R} 42 5511 R SU 25 K4y 1)
N 1% 5Pk . Sator A1 Becker® 5% F 55 45 bR £l 345
2 )[R 2 R Sk v S N ) A S 1 e O
Mrfdt. BHoRZESEWER N T = Yo 35 n) B = B 1 S
TG Ay e AL A7 5 AR 7 B A R,
BE 45 RAR W2 T ] = o Sl ook L
AR AR . Wu S5 T B Bl PRod A8 a7 A%
(FET)H 18, HE5: 28 55014 25 1) S PR UM ) 25 g 1
THI 8L 3 325 000~ AT A

WAk, XF 5 FE DR PR e Bt 9 e L

D BEF RIS EIITE (11272111, 11772114).
2) Zegs, tld, AFEE S AHTS. Email: 478617661@qg.com

DOI: 10.6052/0459-1879-20-129

BRN . SO RIS T ot Ry e IR eik,
FT AT B 8 24804 o B 7 55 K1 1)
KARTTIE . Xu HEMED KB BRSECR, K
FR IR T = 4 5 T 24 S0 B 7 56 A
To FIRMARECRHAENZ REY RBERT
VTR T = 4E 1 BN -1 B AL N o
FER . BUEAEPER G0 N 135 1A BRIC#
THE T =AU N SRR T, HERFGE =4
RLBAR BB 0 T2 B (B F) N ARAR A« Fakovr A
Ghoreishi' W8 T HUIRSCAE . #id. G0 R 46 A
FONT WL AR B 58 FE R T [0 . Huang 511BR
MAERE (FBMD i T F g AE S sh 1 2
NHINIRE R TR ¢ N fy. BEEAEIZR T = 4
T PAR AR 2 E AR AR N, U E 3R
BE AR R B, R FEM M5 T =485 558
KGR 1 3 52 N /758 2 R - Magnus!'!
KH FEM #7117 =455 M R IE A A 1B KR
YEF RIS /13 . Dhanesh 25E0M4R FHEAR S BT A
MMEKM 4387 7 =4kt B &M RHZE SR AE 2]
B, . BB NN Y, 43R
SR T E MR 1% MMEKM @78 AR A
YT TH B R AT MR SRR » StasyukSI5E T ok
TRy T e, T T = 4Esi i TERR R RN R
S A PR AN R AR B R A S BB = A
FIREFER T, FReh T 280k A1 nE T 1R
13

3) 4R GEIEZE) , #d%, MFEMEA S5, Email: niu-zr@hfut.edu.cn
SRR R, AR, WIRE, SR, S4EV) /RSN RIS IR, 1R, 2020,
Li Cong, Niu Zhongrong, Hu Zongjun, Hu Bin. Analysis of 3-D notched/cracked structures by using extended boundary element method. Chinese Journal of

Theoretical and Applied Mechnics, 2020,



Karsten A Gunther!'013% B 68 i A i A8l 1
Bk L R R Ay Rk, Ha RIS
U 55 B & 84F . Li Al Guol SR =4k FEM W7
TABREERAE RN IER R VORI AR
UM )3, W FLEE SRR TR V)T A XS
N EE R R A B S 152 56 Park A Nikishkov!!®)
$EH T SGBEM-FEM A& J7¥2:, % 5 60 38U i
=YEPIAEEPIRSUHY . Lan LR =
4t FEM 40 756 SRR S 2UmE F e
R, FETL T RaR A R u R ST ME LY R
B ROSERPRA FN 25 SR R2 00 . Dias S5POCRH A
PR TG VEBH T HEREPEA R = 4R ad i 1] 7,
] m RO, B AN S e [ PERE - Ding Al
Wang?'R H = 41l 5t )2 (/N L R ) 2 5o = 4
INRARHEAT TSR VERIIL, AUl SRR T AR X
WAERT 5 T N30 B8 X ) R R AR W& 52
W, EH IR/ TTIAEs2 28] T N JTHIE2m .

Wang S22 I @7 = 4E S SRR 2 Bl LA 451
TR O SE MR 2 B oo Y, Al T = 4ERk
IR E S RE -100°C £ —-140°C ANFREY R
(R R AT A RN T RN A7

WEFL =4t Vv IBY) /RS SRR 2
HRZ SR IRIERE TSR 1 By A PEFE A S AR 2
fih EAS RS R AR, Tioe T =4k U 1 /24445
SEREN R AN S 3 Wk Z 6 3807 AT
Yk VO] OSSR ) A A B 3512324 )
SRARIBAR, TR I B FEAT R8T 6 2 A A o1 BBl 5 44
(AT TR TR IR =4 Vv TR /38045 1 52 5
PRI FE RN F13%, W2 RY BT I01E(XBEM).
XBEM i} T B4R A% 1 B 85 - (L 5 R I 20
T TR AE 5 BOFASFAE PR B . S ok J8 i S 491
SE BRI XBEM Rl =4 V L) /24 B85 1) 52 3
N7 337 VR A L P

1 B4 vV Y 0/RERIRMHEN ha R gt

x(2)

Bl 1 =48 VD)
Fig. 1 A 3-D V-notched structure

x(z)
~

(a) FIGRY)I Rk 2 2 B TEAL AR A1 Bl S5 4

(b) IS 4 28 1 i A A

(a) The outer structure removed a sectoral column (b) The sectoral column around the notch tip
Bl 2 =4 V U] 542 2/ i TR AL

Fig. 2 A sectoral column is separated from the 3-D V-notched structure

e = AR VIRV O 55K), WK 1 s, H
MY A5k MAN a=21-61-62. 4 0=0" 1}, E 1 i
GEMPN =YL B =48 V IBEY) D S5K N —
A48 r=p R TEAEAR (B 2b) 1A 4544 (] 22)

oo ANEIZERFIE BRIIL Sy ) AEY) S0
Ab A I 5 SUHH R R A8 R oxixaxs AL AR B &R
orOz(FEAR IR B o TEVIIR) . JE TEAEARIE B )&
SEVEDX K, A1 2 A A TE N 3 AT S 1 1 3 5 [X



o XF—A=4 v EUIO4K, B 2b st
2 ity P AT 87 g 7 S M XA R A 2 37 1T 3Rk o T
18] r HHTT 285 T 2125 260,

N
u,(r,0,2)=> A", (6,2,4,)
k=1
N
uy(r,0,2) =Y Ar*"i, (0,2,4,) (1)
k=1

N
u_(r,0,z)= z Ar*a, (0,2,4,)
k=1

s A AMBIRIERE, M DI DR A RS HE
fE ¥8 %0, N R ooR BOECM g% o4,

i, (0,2, ) iy (0,2, i1, (0,2,4,) WAL BHFAE
FERE. T 2b SRR z 7 AR, I
ANV R A AT BRI 43 BT D10 11 9 g sl A IX 33 1)
G2 S S PR R T R R S (T £ 4
i, (0,2, ) Gy (0,2, i1,(0,2,4)5 z %,

14

N
0, (r,0,2)=2G)

=i

k=1
1%
1-2v

N
0.(r,0,2)=2G)’
k=1
N
o, (r,0,z)= GZ Akr’lk i
k=1

N
0.(r0,2)=GY A (A +Dr*i,
k=1

Ay =d¢)do, £ FR. G=E/[20+W)], EN
MR IR, v 2R L.

FEE BB R SR E A, AL RFAE A
BRI BN IR T U0 A B BRI 1 2% A, AN
WA, RIE N SRR BT A B REAR T . B
Q) S BT A (0,2, A id,(0,4,)
A0, 4,) RN BN ZWE AR Iy U = sk 7 %
TR

Gi!'+G(A, +1)g, =0
(4 +Du, =g,
(4 + )i, =g,
(4 +Du. =g.

T2 AT 4 5 ik
u (r,0,z)= ﬁ: A (0,4)

k=1

N
uy(r,0,2) = Ar*"i, (0,4, )
k=1

N
u,(r,0,2) = A" ", (0,2,)
k=1

BREA A AR, QA

=Ygt Sy SR T R AR R, AT AR R
BERRIN R (NEHENR, LT
B, (0. ) (8, 2) Ty (0, 2,) 5 B 5

ﬁr\ ﬁg\ ﬁz ):

{[4, (A4, +Drii, + Ar™a), + Ar™i 1+ A (4, +Dr'i,}
14
N
0 (r,0,2)=2G ) YA, + D) i+ A+ A i+ A + A
—zV

[4, (A, + Vi, + A r™a, + A", ]

N
0, (r,0,2) =G Ar*[(A4 + )i, +ii] —i,]

3)
oo, 4 100, . oo, +l(o_ﬂ —5,)=0
or r 00 oz r
00, 4 100w 000 2, _ (4)
or r 00 oz r
0o, | 100, . oo, Ao 2o
or r 00 oz r -

Wit — RIS, W% T YO TR X
SR 7 2 S5 P AU L 0 P ) 03 R (o O 1
B, g(0,4) g(0,4). &.(6,2) 7 {5 A

gr\ gﬁ\ gz ):

Gu'— (X +3G)i, - (X +2G)i, + (4, + V(X + G, + (4, + DX +2G)g, =0
(X +2G)i) + (X +3G)ii — Gil, + (A, + )X +G)i’ + (4, +1)Gg, =0

0€(6,6,]  (5)



72815 figg 2(S) A2 (6),  FIAF Y 11 930 J T AL B 1k
XeEv/[(1+9)(1-29)]=2Gvi(1-2). Bfﬂmfz *%‘:ﬁ 5 4 /Ik”\ A RE ¥ AL B 5 AT S bR 2R
BEVIORRLAS, W ETNE, ag O e 6 SEE
A (6) 7R —AEIL Ry s Ais G G, G, EZEL TE
{GOO(QI)ZGM(Q]):G&(QI):O 2a AL A5 4E 22 R TRAL I RTIA 5 1)) _EA0RS wy
0y(0,)=0,,(0,)=0,.(0,)=0 ) tw (m=1+ 2. )TEEFAIER oxivaxs FIIRIA
e

e ()" RoRdAERR 0 = S8, KRER.
(6)

Rk, =4k V U 02200 B AT B i F A A 4
TEFREL A, BT SR AR T SR AR T oy T FEAL(5) A AH

L 3 57 25 A (6) W A A ARL i) el o >R P 4 A B 35
u, . L (0)cosO —iiy, (0)sind i, (0)cosO -1, (0)sin @
{ } Zr’ 'a{d,l { L (0)sin@ + iy, (8)cos H}cos(l,d Inr)— {~ il,,,(0)sin @ + i, (H)cosﬂ}sm(lu Inr)]
u) i1 (0) 74(6) o
il 4 (0)cos O —ii,, (0)sin @ il (0)cos O —ii,, (0)sin
[{ e (0)sin@ + iy, (0)cos 6} sin(4, Inr) + {ﬁ,_k, (0)sin O + i, () cos 9} cos(A4, Inr)]}
Ly (0) iy (0)
t y G,z (0)cos0—G ., (0)sin O - u(0)cos@—G, . (8)sin @
{tl } = Z o~ A, [{&MR (0)sin@+ 6, (6)cos 0} cos(Ay;Inr)—16,,(0)sinf+6,,,(6)cos 9} sin(4, Inr)]
o) o G (0) “(9) @)

i1 (0)

EE: ROMAE) T IEE R 4w
Akl(k:1,2 ------ NYFFR o e TY) 1 S8 B 775 7k

{ G,4(0)cos0—3G,,,(0)sing

5, (0)c080 =G4 (0)sin @
+ Aﬂ[ (@)sin@+6,,(0)cos O fcos(A, Inr)]}

G, (@)sin@+6, . (0)cos 6'} sin(4,, Inr) +
- (0)

A TR R BoREHISEE, TAR TR
HEER . 5 MK, WIHAHN R SO E, R =

1 iR a2 PR, MIAN I A%, &
B =2, HFTHARRBOEHEIOR A2 37 AN T 137 1)

FAE 7 BTl R (7)), ISR = 4E Y] 1
ZERINEAE AN T I 308 SR B R A A FT Au
HOEIESUR EpInre

2 Sth=4% V RYIO/RYLGHTRN N0 Ria R Tk

FERE 1 D) S5 Fp 225 0m e AT S5 R AR 1)
SRS Q" N Ak, W 2a0 Hid

C,, (W, () =] U, (x, )8, (x)dl"

A -J:F(---)dl“ FRA Cauchy FAHFGYs I =00';

Cin()FR I FAT Ry TR R EL [, m=1, 2, 3;
bm JytkJior5 y BRI x "R RO REL
lm(xny) ]m(xay) IEKZ'K@F’ TJL?@%JE/%%Z

??ﬁify um(x)fFﬂﬁjJ IR tw(x) W] HI R LA

TR T R IR
anyﬁwtﬂdF+IQU;%ﬁﬂ? Q)
B
SN G5 2 PO RE 25 IR BB S A7 T 43 31 o8
i R 3 AR5y R I

u,(y)= [ U, (e, ), ()AL = [ T, (x, pu, (x)AT +[ U, (x,)b,d2, y in 2" (10)

G (9) = Wi, e, )8, ()T = [ S5, (e, ), ()T + [

X B ZR B, (x,p) M S, (x,p) (k=1,2,3)
lm(xny) A lm(xny) E/]g% I‘igﬂ/\o
Fe 2R (7) A2 (B) R AR I IITE 1), b (32 7% A ]

Ty BARIEI, SN S5 (B 2a) 10 A 5
B T REO)» BRSLRARARET RELL R 3R 4341 L 45
Ko (P& 20) A Ji 132 SR A g K 31 H AR AL

lkm(xay)bmany in ' (11)

FEMRAE R AL Ar TN Ao SR 5K SR 151030 A B A THT
FTIHRANKA0)FI(11), P T] 4S5 FATE— P AT
IR RN ST o e # SRAF AL A IRAE R AL A AN
A RN B) P15 B 2b T 119300 i TR — &
oW IN AR 1Y KBNS ik
(XBEM), W] 345 = 4E47) [ 45 58 B 10 1 72 3 R BE



715

3 =4 vV Y0/ 0 E G

31 & vEOMKSREEE

L L
B /,/ AS
////7 s %/1?
o s
= /ot
—,
# L/ |,
H ekl I >
/ E
X, ] ?
20
K3 =4V IRY) D4
Fig. 3 A 3-D V-notched structure
B
d‘/v—
X,/
X,
a
(a) FHZeY] D92 2 i TEAE AR S Ml 45 44 (b) FIZY) 09w 2R 1) Fel TEAE A

(a) The outer structure removed a sectoral column (b) The sectoral column around the notch tip line
Kl 4 =4 Vv IR 0825/ TEHAR

Fig. 4 A sectoral column is separated from the 3-D V-notched structure

T VIEVIOMK T AR A, WK 3. g R
L=15mm, H=5mm, B=10mm, # % & E=200GPa,
THRALE v=0.3. KT TEAEAR IER XS FRE B —
NEERER V IEYIE, YIERE a=2.5mm, Y5k
A 2a=60" . KITTEAAREE R LM (2 = L)E 52,
AT (x> = -L)FEMI S W4+ ) =0 MPa,
¢,=30 MPa.

HEMN=GE VIR O ER (A 3 i) Tz E
—A p=0.5mm [ IEAERUWE 4b FiorR), KA
(EAE PR B ALK HEAT AR AR 0 b, SRAG =2 V B
D) 2R S o F A DX SR P BT T B LA RS AR K A

AR LA SR AE A R it s 0, , WNFR 1
FIE 5~6 Ao

T 1 =48V YN 20 =607 R AL RHAE TR £ A
Table 1 The displacement indexes A of the 3-D V-notched structure with 2a = 60°

21 ).2 /13 /14 ).5 26 /17 /18 )-9 j-10
XBEM -1. -1. -1. 0 -0.48778 -0.40 -0.269095 0.20 0.47104+i0.14187 0.800005
Ref. [29] / / / / -0.48778 -0.40 -0.269099 0.20 0.47103+i0.14185 0.800000
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(B 5B HR TS, FEM HTHRSE I AT E .

% 2 XBEM F1 FEM 115 # x,=0mm, x;=5mm Iz N 55 )8 1153 & 0. (MPa)
Table 2 Variation of stress component ox2 (MPa) along x;=0mm, x3=5mm

5 x2,59) N=T N=8 N=9
/ mm XBEM XBEM XBEM XBEM XBEM XBEM FEM
-ASY -BEM -ASY -BEM -ASY -BEM
(0.01,0,5) 1058.71 1058.72 1058.74
(0.05, 0, 5) 600.58 600.60 600.67
(0.10, 0, 5) 300.56 300.61 300.63
(0.933,0,5) 47.39 50.39 48.42 50.40 49.12 50.40 120.6
(1.438,0,5) 32.56 40.04 34.89 40.04 36.57 40.04 40.4
(2.942,0,5) 24.69 33.49 25.68 33.49 28.69 33.49 334
(3.758, 0, 5) 31.85 23.68 31.85 25.57 31.85 31.7
(4.700, 0, 5) 29.97 29.97 23.65 29.97 28.5
(5.786, 0, 5) 27.77 27.77 20.24 27.77 26.8
(6.602, 0, 5) 25.03 25.03 25.03 25.4
# 3 XBEM Fil FEM 115 x,=0mm, x;=5Smm P P SIALE 2 & o (mm)
Table 3 Variation of displacement component .2 (mm) along x>=0mm, x3=5mm
(012, ) N=T N=8 N=9
/ mm XBEM XBEM XBEM XBEM XBEM XBEM FEM
-ASY -BEM -ASY -BEM -ASY -BEM

(0.01,0,5) -0.00168 -0.00167 -0.00167

(0.05,0,5) -0.00156 -0.00155 -0.00155

(0.10,0,5) -0.00142 -0.00143 -0.00143

(0.494,0,5) -0.00138  -0.00139  -0.00139 -0.00139  -0.00139  -0.00139  -0.00157

(0.780,0,5) -0.00137 -0.00138 -0.00137 -0.00138 -0.00138 -0.00138  -0.00153

(1.262,0,5) -0.00132 -0.00135 -0.00133  -0.00135 -0.00134 -0.00135 -0.00147

(2.022,0,5) -0.00131  -0.00128 -0.00131  -0.00129  -0.00131  -0.00138




(2.942,0, 5) -0.00126
(3.758, 0, 5) -0.00122
(5.786, 0, 5) -0.00113
(6.602, 0, 5) -0.00109

-0.00126  -0.00123  -0.00126  -0.00127

-0.00122 -0.00122  -0.00118
-0.00113 -0.00113  -0.00095
-0.00109 -0.00109  -0.00085
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Fig. 7 ox2 and ux2 along x1=2mm, x3=5mm calculated by XBEM-BEM and FEM
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Fig. 8 A 3-D cracked structure
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(a) The outer structure removed a sectoral column (b) The sectoral column around the crack tip line
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Fig. 9 Asectoral column is separated from the 3-D cracked structure
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Table 4 The displacement indexes Ak of the 3-D cracked structure

Ak A A A3 A4 As

A6 A7 N Ao Ao

XBEM -1 -1 -1 0 -0.5
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Fig. 10 The displacement eigenvectors for the 3-D cracked structure
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Fig. 11 The BE meshes of 3-D cracked structure

(b) PIASTIAZ AT

R 5 XBEM Al FEM 153 x:=0mm, x;=3mm 3 N /KR )70 & 6. (MPa)
Table 5 Variation of 0,1 (MPa) along x>=0mm, x3=3mm calculated by XBEM and FEM

(10, ) N=8 N=9

/ mm XBEM XBEM XBEM XBEM XBEM XBEM FEM

-ASY -BEM -ASY -BEM -ASY -BEM

(0.005, 0, 3) 324.156 324.176 324.196
(0.05,0, 3) 126.351 126.371 126.391
(0.10, 0, 3) 50.423 50.453 50.483
(0.23,0, 3) 36.527 37.839 36.756 37.835 36.879 37.831 131.995
(0.62, 0, 3) 55.148 57.952 55.450 57.950 55.550 57.948 80.793
(1.00, 0, 3) 13.487 15.494 13.436 15.089 13.354 14.889 20.551
(1.38,0, 3) 8.423 10.085 8.525 10.049 8.354 9.849 10.005
(1.70, 0, 3) 4.665 6.407 5314 6.417 5.544 6.527 6.731
(2.10,0, 3) 4.629 3.585 4.522 3.587 4.482 4.481
(2.46, 0, 3) 2.127 2.121 1.614 2.171 2.191
(2.88,0, 3) 0.951 0.941 0.931 0.929
(3.20,0, 3) 1.409 1.409 1.409 1.409
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# 6 XBEM Fil FEM 15 x,=0mm, xs=3mm P ] s AL 5 & 1 (mm)
Table 6 Variation of u,1 (mm) along x2=0mm, x3=3mm calculated by XBEM and FEM

N=T N=8 N=9
(x1, X2, x3)
/ mm XBEM XBEM XBEM XBEM XBEM XBEM FEM
-ASY -BEM -ASY -BEM -ASY -BEM
(0.005,0,3)  0.005963 0.005965 0.005966
(0.05,0,3) 0.004621 0.004625 0.004626
(0.10,0,3) 0.004398 0.004401 0.004402
(0.23,0,3) 0.004381 0.004404 0.004289 0.004304 0.004195 0.004204 0.004181
(0.62,0,3) 0.004287 0.004417 0.004268  0.004357 0.004204 0.004289  0.004214
(1.00,0,3) 0.003986 0.004467  0.004026  0.004387  0.004012  0.00429  0.004238
(1.38,0,3) 0.003486 0.004504 0.003868  0.004394  0.003987 0.004314  0.004263
(1.70,0,3) 0.003321 0.004538 0.003527 0.004403 0.003858 0.004402  0.004285
(2.10,0, 3) 0.004572  0.003482  0.004462  0.003689  0.004432  0.004318
(2.46,0, 3) 0.004608  0.003369  0.004568  0.003468  0.004468  0.004352
(2.88,0,3) 0.004651 0.004651  0.003365  0.004551 0.0044
(3.20, 0, 3) 0.004703 0.004603 0.004603  0.004443
L2r — = XBEM-BEM(N=7) —o— XBEM-BEM(N=8)

—=— XBEM-BEM(N=7) —&— XBEM-BEM(N=38)
—=#— XBEM-BEM(N=9) —¥—FEM
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2
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Fig. 12 The stress component along x1=2.88mm, x3=3mm calculated by XBEM-BEM and FEM
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Analysis of 3-D notched/cracked structures by using extended
boundary element method

Li Cong" 2, Niu Zhongrong', Hu Zongjun', Hu Bin'
(School of Civil Engineering, Hefei University of Technology, Hefei 230009, China)
(School of Civil Engineering, Anhui Jianzhu University, Hefei 230601, China)

Abstract According to the theory of linear elasticity, the conventional numerical methods are difficult to calculate the singular stress
fields of three dimensional V-notched/cracked structures because of the stress singularity in the V-notch/crack tip region. In this paper,
the extended boundary element method (XBEM) is first proposed to calculate the whole displacement and stress fields of three
dimensional V-notch/crack structures. Firstly, the three dimensional V-notched/cracked structure is divided into two parts, which are a
small sectoral column around the notch/crack tip and the outer region without the tip sectorial column. The displacement and stress
components in the small sector column are expressed as the asymptotic series expansions with respect to the radial coordinate from
the tip. The stress singular orders and the associated displacement and stress eigen-functions in the tip region are determined by the
interpolating matrix method. The amplitude coefficients in the asymptotic series expansions are taken as the basic unknowns.
Secondly, the boundary element method is used to analyze the three dimensional V-notched/cracked structure removed the small
sector column. Hence, the whole displacement and stress fields of both the tip region and outer region are obtained by combining the
boundary element analysis and the asymptotic series expansions of the displacement and stress fields in the notch/crack tip region,
where the XBEM has the characteristics of the semi-analytic approach. The XBEM is suitable for the displacement and stress analysis
of the three dimensional V-notched/cracked structures, and its solution can accurately describe the displacement and stress fields from
the notch/crack tip to the whole region of the V-notched/cracked structures. Finally, two typical examples are given to demonstrate the
effectiveness and accuracy of the extended boundary element method.
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