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Boundary Element Analysis of Thermal Stress Intensity Factors for Cusp Cracks
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Abstract

In case that the body with a cusp crack is under uniform heat flow, thermal streess intensity
factors are calculated by using boundary element method with linearized body force term. The
crack surface is under insulated or fixed temperature condition and the types of crack are
symmetric lip and airfoil cusps. Numerical values of thermal stress intensity factors for a Griffith
crack and cusp cracks in infinite bodies are proved to be in good agreement within +5% when
compared with the previous numerical and exact solutions, respectively. The thermal stress
intensity factors for symmetric lip and airfoil cusp cracks in finite bodies are calculated about
various effective crack lengths, configuration parameters, and heat flow directions. With the
same crack surface thermal boundary conditions, heat flow directions and crack lengths, there are
no appreciable differences in variations of thermal stress intensity factors between symmetric lip
and airfoil cusp cracks. The signs of thermal stress intensity factors for each cusp crack are
changed with each crack surface thermal boundary condition.

tion method)& o]&3led Fx"oz iy ow
1. M 2 °o]%Z Emmel3®2 F3d8AWE o|&3ted Grif
fith#del ASHAMIAFLE FAHoz F3d

FaAge dgEe Sol4% 2A N, 2 4 Sumi®s Az} vlmsielch TanakaEOe A

T o284 7] A4 (thermal stress intensity fac- 2 AHE o]83le] AF AYFAY ALHAIA
tor) 24 AAEmZ® oo gt A7} AFPse]  +F d9n, SladekF"e TanakaFe A=Y
Shef=®, (body force) el thgh H=ES AL} 1o 7}
o]2|g ATFEF Sumi¥e AALEHIE Ze= ATy ASHAVASE A4stAch
F-gh8 2y sl o] GriffithgFdell cid 5547 ﬂ*ﬂ T4 (cusp crack)ol]l widt d-Z-HA7NA
A5 43 A4 9 % (modified mapping colloca- T Lee®®o] HAWFUE 2835l o]EHoE
I*lf& TKMMA GSHAZ A ol Zolry
A3, QAN FAoh e S A e old =
A3, dAdista dg 2 Aol e AXEE o AA"EYgE e A



120 ol B 2.z

o] gsted, GriffithFdol gt

L EE RS 439
A AGE Fool Sumivs) A3sh wlm A s
FERANY A JeuY A Y Aaz

*417]75] Tdie] dd Aok dF

ar,

Ei- (symmetrlc 11p and airfoil cusp cracks) <]
d4eH

es2 BAw Afel Aol Asag ok

21 25% M2 98 ALy
$A TR e

5

C(P)T(P)+fsq*(P, QT(QdS(Q) =

[T (P, @4a(Qds(Q) m

4714 A Pst Q& BHA ool AAH Saol
A9 28-Ax AEAo|c),

C(P)E= A P7t %3l AAR shed 54

oA ek AAsle 4asd, Dol 4

27 =6, T g

AR R T'% g€ A Pol A48 wA
Hilz qlsl A Qo wAlslE L% o A8 e}
A zA 238 FAolA) e o,

T*(P,Q)=Q1/2x) In(1/7) (2)
q* (P, Q)=38T*(P, Q)/on (3)
A7)4 nd A iAol r2 A P

A Qelsl Agoleh,

A e FHAZAEE FE] e AAEE Qo
%i""ﬂii el NS AgAA L4z e
4 () e o] 28D,

+ 3 [ a3 (P, Q)] (&) ae]
=S [ THP. Qe (&) ag]

- gn(Q)  (n=1,2,--N) (4)

-4 FAHEL g%, T 2= S4oz 9
) Cauchy Z # & £ 09 (Cauchy principal value
integration) & T8 zZ A H}, J(&HHE AAF
Alx, y)& 34234 (local coordinate) (£, 7) =2
W 344 F+= Jacobiano|c},

J(&Y =V (dx/dEV?+ (dv] dE)? (5)

1/2T"(P)

4 el AAZAL Aged wlAsle weg
AFA s ks 2o YA g I 4
aiet,

[U:]NXN{S}NX! {V}NXI (6)

4714 (S} AARAel HEFAo2 YA sl
AY EE Tsh A 4% LEFW gz T4E
Wejola, [Ule AARAAL wlA5el gt A
S, (Vie Foid AAzA0] Asds)
FohAA AR A E o],

22 EH fME 93t FA2L Y

AY S dRgAel AL el A
AR Lo BEY 4 gope

C(PYUS(P) + [15(P, Q U(Q)dS (Q) =

JUsP, 9 1,(Q ds(Q)

+ [A1(P, Q) T(Q)d5(Q)
— [Dt (P, @ a(@dS(Q) ()
A71N Uk 1 AARAAS WY o £
Selol 2, Cie AR Zsed g4l o
ARSI Aezd AAYAEEE Aol T
FE 9%, AAde]l YR AfelE 1
< et AZ4E ¥ 5% Uste A P

K]

mlorle B o oen
gl

£ w9 3t A
3 oWy sEelzA 23 EAA b
o},
1—-2y
t5(P,Q) = m[r,j%i(P)—f,inj(P)

_<6ij+TEZT7, 7, j)f. i (P)] (8)

Uis*(P, Q) m[— (3—4p)8:;Inr
+7’,17’yj] (9)
s A (Dol M Arel D AARE J A
Goz 2349 TAIA the e,

x _ 1+ v .
AP, Q) == g g ya(1+2inn) 2. (P)
+2r,irans(P)] (10)
. 1+ _
DHP, Q)= 82(=3) o[1+2Inr]r;  (11)
GE A=AIgeolx, §,& Kroneckerslslo]n



HALZ Fhof g SHAZ A AA L4 121

Ao zergnl 7y AR AWRAS s A4 o AAAAY Aelelw U., Uyt TIATRLLNY
&3} ek, FobggolA Xob Ve W eleln,
v (%R A%EF 4e)
2 P (12 1. $xlsiel 2o ¥ A=
1+v
a (B dE ) 2:9 A8 EAlste AL AW Eg gaene
af[a‘“*& (etgd e 0 sbaaa, 16bit PCE ASstel w4l

A A4 sl e, A" deol+ Micro-Fortran

7ok, erlelA ALY AEAEE G=8.4x

5 104 v=0.3, a=1.67x107%)" ZFZu|E= 12 3}

i e N st

e uel wead z2ade 43E ded Azdes) e
V2Ur Py + R ([ 55 (P QT (O] Griffithd s o

A MY £A8E Tl e, Y@dFHo g o
) Mol AsAAL4r

F Usn(Q) stgich, Fig. 1(a)+ Griffithgd<¢ 2333z 9l
. Fig. 10)9 A% 9843 o slasd g4

= 3 [ U P, QN T (©)de] - tm(Q) S A
[ AP QENTAQENT (H)d)  F ARF 1/ake +234 shgerd, Fig 10

o A+E Yol dsl dsizy 71sied g Aol

"Z[fD (P, Q(E))an(Q(E))J( f)df] ‘:ng°l:'—, i_oéud ‘ﬂ%*d%ﬂl/ﬂ U,=00]B22 FH=
n=1,2-, N) (14) A= /49 FA293 s, o 7ol Hx

Al (el A= 7&% Halsted Aelshd =lAsle] £ Wb W=12 AT, FEARILLe Zol:
He {(X}E 74F + A TEAA Aold 5%mlute] =g dtgon A
[KJenxon A X Yonxr = {F}anxn (15) 2Hlo AA"Hels 40994 A4AA L LT wlH
of7lollA (K}w AAzZAE 443 5, 24 =odch #AA e Table 14 R vle} 3o
Agg 2zt w9 ﬂlTEEé A e E FAZR Y Sumi®e Axel 1% oAy #F AAE

ol
2 Ao savt s ATAE Peln, {F}
s T

3. dSHAMIIAHo EH J d
FAAR A AFAAL LT e A o M s
> FAAdRLLe] FHLHAA T2 LAl ¢ ®
£ #8 2es I3} 1ol e deHA7 A4 K, T=10
K% s *-IOETEJ AAE & glopis R |
K= /f+1 Vr/2L: Uy (16) q=0 :t J‘q:o
Kn:iG—\NNZL;Ux (17) ")
k+1 Hpptotp
o1 7] 4 a=o o
_ Hu a5 Al
3—4v (= g & ) (a) Geometric configuration
/f:[i“i (e 2 A (18) (b) Model for Mode I
1+ (c) Model for Mode 11

Lete TdiiglezBe FdAcle £ue] Fo Fig. 1 Griffith crack on thermal loading conditions



122 o] Z &-2 & %
Table 1 Dimensionless thermal stress intensity factors F; and Fy of Griffith crack
Mode I Mode 11
al W K K
Err.(%) Err.(%)
Ref.(4) Present Ref. (4) Present
0.1 11.0220 11.0010 —0.180 0.6810 0.6790 —0.29
0.2 14.0280 14.0164 —0.083 2.1643 2.1500 —0.60
0.3 16.2324 16.2541 0.130 3.8900 3.8970 0.70
0.4 18.1560 18.1450 —0.060 5.7314 5.7600 0.60
0.5 19.9600 19.9800 0.100 7.6154 7.7200 1.30
0.6 21.2400 21.3000 0.270 9.6190 9.6800 0.60
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Table 2 Comparisons of dimensionless thermal stress intensity factors(DTSIF) between previous and
present solutions for cusp cracks

Cusp type y DISIF A m, § Ref.(8) Present *Err.(%)
. 0 0.1 —0.00145 —0.00142 —-2.1
!
0.3 —0.00475 —0.00454 —4.3
1
0.1 0.01556 0.01530 -1.7
Fy 90
0.3 1.01144 0.01190 4.0
Lip
F 0 0.1 0.01883 0.01862 —-1.1
[
0.3 0.01951 0.01936 —0.8
-1
0.1 —0.00120 —0.00118 -~1.7
Fy 90
0.3 —0.00278 —0.00289 3.2
0.1 —0.00200 —0.00190 —=5.0
F 0 .
0.3 —0.00698 —0.00670 —4.0
1
0.1 0.01680 0.01720 2.4
Fy 90
0.3 0.01455 0.01430 -1.7
Airfoil
F 0 0.1 0.02016 0.02005 —-0.5
;
. 0.3 0.02328 0.02284 ~1.9
0.1 —0.00168 —0.00172 2.4
F" 90
0.3 —0.00436 —0.00427 —-2.1

s Err. (9 ) — Lresent—Ref. (8)
¥*Err. (%)= Ref. (8) X 100
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