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Uz

Biy)= W(l+ clyl) Bly)= He"” : [4 5]
U(z) = Bo(l+ al z1)° Griffith .
1 ) u z
Uz)= Wy(l+ al z1)? (1)
, ala> 0) , B z2=0 .
1 D 2h z = O
2a , y , Ur ug
w= u=0 u= w(r,z,t)* (2)
T To N t =T
0 " "
T= U5 Tos L{aﬁ_ lr‘—ﬂ (3) P W b,
0 . k T
. (1 @
B
) plz) = {1+ glz1)?
Oup 10w w Ouw
arz roor r2+ 22 "
1
M(z)Ow_ P Pw @
W(z) 0z = (z) 0¢*”
H(z)  H(z) P -
, =0 s r
T(r,0,t)=- TH(t)r/a, 0<r< a; t> 0 (5)
up(r,0,¢) = 0, r2a;t> 0, (6)
T(r, Thot)= 0 r 20 1 20, (7)
, H(t) Heaviside .
Laplace
wo (r,z,p) = L up(r,z, t)e P'de, (8)
1 * t
up(r,z, t) = 2_mJ.Bruo (r,z,p)e"dp, (9)
Br Bromwich . (9 (4)
Puo 10wy wo OQup  M(z)Ousg Q2 -
oF Y ror TN e Y ) 0 T W)™ (10)
, z> 0 . Hankel
V(s,z,p) = LuS(r,z,p)]l(sr)rdr, (11)
ug(r, z,p) = .[0 V(s,z, p)Ji(sr)sds, (12)
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Ji( ) Bessel , (10)
PV(s.z.p)  W(z) dV(s. z.p) B
o Py VA 5 br_ |:sz+ ll(z)] Vis,z,p) = O (13)
(D (13)
O Vis. z.p) 20 QV(s.z.p) 2 _912_] ) _
PR TP Hat [“ s )y Ve np) =0 (14)
X= s(l+ &), Y= (1+ &) V(s, z,p), (15)
(14) Bessel
2 2
ﬁ%* X" [alﬁ ;%] Y=120 (16)
B= [0.25+ @/ (Hod®)e (17)
(16 (14)
V(s,z,p) = A(s,p)(1+ (lz)_l/zlﬁ[(1+ az)ﬁJr
B(s,p)(1+ m)*“ﬁ(g[(n @) ﬂ (18)
Is( ) Ks( ) Bessel . (18) (12),
uo (r,z.p) = J.:(1+ (]z)l/z{/l(s,p)lﬁ[(1+ x) ﬂ+
B(s,p)KB[(1+ @) ﬂ}h(sr)sds- (19)

(19 (3, Laplace

Te(r, z,p) = U(Z)IO{ %(1+ az)‘“[A(s,p)Iﬁ[(n ) ;—]+

B(S,p)KB[(1+ m)ﬂ]+ s(1+ az)*”[A(s,p)fs[m @) §]+

B(s,p)KB[(n ) ﬂ]}msr}sds, (20)
To(r, z.p)= U(Z)J-O(u Gz)_l/z[A(s,p)IB[(l+ ®) ﬂ+

B(s,p)KB[(1+ @) %]] [sjl(sr) - ,Mj_rl] sdse (21)

Laplace

TE(r,O,p):—;:Lar, 0<r< a, (22)
ug(r,(),p): 0, r>a, (23)
To(r, h,p) = O, r 200 (24)
(200 (24),
As.p) = Hblprs ), (25)

a(s,p)
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b(s,p) = 5‘1(1+ ah)'3/2KB[(1+ ah) ﬂ-
s(1+ ah)"l/zKB[(1+ ah) ﬂ (26)
a(s,p) = - %(1+ ah)‘”ls[(n ah) ;—]Jr

s(1+ oh)” B [(1 ah ) ﬂ (27)
(190 (20) (22) (23) (29),

J:E(s,p)Jl(sr)ds: 0, r 2a, (28)
J.:SE(s,p)G(s,p)h(sr)ds: L%’ 0<r< a, (29)
E(s,p) = sB(s, p)[KB[_]+ ﬁ%ﬂla{ﬂ] (30)
a s| bls.p) | s s, bls.p)i| s
oy Al BN ()
S[Ks Sy —L’-p*)-a(j’p)lﬁté—]
(28) (29) Copson %,
E(s,p) = 34J0—;l”10 J_J JED" (& p)laa(sa&)dE, (32)
D (Ep) Fredholm
& (Ep)+ [ & (M p)E N pan= € ()
(33) M(EM,p)
M(Ep)= @L s[c[j p]— ﬂjyz(.sa)Jyz(sn) ds® (34)
Fredholm (33) .
4
(32) E(s, p)
4Ta¥? .
E(s,p) = 3,/5'[110 Is - @ (Lp)lvysa)+
J"J—Jl/z(sag) g[&cﬁ (ép)]dﬁ_}, (35)
O (Lp) D (&p) £= 1 © (39 (30) (29 (200 (21),

N A4Tya 1 ( 2 J
To(rap)= TR L S L[ [ sup Mualsa)bsr)ds+ o (%)

3/2
To(r, z,p)= 4T3()GJ?;£:) Ll _[ TSR (s, p)Jva sa)Ji(sr)ds+ s (37)
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: [ Bl
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g Ko <]+ —Lﬂz(&p)m[g]
s oo / (36) (37) : $

x oo  Ks(x) Kb(x)

Kg(x) = J%ex[l+ 0[3],
Ke(x) = - Jzixe”[n o[xi}]

* Toal > [ _
Ta(r,z,p)= 4 (;[pgz) L ;LD) (1+ oz) II sin(sa)e "Ji(sr)ds =

4Ta M(l.,. GZ)J‘ sin(sa)e “Ji(sr)ds,
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* 4Tyald
Tw(r,z,p)=- g?TUgZ) L (pl = (1+ &) J- sin(sa)e “Jo(sr)ds =

4Tya C D)
- 3JOT = (1+ Gz)j sin(sa)e " Jo(sr)dse

(42) (43

o » |

J sin(sa)e “Ji(sr)ds = . cos[ (0- 92)]_

rir2
. sm|: (0;- 62)]}

J, sin(sa)e “ho(sr)ds = ﬁsm[ S5 (0= 92)] :
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(43), 0.7 02 2a,
B Kip) 0; 0
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To(r, O,p) = JHQI;II_” 2 + 0(rY)e

(46) (47) , Km(p) Laplace

. 4 T (1
Kmu(p) = ﬁ’fo JJT—a_%"‘D“L
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1 21_ 1.6
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Torsional Impact Response of a Penny Shaped
Crack in a Functional Graded Strip

FENG Wen jie', LI Xiang guo', WANG Shou dong’
(1. Department of Mechanics and Engineering Science, Shijiazhuang Railway Institute,
Shijiazhuang 050043, P. R. China;
2. Department of Resource and Information, University of Petroleum ,

Beijing 102200, P.R . China)

Abstract: The torsional impact response of a penny_shaped crack in a nonhomogeneous strip is con
sidered The shear modulus is assumed to be fundionaly graded such that the mathematics is
tractable. Laplace and Hankel transforms were usedtoreduce the problem to solving a Fredholm inte-
gra equaion. The crack tip stress field is obtained by considering the asymptotic behavior of Bessel
function. Explicit expressions of both the dynamic stress intensity factor and the energy density factor
were derived And it is shown that, as aack driving force, they are equivalent for the present crack
problem. Investigated are the effects of material nonhomogeneity and strip s highness on the dynamic
fracture behavior. Numerical results revea that the peak of the dynamic stress intensity factor can be
suppressed by inaeasing the nonhomogeneity parameter of the shear modulus, and tha the dynamic
behavior varies little with the adjusting of the strip’ s highness.

Key words: dynamic stress intensity factor; torsional impact; penny shaped aack; functionally grad-
ed strip; integral transform; energy density factor



