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Wrol $aEidoh. AAIEIAE o]F2AIM(DAA - Doubly Asymptotic Approximation)$
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zz Jehle $2432(Dynamic plastic buckling)dll 718 24U S22 F
2 Jehde 9% 33(Tensile tearing failure)} ¥ ATl (Transverse shear failure)7l 1
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B =20 mAlsdeME A7z FRBA FAU™He] sl Feol it vt
(stress wave)®] T+F3} o] $ule} FAFe] FE Lo o FHLHARAT Ki(n€ AN
o zx A TR =(Tensile tearing failure mode)3i4-S F-83HAch

53], BASYAEAT K(H9 Al Jold A8y wgoez de AMEEHE shadow
optical method of caustic2%E 7I2¥ numerical caustic method& AHE3IHCE £ =§9
EATEEA FAGEA HAEDS dRgeFAAR Fu AN E 7T F ol2RE T
3 2AYEL gEARR 1o ErAA 3t MASNE TP

Abstract

The shock fracture analysis for the structures of navy vessels subject to underwater
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explosions or of high speed vessels frequently subject to impact loads has been carried
out in two steps such as the global or macro analysis and the fine or micro analysis. In
the macro analysis, Doubly Asymptotic Approximation(DAA) has been applied.

The three main failure modes of structure members subject to strong shock loading
are late time fracture mode such as plastic large deformation mainly due to dynamic
plastic buckling, and the early time fracture mode such as tensile tearing failure or
transverse shear failure. In this paper, the tensile tearing failure mode is numerically
analyzed for the micro analysis by calculating the dynamic stress intensity factor
K;(¢), which shows the relation between stress wave and crack propagation on the

longitudinal stiffener of the model. Especially, in calculating this factor, the numerical
caustic method developed from shadow optical method of caustic well known as
experimental method is used. The fully submerged vessel is adopted for the macro
analysis at first, of which the longitudinal stiffener, subject to early shock pressure time
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history calculated in macro analysis, is adopted for the micro analysis,

1. M B

AR F 53] 3A35E o) wA g 5
% TdE v T PNt Ru&Me) Fzo)
g Uiz slEside Ha) olE Hubprx 44
2 MY B A& QFHT T B3 J2 =
oAl g Aol oigk G717 ¥2) AFskn
FHE AA) AA ARSEA sFPohie} 2ax
= olg Mdubrxe] Uisd skesidel oig By
o] golAa gich

£ =FdAe UlZd g fHg AASA
(global or macro analysis)® v|Al#4(fine or
micro analysis)® F QAR ro] 8sigct
ANA LS 2ot BREARe ANE AHAEsY
FEn B3] njslgdMe §A9 WEFsYe)
SEHFE  o)FTAPIEDAA Doubly
Asymptotic Approximation)g ©]831 g¢lon
FHAME T 3 F2 o] FAPEIES o
&8 U$4 siMe) F2 APHUAT 22y #a)
FAHLEZE DYTRANES package program<
o}88 Al - TR EFE 339 HMde =
Alelnt. 4% 43158 e 72 2 4 /R
HAR=E JeREH ol £AFr)Y T2 e
Y= F2A#F (Dynamic plastic buckling)d) 7}
Pk AR FF274 F2 Jehie 9
%4 S}5(Tensile tearing failure)9} FAgin}s)
(Transverse shear failure)7} gtk

B =fo niasiMe e Bzl 2R 3R
AL ] J1lR A9 gy ez 2Rz 5

KUEMRD G 32 % B 1 W 19%5% 21

msec Woll g 24U4E W Ao ot
of sty Mg FHsign. & BAA TRy
dAlMe] B ulstress wave)e] sHFT} o] Lajups}
TEHY F32Mgel og FHIART=AS K (¢8)
o Al glolM HYPH wHos da AMgEE
shadow optical method of caustico) Flsly 4=
AP L2 caustic® simulation¥ numerical
caustic method& ARS-8}3ThH

B=Fe 23uesy X)daA 8o Jeo}
224 = DAAZINE #8317 8t sang
€ YAFTTAAZ Fn ANHYE =38 F o)
EXH 7 A% E Y¥AR2 819 fine mode
-ling ¥t FRAA Ul wAlsi4E 83ty

1.1 HA8HY

¥ HEY $5ER4 A% AT sHaide
FRTE 2 Y Y3 AAle] "5Ho) x
SHE FA-TE FTALMN o3 FHHAE)
TE5EA] a8 X FE A9oe Ay $A4-7
Z xRN JVsEhY, ZF Trdon) gy
FLEOR FF5FF0) AY Avde Ao 7=
SEE FEED) PR T2 ZANEHML 9
gMe o] v)EEH u)dEd A vyYe 5
Aol 3E S HIAY -2 AAsiMe) s TR
HZoe vl 58 FA2E § AT uiA
g FA-TFREEFIE AEE 9% A7 Tu)
AP Aok wepy 2)HY fA)-F23 538
AN Z2IR AR, £F3EZ % Fxilaes
9 metdt ARl AR Y% AP ¥
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Zol 43 a7

B =RdMe 7280l 38 B wo A
F2 2ol 72 AR5 e FFHe 7 T
Ar o] EAd iyt A7E T3 v 7
H-7F SNz ad A AR LRE 718
A njAdgy A8 wANEE Al m2ig vy
f3tesrg FA9e DAAYNAAS 8% AAL
A2 pdysle FAE QA Fe duEE
pEslgch AEe) Afde FFo EAPIE)
A A Al fRH, welr dFel A
W Ak FReio] shsEtd Feid TSl
i DAARAR wEHo 2 FNs] FH FHI;N
s|Ajo] 7Fssi o), HAge] HSole DAAWA
2] sl ojuz} TRYAAE wjAIRE AEE- A
F7t AltslojAe} dta uletd FRUALE Nk
Akl 2)s) s)E otz bl Qick

2 Apoe 983 ARIEe T2 Asrt
whE o) o) AAE T WA wFE AlRlel A
AAE MEHo g ks oF HHESAHE Al
ot Agapod, A g NP TEA W &
F3 uAE A0l E F UsS dAE
Eala 93 =3 2B $4& sk
= AdRET uAYATE ¥ Aole uREe F
Z7t APASEE 39 uHPAFTE e TERES
qME FHsF A dFE T T =9
YKEe MY AfEn AE vAE dFges
Zolths Holl RISty 7|& A48 T2IHE 9]
£3%F Modal analysis B3& o83t A% FA-+F
Z A3ALHRNS T3 243158 AP F A
v AETEIN S FYPE F AT X2
AL =AUk

1.2 O|Al8H4]

FZ2E siAE B2 43158 3L H
o] FFHoXH, o] A= FEEQ A,
2AE, £33 2 TER SoA AL 23 ¢ 3
A 58 doA vl$ BRI YL P, o
2y IR0 29 AT JFS doA £
stmje] dglo] s, 3], ¥R L2 AT
ZEoMe Exod 71 T wadTe]
e 9 5 gl7) wWiEe) #dE Y 1y A
F &g gk A7t gFE oz

22+ AgEebxd g ylel] digk Aubgel e A
Aol WulR WA AE P4, olg e
71818 2 BAAE AAWAM HARHEES W=

A7, ARF, FIE

o} it

E =Foixe XY o2 A bicharacteristic
methodE ©}83tHoH, AASIeA AR 57
gL Fdo| EAlske ERAAC HEsle Fn
A0l $HAL ol time step Pz ANBIITE F
g9 g8y 7 AsFEO] A% FHEHATA
4 K/ (e o] $8FoaRne AlEgoldy A
28 FHogRE AN 53, 748 FH9
282 olg3dla] AlEZjolHE  isochromatic
fringe pattern® T2 FAo] 43 2L |23
T o3 AF = FTH

2. HASHMMHIME |H-F= 453
s14)

Ms, Cs, Ks = constant mass, damping,
stiffness matrix
' Ks = tangent stiffness ma trix at time ¢
'Rs, ¥R = exteral load vector applied at
time ¢, t+4¢
‘F = nodal point f orce v ector equivalent
to the element & stresses at time ¢
tW, " W = vectors of nodal point
velocities at time ¢, t+4¢

‘W, W= vectors of nodal point
accelerations at  time

t,t+4at

u = vector of nodal point displacement
increments from time ¢ and to time
t+at, e ,u= " — 'u

G = transformation matrix from fluid
nodal DOF to structural nodal DOF

Ar = diagonal fluid area matrix on
wetted structural surface

PAx,H = incident wave pressure vector

Pyx, ) = scattered wave pressure vector

¢ = sound speed in water = 1500m/s
Ax, D = source strength

#(x, 9 = fluid velocity potential

P(x, )= total pressure

n(x) = normal vector, positive into water
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AN E 9% He TREY £F35H 9l
e Fxo fAle JEEA(Fluid-  structure
interaction problem)Z Ao)gith &3] T8 frA|Hell
Mok @2 AHREWo| EAdh: vHEE {A%d
Ao FEZASHNdle ARFEHETY 1t
ggolty, ¥3 FRAE I FH35E Wl
o 2ol Bl AYAEE sErh ¢ FMe ARHE
N ERE 2T F AAMY AepEAY, 2r12d
3 AAZAE BT F F A9 AZREE Y
3z Al 2 AFAe] 97 olF ZAPIEE &
& ArsiA 7ol sl A

FAAY FAYY wske vE HeEe £ -
71wt FolAE DAAWAYes AZN F
AEo BT AFs| FPrbssih FREHS T
Z73 e 27} wjAIzE ARl Felsolel )
ol wiAzt wRERe o3 FHAFHE Folrke
B33 342 AXA g@oh WA o] Felxe
ZA FAAL wAag AppERAa} 2] - AA
Z273& Aosta 2 P w7l 22y
B dPoMe FRe AY8EE she AoE 713
et

2.1 F=A
FEAL HAY SEPEYLe 4 Y

MW+ CsW+ EKEsW= R (2.1.1)

3 o) e ARl QBHoR BEY FE Utk
sk ciagel o Z18EHE HaYT AR
ujagel ss) ZAAS B Kb of Al A2
o) AoIAek 37) mholck, wehy P9 uly
g e5ugNe tew goldh

Implicit time integration :
Ms t+4t W+ CS t+ 4 W+f KSW — t+AtR_ IF

(2.1.2)
Explicit time integration :
MW+ Ce'W= 'R - 'F (2.1.3)

Rx,pe dE9YeE Jehded dursiaid
o574 2o
R(x, ) =Rg(x, ) +Rp(x, 1) (214

KEEMBPERUE F 32 £ F 1 5 19955 2/
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A710M RpE F7), 22 T A% £579
ol Rpe YA} FA P FEAEoR
AT AFARHA 2 AdHe yehlin g3
o] Rejdch

Ri(x, t) =— GA{PLx, D+ Ps(x, ) (2.1.5)

Si|A] e

(7h gukaiy

(21.2)29] sle 2A 89 FE weE Tz
7] W& s AEE wolm Tihg =) S48 Hl
Aol Be Q3= Al HYYHE 7] 4%
HHEALNS FEsjor gith ojuf HHYAAL
Modified Newton Iteration®] 73-%-

Mg t+at W0+CS'+‘" W“) +'KSAW(’)
= ttap t+AtF(i-1)

i=1,2,3,- (2.1.6)

7)) A t+at W(D' t+at W(x), t+th(;') =,
A wEh L4 WO AReING ISR,
&5, Wge ANk AR WEAN 3,
i= 199 W V='W a0 = w,
trat gAD _ v W, FO = t+a g
=" wrl sHo (21243 A "
FEFANY Aol A9 YR ="R
x( W, W) olB& 53] (216)2 &g vEA
A Ao ML HAHeR Y%
HhHo 2 DAARME4el Explicit Solutiondl] 2%
a4 ROZ FFF (216)2]9] wHEANE T3 7
2gG U, tayy, Ay g 38w o)
3 DAAWAAE wird B2 Hag Al
Implicitd}A| ¢33l RO FI7e FA-T
2 Agsle Feb] A% DRAR PAS Asgok

2.2 §AA

5k o3 AAE FHIL Ads] & of
frAle AdgEE gado] A gle oFAE
Mg = slen AFRF(Conservation of
momentum) % oA RFConservation of
energy)3o] H&EH3 YT ¢E-d= BAVL
AQE E£3F 48, FAYREE, Ry B
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o] Yol G Aoz AW AL
Nel ApAAs vlee daH wAde gHs
| e 2ok

AupurA A
Vih(x, =g $(x,H=ux.) @.2.1)
Plx, ) =—pd(x, 1 (2.2.2)
o 9d(x. D
WKx, )= anfx) (2.2.3)

ol Mg AupigAs d4 n2E AAR
A2 2r)1z20e sk tE Aok

AAZEA -
GTWx,d = x, ) on  wetted structural
surface (2.24)
Plx,) =0 on free surface (2.2.5)
P(x, )= P[Lx, ) +Psx, 8
= Pi(x, )+ Pp(x, D+ Pr(x, 0 (2.2.6)

R7|1FH

Aerzge] Z7) Aed wa geARoy &
7)) AR AR FHE g He A4F
e og3 gtk

W, 0) = Wz, 0)= Wx,0=0 227
$(x,0) = ¢;(x,0) (228)
P(x,0)= P{x,0) (2.2.9)

23 O|EBHZZAL

ojollA] Aol w4 AARHE WSk
#HE Residual potential theoryolejs] B} f-d
AolA F& 5= oH3l, orde #ie HIAEA
Hol7] WBo] TL. Geerst olEjsie olFdIZ
APPe Akl FAEAE Y4-EAEY FARE
Az ZAMR)ZITHAL

DAA HFEIA

SA Aol A2 B-4qte (Scattered  pressure)S T
zo] FEERog olFHIAL Al FAXES Us
7 2t}

DAAL : MpPs(x,t) + pcApPs(x, 1)

3716, B35, B9E

=pcMp Us(x, 9 2.3.1)
DAA? - MF Pg(x.;)+PCAF Ps(x, t)+pC.QFPs(X, t)
SPC[ Mp Us(,‘,)‘*".QFMF Us(x, t)](2.32)

A7) o, ¢, Ap, PsR Us € 279 $7E
oAl HEE Higt Zum My € EAZE
(Fluid added mass matrix)& YERITE Q5 F
gHogs

.QF = ﬂpCAFM;l (2.3.3)

olth 7lellM pE FE JrEH BIFEE
AR 5 e FTEA

0<n<l (2.3.4)
J 23 WHHL
olale FAzxV|NE B> PyP 7} AYH F

4] 2% #9uZANPlane wave approXi- mation
= PHA)X ezl F

PWA: Ps=pc Us (2.35)

Z2AZ7 e g9 A HEg § 74
£ B% Added mass approximation( AMA)e} A
ddn. &,

AMA : ApPs = My Us 23.6)

2 4494 s A 729 ArEd
ofl A& gtz (Kinematic compatability
condition) ©) ARIRE & o] AT = %
o

GTWax, D= Uilx, H+ Us(x,8) (237

Wby DAA 21 Theat ol RelE 3,
DAAL

Mp Ps(x, ) + pcApPs(x,8) +

pC.Qp(GT W(x, t) - Ul(x, t)) (23.8)

DAAZ ¢
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Mp Ps(x, ) +pcArp Ps(x, ) +p0cRrArP(x, )
=pc{ MpGTWx, &) — Uj(x, )+

24 S71% Mat
ol frAleiMel AT BAxHL oI
Z.

=z uﬂukﬁ /\] .

vi(x, ) = 0 in fluid domain (24.1)

AAZA:

M — GTW(JC, )

900 on wetted surface

(24.2)

2
aana(cx)t __u_;__ #(x,8 = 0 on free surface

(2.43)
—9%1%;5‘1 — k(. D = 0 at R— oo

(2.4.4)
ArlelA i = Y103 ke IEFR(Wave

numben) & Uehlet T84 A ket g
2 AR = Aok BeF FEAS) AF A5 e
7 &*lg >1.0% ASde AHEE 23 9 4
AL oea 2ol "grh

#(x, D) =0

on I and on Iy at R—oo
(2.4.5)

olide] ZAAx FAE YA Yy PIE
AHL3l7) Qs FAEjAF sl BEMS o] 83}
o 2(24.1), (242)~245% Foxe AAXE
AE JodZE (Weighted residual integration) ¥
Bl Ueldd Zo] 7§ ZTdEIRE H47PERHE
Aol tEg F§ F AP T FRIIER
Hlg Al Y@= Feilezte] Hrke AFsgdoly
[6, 201.

25 F4 sHm

lutsl :

Bl o) 2T YETE PR
HZEE dg 5 ded SRS FRAA
A 9% W vk W glo] YRz Al sk
9ol tia giE FH oea 2o

RSB ERACE ¥ 32 8 1 % 19954 27
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1 3P _ 3*P)
Y P (25.1)

A7lelA  PE WFEIE 12 WA
2t} gty se A9 (Out going wave)oll o
3]

P =ft- L (25.2)

s 2tk ey FE A - D AF

(Exponential) 2 Aeol" 4 glon] #2590
o] AEMine)d] £F, 5% 2 A% =t 4
ol 3] A" 5= UoHs] =3 muly BHEHI
< o83 FAYAEE ¥ JEEE de3 o)
T8 4 ik

UCR, D = [ 2 PR, D + ~L5 P, 9]

r(--B=S) (253)
ULR, D

1
[ —EC-P’(R't) +
L5 (P(R.0)-P(R,D)] TH(t-E=5) (254)

ol RE $AFV)Y FAFARY FA A%
B 2 A R ohlz Mg gel FE{
olFe] RE < wsle] wAYTUS & F UL
o ool HATS} AJoldt Helrk ojA ¢ 7=
Al Al =EE EHER RE A” R
PoA QoA d™e K3z RE s ke
A& S(Stand-off distance)z} & = 259 3
g o]83ha oS 4o Fojd 4= gtk

Table 2.5 Shock Wave Parameters

Max. I’r&xum,T
tK,A HBX-1 | TNT | PEIN | NUKE
Decay Constanf
K| (223476 22,505 | 24,589 | 438 10°
P
A, | 114 ] 113 ) 104 118
Decay Constant| Kz | 0056 [0058 | 0052 | 2274

A, -0.247 | -0.185 | -0.257 | -0.220
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— R-—S

PARD = P1~<R'Wexp[ __0(_RCW)—]
(255)
Pi(R, B = 6(P/(R,0)—PAR, 1) (25.6)
U(R,H) = alPAR,1) (25.7)

UKR, ®

—abI'PLR, D +%FP,° (25.8)

UiR® = [UAR Ddr = —a6*I(P,—P)

8
+—R Pyt (2.5.9)

SHER
a = %(%—_g_g), I = ;l.';, PI,, = PI(R'O)
26 7 - 1= ASHR SN

oldold ARE FA-TE EAE S B
4& A et 2ok

M5W+ 05W+ EW': RE - GAF( P1+ Ps)
(26.1)
Ks = Kg
(X% : Linear elastic stiffness matrix)
Ks = Kg,

(9148 . Tangent stiffness matrix)

FAA
AMA : AFPS = Mg Us 26.2)
PWA : Ps= pc Us (26.3)

DAAL : Mg Ps +pcApPs= pcMp Us (264)

DAA?2 : Mg Ps + pcArp Ps + 0cQpArPs
:=pC{ MF Us +'QFMF Us] (2.6.5)

A=

GTW= U, +Us (266)

AfEHEEN SAY A+ 21D ' 23D~

A7W, 2R3, HIE

(235914 THeT 2e BAE Y Bo)
o) 2ich

W=W+ U1= U+1++U—1+
Pg = Pgy Us = Uss
Pi= P+ P Me= Mp, — M gy

ueby FAAS FRAE APRVE FIld A
% A= lon FAAY APl wet sy
o] EekAAl gt

3. SEMe} Foo dSXRBIHY

FxEA spiAE 3, Zwsssd 2e 53
2L ¢} Ho] AvsEolx) o] $Ysiyt F
Ao =gsly WALEA 2 FHES Yol u)
2 Bash walsle gL BASAEY o &
gAge FANGETIN 1/ o Solie A"
t ExgIgeleNE FHA A9e) Rz
FAAVESS) S MY|E UYshle SERE
ASE A F5EA ANER o] AGel Huizgk
o] ARAYL 8 dolAE FAAAIPXKIDE
YAREE AdAlsteder sprlujie) SHSAATA
Fol e Ate A¥uk) AgelA wje S
dolz}szck

wetA o} FelMe ¢4 ST e e
st $ERTATE] At wel AMgEIYE 2
#7149 causticid] YIS =518t 1344
o2 FRSYRTASFE AR AR S AP}

3.1, 2XHH MY E3{ntel sy

TR Ag/EANNMY SHIE Y
(BLD3 ARl o) wiEd AES T44(3.1.2)
o o3} uiEn olE A AFHF e Vol
A A Pk

p—a—'tl — div =0 311

3

[+]
v

= AEdive + u(gradv + (grad 9) 7)

|

D

{3.1.2)

a7zl vE &£xulE o 28] LA o) uE
Lam'e 4, p &£ Y=o)9 1& A7+g Jehdoh
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o] WulE WA e AFAARAME (31.3)
3149 3l tg AR EAZAEAXA
£ (315)3.16)3B17) F 4Ae] =9 3He &
ARAR FY del] thsire Adolojolsh
EAZAAR £ DM I BAEE
olzhe AAZRE WE3okgitk

on, = Pexpn, (3.1.3)
on, = 0 (3.1.4)
[ v] =0 (3.1.5)
[ U] Nagp — 0 (3.16)
[ 6] tag + 0 3.1.7

71N, npge BAEAEL] B3 @Ry WA
HWElo]1, tape EAZFAAEY 3 duie YA o
Elolt} :
Bl Hv| UL ek wEX]7t
B4 A)ZEE F3hel Sle HolgHed EASrE
TR AFE] oA HHE B BE BA
THe Az FFFANA Y] YFE A
sHAlEl=d o] 952 MongedFesit). (Fig. 3.1)
0]213 Monge Q3+ bi-characteristics m#*ol] €]
A asxAgnk fA lolde Ev)
(longitudinal wave)o]l #A=< dilatation cone
AF AT EZAEARE @A glelMe o
dilatation cone ¢]°l 3)9Htransverse wave)ell &
A& shear cone 5 2709 Y57} SAIZH.

o] bi-characteristics®] #aH& 2] ez
29 g3 2

r{rg + 41) — ri(ry) = m *dr (3.1.8)
1(zg + 4r) — rlry) = mSdr  (3.1.9)

Fig. 3104 At Agte] A POAS 3= Fv}
AL E CLit a8jn Pute] ZHfele Csht o
WA W] ghell ojsiA AREHAFE & Uk
o] mEHgAIEe] MYPZEF o] o3 BA%) +7
S¥FE AAEE BolFW ol A& =gt
GAsE=H ©]5% compatibility 7g2]o)e}gich
ololl thgt Mg AlAke (1310 71A= Uk

[ fConv+non—t grad(A'tv+Cmot)—4{-] /P°=

[ oCinv+non +t grad(/l'tv+CLno‘t)%] /Pi
(3.1.10)

REGEAMS GRS B 32 € ¥ 1 5% 19955 2H
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C.4cx

Fig. 3.1. Monge cone

[ oCstv+not—t grad(Gnv+C5nat)-42—r] /P°=

[ oCstv+not+t grad (Gav+Csnot)4E] !

(3.1.11)

o] compatibility W34 initial value surface

o sle P; ¢ QA3 At AP PoHxe] o
AE dAF)

32, XM F2AEE O 2B SHSY
Ao AN

FHSHAEATE APshed Bl AEHe =
2elie AP ENA glojd FuiEez A
28 AYrdoza] 19643 Manogg [14]9 230
A A7) =HRen] Fo Theocaris [1519% Rosakis
[16] 2 Kalthoff [17]el ¢J3t Hj7x]e] Mz o}
£ 3F 2 BEAAT 2PEq dEg 3A 9 53
oaAste] o] Roldll FPH Lol F3 o]
Hho A shadow pattern®] JFEsHA dojx|7] w)
ol B4 FA9 e BEFF #A4L FAlslet)
AFHog AREO|E ok A UiRe] 3L
uHe] HsH AAg WARIg, & J9F5YHe
Poisson’s ratiool wz} &9 FAE BAAY
=3 Petrew 40 ATE YA EA9 F
AEE AT gES dajME o)9) wk
o] #jo] Yolutk Fig. 3.2¢ o] Uv T
ol Mode I 9 dt5o] RS Yol AFdh= F
g} olF-ge] dgalolo] o] ¥HAE=d o]
Ag FolEIdo|ztein] o] EFREXGE B
of el o)9} FAREIAl Wel ¥E Esld 3
S 2:ElFAo] gA=loj,



126

[}
-L ( LIGHT
£ i —f
§ CONCENTRATION

=L % SHADOW AREA
CRACK SURFACE
= LIGHT
“t ~ CONCENTRATION

1L

of

Fig. 3.2 Physical principle of the shade optical
method of caustic

" :
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Fig. 4.10 Dynamic stress intensity factor K /()
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