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ABSTRACT

The objective of this study is to develop a technique that analyzes the global behavior of frame
structures with local cracks. The technique is based on frame analysis and uses the stiffness matrix of
cracked frame element. An algorithm proposed here analyzes a frame structure with local transverse
edge cracks, considering the effects of crack length and location. Stress intensity factors are employed to
calculate additional local compliance due to the cracks based on linear elastic fracture mechanics theory,
and then this local compliance is utilized to derive the stiffness matrix of the cracked frame element. In
order to verify the accuracy and reliability of the proposed approach, numerical results are compared
with those of Finite Element Method for the cracked frame element, and the effects of single crack on
the behavior of truss structure are also examined.

1. MB

rlo

AATFZEAL] FA, T4 Asol W3E stA e, 53] 2B FRA ] 24
B R ARRAC 2 4%E DY oY@ o] fE Fgol AATFRA A uXE 9%
7t FrRRANE FALE AFYHo| gAT o F WHEL Fho] TAY B FR
AHES AFZE st Y7] W&ol AANH BN FLol AATZA vAE F&F o2 Q% AT S
ofst= Wl o o] &3dlyldle A ¥t
w2, ggo] AR FzA vlXe 9L Hrlsr] g, w4E 7he 7] 2 9K S 2L
Qe FA9 34 we A4 ¥t Fgxoz BgAy7) 98 A7 JAHQT 2 YEA d7ER
Gounaris$} DimarogonasV¥ kg Ao A4 4 JEE Fdo| WAH B ZARLL ALsidn
Kamﬂr Lee?e #92 A WURE BAMs7] 9] wadird AAaRd (stmple reduced stiffness model)
o}-8-g vb 9tk =3, Sundermeyerst Weaver®= 9L T3 v g AZoz Ahdy T HRe
22 2d8Ach 2o Leedt Chung®e WRlne] 79 94X 27|18 AELHOR o2y Y8 &
d2 JF d4 WIE nEez fEY oyl gl 84 AAHBS A8t
AR ojsh o] FES A By Z e A% A AR ATE WRR 53} o) hag

N
o

i
oo
—r—'rOr:u

[o:]
=
e

412 W
to Ok rlo mo
-4
oX

=°‘= o
Ar)
aly
>

-i)l

o no o

BN

xR, AU ESFD ¥
s B3, AMUGE EBF oY A
s A3 Y, ARAAAE(F) ESLAY

-353-



Fzol tjs) AEAPOTRE Aol HolHS olgaje #Pe A7le 9AB dZa] AP ABH 27
of cREOIUT. GehH B ATAE olF AR F2E dMo] Hesje] FRA A AL WAT
zA9 Aol BT+ A= e ANstan B

21 Bz ost I HEZOjedA ME R
TEE A% F5 HEee|dxg ANl 93td 28 19 2ol FY=o £33 sMgAte] 7E€8 1
3k Fdo] AT BAE dFo] /NS ¢, T SEFAFToE Ao FRAHY HEg o
Azel Zrlaate] WA, o2 Q& Frte] Wy Wt At of Zrle] Wy oUAe Td
do "dHAS A S o Q) 2ol veld £ Q.
deA f (;}K") (Z:Kk) +l———+y(§:Kk)] (for plane stress) (1)
q714 G E A3 dFA2"E k(=1,2,3,, m)Y 2 93t FaA AUAHLES ofnjgch

4 (09 Castigano A 241 8359, 4719 BYAdA WO ikl 14G02 H35HE 4T ,
2 da WA W9 J5E P+ ew, oF olgael Wovy BEdeIdcd 4¥e 4 @9
2ol 4% 4 9o
_0di _ 3*we _
G5, ~ 57, = a7, o A @
3, 3950 $49 73R T2 A 2 FRUSHLANAE mode M U3

Yo2E dUAALE Gt mode 13} mode ol W B+29 Haale] 4 B3t 2ol 7
WgIA WOE 3 + ek

we= [ Gaa=-% [ [(KY+KY4) +(K})"] dA &)

gebd, 4@ 3L g ¥ 2 HPgdz Fgate FS nFess IR FIoda C° 9
A8s fEsA "o

ol FEo A&ate AUAHLE G 44 FAr=d nE ZH I A (Stress Intensity Factor:
SIF)e Froluz oo tigh dwkd A7t FQsich wepr], 29 29 Zo] Eo|7t Heoln Zo|7t ¢
J FHZO A} FEE Ad FA ddo Hd¥ N, FRAE M ¢ uFHe 35 Vi &
7t ZgE A FENGR KV Ky, KM 32 % 19 348AEFE Ao ZYgsignt ole
RAEaxe Ao Hede meEst zze] s3] dia Gross® Srawley™, Brown# Srawley®, 22z
Ichikawa$} Takamatsu”o o1} HAQ HFARAFSE A4F Holth

-354 -



] ~8 o B~
|mk V - :[///// L (fé F \Ei-‘x) rﬂ]}

7
// I ¢ L
L B
A - y
crack surface ,(_B" Vl é T % I v .
a
SECTION A - A *
291 7#9¢ Ad v g4 a9 2 $EYAS AHE 9 Az

# 1 3% Az we SHEdASs £ g4y

S.LF. PR A TS
%9 K1¥=H—1‘g Vaa F{ (@) | FY (2) = 1.122-0.231(2) +10.550 (2)*—21.710 (2)3+30.3_82(_a)“
wHEe|KY = KVFY(a) F"(2)=1.122—1.40(2) + 7.33(2)*~13.08(2)* + 14.0(a)*
B P e Fl(a)= iggf'ss(s?(%)151.3s3 (2)*+28.198 (2)* —38.563 (2)*

mehd, & 19 SIFE A8l olge) AR2RE $E8 I3 FIzdolds 4RL 4 2
[EPIyE o 5 [ ERI (DU dE
cc=-2L [, E(FuDY g 0 )
Sym 25 [Py ae

T2 A% T2 HEefold29] FFE ZH Ao wrdste] HATRA AL s4str] s
T T899 9] vgE Ty 849 APEE Frdtolol gt o]& A 1™ 37 o] Aot [,
ol {AAFAA [ WF "ojA Qe AAHd THo] 2T FAE st Q4 oid FEeo|dx 8
28 FE3%

cracked area
/_\‘ ----------------
cracked area 5 5
g ) 51; [ ¥ % . " R;
R A H a

e N JI
[ A I, ] !

-
W

-355-



ZY 8208 935 Y M 2Ase W d; 9 A &5 F ol st & w RoMY
A dp e BAE 4 5% 2ol Fgd.
d= C'fi+A dy )
A71M, Cle 22¢ T Be Zol7k 4,9 ai9 HEGeldzoln, A & Fd9 $2 vH RY
j R BUE BAZRH dore PHolm, 4 B)E oA dpol] dWdte A (6a)9 2L Hejz Fojd
o olg A WS Bete] G TR 2 A3 9w Lo diME 22 dpwt dpo) BAE A (6h) 2
(6c)otzol 28 = Qi

=

dp= A"'(d;— C ) (6a)
d,= C'f, (6b)
dp— d;= C° fi (6¢)

o

13 4 (6a), G (608 43 AAFozH Tho| THT FAY b ABFAIA2 P2 4 (DL
£ & Qo
c=B"( ¢+ c)B+ C @)
ol FE® 4 (79 24 HBejoldx FPERY FYPAS FE}Y) st} WA o @ A
79 BUA A dissk £ FASCTTI S LSSl AR T, £} fio] WAl A o] T e A4
A4 AXE 2T 5 gde T HEe 2939 Aejdch vpazta woz g4 ;o g8 48 ;9 4
WAAE dol -t M7 ol galod Hejebd, #Qol W4T A a2 ZHYR Kok Anzoz
f= K d% 2& Fuz 590 Holok st2z 4 (97 & Yuje) Fdo] B4 e HAe 2
2 ZAWEL FEs A
KSf=T c'nm” ®)

5 2 g 5
FHE il A T AS Y F EAo ssixe 245

429 2d9 we AYAL A=k
B ot #A) A&l AL 3ol thelel Dol (open)Sl T, YEE W AeE due A
2 49 PAE B0l YTk AR dReln. SAREA U + UE A%E dude 1y
A %g A%, 3 4% 2ol W] A2 2HY + 3

<L >l ]

(a} acceptable (b} need to be checked

€ >+

(c} nesd to be checked (d) not acceptable

3% 4 A A nsior € 8F 24

- 356 -



a8 49 (aF Aol utEA £AHAULS UEhE B, ()Y B¥E mode [€ 1A &3
mode O%H& neistedol & & & Uch =3, 0% (9 ZAfde #2749 &5 A SIF.9 dsgs
2 99 AP 20 WEAE AEsle] HET Favt o

“;,Kk, = (sign of N)KY + (sign of M)K? > 0 ©)
olgf A (97t AR ANZAAE R PolEd F YA, AHMA FE A5 D) iRz Ad
o g SIF K} whg meisct

32 34 «L1elF
T 4FE gt AAF2AE HYY) AN IFEEF 2 $, 99 T IS e
FAsATE g BN Sgdez 299 FAolu X, 27] 3 2L s ERE FEY FF¥S
y °§6H°F goh AA Zaq FRA FEHo2 AT FEY YT AMMd Bgsr] AT HY Ldue
< 129 5ol YEhleh Za M FAo] FHEete e 57 AHT R MEAA A¥e 5
533}“1 olgid FretE ) Ade 2A ¥ TPIEeRRH fEHI vAFE i At .

I

Set-up the system egquation
( Undamaaad state )
= Kl

Calculate Undamaaed displacement
d= K f ext

Calculate Undameged Iccal element member lorca]

Fe-Kreac- quwv

‘Grackad eloments

1Ca|cu\a\a the local compliance coetficients € ;)

I
Calculate the element compliance matrix
ci=3Tcf+cH2+c)

LCalculata the local cracked slement stiffness matrix]
X ¢ e T
X; =11 ¢ N
H
Calculate the global cracked stiffness matrix
K.= L K¢+ T K¢

c

Calculate the crack?d displacement
= =] ext
d.=Kf

1

Calculate the local cracked element member force
f! KZ,-G‘E ,tql‘lv

k tof the o’raokeq* e‘lqmen;i‘“ i

a9 5 553 €& AHW| AP T2 58k

Z9 % FEEd E e A3 £ ALY AR e 29 6@ 22 Ave B4

ok

- 357 -



A E=210x10°(N/m?), Tokr y=10.3% ZAZ 7Hgsigct stEe AHY 2Afde 1Y 67
2ol 8 (N=100 kN3 2HE (M=—10kAN-m) & 242 4A7 & 799 94 L & 13
o2RE RAdele 1/4, 2/4, a8lm 3/4AFoR WsAIIY Ztzhe] Axdx dH ddiZol
o/HE 058 0.6714 0.14 747 £ d78 &3 Ad" ¥Es v & F9seq, 2
ol ARNE AEsH7] st 8 A AML3E 84 (8-node quadrilateral element)$t ZH & 2499 Hé
Hol A A2 (6-node triangular element) ¥ #FE MR EojAd wtdE $IF Eolgax
(quarter point singular element)& o] &&td Fad 22N L AgslGet A HEE A3t FHZYY
A A9 xBFEAY fE8a AAAT g e A7 vlastd 29 79 (@) (b))l UERHA
. AT E Fdo] Aoyt EAlxele 50% & ¥A ¥T HANAHE 0.5% ol u¢ & A
Frg Hole A& U & AU

y y
A a a
T . K . I H
X x A X I {p A [}
N.A N.4 20cm
L i L=Li2 - [-B=1
. K] =lem
) L=1.5m N L o
> i
(@) 9 2 IrdE #Z (b) &4 315 HAF
A

¥ 6 &F Atz BE AUFY

i

sk stzol tis HE

wEef st g AFol AHEE A FAe 1Y 6b)ek 21 Ase £¥ 2 ¥ ZUE AFA

g sdstA M & F AR FART (V=-2kNE HE4HH AY L 74

1.5m, 283 2m <A Al dald S0l 24 AAAIIL 2] disf 289 FdhZol af/H
14 F7H7IHA Fgath A Y 2 A4 A f

a4

EJ

®

3|

€ 0%€ 0.674A 0. FEe AN Azet
o] HEAA Fete 79 (O 2on o] A B2 AFAHE HYE AFEAU
25 [ 2] 20
Crack length 07 /\ —a— This study
—0— o - 5
20 4 —_—0— 0.5H Crack length || L Bernoul-Euier
= —a— oan| [ %] Zo— osu||= 151
z ——om||T ] —o— o1 T
§ 15 —8— | 5 —a— :x °
H 0/—__6\+:H G 04 —5— om|| ® 104
o ® —+— o[ @
Z 101 2 1 — 2
s " T~ |
= S 02 ®
« ]
% 05 o T « 05
onJ § % ] i i . 00 y T T
14 214 34 114 24 34 1 15 2
Crack location (L¢/L} Crack location {Lg/t} Length of member (m)
(a) &8 AsHA] dd ezt (b) FEAE AstA] Azt (c) 2% 35 AsA ddext

38 7 AdelNe feassy Aatstel it

-358 -



42 2EH PAg AU EBA Tx2o| HEHA
THA FE9 4L NI F UEE At FPEE ol &t aF F EFZoLY FEREAA E
dol WA H&E stAsta AN ALY EYL
HAAZIL oA AAE daEFol wet Egid F5H
B did FRAe 28 99 2ol A FHEAY
B2 JHAEEn, AgY EAAE SM400%] AR e

a9 8 #Ee XS EYx By

14 37b090e e Fasel 1270 BRAMS F
cuz] G 49 A4 A8 94 48T 29 G
99 Bol7k 37HE4T 7 AR Wk FARE R & 2

o =
A B2, olUE Bk £4E Y FZES AFS AV, A4 ASS ASHAY, € AT
AdE WU T F39 N FAHoR U3 sol BAT - duks FHE vl Yk
@ F& Fool Fol ol wx

4 248 FUQ e FUS AAUIE TIIY A Eas PrEel A% A A4
£ 299 WstE S0 W4T 9 W PAY AT A= PA disiel AN F TRl Y= Y F
Hol T FriEe WAFOR 1Y 900 BEEHN Vehglth 1Y IR FEE Az 2
of sk FHE SAol WAT $A AY AFHe} YA A el WolA gl FA A% 2 M
38 mold gAw, ¥ AAT TA) A I WHE mATe RS ¢ & Yen 1 37 ule

&
#

EH
&

H
5
*

i |

FH
&

Yariation of mamber forces

Ralative variation of displacem snt{dx)
H

Relative variation of displacemoent{dy)
E;

2

T T T T T
1 zZ 3 4 5 6 7 & § W o1t @ t 2 3 4 5 € 7 1 3 won w2 L A I ]
No, of member No. of node No. of member

(a) % ¥ ¢el Asg) (b) 42 wele] Ws (c) %39 ¥g
2Y 9 E< 2T AATAS FAHA A & &3 ¥

-359 -



AYSAL, o8 xR wet FEE F IS Ad FA %l% Eds T
32 F8S AU
D 2 g7 Agd 282 AY =AY A FAAERE Hgste AATEAY AL 4% 4
, R as GAHNE o F dXNFS AdForN FPAL AFAA
T AnE Edz NddE dueEsd 01%5}@] L= aratc! —rZHi °l—r°1?‘] ﬂ%OI Ei s
AA ol g3t g A, 2 oy
stobe ¢ Qle Fdoz 01%-5‘ T 9\1%% Q?l?f}%’\ﬂ}
@) AL FEARE ol g3t Tho] Y F2ES Mgz T G hF FAAHQ 3§
NZ#E =228 5 AUk
@) & 97E T3k A" WHEL 35 A7 E F8d dgy FETEE TPSE T FRENE
g 7Hed Aoz i

R R e

2

o
9.
1o
iy
o
i
o
R
o
W
X
ot "
(o2
o
T
>
o
Koo
fob |

3 gn)

1. Gounaris, G. and Dimarogonas, A.D. "A finite element of a cracked prismatic beam for structural
analysis”, Computers and Structures, Vol.28, No.3, 1988 pp.309-313.

2. Kam, TY. and Lee, T.Y, "Detection of cracks in structures using modal test data”, Engineering
Fracture Mechanics, Vol.42, No.2, 1992, pp.381-387.

3. Sundermeyer, JN. and Weaver, RL, "On crack identification and characterization in a beam by
non-linear vibration analysis”, Journal of Sound and Vibration, Vol.183, No. 5, 1995, pp. 857-871.

4 Lee, Y.S. and Chung, M.J., "A study on crack detection using eigenfrequency test data”, Computers
and Structures, Vol.77, 2000, pp.327-342.

5. Gross, B. and Srawley, J.E, "Stress intensity factors for a single edged notch tension specimen by
boundary collocation of a stress function”, 1964, NASA TN D-2395.

6. Brown, WF. and Srawley, JE, "Plane strain crack toughness testing of high strength metallic
materials”, 1966, ASTM STP 410,

7. Ichikawa, M. and Takamatsu, T., "Fracture toughness test for thin plate under mode I loading”,
Transactions of JSME, Vol5], 1935, pp.1115-1121.

Ho
ek

- 360 -



