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A Study about the Damage Model of a Cantilever Beam
with Open Crack Generated in Whole Breadth of the Beam
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ABSTRACT

We studied the influences of open cracks in free vibrating beam with rectangular section using a

numerical model. The crack was assumed to be single and always open during the free vibration

and equivalent bending stiffness of a cracked beam was calculated based on the strain energy

balance. By Galerkin's method, the frequencies of cantilever beam could be obtained with respect

to various crack depths and locations. Also, the experiments on the cracked beams were carried

out to find natural frequencies. The cracks were initiated at five locations and the crack depths

were increased by five steps at each location. The experimental results were compared with the
numerical results and the comparison results were discussed.

.M B

uFoly EE F2E7 22 U FREAM &
AE gE2 AT AN 3gE ATl &
Al aFa e IR a5 dd HHez
o] JAsHA =Hd dAGANN AFHND 2
E& #nsA R Huz @A #iz o
old & sloh ol g TxEY &4E 7)o A
3t H™g #A.-BeE T dFARE 1Al
WRE71948 oln) o2} ARH vzm AAE IR
g T S o8t &4 AASA o 9

Ag dSsteie 77t FRH S 2 FolA

T ZAAA: A3Y, IE7)AIETY e- QAo ATFAE
E-mail : ychuh@kimm, re kr
Tel : (042) 868-7468, Fax : (042) 868-7418

AR, AeUtT AFBRN YT

o B ALTY e-AAHolY A7AE

T &4d 72EY AF BA @& & 1dEF
4 B Fio] HslE o] & 2T 7|k &4 7
A A7ot et S5 g, vny g
SRAME AAHQ Wog &4 7AAE £ 9]
= AH Wi Aoz gad ey A4 72
29| HLo Qo] wAF FE= Qg AFHA 7
Aol WgE desprdle a2 afAd A7 7
W&o 2ol AulE MM 58 o]&3te FHH
&S A3 Azt e gde A7 Bol ARY
T Ao?. AGHQ &aoly wAd 7L 2L
FEAYN EAE A giMe & F2E
HE $E5A W3E Ax A delsle Ao I
a3y, olg A &4 F2EY A Bdg &
gt &Adoll e F2E9 F5A4 HSIE o5
BE Aol shte] Whge] & 4 gl

o] =EAAME g9 YAAA dE8E Ze B
2] 24 di3) Auingith ¥4E Hel g3 IF

936/t 4SS 3 =2H/A 174 A 10 %, 2007



29 Z AAN $48 94U FAL 2 B S4udd B A7

A DU Be A7y} £3=EY = Irwin®
= AEeR 3 AH F49 39 ASH §F A
0|9} #AE Y3 ©|F Dimarogonass= TE
o] F2EY EEA nX: oo B Be o

g TR, FAE FYL EYsi] %
Ao #9& 229-81x9] Pejz ZdY31 g
3 722 @ #dE FI) A8 Fue &
ded Pge AGsglth. Gudmundson”& FE
= "—E EEY } A4 $9x ddz Y § e
< 2 JBR LHAES WIE o35
o Q?J@J%QP Hla
Barr'®: @49 2o

e
£
r;u

AE3ST.  Christides$}
SHHUES Zds}r] 98 A
FErE Ahde 79 T8 (crack  dis-
turbance functiom& A A9 #E& 2=
1o 4R WHAANE FE54%0} Shendt Pierre™
e e 488 2= ﬂ"é?ﬂ Eoﬂ sl 7€ F4
oA Be] A3} NG uEde 748 F5E A
obhil ¥ TR A| Be} R IFR A
&5 T3k Chondros$t Dimarogonas' ' *'Ve #
dg B Zo] WFoz d& BI¥I}E HIAER
233t 1 Hu-Washizu-Barre] WEHE o] &3}
dY dEdS 2 B 1A £4E 1 A 2
o} vw AFIGTh AWM E e FHS
o] &g #d R FEA A7Vt gol FIHMNE
d, 290 d& BgE 299 A %—EH
Halo] Ak A7 223 FLo) JdE A F
Sfo]Zof| A o]F AFe] wE FTEA Wl B3
AT o] A,

#HZ  Yang®  Swamidas"®,  Owolabi%}
Swamidas"*? % gy Fgo] EAs HefA ¥

g AUz 78 2U4S o83t dd R F
- I % —5‘: el g2 fEstn Fo
dEAA 2 g 2AAA 229 io%l e Zd
A7iek 94 Wste] B 1HFAFFE Adshs o

T7& FH8Idch A wEs OI%E}OQ*I o
3 JAs) sbesetan 499 BE shie A4
7}8 %l we} Galerkin WS o] &3ty 4¥ 191
1F3E 4A 78 F Aok AHe] gl
FAXNE sty #do] & Wk Hajo) 4

=)

o] =%
A Este dBrd A FE A7 A WA
g ME IFAFTT AE AN o)E AFES
Fot AT ol dEe ¥ EY #E=

b
olo
gl
o
oK
s
1ol
i

EAete AH3A| Ferhn A } . 57 5%
Aol A8d ¥ B YA usiA 9B
Be] A 21& HE&39 Galerkin WHE o] &%
IFE AANEGT. A, Ao AEE AJEL

A oo dFuE BHEN 27 99 4
g K Zole] 0.1L~05L —“M«] ANz g 574
A2 A3tz FEY ZolE " Fold 1/271A]
S5HAIZ FRHoZ FIIAIIEA ITHAET |
S AW Egdt) ol A A Ane vluwstn
I AEE A en #49 99X 2 A7) o
£ ¥3E FEU.

2. 0¥ Ho WS NARNESS

2.1 3 ®o| B4 HY OLX
AtetE(dead-load) T Zo] €18 Frl YASIA &
45 FREAA 7] 2Eo) oBF 43T F H
delol =gt 743t A Clapeyrond] ©}
o wha} ogo] 3 A W= WR #Y oy
Hslrel T izl "ol & o] g3 o w
e fRe MY Uiz FHHT yriR
TE& A3A7Ied 229 Fig 12 d4g9l
a¥E AAYE @ A 1, 29 dF-¥9 SHE
HolFed #9 4% 139 qux ane 4z
B4 Op, 2 Opoln AF P o7 A Wi
80pp 01t 7B ECRE  (Ohp,) - (O5p) =
(8,0,p5p)/27} BEEE A & = Utk o] F 44
o2 FEstd vS# 2k

r‘lo o N ol o8

W=E+AU=2AU ¢)]
4 A 7,
T4 g
% statel “state2
Dy D2
o 4, dy DV
Fig. 1 Load-displacement curve according to crack

growth

Z/A17A A 1035, 20073/937



3 g d.

AAD- A

47N, Ex 299 A4l 228 ouxoln
AUE ZHEE 88 AR 7ol Heby
799 2ol 2% ¥y oA gE

U=U+AU=U+E, 2

2 ®A% 4 slov, r= 29 4% H 4 19
uel ¥a uxg ougo.

2.2 °¥ 29 I =8 &4
3 AF3e B Ad ‘ﬂ?’é% -‘?’*"l?—_} F oz
71AsH Zge] A% A 1 &
A H2 Fo] poji Fol7t Y /\]'7—}‘?}1_ B &
2 g Al(stress intensity factor) K, &

K;=F(a/h) - o - (a/h) 3

\/ﬂ_—_ 611{)\/7ra

Fla/h) =1.12—-1.4(a/h) +7.33(a/h)?
—13.8(a/h)*+14(a/h)%, for a/h <06
4)

714, o dE Ho|, ME B9 FY HUER
A 4 gt

A% 33 RHE amo) sl Bola dgo)
oVE AR o ARHE A EE #4995
ol2o] o5 W oux A& o AEPL 5
d§ 7+ & Ak F,

E= [ cia= [ o ®)
=/ ca= [ G
o 7] A,
2
G= ’g E=A%9 9% ®

2 3)~6) 2R FEo A AEHE oy
A Ex

187 [F(a/h)]za2

B=—— M )
2 42¥ 4 ok

oz @do] YA L F2 FUH
o F9lo AF5H 79 A92vH e 2o)A%
=2

% ¢ (nominal stress)?] o FIde ¥

938/8t= L SNES =3

E E— g Zeta d2iA i duA S69M
By Ay uAzt 28 F99 AFH UM
3 g s %lt}. &, ¢¥ol T4 HelM WY

iz e} BEdFE ZSdste @d ol A

e E9 Aol %‘%k 2XE

_ [t Qla,c)
" Jo 1+l(@—c)/k(a)al?

dz ®

2 /M8 B 4 gk d7IM, & d9o) A
AXE Judt Qac)® kla)= AASF & I
Folch A (7), R1ZFH Qlac)E

Q(ayc) =
D(a) M?
k(a)alatan ((L—c)/k(a)a) +atan(c/k(a)a)]

©

9714,

187 [F(a/h)]%a?

o (10

D(e) =

% 2ol 7¥ & A EHE I Bolde 57
29 4oz Adad 34 ¥y oA 4
@l <A

3 e
Qa,c)

L
3/0 Do aall o 1+[(z—c)/k(a)af
(1

7} 9} 4 (9~(1DEFE 79 BN T/t §
3 744 ELE UL Zo] d& F Ut

_ EI
=T E Rao /Lt (—a/i@a
o 7]A,
R(a,c) =

2D(a)
k(o) alatan({(L—c¢)/k{a)a) +atan(c/k(a)a)]
a3

=28/A 1748 A 10 £, 2007



2ol Z AzoM dAY Y #ES zE oFne] SAndd # A7

\Y, ——— /=01
S ah=0.25 |1
~- = ah=05

[s] l D.‘2 I U.IA . 0.‘6 ‘ U.‘B ' 1
cl

Fig. 2 Distribution of normalized bending stiffness

at 0.5L of crack location

I_ bh¥/12

L b(h-a)/12 (14)
2] (12), 149)Z5H

ka) = 3n[Fla/h))*(h—a)’a 15

[7*—(h—a)*|n
£ 98 + 3t 4028 ol8sd 7Y AN
o/L=0504 Erl ds AFEE 79 v 57
29 A9 BESNS AV Fig. 29 2k,

2.3 3% wo| ARWES AN

[+]
4% wiz,) @2 339 57 38 24 mE A

A7, we FE B HREFFolh

ggnd 9@ Aand dE Tl A9
Galerkin & AH23lgtt #¢E #AFe 2= &
el WPl mujsithe 7MY sl @l Y 9

Zre P B BFE AR P(trial

rOll

o T Els
ITLFUSSHY

function 2 AAsIHTE 43 FAXT 2@ A=
B o

¢=Ci¢, + Coppy + Cypy + Ci8, (18)
s 2,
;&) = sin B¢ — sinh B,£— A, (cos B£ — cosh f;£)
19
A7, é=z/L
o Sinfsinhg, o0

¢ cos 3; + cosh 3;

B,=1.8751, B5=4.6941, B3=7.8547, B4=10.9955
@n

g 2tk b §4E 6,2 Astn AE o 4%
3 clamped-free ZAZZ d3|A Galerkin %
He A4 AR ¥ 54 BHHE o
2ol d& < Stk

L L
[ 6 B d~ pato, [ “gpam=0 (22)
0 0

2
A7A, ‘P":%x%' i=1,2,3.4
2 (22)9) HEE Matlabe o)&8 23 HEE

Tyt

3. 78 EES 4Y %
FAlaid A Bl

3.1 7Y QEHo XgXE 4

79 R W3 £ 448 A5 4
& 0.05m*x0.05m §HE 2= 5.7m dolg ¢F
ugE B2ol uid ARZE A¥E Y53k AH
& % 547 AFFJL B Zelg 0.1L, 0.2L,
0.3L, 04L, 0.5L dB3te ARANA 27 744
& AANAG 72 AT dg AvEe %
1 FAEE Table 18 Fig. 39 Z2 B0 Al&
g g2nF YA 4§ E=7T0GPA°lL HUE ,
=2,710 kg/m*eic}. Ztztel 27) 79 XM 7L
9] Zol& 5mm GAZ F/FNFIWA a/h=0.1,0.2,
0.3,0.4,0.59 Z2Ad4A LHAFFE Z43AT)

%

/A 178 A 105, 2007d/939



3 33

A3

Table 1 Crack scenario on the cantilever beams

Craclzc}/})lc)ation Crack depth(a/h)
Test specimen 0.1 0.1, 02, 03, 0.4, 05
Test specimen 0.2 0.1 02, 0.3, 0.4, 05
Test specimen 03 0.1, 02 03, 0.4, 05
Test specimen 0.4 0.1, 02, 0.3, 0.4, 05
Test specimen 05 0.1, 0.2, 0.3, 0.4, 05

¢/L=01 02 03 04 05
(#1) (#2) (#3) (#4) (#5)
v vV v

y y_y v v v _ @ — )
B

A
Fig. 3 Schematic configuration of damage scenario

Fig. 4 Test specimen attached accelerometers

Fig. 5 Crack generation(¢/L=0.5 and a/h=0.5)
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Table 2 Comparison results of natural frequencies for the uncracked and cracked cantilever beams

Test Crack | Crack 1st Mode(Hz) 2nd' Mode(Hz) 3rd Mode(Hz) 4th Mode(Hz)
specimens 10(00 E}}i()m ((13)}?)1 Er}r(gilt’]s_ Analysis Erﬁgfxlt'ls_ Analysis E;(}gﬁg— Analysis Eégﬁg_ Analysis
0.0 1.250 1.260 7.86 7.92 21.86 22.17 43.07 45,45
0.1 1.245 1.258 7.86 7.91 21.86 22.17 43.07 43.44
4 0l 0.2 1.240 1.254 7.84 7.90 21.86 22.16 43.07 43.44
0.3 1.230 1.247 7.83 7.89 21.86 22.15 43.07 43.42
0.4 1.220 1.235 7.80 7.86 21.86 22.12 43.07 43.40
0.5 1.190 1.217 7.75 7.82 21.84 22.08 43.05 43.34
0.0 1.260 1.260 7.96 7.92 22.17 22.17 43.64 45,45
0.1 1.260 1.259 7.96 7.92 22.16 22.16 43.61 45.42
# 02 0.2 1.255 1.259 7.96 7.92 22.15 22.15 43,55 45.34
0.3 1.250 1.251 7.96 7.92 22.08 22.12 43.49 45.20
0.4 1.240 1.242 7.96 7.91 22.02 22.07 43,01 4499
0.5 1.220 1.229 7.96 7.91 21.92 21.99 42.59 44.68
0.0 1.250 1.260 7.84 7.92 21.81 22.17 43.07 45.45
0.1 1.240 1.259 7.84 7.92 21.80 22.15 43.05 45.44
4 03 0.2 1.240 1.257 7.84 7.91 21.80 22.11 43.05 45.40
0.3 1.240 1.254 7.83 7.91 21.70 22.04 42.99 45.34
0.4 1.230 1.248 7.82 7.89 21.56 21.93 42.84 45,25
0.5 1.220 1.239 7.80 7.88 21.32 21.76 42.71 45.10
0.0 1.260 1.260 7.94 7.92 22.08 22.17 43.46 45.45
0.1 1.260 1.260 7.93 7.92 22.08 22.16 43.44 45.44
#4 0.4 0.2 1.260 1.258 7.92 7.90 22.07 22.14 43.39 45.42
0.3 1.255 1.256 7.89 7.88 22.06 22.10 43.26 45.37
0.4 1.250 1.253 7.83 7.85 22.04 22.04 43.03 45.30
0.5 1.245 1.247 7.72 7.79 21.99 21.94 42.60 45.18
0.0 1.260 1.260 7.94 7.92 22.09 22.17 43.49 4545
0.1 1.260 1.260 7.94 7.91 22.09 22.17 43.47 4541
5 05 0.2 1.260 1.259 7.92 7.89 22.09 22.17 43.40 45,31
0.3 1.255 1.258 7.89 7.86 22.09 22.16 43.24 45.15
0.4 1.255 1.256 7.82 7.81 22.09 22.15 42.88 44.90
0.5 1.250 1.253 7.72 7.74 22.09 22.13 42.37 452

! .4th nads

(a) Experiment results (b) Numerical analysis results
Fig. 6 2D-contour plots of frequency changes for the cracked cantilever beams according to the crack
variables, ¢/L and a/h
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