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The Study on Notch Strength Characteristics with Circular Hole
Notch in Ai7075/CFRP Layered Composites

Je-Heon Lee”, Yeong-Hwan Kim*, Joon-Soo Park** and Han-Ki Yoon™**

ABSTRACT

CARALL(Carbon fiber reinforced aluminum laminates) was fabricated with CFRP prepreg and
Al7075, using a autoclave. The mechanical properties of three samples i.e. A17075, CFRP and CARALL
were also investigated as a function of size in circular holes. Theoretical approach into analysing mechan-
ical behaviors near the circular hole notch was carried out to compare with experimental data, further-
more. By the adhesive bonding of Al7075 to CFRP, abrupt strength reduction was prevented. From the
consideration of modified point stress failure criterion, predicted results was well consistent with the
experimental one.

=z
=

b

2 dTE Ve ‘FZ} 17 E8aAel F54, 48 8745, 457 484 52 ddstn dol b v aE,
FA, 52 B4 5¢ 7K Aer ruda 9 Alg CFRP #2491 CARALL(CArbon fiber Rein-
forced ALuminum Lammates) stolug|s BELAE Azsla, olaldh A7 g2y BEaAzl) AL5] g
A Ao setrolok sl BA, & ¥EXYE S Yo /H3HE =Y g8 93xeA] e 598 =
Arstch ol & 98] CFRP, A17075 T6, CARALLA Ao thg #AE3} YFex]e] F7)7F =XA0473 % )
Ae e vRdtn 148%, 3 =AU LA CFRPAAY] E4o] ddd AlS 23 CARALLAAHE
o o8} A & deAd s FsiEch 8 zF 249 Ug Whitney ¥ Kim$9] w2 0A4AT o &24&
A3l 1 FE84E FESIILh

I m::w

2 AA4 5o oz
#5014 ok WA, WdE
A7 glel ol% B 9

LA 2 F gEe ¥4, ’x\lﬂ"é
7 i3

2
Fu
i
fxts)
L
>
_,d
t‘.?‘_'a ﬂ

A Fe7) 249 dFES AXska e g7 2 sz 54 ?%1:’8011

w3475
VRERE ool FoA T
o TR 7)A B



134 3% 2000. 6 LEAE 2=

A17075/CFRP & &

239 A= B4 B AF 59

&} fiber glass, Kevlar, CFRP(Carbon Fiber Rein-
forced Plastics)o} 2-& 44738 H3kaA e Apfo]
7t FAl Aot o, g9 22 AR Ega
A= F2adol A& o} st AYTH el BA <
g WA, F549, 434 o= 8 Fualgo)
A AGE B3 Qe dF ol weky 99 Ze
A E A Y8 H2 ARFeM e A &
T8 AAE ¢F0F dun EgAaAE A5 Y
Ble] stolHej= Ao tis] Eas] d7sln givh(l
~6] 221t o] Folo i AT A Aol 37
HA g1 gleng AAEL Al7075% CFRP gv)
o]l B FHo] #g 2 LEFolHoA AEs}
of A %3 CARALL(CArbon fiber Reinforced
Aluminum Laminates, Fig. 1 3=x) slo]Bajc Ax)

€ Azsp] A9 AA guxe a9 SgA9 A
7] R Z1AH A8l diste] AAHez =
Atete] B3k uh it 8 o] AZEE LA ol &
g Fg7) BEe sk 290l Sl B, BE
ol A% Z1AAE AT CIFA FA] FL olE
g by 3 o] glev], Agder 4y
Se 2IEA 71AH Aol AsEe Aol ok
g9 2 EE 5 451 ZIAH Afele BH=A] 24
of =4y & % 4F3xAIT ol dAHelor
39, ol g 4F «] E:X]EJJM & 7AH Fx=e
Astdt. Z2jm ol A=AE 48 Abdd At

8] dofEo] REAA Y JEARE e Ao TV
FRAA ] FART F23l)

B dFoE= Al70759 CFRPE A=3lo o
Feol oA JYsle] Axd CARALL slojHz=
&7 2 Al70759 CFRPo) tisls 44 8427 =9
< 7HE dF=AE JFEsle QAAEE AAsk
th aE)a ZF AAje) AJERNM 943 2 #Ee =37

7b =R MAE Gee deteln, CFRP 4417h
AlE AFAG oz wX] Ugwrt ged 5 deR]
Adhesive Film
Carbon
Pre-preg
Aluminum

Fig. 1. Schematic illustration of CARALL Laminates
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Table 2. Mechanical properties of un-notched AI7075, CFRP
and CARALL

Material Wi 2R | 2RIW| oy Ot | O/ Oieo

520.641521.93| 0.92
499.591504.84| 0.89
455.341475.63| 0.83
387.86|430.41; 0.76
337.221410.12) 0.72

1.18 | 0.05
238 | 0.10
241 470 | 0.20
7.04 | 0.29
Al7075 9.35 | 0.39

(om=569.70) 238 | 0.05
4.80 | 0.10
481 9.58 | 0.20
1428 | 0.30
19.05 | 0.40
118 | 0.05
238 1 0.10
241 470 | 0.20
7.04 | 0.2
CFRP 935 | 0.39

516.98|518.29{ 0.91
495.001500.32| 0.88
440.931461.40| 0.81
392.051436.54] 0.77
335.81{411.91| 0.72
944,051946.411 047
847.17,856.08] 0.43
820.59{857.15] 0.43
644.561715.27, 0.36
580.721706.26| 0.35

(0o=2013.49) 238 | 005
480 | 0.10
481 958 | 0.20
14.28 | 0.30
19.05 | 040

1204.291207.35] 0.60
1004.7G:1015.50, 0.50
780.511816.73| 0.41
666.161741.76] 037
597.831733.30] 0.36

1136.0041138.83 0.85
911.231920.81| 0.69
846.151883.85] 0.66
682.211757.06| 0.57
603.711734.23] 0.55

118 | 005
238 | 0.10
24| 470 | 020
704 | 029
CARALL 935 | 039

930.041932.411 0.70
864.67|873.96| 0.66
773.171809.06] 0.61
657.451732.06| 0.55

(o=1334.02) 238 | 0.05
4.80 | 0.10
481 958 | 0.20
1428 | 030

19.05 | 0.40 |591.06]725.00] 0.54

52 ehygch 2elm Al 7075419 &7) =49
T gd FxAA e vesid 7P @ gheldlon,
3 BAge] BF =X avd 7MY 43S 4

Fol A2 EALE Jehidg &, W =
24mmaA|e] AF xXFA 9.35 mm FEolM Fio
A QAT 58.78 % olYen, W = 48mmAA)
o] B¢ =x274 19.05 mm AgoA Exxix A%
49 58.53 %= yelyth. aglm CFRPo
Al70758 &3 CARALL Azl W = 24mme)

%

%l o) oft

2500
AL7078

—~ Q W=24 0 W=4g
& 20004 CFRP
2 O W=24 A W=d43
‘“z CARALL
51 0 W=24 @ W=48
= 1500 -
oo
g
£ .
i3 o
2
2 1000 | A
% &
@
= a
2 g = s
2 o 8 a & a
5 s0F 8 a o o R
o o] °
z

0 L L

0 5 10 15 20

Hole diameter 2R (mm)

Fig. 6. Reduction of nofched strength according to hole diameter

AY =227 9.35 mm Ao =AAEE B
A NG 4526 % o]gen], W = 48mm<
F =247 19.05 mme] x=X7TE FaA A3
74%9] 44.30 % oSl o] AHBRE YL, T =
A2 Ad CFRP LAld] 194 Al 7075 24
E Fd HHAA sholunlzs} gogy G &
A7y ZEFojol & A 2 £438) 87 (damage
tolerance)& ¥4 & UL Ao g wu€d) Fig. 72
P4 9 x=xA CERP, Al7075, CARALL 424
o] g RolEn Fig. 7(a-1)2] ¥4 CFRP
Sl TP FEe H84EC] Add vy
o RE AfdEe] 83 A¥I5E AHF A&
& F 3ok

a#Y Fig. 7(b-1)2] 98x%] CFRP A]@ oA
© 43794 &g AT £uFHor JHHE
Aot o] AFAL EHE Jepdn ok adn
Al7075 2200 FxeAAy =49 Bz FET
AL IR wARAES) Age A4S 4 £ e
5§ CFRPd| Al70758 23 CARALLAA S 3%
AF=Aol g gauio] gido] AlrAle fAls
W&o =AVHAEst 48 A" AL ¢ Utk
w2l Slolual =3tk CARALLAXR| S 5ha7) o)
Mz dA4E PF9AZ Feicka Az

X on M

30

—_—

3.2 =XQIAZES MY} oS

Fig. §,9, 10& Zt A 5ofjx9 XA HAAARE
o} Tl A= ¥ oot 93874 2R
o] #AE vEd a"olth add Jepd ML
Whitney9] 7-23zZ714)(point stress criterion) (3)



%134 35,2000 6

A2xAE 2¥ AVT075/CFRP A% B340 w25 B4 8¢ 97 63

b-1)

b~-3)

Fig. 7. Fracture surface of un-notched and notched CERP, Ai7075, CARALL specimens

{a—1) (@—2) (a—3) : Un-notched
(b—1) (b—2) (b—3) : notched

SEE- N
& e
08 | 0’4/ )
weis ’/ A
W) 632 /61 :
o e
5 0.4 L. ’30(”_
[CAN, 220
(), 7104~
02t
AL7075
O W=24 & W=48
0.0 ; ‘ |

o 5 10 15 20
Hole diameter 2R (mm)

CFRP
O W=24 A W48

wd8

- (d,), . =632
(), =437
()20

&
AL S

02 L wea ]

W), =0.53"

(), ~032 ~

(d)=0.11 -
00 ; . .

0 5 10 15 20

Hole diameter 2R (mm)

Fig. 8. Variation of characteristic length according to hole diam-
eter in Al7075

g o] g3ld AFE oA 4
A7 A7ld wet dojF F54Hole #
(do)we® WERATH 1 HA S 43 %
AR (do)man®lA 22E FA0]H,
Zole] HaA (do)minolA FEE %A
t 5470 doE Alsd we 4B «ak_é 253}
o1} Fig. 8, 9, 10049} o] Al 7075, CFRP,
CARALLA 2% 5440] doe A& w2k &
wol ol Pipes, Kim9] o] &3 Zo] 9337 2R
of wEtA Wsksin 59 AR, §Y 4FF% 2RA
E Z Wi 248 IRiEE 438 e 5420
o gt =X ZAEE <& Whitneyse] 2d& A

Fig. 9. Variation of characteristic length according to hole diam-
eterin CFRP

L3t AL FAGSIh webA 7 AEHe] 43474
2R 2 E Wol| 2 5470|9] Hsle] s} HESIH
t}. Fig. 11& AI7075, CFRP, CARALL®] E47o]
do R FF =X BFo| v] 2R/Wee] BAE ek
agseltt. Z HEQ] MAE 2] (6)3% 22 AFFA
29 FeZ e 1o, 7 AR ==
& kgt BAAoAsE Yehlle As mitE Table 3
o VERAQITE Table 39 htolx CFRP7} 7% xX|
of wzAs v Al7075% X9 9%S 71 AA
wowm, CFRPd| Al7075% ##3 CARALLA=
CFRPAo] w3l wx9] 98 A dor 2
Age AR HEZd g w3 gzt 22



BEEaHEEER

E5 2w

w24

0.2 |- (d),_»1.26—
(d), 0.9 — CARALL
(), ~0.5 0 W=24 8 W=43

0.0 : 1 It
0 5 10 15 20

Hole diameter 2R (mm)

Fig. 10. Variation of characteristic length according to hole
diameter in CARALL

Table 3. Experimental results of notch tensile strength in
Al7075, CFRP and CARALL

Al7075 CFRP CARALL
W=24{W=48|W=24W=48| W=24|W=48
k 021 | .10 | 096 | 050 | 057 | 0.23
m 046 | 052 | 072 | 0.63 | 038 | 0.64

£ ¢ & AUk @9, Kim 52 =4 =A57 A%
oA, AR BT dFL ol W= Alge
TfEelE & 4 g7 dEd 542 AgHy
B4= Uehle 2R 9 We g2 vehlle ol g
Feirt Bkt AG3)e H8¥ =N (6)%
13t TR 2] FR s

2
R2+7 430"~ (K" -3) (57"~ 7,)]

XN %
o

o7]4
n=1U0+2"R™" W™k

& 47N E A9 F44E ol g3t dal 432
oot vlwsle] CARALLA M) &S H718id
o Fig. 12& 4 (9] 9 <39 B4 ¢ HES)
71§13l 4 (3)¢] Whitney 3-¢¥ zzi9] Z7s} |
@E Zoltk o714, (ov/ Godexe.t AR FiA] A9
H QA= =2 A= Hlo|H, (ow/ Go)ere. £
2 (Dol st ANE ZFoleh 2= dAe

AL7075 =100
O W=24 © W=48 y= (/021"
g || cre ¥ = (023X e
& W24 A Weig ST
CC?R:‘»";; | Wess ¥ (050X —. —
y = (10.960% ™

Characteristic length d, (mm)

T
4t /
‘// N\,

/ ° I
2t / ,’/ a

5 m o R
o '/3 ) g . Af ) 2. A. 0
0.0 01 02 03 0.4 0.5

2R/W

Fig. 11. Values of characteristic length according to 2R/W

1.0 5
Al7075 DO’
W<24 O whitney @ modified e
CFRP P
08 W=24 A whitney & modified o 9‘
CARALL -//Q
W24 O whitvey 8 modiied | 7
06 - o /ﬁ o
/{
~
[}
E: 4" @
04 |-
£ § @
02 \
(00 ) 0,0 o
0}0 ] 1 1 1
0.0 0.2 04 08 08 1.0
(000,
(@)
1.0
[CVEA S CVL A
08}
06
d
-3
o
F o4l
<
Al7075
W=dg O whitney @ modified
02 CFRP
Wei8 A whitey A modified
CARALL
W48 O whitney B modified
0.0 .
0.0 0.2 04 06 0.8 1.0
(OP/GO)EXPA
(b)

Fig. 12. Comparison of test results with point stress criterion
and modified point stress criterion : (a) w=24mm and
(b) w=48mm



85134 45398, 2000. 6

A3xAE 2E AIT075/CFRP 32 B8A9] A% B4 B a3 65

~
~

S e 0,/0= -0.072194,+1.08118
Y R ]
N o
08 b N -t

~ -8
N
~
o, @ X
0.6 | o o
/oy -0.15184d,+1.10684

02} AI7675
O W=24
9 W=i4g

(a0,

0.0 L . 1
0 2 4 6 8

Characteristic length d, (mm)

(a)

CFRP
A W=24 A W=48

0.8 -

0B A o/or 040365105105

REK

e GJ0, 0.363854,+0.68049

(&%),
(=

04

A /
A
A

o>

02

0.0 t 5 L
o 2 4 ] 8

Characteristic length d, (mm)

(b)

(On/ Go)exe- =(On/ Co)ere- 9] A2 APF} o523
7F LA BF dehliAle FAer o] FidozRE
o] Bzt od dF4e] {8 FH7IE] 2 F U
o Fig. 12(a) Ag¥ #F% W = 24mmoA
Al7075, CFRP, CARALLAe] ZAx24 Whitmey
o 9% 4 (3)9 2R Kimsel o 4(7)e +

o] & A¥ZAse & AT & F ok Fig.

12(b) A18H Z W =48mmojjAe] vlw =2
A} Whitney 2]o]] 23 Zzbe= Algdole]e] HaA]o|
Me & AASA T (ow Oo)exe. = (O Oo)pere.2] #10]
B G9oA &7t ZA Ul olof bl 73
2o} 2)3t Al gdof FEgle] AAH R H¥d
A9} AEFA 7 n2A IRABAG. o] HzlolA
Ao o3 &2 AFH F wsld FAglo]
CARALLA ol olagl Al7075, CFRPA] =59
nwd & 9ESE ¢ 4 AUk Fig 13L& F32
A 24, & 4 (N 4§ =A3xet EAZole &
AE Vel g E2 A, (a)v Al70754, (b)e
CFRPAl, (c)= CARALLA ] diste Jepfiz Ut
o] ¥olA Aol LREEL 59 FUld W &
A9l Arizt Fvkete RECSE o] £499y 2
717 AAE e 2o B RIS wEA]
£ 58440 e ¢ F Yok B =X B4
Zo] Alolels Szl AT 3, BL AT
Me B Zo] 2% do7l F/MEE ¢ F Ytk o]
9422 A¥E KimEe 472839 fARE 482
Efla Slch wheba] sle|Bel= CARALLAAS €
T BYZErEAE D BFARY o5&
AMget 238 § dvka A4

CARALL
Q W=24
B OW=42

e 0 0 0 46581d,+1.05045
o
08 ,/

8.
R,

0.6 |- o /~7 0,/0, 0.1405%4,40.78816
o a/

Q B

(qf AN,

0.2 -

0.0 L X 1
0 2 4 1 8

Characteristic length d, (mm)

(c)

Fig. 13. Reduction of notched strength according to character-
istic length : (a) Al7075, (b) CFRP and (c) CARALL

ol AuE A7sid 4 (§)3 2ot

AlT075

W=24 mm:ox/ c=-0.1518 do+1.1068

W=48 mm:on/c=-00722d+1.0812

CFRP

W=24 mm:on/ op=—0.40374+0.5105

W=48 mm:on/ o =-03639 d,+0.6805
CARALL

W=24 mm:on/ o= —0.4658 d)+1.0505

W=48 mm:ox/ o= —0.1406 do+0.7882 ®



66 oA - AgE -

YES - $T)

BEBAHEHEERE

4.7 2

Al70759} CFRPE ZFZ3lo oEZdo|HoA] A
galo] CARALLANE Axpch 2 aAlo] disldd]
A7 37 2HE M 4F=XE HEstn, O
BAeAEE AAEY 2N E BT A UGH
T RSN S HEY oy 22 HE
< 49t

D) 7%, 1 =X9N45E g
A4 AlTOT5E 3o HAAA slojBeizsg o
A =ARAEE B3] g7 4 E
A AlE 2 & EAFE BE U8 ReR
ok

(2) B440] doe AR wepd oh2A el
4337 2R 2 & Wl we} HEde & 5 U

() xAF=AS k= CFRP7} 7BgaA JeEgte
v CARALLA, Al7075 ¢ozusehdc). 18ly §
d ABoAE o]l ARFE wXUPEI} i
ek

(4) =X AF7EE <5242 Whitney < 52| 5o}
KimEe] 444]e] CARALLA]l gt olvje}l CFRP,
AT075A)<f 2% & O

(5) CARALLA 2] A4 B4Z0] do®) X7 x A}
oloj F7el WAL R, BYUT AR glojA]
= Wrt 848 4% S8

AnEd

1. C. T. Lin and P. W. Kao, ‘Fatigue Delamina-
tion Growth in Carbon Fiber-Reinforced Aluminum
Laminates”, Vol. 27A, No. 1, 1996, pp. 9~15.

2. R. Marissen : Engineering Fracture Mechan-
ics, ‘Flight Simulation Behaviour of ARALL
Reinforced Aluminum Laminates (ARALL)Y’,
Vol. 19, No. 2, 1984,pp. 261~277.

3. J. W. Gunnink, L. B. Vogelesang : "ARALL
Laminates Structures : Toward the Supportabe
and Durable Aircraft”, 20th International SAMPE
Technical Conference, 20, 1988, pp. 605~606.

4. C. T. Lin, P. W. Kao and F. S. Yang,
‘Fatigue Behaviour of Carbon fiber-Reinforced
Aluminium Laminates”, Composites, Vol. 22, No.

2, 1991, pp. 135~141.

5. C. T. Lin and P. W. Kao, “Effect of Fiber
Bridging on the Fatigue Crack Propagation in
Carbon Fiber-Reinforced Aluminium Laminates”,
Material Science and Engineering, Vol. A190,
1995, pp. 65~73.

6. C. T. Sun, A. Dicken, “Characterization of
Impact Damage in ARALL Laminates”, Compos-
ites Sci. and Technol., Vol. 49, 1993, pp. 139~144.

7. w87, “"Al7075/CFRP t}& & slolnglz B
Age] 7% 9 g2 gig d3, d=AetA e
XA, KOSEF 951-1001-081-1, 1996.

8. oJAE, AYE, &7, "GFY] FE2E sfolHIE
EIAR(ARALL, CARALL)S| Azt 54, dg=
% - A58k, #1384, Al1%, 2000, pp. 91~ 97.

9. J. M. Whitney and R. J. Nuismer, “Stress
Fracture Criteria for Laminated Composites Con-
taining Stress Concentrations”, J. of Composite

Materials, Vol. 8, 1974, pp. 253 ~265.

10. 1.X Kim, D.S Kim, “Notched Strength and
Fracture Criterion of Glass/Epoxy Plain Woven Com-
posites Containing Circular Holes”, J. of the Korean
Soc. Mech. Eng, Vol. 16, 1992, pp. 1285~1293.

11. R. J. Nuismer and J. M. Whitney, “Uniaxial Fail-
ure of Composite Laminate Containing Stress Concen-
trations”, ASTM STP, 593, 1975, pp. 117~142.

12. H. J. Konish and J. M. Whitney, “Approxi-
mate Stresses in an Orthotropic Plate Containing a
Circular Hole”, J. of Composite Materials, Vol. 9,
1975, pp.157~166.

13. S. C. Tan, “Finite-Width Correction Factors
for Anithotropic Plate Containing a Central Open-
ing", J. of Composite Materials, Vol. 22, 1988, pp.
1080~1097.

14. S. G. Lekhnitskii, Anistropic Plate, Translat-
ed from the Second Russian Edition by Tasi, S.
W. and Cheron, T. Gordon., Science Publishers,
Inc., New York,1968.

15. R. B. Pipes and J. W. Gillespie, “Superposi-
tion of Notched Strength of Composite
Laminates”, Polymer Engineering and Science,
Vol. 19, No. 16, 1979, pp. 1151~1155.



