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A Study on the Failure Characteristic of Laminated Composites
Joint Containing Two Holes in Series or Parallel

by
Song, Kwan-Hyung”
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Abstract

A series of test was performed by measuring the failure strength and the failure mode
of fiber reinforced composite laminates joint containing two holes in Series or Parallel.

[0°/45° /90 ° /-45 ° ], laminate with W/d(Side distance ratic) 4.0 and E/d(Edge dis-
tance ratio) 3.0 has the full bearing strength and are preferable in case of the good effi-
ciency in two series hole.

Comparisons were made between testing results and predicting values of the FEM
model. Good agreements were found between them except the case of E/d=2~3.

In the case of G;,>3.0d and G,=3.0d since the interaction coefficients between two
parallel holes and between two series holes were small, holes can be treated as inde-
pendent.

The Acoustic Emission(AE) and SEM method were utilized to find out the initial de-
fects, damage and the fracture mechanism.
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Nomenclature
Gy,  : Distance between two holes in parallel
G, : Distance between two holes in series

d(2R) : Hole diameter

Sj2 ! Shear strength

Gz Shear modulus

Xyr  : Longitudinal tensile strength

Yir  : Transverse tensile strength

I : Parallel hole interaction coefficient
I, . Series hole interaction coefficient
t : Total laminate thickness

W : Width of specimen

E : Distance from edge to hole center
p : Applied load

o, : Bearing strength

SEM : Scanning electron microscope

1. M8

24 A2 24 7143 43 Mechanical
joint) 2} B=H 2| 2|3 HE(Bonded joint), :Lal
2 o] 2714 HhEE T4 e BRHY 1
AZAel 8 FHE FE2E e VIAA JEE F=2 °]
£33 Aot

olg]g 7|AA My e E3A s 128 B
3 2 2ol foldtm HPRY Hrpt sy, B
T AP B} AEert w3 B9 U0l BYa
g Aol Qe kA YFoz e o $HAFS
ZzYsln FHHo2 F5E Y9 ARE 540 3l
o},

197034 ol BFARS NAH AR ZxdH
S A% A7t s M=o o P A=
s} shEakdol, AEde 7|AA A4, 5w A2
&AM, 71sl8td g4, A 939 EM(Clearance),
vhit 5 £EE W4 wet, 1 4] tieksle BE
WEE 233 P83 gHRd S Fe AL oHE
Yolt},

22 AFAELS Y43FHe 2R FEEH
o #AL 7]%"4 FRA A u[1,2,3]3 48A W
H[4]e) 4 P o M3 A7e AdF3F9
9 —QTEQ} HEEA L d3sted F2adn 4
A dFe F2 gl F4AE T

AR Ay #F A7 192849

+uy
Bickley[1]7} 9 315& we 54 Fadude] 29
A e 33?"11 2802 AAE e

Sonil2]E AH{FH WS AAWez /1P 2l S
AHgste], AEua Y& WA Ee] MAE 1
HA1A, MSC-NASTRAN Z218% o]&3la] #8
84Yo g 38 et 2 Fell Tensor poly-
nomial }&EZUE H g3l FriMT 73319
o BEdtEe 8 S Bol W 849 upAY 3
o] 3}&% & (Last ply failure) 3+ o2 A=dsln 1
A& &3S AHsle 71Fo 2 Asle

Hong[3]5& ool gl ZAAA Amoliy =
o tldted WA #3aL HMS St o
€ A7 B9 HEYIE 7}373'3 QA AAAo] 7}
31 Stiff$t Radial spring 848 %< Magic)

HZ, Hyerlsle —.-a-ﬂ-ﬁ“—i ol & ©4dH, w3 #

o] vpERE, A 972 A9 9% e A 3
< e Aol Fa el tdte] A7 2
7, &AL vhd A X7t F8381A] fonE A
Hoz sMystee AatAsnte Faido] Hojxx] ¢
=2 F33H,

£ dfdM e AH{TY &g 3ERdE 9
5% 4 e d4rd e n@dsy 439 A7), 9F
o] YA F 718HEd F4E WA AEHAEE £
galed I A} K ANFEM) 28 21814
2 A¥H oz 2 g7 vingdd. 53, 2749 3
HE 93] e A2 AN F AF Aol 4z
FAAE 1 B HFS W HSEY g o
AUZEE nagr}.

2. Joint52] 2N

2.1 RetR4 4

71AA AR YA U oLy T A
&3t 4%, 8T e A JEF dFFHY ¢
HEXF AAZYE BYske —\rxﬂ°]‘:} £ d7A
£ B 9T FFEFEE Cosine T4y gLz
7FEga, E9ge A 0o ’di"*‘%ﬂ’ﬂ il
Aol FHAHER g AL doz o, @
& A& dAYE neiste H 3o 1/2918 8
Mooz fdom, ai e 610~660 HIE 0}93
o}

1F FHlA FE8 gAML Hst] 43 4
o 2H5H o2 Grid7t A4S =E Mesh generator
£ At EERFol ddEE 2 Gridg A3
o A38} 2, Isoparametric 4 noded o] &3}

Transactions of SNAK, Vol. 32, No. 2, May 1995



238 498 43 HEY) HedT

2 dpoMe sy g deslsid géedee
&GS o F3817] At o 71 & sk
® A+ 7 Ae gR3 AU,
@ % $79] AA Pin load®] ¥X¥& FYsio,
® #¢ Pin2 Rigid pin°l No-friction##
Nosliding®]t}.
@ 270e HELFS AFEEE Cosineol 1L, 271
9] HFdFe WA go] ny =Ytk 3
of 29 E SFEER B3t
Nrde AuY 7)3ey 4o aet, 49
WYY FL HEdel 44 (center line) S2HE T
dg Azl U=2 Fon, T JHYFL HE
o] FGA el f1x)8km sl
srxze 3B A (loweredge)ol AFo2
Y WY slEo] 22-8ta 3 (upperedge)dl] d 3}
Fo] A&E  U=E At

ojnf &tF& A Fue| Fo4lol et o] =
£ slo] WujElEate] EES dlo X Y, 239 o)
3ol FUSWES} B2 Y& st

Quinn[6]5< EEE # 29 (torque-tightened)
AL, B0 £LHo| Foz WY & glEoB
A7t g7z vAe gge A9 glonz
old MARY AL 2xdoz FEsIctn Wil
uzh, AARde HEy ek dupzt F&Eo|
Ag e ERE G oL 20 ot
FEg W] g3 g WA 2o 339 &
A A 2219 ¥ s SrEY U Ale o
€ sictn A7) 2ol #31F(Z WakEE) o]
g5l G=E VEE &2 (finger tight) 2.2 &}
o W7} dojuia] FEE slgor 234 A 24
o] REZHEE slgch

£ AN e dM A rd 2 M9l rlsistd 3
A& 7H AARY gEde D gEGtS o 2a7)
% ol 2aiA ¢ AFE T2aPL Savin[7]el o]&
o] A& Garbo[8]2] BJSFM(bolted joint stress
field model)® Chang[9]9] Formulation®$ 4%,
B3 Z2aslsle AMg-Ellth. Program ‘B &
FHa oY T SN EJTMS AL
3 A& 24 & A3t

2d7e] AFH dHAREL ARG (Eeo]
U = (Polyimide) & ZA2 & ©2MH 73 23 3
F e o33 2o

Xyp=1634 MPa, Y;;=65.9 MPa, $,=74 MPa

E, = 137700 MPa, E,=9700 MPa, G;,=4000 MPa

RENEAVP ORI 5 32 % % 2 W 19956 51

2.2 nfEAA
BEGES Fig. 13 Zo] 7123 4781] gHERg
oz FEHY B A3 Tension, Bearing, S-
hear - outZ W3l st&Pds 2HFNE 1
&4 %3 30° <6, <60 ° oM Yolube B BT
Shear - out& 539},
® Bearing failure type:
p
o, (Bearing stress)= ——
, (Bearing stress "
Matrix failure - all plies - all points -15° <6, <15°
# Shear out failure type:
o,,(Shearout stress) = “2(;—““(17‘2)
Matrix failure - all plies - all points 30 * <6; <60 °
# Net tension failure type:

G, (Net tension stress) =
. (Net tensi res W)t

Fiber tension - 0 ply -at 75" <8 <90°

3. Joints AIBAE

3.1 AMEH 2 W A

71& EfARe RAZ F2 ALEHT YE ol EA
(120°C7A AH87be) e A8 2 AMRs7]d A
g 2a o wed, 2 AgdHe ydAel ¢4
T Z&)ol0| =(Polyimide) & BAZ 3tn BAHFE
AN 4P AFHE AT

A1EH A3 ASTM D 953-879) F8tad, 271¢]
BEdFe] sl APH 2709 JEYFe] e F
234E 7247 £ 40.0mm$ 25.4mmE 31 Aol
85~170mm, ¥4 1.3~1.6mm= € A3¥HL A%
aqich AlHe UF71EL tojol2E =Y Yo
o, 54 9F HEA, 97 B 3@ ME duE
YERRA T 27 Folle 4 AREY @] el
D2, 9% 49 &9 Haz 3 gl A
Hel HH fUE i =YYsld g3 At
et AEE A g $HPFHY aYez
A3 &48 7] Hdte] AlHol End tapd ol ZA|
HEF Fold 3igld

AlEe] AL 7151E4 stetuele] Mgl O 9
g3 R gEt e g shickie] Wsle vlotsl
7] 918, A7AL 3. 5, Tmm= 2381, E/4E 2,
3. 4. 52, W/dE 8.47, 5.08, 3.632.% WaA|7|H
A Ztz} 3] AHE AHEElE e dHolE BARE



Shear oul Shear out

“

@ Net teasion

<>
et tension

Combination Combination

Fig. 1 Elastic Laminates with Two Holes in Perallel(Left)
and Two Holes in Series(Right)

7t 2 AHE 1~2748 S AEEE dUc

AgH 713Al 3AEE(Drilling speeds)& 400
600rpm, °]$4£%(Feed rates)& 40~60mm/min
23t

3.2 HEEX o AYYUY

B Agc) A 8E 483X+ Photo. 13 o) 5
Ton load cellol #2tel AFAIY719) 8 Channel
dynamic strain meter, X-Y Recorder, IBM
486PC, Plotter, Printer& AA &3t} AldEEe
ASTM D 953-879 3t Cross head speed’}
1.0mm/min¢! 33 AFAH S sAsAT

357} M9 el 232 Load cellE £l A" e
815283 Strain gage® 59 A H e v|2AF
o} ¥iglo] W& A¢}E Dynamic strain-meter® %
ZAA A/D convertor 38t PC 48622 &4 #
BE Helgd,

A3} Ao} Ex= 379 0.78%(NASA E&)F
£ dgn, EE9 Y& % 0.2 N-m Torque
22z (Finger tight) 2.2 3ld] A1Y & F385th

R

it

Photo. 1 Loading Fixture used in Experiment

4. S#H Y D&

4. 1. 7|58 Hatol| o oheokat

Agol B e 2 AHAIHL Photo.2 ©)9, %
E£FIE FEE £ U

o35l uie} o], 87 AAA Side edgetel
A7} #olAH Tension HEFAS wlz, 2 Al
ZojxXH Bearingd 3o 2 eyttt

Fig.2& @34 ), }&ERE9 W/AE =418 A
o}, [0°/45°/90° /-45° s 544 AZRe
W/del & 3zte uhe-g Bolx|et E/dgtolle o 3ko]
HE&E ¢ & ANt )3T A [0°/90 ° LA 2B
A E/del 91z whe-& ReolAwt W/dgdle 9
o] & E43(101 vt =l #Adoloh,

Fig.3& 274 Agd o] de A3Rd disid,
AdZA3 g3 FEMaAgE vimst] TAIF Aol
o} T2} AEYFo) o], E/d7F 20/8Q) A=
gl&okato] 43 Shear—out® Heol9, Bearing 72
=7t 243 A g B & oy, gegie
E/d=3% ZA$E AYsne BT BearinghEL s
dZ59lon ol A¥AYgE T dAEn et
U7 FAUR 8543o] Edgeste] Azt AR
g % E/d7} 2914 52 Z713tell wte} Bearing &
F4E =1 AU

Jurt{11)& [0°/45° /90 ° /-45 ° )., A& sl o

Transactions of SNAK, Vol. 32, No. 2, May 1995



2428 999 433UV HeAT
gled E/d7} 20]4to] @ wf, Full bearing 2= %
vt gev E W/d7h 2.5°14Y o 3@
BearingZ =& Zevtn #3, Changl9152 [0°/
45°/90° 1, B3] dol, 71gtsd #do| E/d
6.0°1" Bearing &34 S Hi, E/d 4.094 S-
hear-out 3H&g4o] vehdn, W/d7h 4ol 4o|d
Bearing &% Vel 30]A Net-tension 3
S-S A A B Aol vwald o zo)
7} AE olfe BAR AN o FA|9) Eejoln=
(B =8)9 842 Atadtt,

Fig.4%® 2709 BEYE e H3Wo) ek,
NgRA% gF FEMIAH%E vlwdle] ZA1F Aol
B, Gv/&7t AEAFE A¥As 33} FEM#aY 27t
aA vehtz et

4. 2. B&Zdre oF

o, m,..
15 3

(b) 2Holes Series
Photo, 2 Typical Specimens Configuration after testing

RUEGEAPARCH 5 32 ¥ % 2 W 1995% 51

97

3] F¥84 44, HE71EHE e g
Zo glo] Bl 29l o9 HeA 2FEYo|
&7 EAE UEY n gEe] Yojdrin 7}"1‘"’?}
Yamada2l[12]& o] &8}, HEge] 9&dES d
23t

B AP e ¢ 279 JHE 93] 4 83
& g NAZzY M E % FE AL
W/delB g2, $99Fo] e o Mae B¢
Hyo] a5 284 X&o wa) $ X B

900;
800L *
g
\;;700L
¥
5 2
i3 600
2
§
8 500}
m
»
o: Exp. Value to E/d=2
400 * w: Exp. Value to gﬁa:s
«: Exp. Value to E/ =
»: Fxp. Value to E/d=5
1 L.
3005 4 3 3 7 3 3
w/d

Fig. 2 Effort of §; Width on the Pin Loaded
response of [0 145" 190° - 45 ks

850

80¢ L

760 |-

700
-
o
& s50
3

600 |-
g
3
£ 550 -
0 ' o : Exp. Value to f/d—-z
® o0l s : Exp. Value to /
g : o : Exp. Value to E/
£ *: Exp. Value to E/d=5 }
‘g 45¢ |

s o :E/d=2 by Equa
400 |- . VEJd=5 by Fauation
350 — L. I 1
2 3 4 [ 7
G /d

Fig. 3 Bea ]\§ Strength of Ca/ Pi, Series Comparison
F Exp. Results and Pmposed Compact
'ormula



98
1200
_t1oet
g
2
€ 1000}
g
&
n
-
? go0}
5
8 o :E/d=2 E ion(7
® VEE B R
800 |- *: Esp. Value to E/d=2
B33 =
° «: Ezp. Value to Eéd;s
700 b ) Ly s
2 3 P 5 ] 7
G/ d
Fig. 4 BearinﬁlStrength of Ca/ Pi, Parallel Comparison
of FEM, Exp. Results and Proposed Compact
ormuia

Konish[13]e] 2A11& 94384 @ 352 We #
FE H2ye) 9 Prd S A% TAT AFY S
gtgo] ALERE Table 1,2,3 of 53t 432
3 g2t FEMalA Z3s} vlmalaie,

(eze) A
e i) o3 -oa-ofE)
AT a2

4. X2R

o]7]4, 6, : Unnotched laminate Q372 =
d : 374(2R)
A g NHE g Pdo|ng FIE FHAFT
Peterson{14]2] (1b) & AM&-#th.

2RY
‘e 2+ (1— g)

2
3(1— W)

A(1b)e 2R/W< 39 ¥isiel B=rt on 43
At

(1b)

ofr
e
oft

E/d>302 9 E=1°]2
15¢(E/d(3.04 d, E = VE/25d

1{ R w
C= §(R+a°)*i

o714, C:[0°/45° /90 ° /-45° 1] ABds
a": H#¢Y 5420
(2) 2702 AELF3 A
(op)s = 0.5 ay(o, + ©,) (2)
d7|M, 6, 1 @29 FERT2ZA A (la)H TY
6, : Open hole®] 4=
G, =22d¥ ™, a; =10

d¢G,(2d Y4 ™, a; =G, /2d

Table 12 2719 APAFo] e AFHY /T2
22 AT @, ddg, 2Rl 9P APH(2)
2 A2 298 Jehd Aoz AYsF g3 /3
22 H4AAD g&EdFdol dojA 10~30%F =9
A7} AT, YA o A4 e 10%01U
g Holxn o

o4&t th2 Bearing EY4o] dojd W] &
Zol vlmA g PR 24 vehda ot

(3) 2709 WBLFS B+

7»:}5-(”[,)}) = a1 by 9, (3)
7|4, ¢, @39 HEZEZN H(la)T TE
Gy=22d¥ 9, d5a =10
d{G,(2d L W, &+ a = yG,/2d

Q=2 1.5d 9 o, )g"/l:bl = 1.0
0.54¢ Q1.5 & ", ¥+ b= ¥(Q/15d)

Table 2 2719 ¥24Fo] Sl& A3 /8
2 MA@, A4z, 283 FEYR)e 42
3 A3E vEN A, d=TmmolIA °o1F FAZ
gkl Tk A8 Eolm ST

4.3 £4Yy g FATH

2+ BRARe 4 #F5E de 78 FHMA
9 B& WAUEE F84 Aude € v ¥
¥ q4¢ g A7) B AF7A EEL W
H&712H 5 vAY F254E A BEE ¢
gith. tgo], RAFE, 4HFH2. AR ZAE,
ZRAQ 2AMYFo] FAlo| LAY ik oh o]
AE T A3 TAHAYLE A3l v|A1F BHAA

Transactions of SNAK, Vol. 32, No. 2, May 1995



2974300 498 43 4U99 Hed
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Bearing Failure Mode in Hole Edge
Phote. 3 SEM Photograph of [0° /45° /90° /-452; for
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Table 3 Interaction Coefficient for two Hole in Parallel
and Series Ca/Pi, [0 " /45" /90 ° /-45 " }s,
t=1.33mm, E/d=4

Type | Dia |GG | W |_Failure Load(Kg) | Interaction
d.d | d | Typelllll | Type! | Coefficient

3 6.67 | 13.3 675 3411 1010
Paral 5 4.0 8.0 801 400 | 0.999
lel 7 2.86 571 962 4771 0.992
3 6.67 847 514 513 | 1.000
Series | 5 4.0 5.08] 660 657 | 0.996
G,:=20 | 7 2.86 363 745 738 | 0.991

Type I: One Hole.
Type 1I: Two Holes in Parallel .
Type II: Two Holes Series.
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Fig.7 Variation of the Slope of Peak Amplitude Distribu
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