BREAHHEEHE 23

i 3C
HZPAZA 4Fe 2T 5FA JT8] 45 E U
ojztd A7 &%

9™ oA, C. Soutis”

Two Dimensional Size Effect on the Compressive Strength of
Composite Plates Considering Influence of an Anti-buckling Device

C. Kong”', I. Lee” and C. Soutis

ABSTRACT

The two dimensional size effect of specimen gauge section (length <X width) was investigated on the
compressive behavior of a T300/924 [45/-45/0/90]3, carbon fiber-epoxy laminate. A modified ICSTM
compression test fixture was used together with an anti-buckling device to test 3mm thick specimens with a 30
X30, 50X50, 70X70 and 90mm><90mm gauge length by width section. In all cases failure was sudden and
occurred mainly within the gauge length. Post failure examination suggests that 0° fiber microbuckling is the
critical damage mechanism that causes final failure. This is the matrix dominated failure mode and its triggering
depends very much on initial fiber waviness. It is suggested that manufacturing process and quality may play a
significant role in determining the compressive strength. When the anti-buckling device was used on specimens,
it was showed that the compressive strength with the device was slightly greater than that without the device
due to surface friction between the specimen and the device by pretoque in bolts of the device. In the analysis
result on influence of the anti-buckling device using the finite element method, it was found that the
compressive strength with the anti-buckling device by loaded bolts was about 7% higher than actual
compressive strength. Additionally, compressive tests on specimen with an open hole were performed. The local
stress concentration arising from the hole dominates the strength of the laminate rather than the stresses in the
bulk of the material. It is observed that the remote failure stress decreases with increasing hole size and
specimen width but is generally well above the value one might predict from the elastic stress concentration
factor. This suggests that the material is not ideally brittle and some stress relief occurs around the hole. X-ray
radiography reveals that damage in the form of fiber microbuckling and delamination initiates at the edge of the
hole at approximately 80% of the failure load and extends stably under increasing load before becoming
unstable at a critical length of 2-3mm (depends on specimen geometry). This damage growth and failure are
analysed by a linear cohesive zone model. Using the independently measured laminate parameters of unnotched
compressive strength and in-plane fracture toughness the model predicts successfully the notched strength as a
function of hole size and width.
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Table 1 Lamina Elastic Properties of T300/924C

Property E1i(GPa) E»(GPa) G1{GPa) V2
Value 162 11 5.7 0.34
Property oy -c(MPa) on c(MPa) o12(MPa)
Value 1570 250 109
on.c : Longtidunal Compressive Strength
g2ac : Transverse Compressive Strength
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L=Total Specimen Length (2b + lg), lg = Gauge Length, b=Tab
Length: Depending on the Grip Length of the Test Rig. W(Specimen
Width)Xlg(Gauge Length) for Unnotched Specimens : 30%30, 50%50,
70X70, 90%90, a = Hole Diameter, Specimen Thickness is constant
(3mm). D (Hole Diameter))W (Specimen Width)=0.05, 0.1, 0.2, 0.3,
04,05

Fig. 1 Unnotched and Open Hole Specimen Dimensions.

Fig. 2 The Modified ICSTM Compression Test Fixture.
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Fig. 3 Anti-buckling Devices.
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Table 2 Average Compressive Failure Strength of Unnotched

Specimens
Compressive Strength of Unnotched Specimen
Test Fixture Modified ICSTM
Specimen | 3. 30|30 30| 5050 | 70x70 | 9090
Size(mm)
Antl-bqullng No Yes Yes Yes Yes
Device
Average Fallure | 5,5\ qo0 | 536 | 750 | 711
Strength
Coefficient
Variation(%) 334 4.92 428 4.86 277

Fig. 4 Overall Failure of Unnotched Specimens.
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Fig. 5 Schematic Diagram for Analyzing Influence of a Anti-
buckling Device Effect.
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Table 4 Average Compressive Failure Strength of Open Hole
Specimens

Compressive Strength of Open Hole Specimen

Specimen Size(mm) 30 X 30

Hole Diameter@W) [1.5(0.05)[3(0.1)[6(0.2) 9(0.3) |12¢0.4}|15¢0.5)

Average Failure
Strength(MPa) 472 409 | 348 | 310 | 261 219
Coefficient Variation(%)| 1.69 | 1.34 | 3.12 | 2.78 | 3.30 | 2.67
Specimen Size(mm) 50 X 50
Hole Diameter(a/W) [2.5(0.05)|5(0.1)[10(0.2)15(0.3)|20(0.4)(25(0.5)
Average Failure
Strength(MPa) 424 365 | 307 { 263 | 217 203

Coefficient Variation(%){ 1.84 1.48 12024 331 | 1.05 | 245

Specimen Size(mm) 70 X 70
Hole Diameter(a/W) - 7(0.1)[14(0.2)21(0.3)|28(0.4){35(0.5)
Average Failure
Strength(MPa) 355 | 311 | 285 | 264 | 214
Coefficient Variation(%) 3441523 | 222 (213 | 1.33

90 X 90
9(0.1)[18(0.2)27(0.3)|28(0.4)| -

Specimen Size(mm)

Hole Diameter(a/W) -

Average Failure
Strength(MPa) 362 | 305 | 283 | 252
Coefficient Variation(%) 268261 193 | 255
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Fig. 7 Comparison of Experimental Data and Predicted Results
for the Notched Compressive Strength.
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Fig. 8 Open Hole Specines Size Effect with Constant a/W Ratio.
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6.2 Cohesive zone 2!

Soutis T[9,12]& A5¥ T FH ¢HE&FY 24 2
Aol e A9 BB AR P(crack bridging model)&
sl gt o]2 hE 802 cohesive zone E@[9]0)}
80, AT FAS5HY AFAE 0w o HASH WY T
2 QA Al g=(fracture toughness) K. & o] &3lo] =3RE F

]

S8 AFAE 0,8 dFss WHE TEh o] o]
DEE MAFRE JYEHIEE ZE ASEY HYRESH
AZ7t SHEIAFEE L)L cohesive zoned ZE UEFE
E 3oz FHFE F Avk &4 cohesive zone Yol
AEe A8 93 AZ FH(linear sofetening spring law)2 8 &
d3d & glu, IABHA £ A (crack bridging

normal traction)2 3 & 2] H(crack closing displacement)
w7t FIHA A Aoz Hasted, F awudre Adzk
< 7HIY, 9AZEH FHA 49 2v. A= o] ot
= Aolth AT BHH R 2v, = AF vAFHF o] &3
Alalelvt Mx9 fIAAT AJge o8 Addezm

2349 & Ave,12]. L 1A AFHY YASHLS

2 (remote axial stress) 0”2 U9 vlAFZdol(EE FUt

AFZgol) |, =XUE HAEFR AT o LAIHHAHEY
A

ve. A% SGAT E, w9 % wek & 27 R =2
A &3 gol EAHETH14]

¢” =1, ow . ve. E, R, W) 4
A71A dATHEHAHY v. & AE EE Al 98 F
A= I3 A X Al g (fracture toughness) K. ZHE FaA
v HHoy A(fracture energy) G, 2] FAY G, =0 Ve =
flK., E\\, E\), Gy, Vy ) 225EH F3d ¢ Ut o714

Gy © A3% 89U ADAF, vy © EGEH 0t AT

7} EL@‘-.Z—._]O Lol 9235322 (remote  axial stress) 0%
7} AAEE o ol 22T W) HFoHr} wAg) o
HAA3Y 0.8 &0l dv IFTHY ¢ELE o, 7t ok
2 AFo| A= Slaughter, Fleck, Budiansky S[13]2] &4&%
T AdF 2dd 93ld xAgle 50 4EAE Ow
% 548 FAAJYATK: = 40 MPavmEFRE & 712
T300/924C A ZHe] GELE o, 7} AFHUT Fig 89
el ol aE7F AFA ol 10%o WA Z U5}t

7. 4 B

AF74s EZAZAAM Iriane EAe e F43
T B3 FREY 7|EEd Zz|d gE 74
E°ﬂ FAEHR7} EANFTE BEEAHEY] AEEAE d
TZ2EY AL ENNE FE o4 F o=
AA Ao BEFHUANE B2 A3 F2E FAUA A
T & e Aotk E AFAE T300/924C ARE 7}
7 [45/-45/0/90]352] 5%%“3 AT AHAA FAE 43
A RS AdEjelA ojatd RAFIT|(Ho] X FH)E ¥
ste] AVEHE _7.:/\}5}9‘11:}. olg s F7 3mm9
30mmX>30mm, 50mmX>XS0mm, 70mmX70mm, 90mm><90mm=
719 AlEEe] =37} gl AlEH T & 7HA 27k
A 2F2FZ ¥ A ¥ APFHAT
AgE AR AEFEARAA HA2HAE Y8 H2
BAZA7L AHSEHRAEE, ZEFPALH] vpE g Eg
T o8 AA9 AEREHT} 7% AE TA VEIGS
st AEARE B3 3183, ARhvazxEd 712§
A% GEAT vlw Al F XA =X = AlHEY
GEZTE A9 ojad WHW Tk FE
E"2 AujE stngloed, ¢° AFF Y wAHZ
71A8ke] RAEGIT). g =9 Z71°ﬂ% z7] A9
=3 ZH(fiber waviness)oll 3.A &S AT A9
ZEL FAZIA £d 8 AR &dEER0.21], FF

é,kﬁoﬁo}il_&;‘



FE15% % 4 9% 2002. 8

H2YARA J%e DA HYA A3

9 FE5A= R oY A7) A 31

ATE Fol LEY dHol,
Fol gle ARY NFIA SEBEL 498 @

A
ded, AHE BEEAse dad E F99 SHoldol
4 AEEZ A8 ol HAPAEAE tha Foldt 4
o] A&E EAsHh XA FBAlA HivimE, HE
2 @ mEygA i%‘%(crackmg) Fele] &Aool A
Aed, AFAA G T FHA 2 ol9 2
< £4L & PR SEAFATE DAY, F
o %2 SEHAA A7 dAURE AFHNE (A7
© 985 stk =g 4928 & AR 1A 4%
BE7F A4 BAFAch a=v AlE £ wrb S0mm
Bt & wole %9 37 Zapt velx gt ¢F

Fxol g 3 AH Fo ZHo] glo] APA Soutis

5 9] cohesive zone RS o] 83 o|ZX ¢} HWIP =T
Z AFES FAFHT ol g LAEHE SEFFo|
T2 A F7)d 9 YA HEH ¢ ﬁi‘ﬂ'E A

Fol Auja o3l o],
e FHPE dFe:
¢ R0z melrk

E9 =Ags 45% 2
SAHY 4 guie EM o

o =& 2001»15 Uﬂfi}il wrsfelotd @u) el
< ol AT EHA

1) Zwen, C, “Is there are size effect in composites,”
Composites, Vol. 25, No. 6, 1994, pp. 451-454.
2) Zwen, C., Smith, W. S. and Wardle, M. W., “Test
method for fiber strength, composite flexural
modulus and properties of fabric reinforced laminates,”
Composite Materials: Testing & Design, 5th Conf ASTM
STP674 (American Society for
Philadelphia, 1979), pp. 228-262.
Herring, H. W., “Selected mechanical physical properties
of boron filaments,” NASA TN D-3202, 1966.
Bullock, R. E. “Strength of composite materials in flexure
J. Composite Mater., Vol. 8, 1974, pp.

tensile

Testing and Materials,

3

~

4

~

and in tension,”
200-206.

5) Berg, K. R. and Ramsey, J., “Metal aircraft structural
elements reinforced with graphite filamentary composites,”
NASA CR-112162, August 1972.

6) Wisnom, M. R, “The effect of specimen size on the
bending strength of unidirectional carbon fiber-epoxy,”

Composite Structures, Vol. 18, 1991, pp. 47-63.

7) Waddoups, M. E., Eisenmann, J. R. and Kaminski, B. E,,
“Macroscopic fracture mechanics of composite materials,”
J. Composite Mater., Vol. 5, 1971, pp. 446-454.

8) Lavoie, J. A, Soutis, C. and Morton, J,
strength scaling in continuous fiber composite laminates,”
Composite Science & Technology, Vol. 60, 2000, pp. 283-
299.

9) Soutis, C., Fleck N.A. and Smith, P.A., “Failure prediction
technique for compression loaded in carbon fibre-epoxy
laminate with open hole,” Journal of Composite Materials,
Vol. 25, 1991, pp. 1476-1498.

10) Airbus Industrie Test Method, AITM 1.0008. Issue 2,

“Apparent

June 1994,
11) Haberle J. G., “Strength and failure mechanics of
unidirectional ~ carbon  fiber-reinforced plastics under

axial compression,” PhD Thesis,
December 1991.

12) Soutis, C., Compressive failure of notched carbon fibre-

epoxy panels, PhD Thesis,

October 1989.

Slaughter, S., Fleck, N. A., Budiansky, B., “

of fiber composite:

University of London,

University of Cambridge,

13

=

Micrbuckling

the role of multi-axial loading and

creep,” J. of Engineering Mater. Tech., Vol. 115, No. 5,
1992, pp. 308-313.

14) Soutis, C. and Curtis, P. T.,
the fracture toughness of CFRP laminates failing by fiber
microbuckling,” Composites, Part A, Vol. 31, 2000, pp.
733-740.

15) Faupel, J. H., and Fisher, A. E., Engineering Design: A
Synthesis of Stress Analysis and Materials Engineering,
2nd Edition, John Wiley & Son, 1980.

16) EMRC, NISAII-Users Manual, version5.2, 1992.

17) Mikulas, M. M., “Failure prediction
compression loaded composite
NASA CP-2142, 1980.

18) Rhodes, M. D., Mikulas, M. M. and McGowan, P. E,,
“Effect of orthotropy and width on the compression
strength of graphite-epoxy panels with holes,” A4I44
Journal, Vol. 22, No. 9, 1984, pp. 1283-1292.

19) Savin, G.N., Stress Concentration around Holes, Pergamon
Press, 1961.

20) Componechi, E. T., Gillespie, J. W. and Wilkins, D. J,
“Kink-band failure analysis of thick composites in

A method for predicting

techniques for
laminates with holes,”

compression,” J. Composite Mater., Vol. 27, 1993, pp.
471-490.
21) Daniel, I. M. and Hsiao, H. M., “Is there thickness effect

on compressive strength of unnothched composites,” Int.
J. Fracture, Vol. 95, 1999, pp. 143-158.



