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A Method to Predict the Open-Hole Tensile Strength of Composite Laminate

Heun-Ju Lee*, In-Soo Shin*, Mun-Gyu Jeong**, Jin-Hwe Kweon*m, Jin-Ho Choi

ABSTRACT

The characteristic length method used to determine a laminate’s strength generally requires the test for
un-notched and notched laminates and finite element analysis together. In this paper, the methods used to
predict the stress distribution and tensile characteristic length of open-hole laminates using the stress
concentration factor and equivalent material properties are proposed. These methods do not require data on the
failure load of open-hole laminates or finite element analysis. Once the stress and characteristic length have
been determined, the failure load of the open-hole laminate can be calculated. The proposed method considers
the effect of the material properties as a parameter and therefore can be applied to a variety of materials. The
stress distribution is verified by comparing with a finite element analysis and test results. The predicted failure
load shows a maximum deviation of 8% from the test results.
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Fig. 1 Specimen configuration.

Table 1 Material properties

T300/5208

Property [11.12] USN125
Elastic modulus in
fiber-direction Ei 132 GPa 162 GPa
Elastic modplus'ln E, 101 GPa 9.6 GPa
transverse direction
Shear modulus in Gu 40 GPa 6.1 GPa
1-2 plane
Poisson's ratio Vi 0.300 0.298
Thickness t 0.140 mm 0.105 mm
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o E E fotes SHERL AFNE o3 HEA(multiple  regression
K?:ﬂ=1+{2[(7x)0.5_ w]_*_7x}u_s (1) . o = = D gE
o, E, & Gy analysis) o2 2 " E(curve fitting)dlo], A&7 EAT}
4714 H3ue) Vst FRWDE WY SHAREAS A}
Omax Maximum stress in x direction At 714 gstaasee] Ak 24 FHEFo $Ho| FAE
o Stress in x direction aestel AN BRFSolth. EET SUREAL 4 ()9
E. By Go Elastic moduli 2 olg o|gstH, AE At A5 FAT dH, A
Poisson's ratio o SRl sl AF 91 2delel AMelH SIS
AR 4 giek
Table 2 Dimensions of specimens and ply pattem T FHollA] s 2 Ao A Q7 o9&
™ SAR gt B A7) Bae Uge] ot HEwe v
Material TPy um om0 g0 450 SOl & QAR Fohs itk web ARE4o]
OH 64 191 56 7} AREH o] ?l’é}%*éé‘ﬂ% Al (2)9] yoll didstar, AIE
, OH 64 254 56 o8 A3 FAgwe FrE o0 thdste], 2o et
OH 64 318 56 sl% PE oFH 1 ﬁl—? | A5e] mhdslgo] Hi= Aol
OH 64 381 56
OH 64 191 56 .(30)
OH 64 254 56 TP 20.0536.+1.0357(1- ) ~1.7674(1—p)* £ +1.3618(1—yr)> &°
2 . 35 35 30 Oy
OH - 3856 +2.1510(1—p) &7 +0.7143 (K7 —3) £
T300/ OH 6.4 38.1 5.6 )
5208 OH 64 191 56 @
R+y P
OH 6.4 25.4 5.6 A7\, T=D/W, t=—>, ¢ -
3 25 55 20 > ’ > Oref =
OH 64 318 56 R (W—2R)t
OH 64 381 56
OH 6.4 191 56 Table 3 Effective moduli and stress concentration factors for infinite plate
. OH 64 254 56 s 25 2 o E, E, Guy .
OH 64 318 56 Material = Type (pa)  (MPa) (Pa) Vv D)
OH 64 381 56 Case 1 44900 44900 22100 0397  2.80
A UN - 20 21 20 20 60 T300/ Case 2 60000 60000 13000  0.194  3.49
B _UN - 200 21 30 30 40 5208 Case 3 46000 82000 10000 0.108  3.43
C UN - 200 21 40 40 20
Case 4 82000 46000 10000  0.193 4.4
OH 48 290 21
A OH 48 240 21 20 20 60 Case A 55900 55900 27400 0374  2.81
USN OH 48 190 2.1 USNI25  Case B 67900 67900 20400 0238 321
125 OH 48 290 21 Case C 77900 77900 13200  0.126  3.77
B OH 48 240 21 30 30 40
OH 48 190 21
OH 48 290 21
C OH 48 240 21 40 40 20
OH 48 190 2.1 N
*OH: Open Hole, UN: Un-notched
HoATtollA AFESE T300/52087F USNI25 23z A& ®T
9| %' 3 A (D ot Retgael gEydsAsE A | Tttt -
AFslH Table 33} Zth
gl SUAFASE T 4 (N Aviny H3
ol fEAAU TERE o 4 ek A Fig. 2 Bel
AAl gl A AenY fard/dEnt ohdet 7)ske)
A FRWDE SRR JFL wAA Hri14]. wA | w ‘
H oiLo| A= T300/52082 AZFE 16714 Y5 A|Ho|| ojjst Fig. 2 Schematic of a open-hole specimen.
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Table 4 Comparison of stresses by proposed equation and finite element 0 . . . .
method for T300/5208 00 05 10 15 50 55
. % of Plies » Maximum Distance from hole edge (mm)
Specimen o gge o gme KT) WD Deviation(%) ) R .g -
Fig. 5 Stress distributions by proposed equation and finite element method
3 5.3 for case A-1 (WD=6).
Case 1 200 20 60 280 4 =9
ase : 5 45 Table 5 Comparison of stresses by proposed equation and finite element
6 57 analysis for USN125
3 18 ' % of Plies w Maximum
. 5 Specimen " a0° 150 (KT) WD Deviation(%)
Case 2 35 35 30 3.49 ’
5 1.7 6 4.9
6 -13 Case A 20 20 60 281 5 5.1
3 -8 4 4.1
Case 3 25 55 20 343 : ;g 6 45
’ Case B 30 30 40 3.21 5 5.0
6 1.4
3 4.0 4 4.8
4 20 424 4 4.3 ) v
Case 55 55 0 4 5 13 Case C 40 40 20 377 4 57
6 -3.0 5 6.3
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Fig. 6 Definition of the tensile characteristic length (Ro).
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Table 6 Comparison of tensile strengths by proposed equation and test
for T300/5208

. Fu Fon_Test Foh_prop Deviation
Specimen WD iosy  (MPa)  (MPa) %
Case 1-1 3 400 247 255 32
Case 1-2 4 400 236 237 0.4
Case 1-3 5 400 236 246 42
Case 1-4 6 400 239 248 3.8
Case 2-1 3 538 309 311 0.6
Case 2-2 4 538 296 290 -2.0
Case 2-3 5 538 296 302 2.0
Case 2-4 6 538 299 303 1.3
Case 3-1 3 414 219 218 -0.5
Case 3-2 4 414 210 203 -33
Case 3-3 5 414 210 212 1.0
Case 3-4 6 414 212 212 0.0
Case 4-1 3 738 431 421 2.3
Case 4-2 4 738 413 394 -4.6
Case 4-3 5 738 414 413 -0.2
Case 4-4 6 738 418 416 -0.5
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Comparison of open hole tensile strengths by proposed equation
and test for T300/5208.
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Fig. 8 Comparison of tensile strengths by proposed equation and test

for USN125.
Table 7 Comparison of tensile strengths by proposed equation and test
for USN125
: Fu Fon_Test Fon_prop Deviation

Specimen WD by (MPa)  (MPa) ©9

Al_OH 6 599 509 489 -39

A2 OH 5 599 501 496 -1.0

A3_OH 4 599 501 500 -0.2

B1_OH 6 904 820 765 -6.7

B2_OH 5 904 843 778 -7.7

B3_OH 4 904 818 795 2.8

Bl _OH 6 1113 1121 1031 -8.0

B2 OH 5 1113 1108 1058 -4.5

B3 OH 4 1113 1135 1100 3.1
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