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Residual strength analysis for notched composite laminates

Sung Joon Kim*, In-Hee Hwang**

ABSTRACT

This study reviews several fracture models for predicting the residual strength of notched
composite laminates. Representative experimental results on the residual strength of

composite laminates containing a notch subjected to static uniaxial tensile loading have been
collected from open literature. And notched strength data for T300/5208 are analyzed. The
various parameters associated with the fracture models have been determined for laminates.
Notched strength data sets are compared with fracture models and the applicability of the
different fracture models in predicting the notched strength of composite laminates is
discussed. And static tests have been performed on 2.0mm depth notched specimen. And
the test results are compared with analysis models.

Key Words :

.M B

FAR PART 259} MIL-HDBK-17 52 EA]
= A FxEC oig A3 2@ &4l ok
s7z1  F9 3lUZ  discrete  source
damage(Fig. 1)l thsto] Aefstar Aoi1-2]. &
& a7z YA Ty WNEFgr)e A
- TZE-2 discrete source damage®l 3 33t=
e e A EFA FEREL AT
(Limit Load)g 7|&2E 7]% 3}%(Maneuver
Load)9] 70%9} &% 3F%(Gust Load)9] 40%<]
ARAEE JEAokgt3].  MIL-HDBK-179+
discrete source damage®l ™3 oz 7FA] 34
W] sl Aesta Aot o]eld = discrete
source damage®t 22 ¥Eo] v EFA 7=
=9 IFAE FUHE AT B2 A7V 3
o gttt B AT oA = large notch FEfS] &4

4 4 A" ~2012d € Y AR

Composite(5 3 Al), Notch(3%3), Damage Tolerance(=/43]8), Fracture(33])

of gk MW HE AESFAT ©
22 FA AFSAd A Hsts o
5744 o] (Characteristic Length)7/ld-& ©] &%t
2 9 curve fittings ©| &% 2 =

A,

Discrete
source

Discrete
AA14 , camsee
/7 //

¥
Stringer 4/
spacing

S
Stringer e Frame
spacing

spacing

Fig. 1 Schematics of discrete source damage
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Fig. 2 Notched Laminate Test Specimen
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Fig. 4 FEM Model for SERR Analysis

Table 1 Material Properties of Lamina

E; = 132.0 GPa
E, = 8.0 GPa
Material G = Giz = 3.74 GPa
properties of Gy = 1.87 GPa
T300/5208 vin
Graphite/Epoxy 12=03
P = 1605 kg/m3
Thickness = 0.14 mm
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Table 2 Characteristic Length and Fracture Toughness of Laminates[11]

Pattern 2aW lnhe:?:;t I:;‘)da Point ;Ot:::n t)nodel Averagz0 ?Itlr;;; model Ko MPa(m))
[0/£45/90]s 0250 2.540 1.160 5.030 41.9
0375 2570 1.210 5.180 44.4
0.500 2260 1.080 4.500 43.1
0625 2.130 1.030 4.270 42.7
Average 2375 1.12 4.75 43.0
[0/£45]s 0250 1.120 0.538 2.240 33.8
0375 1210 0.589 2.410 35.8
0.500 1310 0.640 2.620 37.7
0625 1.140 0.561 2.290 35.7
Average 120 0.58 2.39 35.7
[0/90]s 0250 1.380 0.655 2.770 45.6
0375 1.670 0.803 3.350 50.9
0.500 2,670 1.270 5.360 63.6
0625 2.000 0.968 3.990 56.9
Average 193 0.92 3.87 54.2

Table 3 Comparison of Residual Strength between Tests and Analysis Models

Point stress Average stress Giomerel]
La 2 Test Inherent model del s del toughness Mar-Lin model
yup B, (MPa) (MPa) 81\/(1)1):) g\l/IOP:) model (MPa)
(MPa)
[45/0/-45/90],, 7.6 194.0 2183 220.6 2183 208 4 188.4
[45/0/-45/90],, 152 158.2 1615 161.5 1615 153.6 160.1
[45/0/-45/90],, 305 131.5 1167 116.1 116.7 110.8 127.7
[0/90], 7.6 233.4 259.8 246.0 2444 237.0 227.5
[0/90], 30.5 178.7 183.7 177.9 178.0 1723 178.2
[0/90], 152 133.1 129.7 127.0 127.6 1234 131.1

Table 4 Comparison of Error between Tests and Analysis Models

. General
Inherent Point stress | Average stress g
toughness Mar-Lin model
Layup model model model model (MPa)
(MPa) (MPa) (MPa) (MPa)
[45/0/45/90]5 -12.5% -13.7% -12.5% -7.4%) 2.9%
[45/0/45/90]5 -2.0% -2.1% -2.0% 2.9% -12%
[45/0/45/90]5 11.2% 11.7% 11.2% 15.8% 2.9%
[0/90]5 -11.3% -5.4% 4.7% -1.5%) 2.5%
[0/90]5 -2.8% 0.4% 0.4% 3.6% 0.2%
[0/90]5 2.6% 4.5% 4.1% 7.3% 1.5%
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Table 5 Fracture Toughness of T300/5208

Layup » 1/2 KOQ 1/2
(MPa(m) /") (MPa(m) /%)
[0/+45/90]s 43.0 111.4
[0/ +45]s 357 124.7
[0/90]s 54.2 102.4
Average 443 112.8
Standard
- 9.32 11.25

Table 6 Comparison of Fracture Toughness
between Test and VCCT
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a ev.
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