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Compressive Strength Prediction of Composite Laminates Containing Circular Holes

Sung Joon Kim' and Sehoon Park’

Korea Aerospace Research Institute

ABSTRACT

Open hole strength of composite laminates is often used as the design allowable strength for
designing composite aircraft structures, particularly those structures subjected to impact loading.
Generally, the degradation of strength due to a barely visible impact damage (BVID) is
assumed as the strength of 6.0 mm hole diameter in 24.0 mm width specimen. In this study,
the residual strength static tests of composite laminates containing circular holes have been
performed to investigate the effects of fiber orientation structure on open hole strength. The
point stress criterion using a characteristic length is used to predict the open hole strength. The
finite element analysis has been used to validate the analytical method. From the test results, it
is shown that the characteristic length is related to the percentage of 0°, +45° and 90° plies of
the laminate. And regression analysis has performed to determine the characteristic length and
strength of no hole specimens on the arbitrary layup pattern.
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Category 2 Damage:

VID, damage requiring repair per

Ultimate / normal inspection process

Design 15 Factor Category 3 Damage:
Load X Obvious damage found within a

Level of Safety few flights of occurrence,
Limit requiring immediate repair

~ Maximum load Category 4 Damage:
per lifetime Discrete source damage,
obvious to flight crew,

requiring repair after flight

-
Continued
safe flight

Allowable Critical Damage
Damage Limit Threshold Category 5 Damage:
(ADL) (cbm) Anomalous damage not covered in

. X design but known to operations,
Increasing Damage Severity - requiring immediate repair

Fig. 1. Schematic diagram of design load levels
versus categories of damage severity[1]
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Fig. 2. Schematic diagram for characteristic length
analysis procedure
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Fig. 4. Configuration of open hole specimen

Table 1. Material properties of CFRP lamina
Properties Values
E, (GPa) 146.1
E, (GPa) 7.7
G,, (GPa) 36
Vg 0.355
Thickness (mm) 0.094
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Table 2. Layup patterns and percentage of fiber

orientation
Case Layup pattern 0% 45% | 90%
Case A [0/90/45/90/0]s 40.0 | 20.0| 400
Case B [0/45/0/90/0]s 60.0 | 20.0| 200
Case C | [45/0/-45/90/45]s | 20.0 | 60.0| 20.0
Case D [0/90/0/90/0]s 60.0 00| 400
Case E | [45/-45/45/-45] 0.0 | 100.0 0.0
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Fig. 6. Setup for no hole laminate compression
test and specimens after failure Fig. 8. FEM model
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Fig. 7. Setup for open hole laminate compression Fig. 9. Comparision of stress distribution between

test and specimens after failure analytical and FEM
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Table 3. Compressive strength of laminates § 5o
o
Case oy (MPa) oo (MPa) ;ﬂ; 4.0
E 3.
Case A 630.4 398.4 5 >0
2.0
Case B 867.4 4746
1.0
Case C 464.0 321.6 0o
Case D 780.2 405.8 00 ro 20 " 0080
Case E 179.6 154.6 Fig. 12. Normalized stress distribution of CASE C
specimen
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Table 4. Effective Young’s modulus, stress concen-
tration factor and characteristic length

Case E, [GPal K a, [mm]
Case A 72.8 4.04 1.117
Case B 101.4 4.53 0.850
Case C 50.1 2.88 1.765
Case D 98.8 6.58 0.313
Case E 13.3 1.87 3.933
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Table 5. Comparison of characteristic length
between analysis and type 1 regression

Case |Analysis [mm]| Type 1 [mm] | Error (%)
Case A 1.117 0.982 -17.5
Case B 0.850 0.894 51
Case C 1.765 2.286 29.5
Case D 0.313 0.226 -27.9
Case E 3.933 3.650 7.2
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Table 6. Comparison of no hole strength between
test and type 1 regression

Case Test [MPa] | Type 1 [MPa] | Error (%)
Case A 630.4 616.9 -2.1
Case B 867.4 842.5 -2.9
Case C 464.0 416.4 -10.3
Case D 780.2 830.0 6.4
Case E 179.6 215.9 20.2

Table 7. Comparison of characteristic length
between analysis and type 2 regression

Case | Analysis [mm] | Type 2 [mm] | Error (%)
Case A 1.117 1.117 0.0
Case B 0.850 0.850 0.0
Case C 1.765 1.765 0.0
Case D 0.313 0.313 0.0
Case E 3.933 3.933 0.0
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Table 8. Comparison of no hole strength between
test and type 2 regression

Case Test [MPa] | Type 2 [MPa] | Error (%)
Case A 630.4 630.4 0.0
Case B 867.4 867.4 0.0
Case C 464.0 464.0 0.0
Case D 780.2 780.2 0.0
Case E 179.6 179.6 0.0
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