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Design Criteria of Compressive Strength for Stress
Concentrated Composite Structures
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ABSTRACT

Designers usually reduce strengths of composite materials to take into account stress con-
centrations due to porous defects, manufacturing flaws, fastening, lighting cutouts, and access
holes in aircraft composite structures. In general, the applicable design and analysis criteria
depend on a hole or cutout size. For a hole diameter less than 6.35mm, the notched allowables
can be used without an additional consideration for stress concentration. For a hole diameter
greater than 50.8mm, maximum strains can be obtained using the linear elastic theory, and
failure can be defined when the maximum strains equal the notched allowables. No design
criteria have been successfully applied to the medium hole size. In this study, the compressive
strength tests were conducted to investigate failure modes of the notched laminates and to propose
a design guide for the composite laminates with a hole. An empirical equation was developed
to predict notched laminate allowables based on compressive tests.
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Table 1. Material properties of carbon/epoxy
Longitudinal Young's modulus, E; 130.2 GPa
Transverse Young's modulus, E, 10.0 GPa
Shear modulus, Gip 3.2GPa
Possion’s ratio, vy 0.32

Bk Alge] oy A & 101.6mm(4 in)
olx, o)z} 152.4mm(6in)olth. A|H Fotd
A E-o] Z}z+ 3,175mm(0.125in), 6.35mm{0.25
in), 12.7mm{0.5in), 19.05mm(0.75in), 25.4
mm(1in)Ql 7%& Fig. 164 B npe} go] 7}
Faracl.

AlE e AT ALELAA A
stedos, A HE:we A3 Yele [0/£45/90,
JF45/0,/+ 45/90], B &2 [+45/0/90,/0/F
45/445/0/90],°1cF. A E As} Bo] 718 AFL

[0/+45/90], o 2 377 F2EM dutde g



Bok, B2, 199%.6

59 ASE T B F2EY AR B 44 J1E 37

Fig. 1. Configuration of the open hole test specimem
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Table 2, The matrix for the notched strength co-
mpressive test

Fig. 2. Fixture for the notched strength
compressive test
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Table 3. Results of the notched strength compre-

Hole |No. of
Layup diameter | speci-
(mm) | mens
3.175 3
6.35 2
A:[0/ 4 45/90,/F 45/0,/ + 45/90], | 12.7 2
19.05 2
25.4 2
3.175 2
6.35 2
B:[ 4+ 45/0/90,/0/F 45/ + 45/0/90],| 12.7 2
19.05 2
25.4 2
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ssive test
Hole Width Thick- | Failure | Failure
Layup | diame- (mm) | Aess load |strength
ter(mm) (mm) | (kN) | (MPa)
101.54 | 3.53 | -107.9] —301.1
3.175 | 101.60 | 3.75 | —130.7|—343.0
101.62 | 3.58 |~109.0]| —299.6
6.35 101.66 1 3.70 | -119.21 —317.0
101.60 | 3.70 | -117.5|-312.7
A 12.7 101.65 | 3.55 ~98.6 1 —273.2
. 101.62 | 3.44 | —-109.1] —312.0
19.05 101.46 | 3.37 ~87.41 —255.5
101.65 ] 3.68 | -101.7|-271.8
95.4 101.57 | 3.70 —88.21 —234.8
101,64 3.70 ~90.5| —240.6
3.175 101.57 | 3.34 | -107.6| —317.1
101.55 | 3.76 | —117.5] —307.8
6.35 101.60 3.5 ~110.4 | —306.0
101.50 | 3.74 | -—104.1|-274.3
B 19.7 101.63 | 3.71 -96.2| —255.2
101.65 3.72 | -106.8]| —282.4
19.05 101.60 ] 3.35 ~88.0! ~258.5
101.54 | 3.24 ~81.0| —246.3
25.4 101.30 | 3.75 ~75.4 | —198.4
: 101,61 | 3.72 | —87.4 | -231.2
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Fig.3. Failure modes of the open hole test
specimens
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Fig.4. Comparison of test results and failure
theory for stress concentration
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Fig.5. Establishment of design allowables for
stress conentration
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