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Strength of Composite Laminate with Surface Notch

Sei-Kyu Lee* and Chang-Sun Hong*

ABSTRACT

The analytical and experimental research on strength prediction of composite laminate
with various surface notches were carried out. The strength was predicted analytically by
applying classical laminate theory and measured experimentally from the first failure
load in load-displacement curve. Three types of notch shapes were taken for experiments:
center notch, extensive notch, shifted notch. TBE(tetrabromoethane)-enhanced X-ray
radiography, ultrasonic C-scan and photomicrograph were used to observe the matrix
cracking and delamination. The damage zone of extensive notch before failure was much
larger than that of center notch. In case of the small size damage zone, the strength

predicted by analysis showed good agreement with experimental results.
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Fig. 2 Types of notched specimens.
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Table 1. Material properties

Unit Constants
=3 GPa 133.38
£ GPa 11.00
G2 GPa 4.82
Viz - 0.34
X MPa 1933.0
Y MPa 51.20
1 : Direction parallel to fiber
2 : Direction transverse to fiber
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Fig. 3 Specimen configuration.
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Fig. 4 Microphotograph showing typical matrix crack and delamination. (D=1.2mm, 00-7500r)
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Fig. 8 TBE-enhanced X-ray radiographs of specimens with surface notches after
unloading at various loads. (D=1.3mm)
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C-scan records of specimens with surface notches after
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Fig. 8 C-scan records of specimens with extensive surface notches after unload-

ing at various loads. (D=1.3mm)
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(a) first failure (D=1.4mm) (b) final failure (D=1.6mm)
(c) delamination after first failure (D=1.4mm)
Fig. 11 Appearance of specimen after first and final failure.
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(a) type (D=1.6mm)

Front face (surface notched)

Interface (delamination)

Back face (unnotched)

(b) type 2 (D=1imm)

Front face (surface notched)

Fig. 13 Typical failure surface after final failure.

olty, kst WakE AL vidFer =27 UE i AEE al slod g3t e BES ATh
Woll A mhso] M-S Fig, 10041 &4 2lroh ne AL u38A AT EGHE A
Aol 24T T AR oS3 FRe H ol O%EMXI A xHASE 2EET = 3
=] Wafel] uh-B W 5HE Fig 150 ®3ich 33 %, A EFEEE BolBE ulEo g she] bnhet
ZEo} &Y HRst AR T dATE O U2 Asre g & ABAES APl R A=
o, #}eE o)zt smmal AF oF 10%e ZE = 9 & dzjgie),
&7t g8 O Uk 2) =AE TS ke dge)] s =
A velgren], A¥olA ST PRI A44SR
5 A & &g Arrc 3A 2= e ol 2k
FAo] W F mA o] FhA e Al $lul=] )
EYGEE AHo] fertx] YAk FHEEE £ o &ol},
el Y= Aol tiste] oA BEEE golE2& 3 FEHEu|A e ® kx] wH-E I A, S
a7 e g sk FEE &3, Ages &3 AFdel =22 # (notch root)ell A WA sted B



EEAF AEY = 51

24, B 29, 1989. 12 EHAYe] e
1.0
Graphite/Epoxy : {{0/245/0)sls
8 0 : Experiment
5 — 1 Analysis
2 0
e o
2 s+ 8
2 [}
At
E [o] fe]
5 4l °)
‘6) .
5
2 < /
2
e
f— w o
0 | ] 1
0 1 2 3 4 5
E (mm)
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