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Size Effects on the Compressive Strength of
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ABSTRACT

Over two decades, many researchers have performed studies on strength size effects in composite
laminates under tensile and flexural loads. It is well known that there is a tendency for the strength of
fibre-reinforced composites to decrease with increasing specimen size. Under compressive load, however,
little work has been done on the effect of specimen size to failure strength. This is due to the fact that
compressive testing of composite is very difficult. In this paper, the effect of the test specimen size on the
compressive strength of composites containing open hole was considered using T300/924C, {45/-45/0/90]3s.
For sizing test specimens, the in-plane scaling method is used ie., the change of two- dimensional specimen
area in specimen width and gauge length. The results clearly show that there is a hole size effect in the
finite width plates. In addition, the specimens which have the same a/W(hole diameter/specimen width)

exhibit a tendency of size effect. In contrast, test results of the unnotched specimens did not show a clear

strength size effect.
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Table. 1 Lamina Elastic Properties of

T300/924C
Property | En(GPa) | Exn(GPa) | GiAGPa) ]
Value 162 i1 5.7 0.34
Property | O} -c(MPa) | 09 c(MPa) | 09 (MPa)
Value 1570 250 109
O11<  Longitudinal Compressive Strength
Oo-c : Transverse Compressive Strength

Table. 2 Compression Test Matrix for T300/924
C [45/-45/0/90]3s (Thickness:3mm)

Test fixture

Unnotched Specimen

Modified ICSTM

{Unit : mm]

| Specimen Size*

30x30 [ 50x50 | 70x70 [ 90x90

Open_Hole Specimen

[Unit

: mm

Test fixture

Modified 1CSTM

Specimen Size*

30%x30

50 X 50

Hole Diameter

15 3] 6] 9] 2] 15

5[ 5] 0] 15

-
05

Ratio (/W)**

005 a1} 02] 03] 04] 05

05 1] 02] 03

[ 2]
[ 04]

Specimen Size*

70 X 70

90 X 90

Hole Diameter

NEIRIFIFIE

-9 8] 77

[ 3] -

Ratio_{a/W)**

-l oa} e2] 03] 04f 05

BINIYEY

| 04

Note : Specimen Size*=Specimen Width X Gauge Length, Ratio (a/W)**
=Hole Diameter/Specimen Width, Typical Number of Test Number=5, and
See Figure 2 for the Test Fixture Details

Table. 3 Average Compressive Failure
Strength of Unnotched Specimens

Compressive Strength of Unnotched Specimen

Test Fixture Modified ICSTM
Specimen Size (mm) [ 3030 |50 X 50|70 X 7090 X 90
Anti-buckling Device No Yes Yes Yes

Average Failure Strength| 575 736 750 71t
Coefficient Variation (%) 3.34 428 | 486 | 2.77

Table. 4 Average Compressive Failure
Strength of Open Hole Specimens

Compressive Strength of Open Hole Specimen

Specimen Size(mm) 30 X 30
Hole Diameter(a/W) 1.50.05) | 3(0.1) | 60.2) | %03) |12(04)] 15(0.5),
Average Failure Strength(MPa) 472 | 409 | 348 | 310 | 261 | 219
Coefficient Variation(%) 169 [ 1341]312]278 3301 267
Specimen Size(mm) 50 X 50
Hole Diameter(/W) 2.5(0.08) | 5(0.1) [ 100.2)] 15(0.3)| 20004)] 25(0.5)
Average Failure Strength(MPa)| 424 | 365 | 307 | 23 | 217 | 203
Coefficient Variation(%) 184 | 148 202 | 331 | 105 | 245
Specimen Size(mm) 70 X 70
Hole Diameter(a/W) 0.0) | 140.2)] 210.3)} 28(0.4)| 3505
Average Failure Strength(MPa) 355 | 311 | 285 | 264 | 214
Coefficient Variation(%) 3441523 [ 222 [ 243 [ 133
Specimen Size(mm) 90 X 90
Hole Diameter(a/W) (0.1) | 18(0.2)[27%0.3)[ 2804
Average Failure Strength(MPa) 362 | 305 | 283 | 282
Coefficient Variation(%o) 268 | 261 | 193 | 2.55
- Unnotched Compression Specimen
L
. b
W

L =Total Specimen Length 2b + Ig), Ig =
Gauge Length, b=Tab Length: Depending on
the Grip Length of the Test Rig.
W(Specimen Width) XIg(Gauge Length) for
Unnotched Specime ns @ 30%30, 50 x50,
70%70, 90X90, a = Hole Diameter,
Specimen Thickness is constant (3mm). D
(Hole Diameten/W (Specimen Width1=0.05,

0.1, 02, 0.3, 04,

05

- Open Hole Compression Specimen

Fig. 1 Unnotched and Open Hole CFRP
Specime— ns Dimensions
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Fig. 2 The Modified ICSTM Compression Test
Fixture

[50 < 50] [70x70] [90 x 90]

Fig. 3 Anti-buckling Devices Used for Size
Effect of Compression test
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Fig. 4 Comparison of Post Failure Mode throu-
gh the Specimen Front and Thickness
View
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Fig. 5 Compressive Stress—Strain Curve Showing
a Global Buckling
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Fig. 6 Comparison of the Failure Strength of
the Unnotched Specimens
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Fig. 7 Hole Size Effect on the Strength of the
Composite Laminate
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Fig. 10 Comparison of the Experimental Data
and Predicted Data on the
Compressive Strength
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