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Equivalent alternative test method for compressive strain of composite
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Abstract : ASTM D6641/D6641M—16 is one of the more widely used standard test methods for the compression properties of
resin matrix composites. Due to the traditional strain gauge method has the problem that different types of adhesives need to be
selected in different use environments and the strain gauge paste is greatly affected by the paste process, the strain test in the high-
temperature and wet environment is always a difficulty in the mechanical properties test, which hinders the evaluation of the
compression properties of aviation composite in harsh environments. Based on the compression test device and resistance strain
gauge method recommended by ASTM D6641/D6641M—16 standard for strain measurement, the compression test device and
compression fixture were optimized and improved, and the four-column compression fixture was designed to solve the defect that
the sample working section was not easy to observe when the original fixture was used for strain testing. Three different strain
measurement methods, including strain gauge method (using hydraulic clamping mode), contact extensometer method and non-
contact video extensometer method were compared and tested, and the equivalent substitution test was completed. The results show
that the optimized compression fixture has better stability, the average dispersion coefficients of compressive strength and modulus
are 4.85% and 1.42% in the test of 7 different grades of laminates, respectively. At the same time, the fixture can be compatible with
the non-contact video extensometer for strain testing, reducing the link of strain gauge pasting, reducing the cost of mounting and
effectively reducing the test process. When the length of the working section of the sample is less than 21 mm, the hydraulic clamp-
ing mode can replace the compression clamp method of the modulus test, so that the contact extensometer method becomes another
feasible way of the compression modulus test.
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Tab.1 Main parameters of compression performance test

Start and end point of

Standard test . Rate/ .
Size/mm . 4, strain for modulus calcu-
method (mm-+min ) .
lation/%
ASTM D6641/
D6641M=16 140x12x2 1.3 0.1~0.3




126 AR

2024 4E 55 52 4 55 7 W

ASTM D6641/D6641M—16 5 i W7 A EL (LA
TARREAWE A, FH AR SRS TR T
VE B R TH WAL ET , AR5 [t e ik P i 26
THIARIC A o R T RERE R 5 | (0 F T /MR
B g b R R g bR A A 1Y R Bl 3G A
SERERCR ST AT, ZERG R ELAR U PR 1Y [R] B 7
TARE TAEB R 28R, 005 | T Re g 7E by A2 )
TR FR T AR FEVE R, et f5 PO A R4 R HL(BUF R
REBYWE 27~

&

1 BOLAEESER BRI

Fig. 1 Double column compression fixture
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Tab.2 Comparison of compressive strength and modulus data of different grades of laminates

Compressive strength

Compression modulus

Laminate Fixture

AVG/MPa CV/% Overall CV/% AVG/GPa CV/% Overall CV/%

A 384 4.51 25.1 1.16

EW100A/BMP316 6.69 1.13
B 422 4.80 25.3 1.11
A 1567 5.64 137 0.65

ZT7TH/5429 5.85 0.89
B 1578 6.56 137 1.15
A 514 3.88 27.6 2.43

AC531/SW110C 3.38 1.92
B 512 3.14 27.7 1.48
A 391 9.99 28.8 1.19

S6W100A/AC319R 7.74 1.63
B 390 5.63 29.1 1.88
A 454 8.32 30.1 2.60

EW301/AC321 6.53 2.38
B 462 4.87 30.4 2.27
A 1579 3.74 135 2.98

ZTTH/QY9611 4.34 2.37
B 1617 4.87 137 1.51
A 1125 2.65 136 1.81

ZT7G/LT-03A 3.52 1.28
B 1152 4.08 136 0.53
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Tab.3 Comparison of modulus test data of different fixtures

Laminate Lay-up direction Fixture

Compression modulus

AVG/GPa Percent bending(0.2%)/% CV/% Overall CV/%

L A 57.5 5.80 3.00

Warp direction 2.96
C 57.4 5.00 3.20

3233/CF3011/52

. A 54.4 8.46 3.12

Weft direction 2.69
C 54.2 1.39 2.46
A 53.4 3.44 1.95

0° 1.97
C 53.4 6.59 2.23

1302/S6C10

A 15.7 5.13 1.96

90° 1.86
C 15.6 7.14 1.82
L A 279 6.10 0.85

QW280/AC525 Warp direction 0.66
C 27.9 2.77 0.52
A 128 1.83 3.14

ACTECH1203/CCF700G 0° 3.18
C 129 2.27 3.52
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Tab.4 Compression modulus test results of different working segment lengths

Working segment

Compression modulus

Laminate Percent bending(0.2%)/%  Percent bending(0.3%)/%
length/mm AVG/GPa CV/% Overall CV/%

13 62.89 0.15 1.17 1.33

3234/CF3052/39 17 62.86 0.32 0.26 1.93 223
21 62.82 0.32 1.88 2.16

13 25.12 0.29 0.36 0.49

BA9916-I/EW100A 17 25.17 0.04 0.25 1.12 141
21 25.23 0.03 1.08 1.49

13 69.22 0.16 0.12 0.20

CF3031/QY8911 17 69.02 0.07 0.19 0.61 1.12
21 68.97 0.02 0.19 0.75

13 61.40 0.18 1.16 1.54

5224/CF3052/42 17 61.30 0.07 0.14 1.99 2.48
21 61.29 0.09 2.08 2.57

13 21.92 0.17 1.64 1.79

AC531/EW110C 17 21.89 0.03 0.13 2.05 242
21 21.90 0.14 2.57 2.96

13 117.65 0.47 0.24 0.29

5224/U-3160/42 17 117.18 0.11 0.32 1.16 1.93
21 117.60 0.08 1.98 3.53

13 128.24 0.28 3.13 5.71

5228A/CCF300 17 128.42 0.13 0.73 447 11.54
21 130.20 0.09 6.10 32.30
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Fig. 4 Different compression modulus test methods
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Tab.5 Comparison of compression modulus between different strain testing methods

Working segment

Compression modulus Percent bend-

Laminate Test method length/mm  AVG/GPa  CV/%  Overall AVG/GPa Overall CV/%  ing(0.2%)/%
Strain gauge 3.0 128 3.14 1.69
ACTECHI1203/CCF700G  Contact extensometer 12.5 127 1.26 126 2.94 3.67
Video extensometer 8.2 122 0.50 0.11
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