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Abstract

This paper is concerned with mechanical properties of unidirectional laminate [(0%)sr,
(90°)sr), composed of angle plies [(F:15%)2s, (£30°)2s, (+45%)s, (F60%)25, (F75%)4s) and
laminate £(0°/907)zs, (90°/::45°/0%)s, (4=45°/0°/290")s, (4:45°/90°/0%)s, (0°/90°/+45%)s,
(90°/0°/4-45°)s] under the condition of uniform strain tension. Also, experimental investigation
was conducted {10]sr, off-axis tensile test for intralaminar shear characterization. The experi-
mental data on the failure criterion of tensor polynomial were compared with those from the
classical laminate theory. Acoustic Emission experiments have been carried out to investigate
the changes of the amplitude distributions of Acoustic Emission monitored during failure of

tensile tests on Carbon/Epoxy composites.
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Table 1 Kind of spccimcné

No. | % v e | H % | g | o 5

1 (O)er 20 ] 9 | (10)er L0

2 (-=15) 05 10 |10 (B ]

3 (:30)2s 10 | 11 (0/+45/90) s 10

4 (455 20 | (9/90)as 12 | (0/90/+45)s 10

5 (£60) 25 10 | (30)s | 13 | (=45/0/90)s 10

6 (£75)ss 10 | (18 | 14 | (+45/90/0)s | 10

7 (90)sr 10 | (Osr |15 | (90/0/+45). | 10

8 (0/90) 25 10 (Osr ‘l 16 ;
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Table 2 Mechanical properties of unidirectional reinforced laminates
(0°)er (90°)sr (10°)sr (45%)sr
Width mm 12.67 25.37 25.26 25.28
Thickness mm 1.135 1.16 1.13 1.16
Fracture load kg 2900. 88.1 615.2 112.8
Young’s modulus GPa 115.83 8.86 19. 32 12.168
Tensile strength MPa 1977.5 29. 36 209.6 27.35
Poisson’s ratio 0.329 0.023* 0.284 0.32
Max. strain (0. 025)
)% A4
Table 3 Mechanical properties of angle ply ¥ AR, ¥ AFPA
(215) 25 (£30) s (£45) 35 (£60) 25 (£75)2s (0/90)25
Section area mm 29.28 29.62 29.77 29.98 29.88 29.71
Fracture load kg 1,902 1,022.5 376.2 183.2 134.0 2,838
Longi modulus *05. 936 *37.976 *13.948 *8. 752 *7.993 62. 699
**94. 96 **44.40 *17.84 **10.78 *9, 15 62.17
Tensile strength MPa 630.42 338.55 123.91 57.06 43. 96 940. 06
Piossion’s ratio 0. 987 1.268 0.723 0.316 0.103 1. 065
Maximum strain % 0.65 1.31 2.92 1.20 0.564 1.49
Table 4. Mechanical properties of multidiretional reinforced laminates
"~ Laminate (90/+45 | (£45/0/ | (F45/90 | (0/90/% | (90/0/% | o 4 A
{tems —— /0)s 90)s /0)s 45)s 45)s ]
T — —
Section area mm? 29.41 31.39 30. 07 29, 61 30.09
Fracture load kg 1,550 1,553 1,560 1,558 1,610 1,763
Young's modulus GPa 45.70 41.95 42. 67 41.79 43.97 45.97
Tensile strength MPa 516.92 485.1 508.79 516.05 524. 67 526. 62
Poisson’s ratio 0.331 0. 306 0.298 0. 320 0. 329 0.311
Maximum strain % 1.32 1.41 1.35 1. 46 1.02 1.23
Off-axise] UD A3HL& gHg o)uyA-& uumz Off-axise] UD A4 # 9] end constraino 2 <]+ &

A ()E HEHE 99 HlAE Adde end con-
strain® & <& A A shear coupling ratio& 4] (4)
o2 zAHEY, 2 AAFE A2 vaxy FL 3k
o2 AFHe end couplings] & H77 g Ao

F Axsn, ¢Y4&83E A tdu s Ee st
Ax AgAsed A FFE PAA #& Aoz A
g5d, 79 $HIFTE JetA ¢z W edEE s
At
g 23-1
S (I @
S;i; : Compliance

W : Width of test piece

L¢ . Gage length
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__1 _ 35®
A4 &= Su [ 3seﬁ+2511(LG/W)z J ®)
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AR HF3E AFA 22 B A4 &
4ebg vdEdivhe ¥ 4 9wk, 49745t Table 2604

By AFzkE AR oAt v FyggF F=
7F ¥ 1.6%% #A3 & AL 71A (matrix) H el
A%, AR AA%e AEEF, A,

i) '{é TScsz /‘] in‘
hernt flaw & 9o A7H
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Table 5 Comparison of exp. data values with foreign product’s composite of the mechanical properties

oo o it | TR | BOSRE | A0 @ié’“c“é’?!/ Sl iiSe,  vowo
Fiber volume _ |  0.70 0.50 0.66 l 0.60 0.512 0.60
Fraction (V,) |
Specific Gravity | 1.6 2.0 L6 | 1.46 1.54 1.54
E, | 10°si | 26.25 20.59 | .02 | 5.60 § .02 | 17.09 16.8
10°%kg/mm? ' 18.46 20.88 14.08 | 3.9 7.75 | 12,01 11.81
E, | 10°psi | 149 2.68 1.30 s 1.20 0.8 | 1.106 1.30
10° kg/mm? | 1.05 1.88 0.0 | 0.8 ll 0.5 | 0.777 0.903
G| W psi | 104 0.81 | L03 | 060 | 0.38 | 0.679 0.754
10° kg/mm? | 0.73 0.57 072 0.42 0.23 | 0477 | 0.5%
v 0.8 0.23 | 0.30 0.26 | 0.34 0.27 | 0.316
X | 10°psi | 21756 182.76 ' 209,87 164.03 | 203.06 | 191.31 275.5
kg/mm? | 152.96 128.49 | 147.55 | 108,20 | 14277 | 134.50 201.5
X | 10°psi | 217.56 362.6 | 200.87 \ 88.47 | 34.08 | 122.30 —
kg/mm? | 152.96 254,93 ‘ 147.55 62. 20 N 23.96  85.97 —
Y | 10° psi  5.80 .85 | 750 | 450 | 17 L 5. 653 4.379
kg/mm* |  4.08 .22 . 527 316 | L2 3.974 2.99
Y’ | 10° psi | 35.68 29.30 s 17.11 | 7.69 23.8 ~ 23.8 -
kg/mm? | 25.09 20. 60 o101 | 12,03 | 541 16.73 —
S | 10° psi 9.86 0.7 | 13.49 | 10.44 “ 493 | 15.83 17.1
kg/mm? | 6.93 6.83 | o948  7.34 | 347 13 10.98
h in ©0.00492 | 0.00492 | ooosez|  o.004s2| 0.00192 | 0.00492 0. 00492
mm L0 | 0125 | 0.125 0.125 \ 0.125 | 0125 | 0.125

Ew; el ga 73 E,=
8.007 7k Ag AsE vlad Ast & 8.6%9 2
A Aetg e ol AL ARAF B AY LA
Zeld Aoz FrseiA,

45° o) s+e] Angle-ply®l <& mode 75l
upske] v}2kalA]  transverse crackel
cracke @ Qlate] A futgkoz Amt¥ I transverse
crack o2 ®E 9 uhgl & 4 (interlaminate crack) & ¢l
ste] 23t & Abolst slipd® dolA e AFE & o
2% olm @ Z7b wtEddol ArlE F oAdE
Q1A & F Aol A s(Zeob4 u)e EF Y (mis-
match) @ AsgedAsz A S5 der
ol b gk, Fig, 864l 2= ute} 3lo] balanced,
symmetricel angle-ply A %ol AAzAeR FY
& W aEe shokm AT Fatold Lopgule A

Reciprocal relation (Ev;i=

fiber

intralaminate

A A

ol 21°~25°H HElR vEha % L A 5 (coe-
fficient of mutual influence)e] Hw} ol 10°~14°
Welw o Fxev,  olsz Herakovich([1710] '} at

steb w] Hejrh 2279k @A S A4 1679 <

A stz ghrt.
(£15°39) A% stkapFol o) &7

27nFde] wAdstd AL w}a} AR FFTE
A95E A4¢ A2Y 5+ 9. Photo 28 an
gleply A &xe 4% F sl gk 7ol
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Aot £3PeR 9 7
Fobgto] dejts & 5 3

::‘:45°]‘angle-p1y91 laminated] AA = A=A L2 7
A (matrix) E40] 743 2A 9L viAx TR

2gulo] og 3 dol dojrte, sEFd = A
ductiled}o], Fig. 901] ¥ ulel o] ALFe| vt
£ A% A2 £ 99k ©le1d angleplydte] F
g ul (z=0) ol A 1= A T +°] WA A o0& qlete], o}
o] Fol7t 0(F)oln], +45°/—45° BA oA shear
couplinge] Al ete] * ‘]-7(’|D]- o o3 qlalke]
7 failures} WA 3 2= gl 9l o}

Fig. 08} o] Amrsysl dglds :M] 7 27
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