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▪ Rail-shear test

▪ V-notched rail shear test

▪ ±45° tensile test

▪ Tube torsion test 

▪ Off-axis tensile test

▪ Iosipescu test 

▪ Shear frame test

▪ Biaxial tension-compression test 

Determination of shear strength S

Standardized

➔ Different test methods yield different values of S
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▪ Quasi-static tensile test of symmetric ±45° laminate 

▪ ASTM D3518, ISO 14129, EN 6031

▪ Non-linear stress-strain response

▪ Multi-axial stress state on ply level

To be discussed…

➢ Does shear strength evaluated according to standards describe first-ply-failure 
(FPF)?

➢ What is the stress state on ply level? How significant is the influence of other 
stress components?

±45° tensile test

fiber orientation

1

2

x (loading direction)

y
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▪ UD prepregs by Hexcel:
➢ glass-epoxy: HexPly® M79-LT/25%/UD1200/G

➢ carbon-epoxy: HexPly® M79/35%/UD600+2PES/CHS-50K

▪ (+45/-45)s ➔ vacuum bagging process
- total thickness:
➢ glass-epoxy: 3.08 mm (ply thickness = 0.77 mm )

➢ carbon-epoxy: 2.35 mm (ply thickness = 0.59 mm)

- fiber volume fraction of ⁓ 60 %

▪ Quasi-static tensile tests:
- cross-head speed = 2 mm/min

- optical strain measurement

▪ Acoustic emission (AE) analysis
- Detection of initial failure

Material

same matrix 

area strain measurement

AE sensors: type WD
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According to ASTM D3518:

𝑆𝐴𝑆𝑇𝑀 = 𝑚𝑖𝑛 ቊ
𝜎12 𝑎𝑡 𝜀12 = 5%
𝜎12 𝑎𝑡 𝑃𝑚𝑎𝑥
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x

SPmax

S5%

SPmax

x

= SASTM

➔ different stress-strain behavior
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Shear stress-strain behavior – AE analysis

glass carbon

increased AE activity ➔ inter-fiber cracks ➔ FPF
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MATERIALS SCIENCE AND TESTING OF POLYMERS, MONTANUNIVERSITÄT LEOBEN 9MARIA GFRERRER

0 1 2 3 4 5

0

20

40

60

80

100

120

s
tr

e
s
s
 s

x
 [

M
P

a
]

strain ex [%]

 sx

 linear fit ex = 0.1 - 0.3 %

 linear fit ex = 1.7 - 1.9 %

0 1 2 3 4 5

0

20

40

60

80

100

120

s
tr

e
s
s
 s

x
 [

M
P

a
]

strain ex [%]

 sx

 linear fit ex = 0.1 - 0.3 %

 linear fit ex = 1.2 - 1.4 %

x
x

glass carbon

➢ ASTM D3518

➢ Increased AE activity

➢ Transition point (ASTM D3039)

➢ SAE , STP < SASTM

➢ Sglass < Scarbon ➔ same matrix ?
glass carbon

0

10

20

30

40

50

60

s
h

e
a

r 
s
tr

e
n
g

th
 S

 [
M

P
a
]

laminate

 ASTM

Evaluation of shear strength S

glass carbon

0

10

20

30

40

50

60

s
h

e
a

r 
s
tr

e
n
g

th
 S

 [
M

P
a
]

laminate

 ASTM

 AE

glass carbon

0

10

20

30

40

50

60

s
h

e
a

r 
s
tr

e
n
g

th
 S

 [
M

P
a
]

laminate

 ASTM

 AE

 TP

- 14 %

- 14 %

- 8 %

- 15 %

glass: 10 specimens

carbon: 6 specimens

initiation of inter-fiber cracks ➔ FPF

Stress state on ply level ?

glass carbon



MATERIALS SCIENCE AND TESTING OF POLYMERS, MONTANUNIVERSITÄT LEOBEN 10MARIA GFRERRER

𝝈𝒍𝒐𝒄𝒂𝒍
𝒍𝒂𝒎𝒊𝒏𝒂𝒕𝒆 =

𝜎𝑥𝑥/2
𝜎𝑥𝑥/2
𝜎𝑥𝑥/2

1

2

x (loading direction)

y

𝝈𝒈𝒍𝒐𝒃𝒂𝒍
𝒍𝒂𝒎𝒊𝒏𝒂𝒕𝒆 =

𝜎𝑥𝑥
0
0

Stress state on ply level

+45° ply -45° ply

𝝈𝒍𝒐𝒄𝒂𝒍
±𝟒𝟓 =

𝜎11
𝜎22

𝜎12 = ±𝜎𝑥𝑥/2

S

S

S

𝝈𝟐𝟐
𝝈𝟏𝟐𝒈𝒍𝒂𝒔𝒔

>
𝝈𝟐𝟐
𝝈𝟏𝟐𝒄𝒂𝒓𝒃𝒐𝒏

YtYt
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Hexcel laminate
𝐸1
𝐸2

𝜎22
𝜎12

𝜈12

glass 3.524 0.526 0.296

carbon 16.917 0.145 0.351

Why are the stress ratios so different?

𝜎22
𝜎12

= 2.
1 + 𝜈12

𝐸1
𝐸2

+ 1 + 2𝜈12

Quasi-static tensile testsStress state on ply level mainly depends on ratio 𝑬𝟏/𝑬𝟐

Laminate theory:
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▪ Quasi-static tensile tests on ±45° laminates (ASTM D3518) ➔ S

- glass-epoxy

- carbon-epoxy

➢ Does shear strength evaluated according to standards describe first-ply-failure 
(FPF)?

- SASTM ≠ FPF (initiation of inter-fiber cracks) ➔ SAE / STP

- Sglass < Scarbon ➔ same matrix ?

Conclusion
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▪ Quasi-static tensile tests on ±45° laminates (ASTM D3518) ➔ S

- glass-epoxy

- carbon-epoxy

➢ What is the stress state on ply level? How significant is the influence of other 
stress components?

- Shear σ12 + transverse tension σ22 (glass > carbon)

- Stress state on ply level mainly depends on ratio E1/E2

Conclusion

➔ different stress-strain behavior, 

Sglass < Scarbon
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Why are the stress ratios so different?

𝐧 =
𝑛𝑥
0
0

𝜺𝟎 = 𝐀−1. 𝒏

𝐁 = [0]

𝝈𝒈𝒍𝒐𝒃𝒂𝒍
𝒌 =

𝜎𝑥𝑥
𝜎𝑦𝑦
𝜎𝑥𝑦

= ഥ𝑸 𝒌. 𝜺𝟎

Transformation 

from global to local

𝝈𝒍𝒐𝒄𝒂𝒍
𝒌 =

𝜎11
𝜎22
𝜎12

= 𝐓 𝒌
−𝟏𝝈𝒈𝒍𝒐𝒃𝒂𝒍

𝒌

𝜺𝒍𝒐𝒄𝒂𝒍
𝒌 = 𝑹 . 𝐓 𝒌. 𝑹

−𝟏 𝜺𝒈𝒍𝒐𝒃𝒂𝒍
𝒌

→ Closed form equations for the +45° layer:

𝜎𝑙𝑜𝑐𝑎𝑙
+45° =

𝜎11
𝜎22
𝜎12

𝜎22 =
𝑛𝑥
4𝑡

.
1 + 𝜈12

𝐸1
𝐸2

+ 1 + 2𝜈12
𝜎12 =

𝑛𝑥
8𝑡

𝑡 ply thickness

𝒏
𝒎

=
𝑨 𝑩
𝑩 𝑫

𝜺𝟎
𝜿𝟎

Ply k:


