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 �

� � � � 
� � � � � 
 1 � � � �
� L is a length correction factor. Typically, 
� L �  1 for fibres longer than about 10 mm

� o is an orientation factor for the fibres. 
Typically, for E is the modulus of the fibre

Vf is the volume fraction of the fibre

Em is the modulus of the matrix

Vm is the volume fraction of the matrix

Typically, for 
� o

unidirectional 1.0
biaxial 0.5
biaxial at � 45� 0.25
random (in-plane) 0.375
random (3D) 0.2

Ef is the modulus of the fibre

• For a perfect composite with no porosity,  Vf + Vm = 1

���
 ����.���
 ���� ��� .�!*�
��� 
��

��

 �
 
�!*�% � 4��� ���� !��� ���4���
��� !����� �
 ��� �4� .�!*�����
& ��� �
 ��*������ ���% �� ��� $���!�

��.���� �
 ��� 
�����

• Typically, Ef for E-glass fibres �  70GPa, for carbon fibre �  350GPa 
Em for polyester resin and epoxy resin �  3.5GPa
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[1]  Van Paepegem W, Degrieck J. Effects of load sequence and block loading on the fatigue response of fiber-reinforced composites.  Mech Adv Mater Struct, 2002; 9(1):19-35
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Fig. Load-sequence effects on damage-cycle history [1]
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[2]  NLR TP 91476 U, Wisper and Wisperx Final definition of two standardised fatigue loading sequences for wind turbine blades, National Areospace Laboratory, Netherlands

Fig.  Standardized loading spectrum of 
the wind turbine blades, WISPERX
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���

 
����
+
��� ��� ��� ����������� �� �����
 ��� ��� ����	��	�� �� ���	� �� �	�� ����� 
��� ����	�	��
� K�� ��
	�
 ������*	�%+ �������%+ ���
���� ����	���� 	
 ����	���

�� hp

�� ax

[3]  Philippidis TP, Vassilopoulos AP. Fatigue strength prediction under multiaxial stress. J Compos Mater, 1999; 33(17):1578-1599

Fig.  Fatigue properties of the woven GFRP cylindrical speciments loaded under hoop and axial stresses [3]
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Fig. Example of cycle types (ISO 13003. )
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N.B. Compliance is inversely 
proportional to stiffness
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 	� ��� �	��

Picture from Gurit

• Torsion

• Flapwise bending

• Edgewise bending

• Shear (Twist) 

• Delamination

Source: Kleßllng
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Picture from Gurit

• Torsion

• Shear

• Edgewise bending

• Flapwise bending

Coupon 
sample
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• Torsional rigidity, GJ  (ref: [4])
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• Shear

• Delamination

xyGh
c �

= Torque
tM

� = twist angle (rad) per unit length  
(� = �� /180) 

L = length of coupon (between clamps) 

b = width of coupon 

h = thickness of coupon 

zxxy GG / = In-plane and out-of-plane 
shear moduli 

[4] S.G. Lekhnitskii, Theory of elasticity of an anisotropic elastic body, Holden-Day, Inc., San Francisco (1963) p. 197–205.
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Stitched by Kevlar® thread
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Fig. Thermographic images 
under fatigue loading.
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1mm
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delaminations along the 
polyester threads

�) ")

Fig.11. Crack propagations in 

resin pocket of Kevlar-
stitched area

1mm
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Fig.10. The distribution of delaminations and cracks in the Kevlar-
stitched sample at different positions

Fig.11. Crack propagations in 
stitched sample under the 
maximum fatigue stress of 
382.9MPa:  a) after 6,000 
cycles;  b) after 15,000 cycles
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