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Abstract: In this paper, the application of theory of micro-mechanics of failure (MMF) is extended to analyze the
fatigue the strength for complex three-dimensional of the continuous fiber reinforced polymer (FRP) composite. The
fatigue strength analysis method of the continuous FRP laminate structure is established based on the MMF theory.
The strength and mechanical properties of unidirectional laminate of UTS50/E51 were measured by the static load-
ing and fatigue-loading test. The constituent fatigue MMF critical parameters of the UTS50/E51 laminate are charac-
terized and the S-N curves of the tensile and compressive fatigue MMF critical parameters of the fiber and matrix are
obtained, which provides basis for using the MMF theory to analyze the fatigue strength of the continuous FRP la-
minates structure. The fatigue tensile strength of the laminates structure of polymer composites is studied based on
MMEF. The fatigue tension tests for the laminates structure of UTS50/E51 laminate are carried out. The strengths ob-
tained from both theoretical analysis and tests are compared.
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Fig.1. Micromechanics-based analysis procedure for
composite structures
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Fig.2. Microscopic stress analysis unit cell of fiber
reinforced polymer composite
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Table 1 Experimental scheme and specimen size of
the laminates UTSS0/ES1

Strength para- Test value/MPa Average
meters value/MPa

Longitudinal 2103 2082 2130 2115 2071 2100+24.0
tensile strength

X

Longitudinal 1928 1925 1913 1902 1996
compressive

strength X'

Transverse 51 54 54 53 58 54+2.5
tensile strength

Y

Transverse 167 191 163 183 189
compressive

strength V'

Shear strength 135.5 138.5 140 140 144
N

Quasi-isotropic 815 857 780 808 767
laminate

tensile

1932+36.8

179+12.8

140+3.1

805+31.2

Test type Stacking se- SpeCImeH
quence size /mm)

In-plane shear [45/-45]5s 200x15x2

Longltudlnal ten- [0]10 200%x12.5%1

sile

Longltudl.nal (010 78x10%2

compressive

Transverse tensile  [90],0 200x15%2

Transyerse com- [90]: 78x10%2

pressive

Quasi-isotropic [45/0/-45/90]5s  200x25%1.6

laminate tensile
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Fig.3. S—IgN curves of UTS50/E51 unidirectional
laminates: longitudinal fatigue loading tension (a),
longitudinal fatigue loading compressive(b), trans-
verse fatigue loading tension(c) and transverse fati-
gue loading compressive(d)
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Table 3 Fatigue MMF critical parameters for the
constituents of the UTS50/E51 laminate

(B2 R G [ ™ N
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6 2090 2280 105 104
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