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The thesis is divided into three parts to deal with the effects of the matrix properties on the
mechanical properties of carbon fiber reinforced plastic composites (CFRPs). The part 1 describes
the influence of matrix properties including the fracture toughness and carbon fiber (CF)/vinylester
(VE) adhesion on the static tensile or flexural, interlaminar and fatigue properties of CF/VE
composites. An appropriate chemical modification of VE resin was conducted to alter the matrix
properties. An improvement by up to 37.3% of tensile strength and up to 37.1% of flexural strength
of CFRP was achieved. CF/VE composites performed different failure mode and strain at failure
due to the effect of matrix properties under the static tensile or flexural loading. On the contrary, the
interlanmiar fracture toughness of CF/VE as well as impact resistance capability decreased
compared to CF/A composite. The different fracture mode dominated the energy absorption during
fracture of specimens. Tension fatigue life of CF/VE composites was improved by several ten times
compared to CF/control resin composite. Based on TSA method and further SEM observation, the
fracture toughness of resin affected the initiation and growth of matrix cracks especially transverse
cracks dominantly because cracks tended to initiate at matrix and propagate along matrix due to
high IFSS. At middle stage of fatigue test, delamination tended to initiate early in composites made
by matrix resin with lower fracture toughness due to earlier initiation of transverse crack. High
CF/VE adhesive strength performed a positive effect on the resistance to delamination growth to
extend fatigue life of composites finally. A simple model has been used to characterize the
relationship between matrix properties and fatigue life of CF/VE composites. The positive hybrid
effect of matrix toughness and CF/VE adhesion on the static tensile strength and fatigue life of
CF/VE composites was found.

The part 2 deals with the effect of physical modification of nano fiber with different size or
stiffness on the mechanical properties of matrix and CFRP composites. The fracture toughness of
modified resin can be improved by addition of nano fillers such as nano PVA or MFC, and increased
with increasing their content. The addition of nano PVA showed almost no influence on CF/VE
interfacial properties while MFC displayed obvious effect on improvement of CF/EP adhesion.

Although nano filler performed just a slight effect on improvement of static tensile properties of



CFRP, the fatigue performance can be improved significantly by only incorporating a small amount
of nano filler. With addition of MFC or nano PVA, a resistance to initiation and propagation of
matrix crack including transverse crack, subsequent meta- and interlaminar- delamination was
found according to corresponding mechanical test, and contributed to improvement of fatigue life.
The reinforcing mechanism at micro scale was discussed as well. However, there exists an
appropriate incorporation content for nano filler which makes the fatigue life longest. For nano PVA,
the aggregation of nano-filler becomes obvious when the volume fraction was high. When MFC
content increased to 0.8 wt%, the CF/matrix adhesion became much stronger, which caused CFs in
warp easier to break due to ineffective stress reduction and subsequently reduced the fatigue life of
CF/EP composites. It is necessary to adjust the CF/matrix adhesion to obtain a suitable value by a
suitable content of nano-filler for achieving optimum mechanical of CFRP.

The part 3 deals with the effect of different matrix on mechanical properties of carbon fiber
reinforced composite pressure vessels. The CF/VE composite vessel has performed a little higher
burst pressure by ~5% than CF/EP vessel except CF/AC vessel due to its uncured matrix. According
to the DIC method, the delayed initiation and propagation of cracks in CF/AF vessels was found
which can provide a positive effect on preventing the fluid leakage during their application. CF/AF
vessel performed more homogeneous strain distribution in the form of less and shorter transverse
cracks than CF/EP were observed at hoop or longitudinal layer which might due to less toughness of
EP than VE. The results of deformation obtained by DIC and strain gauges were almost same
indicated that DIC method is a useful and convenient non-destructive evaluation method to

investigate the damage initiation and propagation of composite vessel.



