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Sec-1. Mechanical properties of glass fiber-epoxy lamina

Lamina's elastic constants for different of unidirectional fiber GFRP calculations can be
calculated analytically by using the Equations S1 to S11 according to its V; ratios [1,2].
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Gasis calculated with the solving of the Eq.S7 (A, B and C are Equations defined in ref.
[4]).
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Sec-2. Hashin Model Constants

Hashin's damage model strength data can be calculated analytically by using the Equations
512 to S16 according to its Vy.ratios [1,2]. St is set to 65 MPa for all the specimens, as the
average value for all Vs ratios of unidirectional Fiber Reinforcement Plastic based on
experiments [3].Note that the transverse shear strength (S7) is half of Y¢ values [4].
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Sec-3. Hashin Damage Criteria

The initiation damage mechanisms considered in Hashin’s damage model are tension
and compression failure of the fiber and matrix. Equations S16 to S21 describe the
general forms controlling these mechanisms.

Fiber damage mechanisms;

If (6, = 0, tension) Ff = ("11)2 + (”2)2 (S16)
If (6,1 < 0, comperssion) Ff = (U“)2 (S17)

Matrix damage mechanisms;
If (6,, = 0, tension) ("22)2 + (”2)2 (S18)
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The initial values of dy, dw, and ds are set to zero (since the effective stresses are equal to
the true stresses of the material) and are increased with the loading progress until
reaching one. Through the increase of the load, the effective strength of the elements is
reduced according to Eq. S20. The elements that have a damage variable equal toone
areexcluded, as these elements do not endure this type of stress any longer. Throughout
the present work, a is set to zero, which means that the contributionof the shear stress
in the fiber initiation damage is neglected.

Where;

611,052 and 1y, | Effective stresses in X direction (fiber direction), Y direction and
X-Y plan respectively.

XT Longitudinal tensile strength (MPa).

X© Longitudinal compressive strength (MPa).

YT Transverse tensile strength (MPa).

Y€ Transverse compressive strength (MPa).

St Longitudinal shear strength (MPa).

ST Transverse shear strength (MPa).

a Coefficient of shear stress contribution in the fiber initiation
damag

df Tension fiber damage variable.

df Compression fiber damage variable.

d, Tension matrix damage variable.

dp Compression matrix damage variable.

ds Shear damage variable.

p Density (gm/cm?).

% Fiber volume fraction (%).

14 Volume fraction.

d Fiber diameter.

Eu, Ezand Ess | Young’s modulus in X direction (fiber direction) , Y direction
and Z direction respectively.




G2 and Gi3

Shear modulus in X-Y plan and X-Z plan respectively.

1912 ) 1923and 1913

Poisson’s ratio in X-Y plan, Y-Z plan and X-Z plan respectively.

f

Mean fiber.

m

Mean matrix.

S

Distance between fiber

Emu Fracture tension strain of matrix.
Emu Fracture compression strain for matrix.
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