
Introduction

• Glass fibers are used in optical 
fibers and in structural reinforcing 
composite materials.

• It is important to understand the 
effects of surface defects on the 
mechanical properties of glass 
fibers and to determine the 
fracture toughness of glass fibers.
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Methodology

• Fracture toughness is determined using 
atomistic J-integral approach.

𝐽𝐽 = �
𝛤𝛤

(𝑊𝑊𝑊𝑊𝑊𝑊 − 𝑇𝑇𝑖𝑖
𝜕𝜕𝑢𝑢𝑖𝑖
𝜕𝜕𝑦𝑦

𝑊𝑊𝛤𝛤)

𝑊𝑊 =
1
2
𝜎𝜎𝑥𝑥𝜀𝜀𝑥𝑥 + 𝜎𝜎𝑦𝑦𝜀𝜀𝑦𝑦 + 𝜎𝜎𝑥𝑥𝑦𝑦𝜀𝜀𝑥𝑥𝑦𝑦

[Chowdhury et. al., Engg. Fract. Mech., 207, 2019]

Results and Discussion

• Significant increase in processing speed 
between multiple scripts by converting 
large loops with Matlab vectorization.

• Vectorized Matlab code takes advantage 
of parallelism to increase speed as well 
as create shorter and more readable 
code.

• The updated Hardy stress script resulted 
in a 99% decrease in time to run.

• Engineering stress calculation script 
resulted in a 99.7% decrease in time to 
run

Summary and Conclusion
• Molecular dynamics simulations are 

useful for studying fracture 
mechanism and surface crack impact 
on glass fibers’ (silica glass and s-
glass) mechanical properties.

• The simulations shows that large size 
cohesive zone develops in front of 
the crack tip in case of S-glass 
indicating S-glass is more ductile 
compared to silica glass. 

• The crack propagates and grows as 
the molecular bonds break. 

• Crack significantly reduces the 
strength of the fiber without affecting 
modulus
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Problem Specification
• During glass fiber spinning and 

handling operations, surface cracks on 
a nanometer scale appear.

• It is thought that the surface cracks 
reduce the glass fibers’ strength, but 
the small scale makes experimental 
observation difficult to prove that.

• Molecular dynamics (MD) simulations 
with reactive force field ReaxFF are 
used to study the effects of surface 
crack on the mechanical properties of 
glass fiber at this small length scale.
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Silica Glass MD Model
with 10nm Crack

Silica Glass S-Glass

[Chowdhury et. al., Engg. Fract. Mech., 207, 2019]

• This requires to calculate continuum level 
equivalent Hardy stress (𝜎𝜎) from the 
atomic stress obtained from MD 
simulation.

• Matlab scripts are developed to calculate 
Hardy stress.

• As expected, Hardy stress shows stress 
concentration in front of crack tip. 

• Hardy stress is visualized by sorting atoms 
into position-based boxes and averaging 
the respective stress values.
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