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Abstract:  Pristine silica glass fiber is well known to become 
mechanically weaker when heat-treated in the presence of 
water vapor. However, the same fiber was found to become 
stronger if heat-treated while held under a sub-critical tensile 
stress, at a temperature below the glass transition temperature, 
in the presence of water vapor. The added strength was 
attributed to the formation of a surface compressive layer on the 
glass created by a surface stress relaxation process that 
occurred while being held under the tensile stress. The 
presence and extent of surface residual stress formation was 
estimated from the permanent bending kinetics of glass fibers 
heated in the same atmosphere. The residual stress depth and 
magnitude in strengthened fibers was confirmed by FTIR, 
etching, and fiber polishing experiments. Ultimately, silica glass 
fibers with strengths estimated to be ~7-8 GPa were produced, 
exceeding the ~5.5 GPa strength of fresh optical fiber reported 
at room temperature in air. This process is a new glass 
strengthening method which can in principle be used for any 
oxide glass, but it is not subject to the constraints of currently 
available methods in that it does not require glass to have a 
minimum thickness, as in tempering, or alkali ions, as in ion-
exchange. 
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