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Abstract. The expected lifetime of optical fibers used either in telecommunication technologies or smart applications are 
closely related to the chemical reaction on the silica network. Due to the manufacturing processes or the handling 
procedures, the flaws spread on the fiber surface are inherently present. The aging mechanism is assumed to enlarge or to 
extend these flaws. Based on systematic experiments one may notice that water may induce a certain curing effect. Silica 
optical fibers have been aged in water; series of samples have been subjected to overlapped stretching or bending. Other 
series have been subjected to overlapped aging effect of microwaves and hot water. Finally, samples were submitted to 
dynamic tensile testing. The Weibull's diagram analysis shows mono or bimodal dispersions of flaws on the fiber surface, 
but the polymer coating appears vital for fiber lifetime. While humidity usually affects the fiber strength, the series of 
testing has revealed that in controlled conditions of chemical environment and controlled applied stress, fiber strength may 
be increased. A similar effect may be obtained by external factors such as microwaves or previous elongation, too. 

INTRODUCTION

The availability of cost effective and high quality optical fibers has induced increasing applications in various 
areas starting with telecommunications and spreading to sensing and smart structures. Fiber reliability has remained 
a topical issue as long term use and fiber to the home lead to new constraints. The common expectation in terms of 
optical fiber life duration should be to exceed the system operation lifetime. 

As known, the general structure of vitreous silica is composed by SiO4 tetrahedral. Numerous internal defects may 
be present accompanying chemical bonds between Si and O atoms characterizing short distance disorder. OH presence 
at the surface or inside the vitreous network, peroxide or non-bonded O are generally considered intrinsic defects. In 
vitreous silica, Si-O bonds fracture due to water molecules results in fracture propagation, water reaction appears 
dramatic for fracture behavior. Hydrolyze reaction between water and silica appears more important if an applied 
constraint acts, so at the fracture tips where the stress concentration is higher, water is more reactive [1, 2]. 

Surface defects geometry may be modified when applying quite low constraint, significantly lower than the failure 
stress [3]. In controlled conditions of time, temperature and applied constraint the microcracks tip geometry may 
change. In the case of low stress intensity KI, uniform corrosion of tip geometry is observed. Contrary, at high stress 
intensity KI, the stress has maxima at crack tip, favoring corrosion phenomenon to sharpen the microcrack. Between 
these extreme situations, a range of intermediate constraints allows a balanced tendency between curing and 
sharpening the fracture tips. Microcracks’ propagation velocity is based on a chemical kinetics law, heat action and 
activation energy to fracture diminishing when applied constraint is high. The material capacity to resist fracturing 
when a constraint is applied is known as stress corrosion [4, 5]. 

To ensure the long-term mechanical strength of the optical fibers, a polymer coating is applied onto the fiber 
surface during fabrication. The fiber coating protects the cladding from any external damage, including chemical 
reaction in humid environment and, not lastly, ensures fatigue protection and bending insensitivity [6, 7]. 
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EXPERIMENTAL PROCEDURE

Two types of standard single mode silica optical fibers are used for testing: Alcatel 125/250 fiber and Verrillon 
Inc. (Boston MA) fiber. The silica cladding of 125 μm in diameter is protected with two layer epoxy-acrylate polymer 
coating of 250 μm in diameter (Fig. 1 a). The inner layer coating is soft, with a low glass transition temperature, to 
protect the silica surface, to inhibit the surface micro cracks and prevent water molecule to react with the sensitive 
glass surface. The external coating is hard, with a high glass transition temperature, to protect the fiber against external 
aggression. Despite the good protection against external damage, the main limitation of the epoxy-acrylate coating 
lies in the sponge-type behavior to humidity. That’s why for specific applications, hermetic carbon coating or 
inorganic ones may be applied acting as an efficient barrier against corrosive reagents, mainly water, but considering 
significantly different costs. 

(a) (b) 

FIGURE 1. (a) SEM of tested fiber; (b) schematic representation of as-wound fiber sample on calibrated mandrel 

A first series of testing consisted in aging in water with supplementary microwave, as summarized in Table 1. The 
fiber sample was wound on calibrated alumina mandrel of 3.2 mm, respectively 3.8 mm,in diameter. The mandrel was 
mounted on a turning device; the strained fiber sample was wound, the ends being clamped in specially designed rings 
made of elastomeric-rubber (Fig. 1 b). 

TABLE 1. Summaryof testing in microwave humid environment 

Alcatel commercial fiber 3.2 mm mandrel 3.8 mm mandrel
Water heated in microwave for 2 min / mandrels plunged in x x 

for 2 min (notation : 2 min_without uW) 
Mandrels plunged in water and aged in microwave for 2 x x 

min (notation: 2 min_uW) 
Mandrels plunged in water and aged in microwave for 2 x x 

min, then aged for 15 min in microwave humid environment 
(notation: 2 min uW_15) 

Mandrels plunged in water and aged in microwave for 5 x 
min (notation: 5 min_uW) 

Mandrels plunged in water and aged in microwave for 8 x
min (notation: 8 min_uW) 

The applied stress on the as-wound fiber was calculated accordingly to the Malinder and Proctor relation improved 
by Griffioen [8, 9]. For the commercial silica optical fiber (125/250) the corresponding stress was 2.743 GPa for the 
calibrated mandrel of 3.2 mm, respectively 2.31 GPa for the calibrated mandrel of 3.8 mm. 



Acc
ep

ted
 m

an
us

cri
tpt

Prior to aging, as-wound mandrels were soaked in cold deionized water for 5 min. Then the overlapping aging 
procedure, consisting in aging in hot water and microwave humid environment, in liquid or gaseous phase, was applied 
in different conditions, as indicated in Table 1. 

As-treated samples were dried in uncontrolled laboratory environment (temperature 18°C, humidity 35 -40%RH) 
for one-two days, then fibers were dynamically tensile tested in controlled environment (temperature 17-19°C, 
humidity 46-52%RH, less than 5% RH humidity variation per tested series) with different strain rates, ranging between
20 and 500 mm/min, using a tensile bench MTS (max. 1000N). The schematic tensile bench is given in Fig. 2 a. 

The as-treated fiber was unwound immediately before testing. Usually, tensile 3-4 tests were possible using the 
length of the mandrel wound fiber. Failure stress (notation FS, MPa) was calculated considering the registered failure 
load. 

(a) (b)
FIGURE 2. Tensile testing benches(a) Schematic description of the dynamic tensile-testing bench; (b) Schematic description of 

vertical static tensile-test bench: sample fiber under mass loading 

A second series of testing consisted in aging in water in pre-strained conditions, using a pre-stretching device, 
given in Fig. 3, then vertical tensile loading with a mass of 5 N, as seen in Fig. 2 b; finally, the as-prepared samples 
were dynamically tensile tested, similar to the first series, using different strain rates. 

Detail A 

A

Fiber 

Stainless steel cylinder 
diameter 30 mm 

Nut M8x1,25 

Screw rod

1° Stretching fibers (3/4 tours) 2° Blocking

FIGURE 3. Schematic description of the pre-stretching device 
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Fibers were rolled up around two cylinders of 30 mm in diameter, made of stainless steel. Using a strew rod, the 
fiber was stretched moving away the two cylinders. Two nuts were used for stretching and blocking the device, as 
seen in Fig. 3. In pre-strained condition (¾ tours correspond to 113 MPa), the fiber was plunged in hot deionized water 
at 65°C, respectively 85°C, for different durations ranging between 7 and 30 days. 

After one-two days in laboratory, as prepared fiber sample was further submitted to static tensile loading, as seen 
in Fig. 2b. The fiber was rolled on the pulleys and the movable lower pulley was loaded with a suspended mass of 5N 
for 7 days, respectively 14 days. Considering the commercial tested fiber (Verrillon 125/250), the corresponding stress 
was 407.3 MPa. The second series of testing conditions is summarized in Table 2. 

Verrillon fiber

TABLE 2. Summaryof testing in pre-stretched conditions 

Aging temperature, °C Aging duration, days 5 N Loading duration,
days  

65 85 7 14 30 7 14
notation : temperature (65, 85)°C; if pre-straining applied, ¾ tours; aging duration, (7, 14, 30) d; 

+ if subsequent loading applied, 5N ; loading duration, (7, 14) d

Finally, the fiber samples were recovered and dynamically tensile tested using different strain rates. The fiber was 
rolled up on the pulleys covered with a powerful adhesive to avoid fiber slip. A testing length of 200 mm of the fiber 
sample was adjusted (Fig. 2 a). The results were compared to as-aged fibers in hot water without any pre-straining 
and further tension. 

RESULTS AND DISCUSSION

The influence of the different aging procedures on the fiber mechanical strength has been evidenced using the 
statistical Weibull distribution that gives the relation between the logarithm function of the cumulative failure 
probability F related to the logarithm of the fracture stress FS [10]. Interpolating the testing results, the linear 
distribution slope allows to evaluate the flaws size dispersion. If different slopes are noticed, different defect 
populations are present. Usually, at low strain rates bi or multi modal Weibull distribution may be noticed, meaning 
that both extrinsic and intrinsic microcracks characterize the fiber failure. At high strain rates, usually a mono-modal 
distribution is expected, with a high slope, meaning that failure is mainly due to a single defect population, the intrinsic 
microcracks [11]. 

The first series of testing has analyzed the overlapping effect of, on one hand, the tensile and compressive stresses 
applied as-winding the fiber on calibrated mandrel and, on the other hand, the aging in hot water and microwave 
humid environment in liquid and gaseous phase. The tensile tested results for the strain rates of 20 mm/min, 100 
mm/min, 200 mm/min, respectively 500 mm/min are given in Fig. 4. 
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(c) (d) 
FIGURE 4.Weibull plots of as-aged fibers in microwave humid environment at different strain rates, indicated in the legend 

(a) 20 mm/min, (b) 100 mm/min, (c) 200 mm/min and (d) 500 mm/min 

As seen in Fig. 4, a coherent distribution is noticed for the reference fiber; at all strain rates (20, 100, 200 and 500 
mm/min) a mono-modal dispersion with high slope indicates mainly that intrinsic microcracks are responsible for the 
failure mode. Dust in fiber drawing tower or foreign particles in the coating material may be the origin of these 
microflaws. 

For all strain rates, overlapping aging in hot water for short duration (2 min) with the bending effect of winding 
the fiber has affected the failure stress that slightly decreased. An exception was noticed for the strain rate of 100 
mm/min, but the benefit appeared slight, too. For low strain rate (20 mm/min) a change of the mono-modal dispersion 
towards a bi-modal one was obtained, meaning that for low strain rate the aged fiber appeared more sensitive to the 
externally induces defects such as due to handling. 

A significant reported result appeared for overlapping bending with aging in microwave in humid environment in 
liquid phase. For all strain rates, an increase of the failure stress was reported in the case of the as-wound fibers aged 
in water in microwave. The two step treatment that prolonged exposure to microwave in humid gaseous environment 
led to nearly similar results to aging in water without overlapped microwave energy. 

In order to compare the treatment parameters influence, Weibull plots for the strain rate of 200 mm/min are 
represented in Fig. 5. 

1.5
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FIGURE 5 Fiber behavior in different aging conditions in microwave humid environment at the strain rate of 200 mm/min 
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One may notice that as compared to the reference, pre-straining the fiber (as-wound on mandrel) and overlapping 
microwaves to aging had a benefit effect on the failure stress. Prolonging the microwave treatment duration affected 
the stress to decrease below the reference value. For the optimal of 2 minutes microwave treatment, the higher bending 
stress appeared better, thus winding the fiber on the mandrel of higher diameter (3.8 mm) was less effective. 

The second series of experiments has allowed to report a similar effect of aging in controlled conditions in terms 
of pre-straining and aging parameters. In certain aging conditions, one may report the failure stress improvement, 
based on the Weibull plots, as seen in Fig. 6…9. Dynamic tensile testing was implemented for different strain rates of 
50 mm/min (Fig. 6), 150 mm/min (Fig. 7), 300 mm/min (Fig. 8), respectively 500 mm/min (Fig. 9). 

(a) (b) 

FIGURE 6.Weibull plots of as-aged fibers, tested at 50 mm/min strain rate: (a) comparison of aging duration, 
(b) influence of pre-stretching and tension relaxation under load 

(a) (b) 

FIGURE 7.Weibull plots of as-aged fibers, tested at 150 mm/min strain rate: (a) comparison of aging duration, 
(b) influence of pre-stretching and tension relaxation under load 

The second series of experiments was implemented on a different fiber, Verrillon Inc. (125/250). The reference 
fiber presented moreover a bi or multi-modal distribution for all strain rates, with a low slope parameter, exhibiting 
generally extrinsic defects responsible failure mode. 

Comparing the aging parameters effect, for all strain rates (50 mm/min, 150 mm/min and 300 mm/min, but less 
effective for 500 mm/min) aging in hot water for 7 days has allowed to report an increased failure stress and the change 
failure mode towards a mono-modal one. Prolonging the aging duration for 14, respectively 30 days, a decrease of the 
failure stress was obtained, the optimal duration in this series of testing being reported to 7 days. The mono -modal 
dispersion seemed to be remaining for the 14 days aging duration, changing to the bimodal one for a prolonged aging 
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treatment (30 days). The result may be explained based on the stress corrosion phenomenon, the defects being cured 
subsequent to aging in controlled conditions. 

The sharp crack tip of non-aged silica fibers may be cured as a fine deposit of hydrated silica rounded microcracks’ 
bottom, decreasing stress intensity factor and fracture extension rate. 

(a) (b) 
FIGURE 8.Weibull plots of as-aged fibers, tested at 300 mm/min strain rate: (a) comparison of aging duration, 

(b) influence of pre-stretching and tension relaxation under load 

(a) (b) 
FIGURE 9.Weibull plots of as-aged fibers, tested at 500 mm/min strain rate: (a) comparison of aging duration, 

(b) influence of pre-stretching and tension relaxation under load 

Finally, considering the overlapped pre-stretching effect to aging in hot water, followed by tension relaxation under 
load for 7, respectively 14 days, one may notice the benefit for the failure behavior. The failure stress has increased 
for all strain rates, but for higher strain rates a bi or multi- modal dispersion may be noticed. 

Similar testing were performed for longer duration of tension relaxation under load, but the benefit has been lost. 
Comparing the two series of testing, it appears interesting to note that pre-straining the fiber either through bending 
or stretching in tension in controlled conditions and then aging in hot water for a controlled duration overlapping a 
supplementary energy (microwave in humid environment) or complementing with relaxation under load allowed 
improvement of failure behavior of the optical fiber. 
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CONCLUSION

The polymer coating appears vital for silica optical fiber lifetime [12]. Certain progress may be registered replacing 
the commercial epoxy-acrylate polymer [13], but being less expensive and high quality it still finds extensive use for 
various applications [14]. 

The systematic implemented testing allowed summarizing that fiber strength evolution under controlled applied 
stress and accelerated aging due to supplementary microwave energy revealed a certain improvement. Normally, fiber 
strength decrease is expected due to water chemical action, but applied stress and microwave energy have acted in an 
opposite manner, microwave in humid environment (in liquid phase) acting as a relaxation factor. The effect may be 
explained through the fiber-polymer interface structural relaxation. At the cladding surface, a hydrated silica layer is 
likely to be formed, inhibiting a part of the microflaws and enhancing the fiber failure behavior. 

A similar result may be reported when comparing fiber strength evolution in hot water with overlapped pre- 
straining and loading under stress. Pre-strained and aged (in hot water) fibers, then loaded under controlled stress, 
have presented a certain increased failure stress that may be explained through the opposite effect of aging and static 
fatigue; the microflaws become rounded thus inhibiting, to a certain extent, surface defects propagation. 

The significant result of this systematic experimental campaign lies in curing surface defects by aging in controlled 
conditions of temperature, aging duration and applied stress. 
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