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Abstract
Fiber optics as a transmission lines using for transmitting the signals and data
information at minimum losses. It is using with modem communication which has the
high immunity to' electromagnetic interference for transmitting the information, light
weight, low cost, no corrosion , safety because the electric nature which eliminates the
spark hazard , wide band width (more channel can be transmitted), low signa
attenuation than other propagation systems . It is using the light as a carrier for
modulation signals information (1013 — 1014 ) HZ comparing to radio frequencies of
(106 — 109) Hz. Light sources as light emitting diodes (LED) & light Amplification by
stimulated emission of radiation (LASER),each one using with proper type of fiber
which are multi mode (step index), Graded index , single mode. Signal strength loss
can occur for several reasons, such as. Attenuation, Rayleigh scattering, fresnel
reflection , cracks, connector loss, spliceloss.......
For the strength and fatigue of fused silica optical fiber on the environmental
parameters temperature, humidity and PH (chemica acid, neutral or akaling). It is
shown that the stress corrosion parameter (n) is not a constant but depends on the
nature of the environment. Further, different kinetic forms for the stress corrosion
kinetic lead to different interpretations of experimental results? Since life time
predictions are very sensitive to the value of (n) and the kinetic form it is important to
know which form is correct. It is shown that the empirical power law form that is
almost exclusively used by the fiber optics industry provides a good fit to fatigue data
for high strength fiber, but an exponential form provides a more self- consistent
description of fatigue in different environments . From our research the following
results are:

1. Life time of the optical fiber (silica) obviously affected by the environmental
climate. The fatigue at the fibers affected by the presence of the chemical materials,
(according to that types and concentration) affected directly to the concentration of
the fiber starting from the external surfaces to the clad and then to the core which
happening the cracks and these cracks increases continuoudly by the affect of that
meaterials. That obviously by equation research (part 2).

2. the effects of stress or high weight on fiber may be happen the bending or a small
bend inside the fiber then dispersion of the light signal will be take place, then the
reflection way cannot becomes write, or cracks can be happens.
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3. The effects of continuously humidity on strength of the fiber (according to the belly-
band), rdative fatigue be occurs, and that affected to the construction of fiber.
(TableNo.1).

4. Effected of PH (concentration of hydrogen) on the strength and fatigue of the fiber
follows to the faster fused silica. As we know the limit of PH generally start from
(1-14) as a number (acid, passivity or neutral) the No.7 at the middle neutral
concentration of Hydrogen ions will be basic, under to (7) will be acid. The
equations and Fig. 1 noted that.

5. The effected of temperature on the strength and construction of the fiber lead to
fatigue or fused silica (Eg.9) or increasing of the hardening, then lost the flexibility
and then may be broken or cracks appears on it which lost the specification.
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1. Introduction

The mechanical reliability of optical
fibers is usually assessed using the sub
critical crack growth mode for fatigue
in which ambient moisture
preferentially  attacks the strained
bonds around stress-concentrating
surface defects (normally assumed to
be cracks) to cause the defects to grow
at applied stress levels which do not
cause immediate failure. Eventually
the most severe defect extends until it
reaches the critical sizefor fast fracture
and failure ensues. This "fatigue"
process is usualy thought of as a
stress-assisted  chemical  reaction
between water and slica and so
depends on the nature of the
environment - fatigue occurs faster at
higher temperature and at higher water
activity (at higher humidity or in liquid
water). It is also known to depend on
any solutes in liquid water. An optical
fiber fatigues throughout

Its life whenever any stress is applied.
There are three processes in which
fatigue is important. Firstly, almost all
fibers are proof tested to remove the
worst defects. The stress pulse which is
applied during proof testing causes

2235

surviving defects to fatigue slightly
and hence weakens the fiber, though
the average strength of the surviving
fiber is increased due to truncation of
the low end of the drength
distributions. Of key importance is the
fatigue which occurs during the unload
cycle of proof testing since this
controls the strength of the weakest
surviving defect, and so controls the
ultimate lifetime of the fiber under
stress. Secondly, during service, any
applied stress causes further weakening
and, at least for long length
applications, one is  normally
concerned about the lifetime of the
weakest flaw that just survives proof
testing. Thirdly, in order to make
quantitative predictions of lifetime and
reliability an estimate is needed of the
key kinetics parameters for the fatigue
process (usually the well-known n and
B parameters) and, in principle, these
are measured during laboratory fatigue
testing. Typically, models for fiber
lifetime do not explicitly include
parameters describing the environment
(i.e. temperature and humidity) and so
there is an implied assumption that the
environments during proof testing and
laboratory testing, as well as the
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service environment, are al the same.
This is clearly not the casel If the
service environment is less aggressive
(colder, lower humidity) than the proof
test and laboratory environments, then
the lifetime predictions are
conservative.  But, the service
environment may well be more
aggressive.  This is  somewhat
compensated for by assuming values of
the fatigue parameters that are
conservative or "worst case" - this also
obviates the need to measure the
fatigue parameters for every fiber
sample. However, for the most
aggressive environments the lifetime
predictions might <ill be overly
optimistic. Conversely, for relatively
benign environments (such as space
which is dry) the lifetime model might
be grossly conservative resulting in
design criteria (for maximum service
stress, minimum bend radius, €tc)
which are hard to achieve.

Clearly what is needed is a detailed
model for how the kinetics of fatigue
depends on the environmental factors,
such as temperature, humidity, pH, etc.,
so that desgn criteria can be
determined for any environment of
interest.  Unfortunately, a strictly
empirical approach to the way in which
fatigue depends on the environment,
while a good first step, suffers from the
problem that interpretation of the

results can depend upon what
mathematical vehicle is used to
interpret  those results. A semi-

empirical approach is preferred in
which experimental data are fitted to
chemical kinetics models that are
based on physical models that have
been egtablished. Ideally, the result
would be an overal kinetics model for
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fatigue that self consistently describes
the effect of al key parameters
simultaneously.

2. Chemical Kinetics Models for

Fatigue

The sub critical crack growth model
which is used to describe fatigue is
itself composed of two independent
sub models. The first sub modd
describes how a defect causes a local
stress concentration:

K, =dYC}/2 (D
Where Kl is the stress intensity factor,
d is the remotely applied stress, Y is
the crack shape parameter, and c is the
crack length (or the effective crack
length if the defect is not a sharp, well-
defined crack). Uncontrolled failure
will occur when reaches the critical
value, KIC, aso known as the
toughness. In the absence of a
corrosive environmental species, the
crack length will not change until K1=
KIC However, if a corrosive species,
most importantly water, is present, it
will break the stressed bonds at the
crack tip leading to arate of growth of
the crack which is controlled by the
kinetics of the chemical reaction which
is itsdf controlled, amongst other
things, by the stress in the region of the
crack as quantified by the stress
intensity factor. This leads to the
second sub model which describes how

the crack growth rate, C , is a
monotonically increasing function of
K1 (or K after normalization to KIC),
which for convenience we will put in
an exponential form:

C =exp{f(k}}

Where,

..(2)
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K ..3)

Egs. 1 and 2 can be combined into a
first order nonlinear differential
equation that can be integrated for any

particular loading scheme, s =s (t) :
(such as static fatigue with 6 = constant,

or dynamic fatigue with s =
constant). The kinetics sub model is
very much more sensitive to the stress
so that the final fatigue equation is
dominated by the form of the kinetics
sub model and is insensitive to the
form of the micromechanics sub model.
For example, power law kinetics
results in power law fatigue equations
and exponential kinetics results in
fatigue behavior that is close to being
an exponential. Further, the validity of
each sub model is not predicated on the
validity of the other, i.e if the
micromechanics sub model is wrong
(eg. if the defects were not simple
sharp cracks) it does not imply that the
kinetics model is wrong. Therefore,
because of the sensitivity to the
kinetics model, fatigue measurements
will not be sensitive to the
micromechanics sub mode 1. This is
both an advantage and a disadvantage:
a disadvantage because fatigue data
will not readily determine whether the
micromechanics model is appropriate,
but an advantage because our primary
interest here isin kinetics so that all the
conclusions drawn here are not
predicated on the validity of the
micromechanics model. This is
fortunate because the validity of Eq. 1
for pristine silica fibers is not clear
given that the strength of thesefibersis
close to the theoretical strength and so
they are perhaps "flaw free". Besides
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the assumption of Eq. 2 that the fatigue
process involves a stress assisted
chemical reaction between silica and
water at the crack tip, it can also be
suggested that the process is rate
limited by stress assisted diffusion of
water along the crack into the crack tip
region. Other mechanisms have also
been suggested, such as stress assisted
diffusion of moisture into the glass
structure ahead of the crack tip, but it
is reasonable to suppose that Eq. 2
would still be valid for these other
mechanisms. Therefore, while the
formalism described here assumes a
stress assisted chemical reaction, the
conclusions would be equally valid
even if fatigue is due to some other
process.
Several mathematical forms for Eq. 2
have been suggested in the literature.
The first is a power law form which is
widely used.
C = n
C =AK (8
model 1
This form is  mathematicaly
convenient since satic and dynamic
fatigue equations can be found in
analytical closed form and it is
mathematically compatible with the
weibull distribution commonly used to
describe the datistical variability in
strength, but is not based on any
physical model. An exponential form,
was suggested when it was first
recognized that fatigue was a stress
corrosion phenomenon.
C = A exp(nk) ..(5)
model2
While this form is based on a chemical
kinetics model for fatigue it assumes
that the crack tip stress affects the
chemical kinetics through an activation
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volume in much the same way that
pressure is known to affect chemical
kinetics. However, the stress tensor at
the crack tip has a substantia
deviatoric component and is not
accurately modeled by a hydrostatic
pressure. A more rigorous treatment
yieldsaform.

Cc =Asn(n{G- 2g}) ..6
Where G is the energy release rate and
y is the fracture surface energy. This
form predicts the presence of a fatigue
limit, i.e. no crack growth occurs until

G>29. However, sincethere is as yet
no convincing evidence for a fatigue
limit in fused silica optical fiber, it is
prudent to avoid assuming one exists.
Thus, assuming that we are operating
well away from any fatigue limit and
that the reverse (healing) chemical
reaction isnegligible.

It is shows that these three forms can
be expressed as specia cases of a more
general exponential form:

c =Aep{nfk}i=1..3 (@
Where Ai is a measure of the reaction
rate and n is a measure of the

sensitivity of that rate to the applied
stress. For the three models:

f(k)=Ink model1 (1)
f,(k)=kmodel 2 (11) | ...(8)
f,(k)=k model3 (111

Temperatureis usually incorporated
DH, 6

zexpn f.(K);..(9
e Secpin 1)..0)
Where DH, is the apparent activation
energy.

It is developed a general modedl for the
kinetics of fatigue based on absolute
reaction rate theory in which it is

C =A exp?
e
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assumed that there is an activation
barrier to fatigue and further assumed
that the height of the barrier is affected
by the stress intensity at the crack tip,
as quantified by k, Eqg. 3. An important
extension to the usual models is that it
is assumed that the stress changes the
barrier height both through entropic as
well as enthalpic terms:

DH" =DH. -f,(k), and (10)
DS’ = DS, +f,(k), (11)
Where DH and DS are the

activation enthalpy and entropy and
DH_ and DS, are the values of these

parameters in the limit of zero applied
stress. The functions fH and fs describe
theinfluence of stress, thesignsin Egs.
10 and 11 are chosen so that a positive
value for these functions means that a
tensile stress reduces the overal
activation barrier height. Assuming for
simplicity fH and fS have the same
functional form, f(K), gives:

DH" =DH_ -n,, f (k),
DS =DsS, +n,f (k)

Where nH and nS are a measure of the
sensitivity to the stress intensity of the
enthalpy and entropy contributions
activation barrier.[12]

It should be recognized that while
changing the temperature changes the
reaction rate, it can also change the
concentration of reacting species (e.g.
both the saturated vapor pressure of
water and the pH/pOH of solutions are
temperature  dependent). If  the
concentration of the reacting species is
C, and the activation free energy for

formation of that speciesis Bley (e.0.
DG of vaporization for water vapor or
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a function of AG of dissociation of
liquid water if the reaction is with
hydroxyl) then:

C=C, expg DG 9

RT 5

Where Co is aconstant. If the chemical
reaction is assumed m order in the
reacting environmental species , the
overall fatiguerateis given by :

de_,, mKs SER+nD5 0 aBH +niH'0 &  am,  ndl
@ SRR 2% R S MGRTRY
..(15)

Wherev isavibrational frequency, ais
the bond length (i.e. the distance the
crack extends when one bond is
broken), K is the Boltzmann constant,

h is the Planck constant and R is the
gas constant.

Comparing this general form with the
semi-empirical form of Eq. (9) term by
term yields several predictions if the
observed fatigue rate is to be described
by a general absolute rate theory model.
Firstly, the function f(k) clearly
corresponds to the kinetic form fi(k) of
Eqg. 7. Ignoring the linear term in T in
Eqg. (15) (which has little effect on the
overall behavior), and by the effect of
temperature gives :

DH, =DH, + mDH" - n, f (k)
DS, =DS, + mDS" - n, f (k)
(16)

or in the limit of zero applied stress
DH,, =DH, +mDH’ }

DS,, =DS, + mDS' ..(17)

While equation the stress intensity (k)
dependenceyields,

2239

n n
n, =_H 4’5

R

This last result which assumed model 2
exponential kinetics. It is shown here
that it is a general result true for any
kinetics model that can be expressed in
theform of Eq. 7.

If we want any kinetics modd that will
be used to describe fatigue to be
consistent with absolute rate theory,
which is reasonable, then we can
conclude from Egs. 16-18:

1. The apparent activation energy

(enthalpy), DH, and the activation
entropy depend on the environment via

the terms in DH" and DS" . This
means that the apparent activation
energy for fatigue in the limit of zero
applied stress is not a single constant,
but varies from environment to
environment. This should be the case
independent of the form of the kinetics
sub modd!.

2. In contrast, the fatigue parameter h}
should not depend on the test
environment but should vary linearly
with reciprocal absolute temperature. If
the temperature dependence is weak it
means that the applied stress causes
fatigue principally through its effect on
the height of the entropy activation
barrier. Again, this conclusion should
be the case independent of the form of
the kinetics sub model.

These ideas provide tests for the
validity of any form of the kinetics sub
model. Any kinetics modd that
violates the above conclusions is not
compatible with absolute reaction rate
theory and is therefore probably
invalid and can not be used to provide

The basis of the overall governing
kinetics. These ideas will now be

..(18)
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applied to experimental data obtained
for the dependence of fatigue on a
variety of environmental parameters.

3. Effect of stresson fatigue

The most direct method for
determining the dependence of the
kinetics on the stress intensity, as given
by Eq. 7, is to directly measure the
crack growth rate as a function of
applied  stress  intensity.  Such
measurements have been made for
macroscopic cracks but the data are
generally not accurate enough to
distinguish  between the three
models ,and for small indentation
cracks is better described by model 2,
as are the data for large cracks over a
broad range in growth rate. However,
the strength of a specimen containing
cracks large enough to be found and
observed easily is extremdy weak and
is weaker than fiber with a practically
useful strength. Further, the existence
of such cracks in the pristine materia
is doubtful.

An alternative approach is to measure
static or dynamic fatigue over a broad
range of applied stress or stress rate.
Such results for high strength fiber
generally favor the power
law,Eq8,modd 1. The other results that
will be described here are aso
generally consistent with the power
law in terms of direct fits to fatigue
data. This leaves us with the
unfortunate result that the kinetics
model with the least physica
significance (model 1) givesthe best fit
to fatigue data while the mode with
the most physical significance (model
3) gives the worst fit. However, this
result has only been found for high
strength pristine fiber and, as suggested

2240

by the results on larger cracks, the
situation might be different for fiber
with lower strengths. Also for
determining the appropriate form of
the kinetics model is to make use of the
predictions of the absolute rate theory
model. This model suggests that the
fatigue parameter, ni should not
depend on the environment - al the
environmental dependence should be
in the apparent activation parameters
and the pre exponential factors.
Therefore, any kinetics model for
which n is found to vary significantly
with the nature of the test environment
is clearly not consistent with a
chemical kinetics model for fatigue
and so is less desirable.

Once again it must be emphasized that
the data for which the power law give a
clear best fit are all for pristine fiber. It
cannot be assumed that the same holds
true for weak fiber with larger, better
defined defects.

4. Effect of humidity on strength

and fatigue

The strength measurements as a
function of humidity. The analyzed
their results in terms of a power law
and show that the strength is
proportional to the humidity raised to
the power of a, with a=-0.0427 at low

humidity ( £10% ) and -0.0926 at
high humidity (£ 15%). The standard
dynamic fatigue equation, assuming
power law kinetics, shows that Al is
proportional tos ~". The intrinsic rate
of the fatigue process, quantified by
Al Eqg. (4), is proportional to the
humidity raised to the power of —anl.
Assuming nl1 » 20, this further
suggests that Al depends
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approximately on the square of the
humidity at moderate to high humidity
and is proportional to humidity at low
humidity, i.e. fatigue is a second order
reaction with respect to moisture at
high humidity but a first order reaction
at low humidity. However, it is clear
that this result is intimately bound to
the assumption of power law Kinetics,
through the dependence on the
assumed value of nl, and o it is not
clear that it is real or simply an artifact
of the use of power law. The situation
is further complicated by the
observation that nl is not a constant
but itsdf varies with humidity, so
simply multiplying a but n > 20 is not
valid for al humidifies. Therefore, it is
important to know the correct kinetics
model in order to correctly interpret
experimental data in a fundamental
way, as opposed to simply an empirical
way.

By measuring the strength at several
loading rates which it is a function of
humidity, thereby calculating the
fatigue parameters, not just the strength,
as a function of humidity. In addition,
they analyze their results using all
three of the kinetics models discussed
here to directly determine the effect of
assuming different fatigue models.
They find that the power law does not
give a consistent description of the
effect of humidity; A1 (or equivalently
the B parameter) is effectively constant
with humidity but that the humidity
dependence of strength results from the
dependence of n1 on humidity. This is
inconsistent with a chemical kinetics
model for fatigue since it would imply
that humidity has no effect on the
chemical reaction rate through a
concentration term, but changes the
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sensitivity of the activation energy to
stress, in contradiction to Egs. 16 to 18.
Of the three models discussed here,
and then found that modd 2 gives the
overall best description of the data
Their results confirm that the chemical
reaction is approximately second order

for humidity 3 15% , they dso
find this result for all three Kkinetics
models, provided the data are analyzed
assuming that nl are constant with
humidity, even if they are found to
vary, as is the case for models 1 and 3.
Their results for several fibers are
shown in Table 1;

unless n is constrained to be constant,
model | predicts small or even negative
reaction orders.

Table 1. Reaction order with respect to
humidity for fatigue of fiber with four
different coatings for the three
different forms of the kinetics. 95%
confidence intervals are also given for
the estimate of the order. Results are
shown for unconstrained fitsto the data
as wdll as for fits for which the nl are
constrained to be constant. Values of
approximately two are shown bold.

In addition to the strength measured as
afunction of humidity at

room temperature, the results of
strength measurements at  100%
humidity at temperatures between -140
and 100°C, and of strength
measurements at 20°C at various
pressures with low water content.
When both sets of data are plotted
simultaneously as strength as a
function of dew point temperature,
both are found to roughly coincide. It
is therefore tempting to suppose that
the effects of temperature and humidity
on fatigue can be combined into a
single variable, namely the dew-point
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temperature. While an enticing idea,
dew point temperature is determined
by the equilibrium thermodynamic
properties of water in the vapor, liquid
and solid phases. It is therefore
unreasonable to suppose that dew point
temperature determines the kinetics of
the reaction between water and silica,
while the dew point temperature does
partially combine the effects of
temperature and humidity (heating air
with a given water content reduces the
strength because of faster kinetics, but
increases it because of a reduction in
relative humidity), the strength can by
no means be expressed as a function of
dew point temperature alone.

5. Effect of pH on strength and
fatigue

The well-known result that strength is
lower and fatigue is faster for fused
silica at high pH suggests that the
dominant fatigue reaction in liquid
aqueous environments is with hydroxyl
ions rather than with molecular water.
The change of reaction order from
about 2 at moderate humidity to 1 at
low humidity also lends support to this
idea. At low humidity, surface water is
primarily  .chemisorbed so that
dissociation to form hydroxyl is
negligible and fatigue is controlled
directly by molecular water and so
appearsfirst oyder in humidity.

The polymer coating on a fiber is
impermeable to large ions on the time
scale of a least weeks a room
temperature so the glass surface of
coated fiber does not see the
surrounding pH. For this reason, bare
fiber was used throughout the work.
The variation of strength with pH is
complex, showing sigmoidal behavior
(Fig. 1). Fits of the three kinetics
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models demonstrated that the fatigue
parameters. Ai and ni also showed
sigmoidal behavior. In particular, n®
varied substantially with pH except for
model 2. Therefore, like the humidity
data, the pH data support model 2 since
we expect n to be independent of pH.
The fatigue occurs by reaction with
both molecular water and hydroxyl
ions and the over all reaction rate is a
sum of the individual rates:

ReRyo R, =K HA' +K loH[*

...(19)
Where x and y are reaction orders.
Since (H,O) is constant (negligible
amounts are consumed during fatigue)
this may be simplified to:

R=Kypo +K_ . +K_ [oH [

...(20)
At low pH there are insufficient
hydroxyl ions to influence the fatigue
so thefirst term in EQ.2 dominates and
the kinetics are independent of PH:

R» Ky o ..(20)

While at moderate PH the second term
dominates and the reaction rate is
sensitive to pH or pOH:

X
R» K, [OH] (22)
If the estimation of ahydroxyl reaction
order of approximately x = 0.3 to 04
but the actual value might be higher
since they did not have sufficient data
in the pH range of 4 to 8 to get a
precise estimate: their results are not
inconsistent with a first order reaction
with OH- .
They note that hydrolysis of siloxane
bonds consumes water, not hydroxyl
ions, so the hydroxyl is actuadly a
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catalyst; this is an example of a
"specific base catalyzed" reaction.
Such reactions become rate limiting
when the catalyst is in excess, thus
explaining the insensitivity of fatigue
topHat pH " 8.

To summarize this work, the strength
and fatigue is sensitive to pH in the
intermediate range of pH 4 to 8, but
insensitive outside this range. The
polymer on coated fiber shields the
glass surface from the external pH so
that at least some of the difference in
strength observed between different
fiber specimens can be explained by
differences in ho-w the specific coating
chemistry influences the local pH at
the glass surface. In particular, the
strength of a fiber can increase or
decrease dightly upon removal of the
coaling. This can be simply explained
by chemical effects, rather than more
complex and unlikely mechanical
effects.

6. Temperature

The effect of temperature on the
strength and fatigue of fused silica
optical fiber is often interpreted in
terms of an apparent activation energy,
asin Eq. 9. It found that the reported
values of the activation energy by
different investigators show
considerable variation. They claim that
the activation energy varies linearly
with applied stress, though none of the
data used to draw this conclusion are
extensive enough to distinguish the
behavior and hence to favor one kinetic
model  over another.  Detailed
interpretation of the available results
has

been lacking. For example, to extract
an activation energy from temperature
data one needs a measure of the fatigue

2243

rate. In static fatigue, the measure of
rate is usually taken as the reciprocal
of the time to failure. However, while
the applied stress is constant for static
fatigue, the stress intensity at the crack
tip is the parameter that controls the
kinetics, and that varies during the
experiment, so the resulting value of
the activation energy is really for an
integration over a range of stress
intensity. Analysis of the results of
dynamic fatigue do not yield directly a
rate and some assumption about the
kinetics model must be made in order
to interpret such data.

In extensive measurements of fatigue
at different temperatures, they were
able to determine the apparent
activation energy and to interpret the
variation of this parameter in terms of
the influence of the applied stress
intensity on the activation barrier
enthalpy and entropy.

The importance of the way in which
the applied stress affects the activation
energy (enthalpy) depends on which
kinetics model is assumed. However,
independent of which model is
assumed, we see that fatigue is driven
by entropic effects and that enthalpic
effects do not promote fatigue but
rather hinder it if exponential models
are assumed.

In other work, the measuring static
fatigue of both coated and bare fibers
in both water and pH 7 buffer solution
at various temperatures. The apparent
activation energy, D Ha was
calculated as a function of applied
stress and the environment in order to
determine the kinetics model by fitting
to Eq. 16. While the results showed too
much uncertainty to reach any
conclusions in this regard, their results
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did show that the activation energy in
pH 7 buffer is higher than in pure
water. It has been observed in the past
that when temperature is used to
accelerate fatigue, the fatigue is faster
in pH 7 buffer than in pure water.
While it can be suggested that the
complex ionic environment of the
buffer might enhance fatigue compared
to pure water, the chemical kinetics
model discussed here provides a much
simpler explanation. Eq. 16 shows that
the apparent activation energy for
fatigue is expected to depend on the
environment through the parameter
DH* . In the previous section it was
observed that the fatigue under near-
neutral conditions is dominated by the
reaction with OH-. However, the

hydroxyl ions are formed by the
dissociation of water:

H,O=H"+OH" ...(23)
But the dissociation constant, Kw

varies with temperature Kw is defined
by:
K,=[HJoH | . hence
PH + POH =logK,, ...(24)
in pure neutral water, pH=pOH while
in pH7 buffer the pH remains roughly7
giving:

POH =-logK, /2 pure
water ...(25)
POH =-logK,, - 7 PH7
buffer ...(26)

Since Kw increases with temperature,
pOH decreases faster with temperature
in buffer than in pure water so pH 7
buffer isbasic

compared to water a elevated
temperatures. As a result, the apparent
activation energy in pH 7 buffer is
expected to differ from that in pure
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water by one half of the free energy of
dissociation for water. The situation is
somewhat more complicated because
of the temperature dependence of the
concentration dissolved carbon dioxide,

which is a difficult-to-avoid
contaminant of agueous
solutions[2,6,7]
7. Conclusions
Several forms for the stress

dependence of fatigue have been
proposed in the literature. It is found
that lifetime predictions are very
sensitive to the form, and that the
widely used power law predicts
substantially longer lifetimes than the
physically more reasonable
exponential forms. Published data have
not unequivocally suggested what is
the correct kinetics form, athough the
weight of the evidence isin favor of an
exponential form. In addition to the
practical importance of the validity of
lifetime predictions, assumption of one
or other form of the kinetics can
change the interpretation of the results
of fatigue experiments. In order to
clarify this issue a generaized
chemical kinetics model for fatigue has
been developed that is based on
absolute reaction rate theory. This
model does not assume any particular
form for the kinetics, but can be used
with any of them. It also permits the
applied stress to influence the
activation entropy for the fatigue
process as well as the enthalpy. The
model provides alternative methods for
determining which kinetics form might
be valid; for example, the fatigue
parameter, n, should be independent of
the test environment. We note that the
power law n is well-known to vary
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with humidity, and so is not consistent
with absolute rate theory.

The kinetics model presented here is
used to interpret experimental data for
the dependence of fatigue on applied
stress, humidity, pH and temperature.
While some interpretations of the
results are dependent on the particular
kinetics form wused, several have
emerged that do appear to be generally
true. For example, the stress corrosion
reaction between and water vapor is
approximately first order in humidity

at low humidity (£ 15%) but second
order at higher humidity. This may be
due to the dominant corrosion reaction
at high humidity being with hydroxyl
ions rather than with molecular water.

In  agueous  environments  the
dependence on pH is complex but does
show that under  near-neutra

conditions the fatigue is sensitive to the
hydroxyl ion concentration, but is
insensitive to pH in highly acidic or
basic environments.

Some aspects of the interpretation of
the results of a sudy of the
temperature dependence of fatigue do
depend on the assumed kinetics form,
but it is cear that the fatigue
phenomenon occurs because the
application of stress lowers the free
energy barrier for the chemical
reactions by increasing the entropy
barrier. Whileit is widely assumed that
fatigue occurs because of alowering of
the activation energy (enthalpy) by the
applied stress, it is clear that this is not
the case - stress dependence of the
activation enthalpy is either negligible
or serves to impede fatigue.

The generalized chemical kinetics
model for fatigue which is presented
here has proved extremely useful for
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interpreting a variety of fatigue data. In
particular, it successfully describes the
effect of more than one environment
variable (stress, temperature, humidity,
efc) simultaneously and in a self-
consistent manner. It  therefore
provides the basis for predicting the
lifetime of optical fiber that is exposed
to various environments that differ
from either the proof test environment
or the test environment used to
determine fatigue parameters. By not
building in any unjustified optimistic
assumptions, it can provide a tool for
making conservative lifetime
predictions that are based in the
physics of the fatigue, rather than on
unsubstantiated unphysical  kinetics
equations.

Many of these conclusions are drawn
from the results of experiments on high
strength fiber. There are suggestions in
the literature that some aspects of the
behavior of weaker fiber might be
different. Therefore some of the
specific conclusions (such as reaction
order with humidity) may not be
relevant to the behavior of fiber with
lower strength of practical importance.
However, the ideas driving the work
are just as applicable to weak fiber. In
particular, the reliance on power law
kinetics is probably unwise. The
methods used here for analysis and
interpretation of experimental data
should also be applied to weaker fiber.

For this we called (Region 1) which
crack growth has been considered
where the growth is a stress activated
process. At higher applied stress/crack
velocity, the growth rate is controlled
by mass transfer of moisture to the
crack tip . For (Region II) the growth
rate is less sensitive to stress. During
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high speed testing of deliberately
weakened fiber. Region Il growth can
be encountered during proof testing
and so can influence the distribution of
flaws that just service the proof test.
While this work has important
practical implications, very little is
known of the crack growth kinetics in
Region 1l No data have been reported
for the dependence of Region Il on
temperature, humidity etc. for silica
fiber, so the impact of the proof test
environment on the fiber reliability can
not be assessed in detail at the present.
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Table (1)
Coating| Fit |Model l|Model| Modd

urethane|unconstr | 040+ | 1.98+ |0.75+0.2
aerylate |constrain 2.16 231 212

unconstr - 368+0. 151
constrain | 248+ 2.18 229+

Bare

Polyimid [unconstr -0.51 341 153
e constrain 219 |210+0. 2.02+

unconstr - 263+ 1.18
constrain | 225+ | 242+ | 245+

Silicone
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