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Tho-point bending is a useful method for investigating the 
mechanical properties of optical fiber and has several 
advantages when compared to the traditional tensile test. 
However, the strength of the fiber is usually determined at 
constant faceplate velocity rather than at constant strain 
rate as in the uniaxial tensile test, and previous work casts 
doubt on the comparability of fatigue results obtained using 
different loading modes and hence on the reliability of the 
bending technique. This paper presents dynamic fatigue 
results using a two-point bend apparatus that can be pro- 
grammed to operate in constant velocity, constant strain 
rate, and constant stress rate loading modes. These results, 
obtained for both bare and polymer-coated fused silica opti- 
cal fiber, show no significant differences in the calculated 
fatigue parameters for the three loading modes and clearly 
indicate the reliability of the two-point bend method at con- 
stant faceplate velocity. The results, however, show that the 
obtained value of the stress corrosion susceptibility param- 
eter, n, is dependent on the quantity used to define it, i.e., 
stress or strain to failure, because of the nonlinear elastic 
behavior of silica. 

I. Introduction 

USED silica optical fiber is used for a variety of applica- F tions, some of which, such as long-haul telecommunica- 
tions, involve very long lengths of fiber that might be exposed 
to adverse environments. The mechanical reliability of such 
fiber systems is a matter of concern, since silica glass is subject 
to delayed failure, or fatigue, under the combined influence of 
stress and environmental moisture. Therefore, to assess relia- 
bility it is necessary to determine the mechanical properties of 
the fiber in terms of strength and fatigue behavior. 

The most important methods for determining the mechanical 
properties of high-strength fiber are loading in tension and two- 
point bending. While the two methods have been compared in 
detail elsewhere,' the methods contrast each other in two key 
areas: tested length and experimental convenience. 

In comparison to the tensile test, the two-point bend method 
(Fig. 1) does not present gripping problems, since the specimen 
is nominally subjected to zero bending stress where it contacts 
the two faceplates. Furthermore, it is a very simple technique to 
perform, as it allows the fiber to be easily immersed in a test 
environment. A possible disadvantage of two-point bending is 
that the tested length of fiber is only a few tens of micrometers' 

T. A Michalskc-contributing editor 

Manuscript No. 195899. Rcccived March 13, 1992; approved September 10, 
1922 

Member, American Ceramic Society. 

so that the results are of limited use in evaluating long-length 
behavior. 

The strengths of the fiber measured in bending and tension 
differ numerically for two reasons. First, the very different test 
length of the two methods affects strength due to statistical vari- 
ability (longer lengths are more likely. to contain a more severe 
flaw and are therefore weaker), and this effect has been fully 
analyzed elsewhere.' Second, the strength is well-known to 
depend on loading rate, since lower rates give more time for 
environmental moisture to degrade the fiber strength. There- 
fore, strengths in bending and tension should be measured 
under equivalent fatigue conditions for a fair comparison to be 
made. In its simplest and most common application the face- 
plates of a two-point bend apparatus are brought together at 
constant velocity. Because of the nonlinear relationship 
between the stress on the fiber and the faceplate gap, the load- 
ing rate increases as the experiment progresses (see Eq. ( I ) ) .  In 
contrast, tensile experiments are almost always conducted at a 
constant displacement rate which approximates a constant 
stressing rate, so that under these circumstances bending and 
tension are not directly comparable. The difference in loading 
mode can be accounted for when calculating fatigue parameters 
if the power law subcritical crack growth model for fatigue is 
used. 

Yuce et al.' used a two-point bend system in which the veloc- 
ity of the faceplates could be varied during the experiment. In 
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Fig. 1. Schematic of the two-point bend apparatus in (a) plan and (b) 
section. Note that the denominator in Eq. (1) is the distance between 
the neutral axes of the two arms of the fiber. 
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this way they were able to directly compare the fatigue parame- 
ter, n ,  for silica fiber determined in bending under conditions of 
constant faceplate velocity, constant stress rate, and constant 
strain rate (the latter two are not equivalent because of the strain 
dependence of the elastic modulus of silica). Their results 
showed significant differences in the value of n found for the 
three different loading modes. This observation has three 
important implications. First, it would appear to invalidate two- 
point bending measurements made at constant faceplate veloc- 
ity for determining fatigue parameters to be applied to constant 
stress rate conditions. Second, since the differences are not pre- 
dicted by the subcritical crack growth model for fatigue, the 
results of Yuce et ul.’ cast doubt on the applicability of this 
model. In fact, this model may be criticized on physical 
grounds because high-strength silica fiber does not contain 
sharp, well-defined cracks,’ but additionally, Yuce’s work 
would indicate that the model is not useful even as an empirical 
scaling law. Third, differences in results for the different load- 
ing modes could be used to determine a new empirical model 
for fatigue. 

The purpose of this paper is to investigate the different load- 
ing modes in two-point bending to determine whether they do 
give consistently different results. In fact, we find they do not 
give different results, and there is therefore no inconsistency 
with the subcritical crack growth model. Hence, this model is at 
least applicable as a scaling rule for these short-duration 
dynamic fatigue experiments. 

The stress corrosion susceptibility parameter, n ,  is normally 
defined from fatigue data that quantify the strength by the fail- 
ure stress, u,. However, bending tests measure failure strain, &,, 

directly, and failure stress indirectly via the elastic modulus. It 
would therefore be convenient to use failure strain to determine 
n, since no knowledge of the elastic modulus is then required. 
However, while n for high-strength silica is found to be inde- 
pendent of the loading mode, it is found to depend on whether 
u, or E, is used to define it. This observation results from the 
nonlinear elastic behavior of silica observed at high strain 
(> 1 %) and so is relevant only to the high-strength material. 

11. Theory 

The maximum strain on the fiber when it fails, E,, occurs at 
the tip of the bend and is calculated from the gap between the 
faceplates at failure, d,  using4 

where d, is the glass fiber diameter, d, is the overall fiber diame- 
ter including any coating, and 2 4  is the total depth of both 
grooves (see Fig. 1 ). 

The empirical relationship between the rate of growth of a 
macroscopic crack, C, and the applied stress intensity factor, K,, 
is given by’ 

(2) C = AK;’ 

where n is the stress corrosion susceptibility parameter and A is 
a constant depending on the environment. When combined 
with the well-known Griffith equation, 

( 3 )  
where Y is a constant depending on the geometry of the crack, 
these equations may be integrated, once the loading mode is 
specified, to obtain the fatigue equation relating the strength 
and the loading rate. 

( I )  n from Failure Stress 

rate (u constant) the strength is related to the loading rate by 

K - uYcl/2 
1 -  

Wiederhord shows that under conditions of constant stress 

uI(. is  the inert or intrinsic strength of the fiber in the absence of 
fatigue and K,, is the critical stress intensity factor. Equation (4) 
can be reformulated for a constant strain rate by substituting EE 
= 6 ,  where E is Young’s modulus. 

France ef al.” show that, under conditions of constant face- 
plate velocity (v  = d ) ,  Eq. ( I ) ,  when combined with (2) and 
(3 ) ,  relates the failure stress to the faceplate velocity, v, by 

where r is the radius of the fiber (2r = do. 
It is well-known that Eqs. (4) and (6) are linearized on a dou- 

ble logarithmic plot of strength versus loading rate5,’ and that 
the fatigue parameters are calculated from the slope and inter- 
cept. The slopes and intercepts for the three loading modes are 
summarized in Table I. According to the subcritical crack 
growth model, there is no reason why the values of n deter- 
mined for the three loading modes (n,,, n,,  n, for constant stress 
rate, strain rate, and velocity, respectively) should be different. 

(2) n from Failure Strain 
In the above analyses, the strength has been characterized by 

the failure stress. However, as mentioned above, bending 
directly measures the strain, and so it is convenient to charac- 
terize the strength by the failure strain. These two approaches 
are equivalent if Young’s modulus of the material, E ,  is a con- 
stant. However, the modulus of fused silica is sensitive to the 
strain for strains in excess of 1 %. Therefore, the value of n will 
be different if it is determined from the slope of a log E, versus 
log (rate) plot rather than a log u, versus log (rate) plot. We will 
now investigate the magnitude of this effect. 

The strain dependence of the elastic modulus is given empiri- 
cally by 

E(F) = E,jl + a& + PE?) (7) 
where E ( E )  is Young’s modulus at a strain E ,  and E,, is the mod- 
ulus at zero strain. Values of E, = 72.2 GPa, a = 3.2, and 
p = 8.48 are used, which are calculated from the acoustic 
measurements up to 6% strain of Krause et al.’ 

Considering an experiment conducted under conditions of 
constant rate, p (where p can be replaced by u, E, or v), the 
slope derived from a log F~ versus log p plot is given by 

while that derived from a log u, versus log 6 plot is given by 

(9) 

where the superscript defines whether failure strain or stress is 
used. It can readily be shown that 

Table I. Slopes and Intercepts of log s, versus log 
(Loading Rate) Fatigue Plots for the Three Loading Modes 

Slopc, m Intercept, c 

~ 0.417B(n - 1) I 1 
n - 1  n - 1  Er(n + 1) 

Constant v 

(4) 
1 I 
- log B n t l  Constantu nfl 

where 
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Using the appropriate relations in Table I between m and n,  the 
n values determined from failure strain and failure stress are 
related by 

n; = n; (1 + 5) + 5 

n; = n;(1 + 5) - 5 

(cue, + 2 P & 3  

when p = u or E 

whenp = v 

d log E 

(1 1) 

(12) 

01 

where 

(13) ( 1  + cuef + PF:) = d log et 6 =  
Ignoring terms O[E:], 

5 = cuFf + (2p - a*)&; (14) 
By substituting values of ei = 5% and n" = 20, typical for a 
high-strength fiber, Eq. (1 I )  predicts a value of n' = 23.6. This 
represents a significant error, and therefore, to be consistent, n 
should be determined from failure stress, or at least the method 
for determining it should be clearly specified. Throughout this 
work, n has been determined using failure stress and elastic 
modulus parameters E, = 72.2 GPa, cu = 3.2, and p = 8.48.7 
The values of n' have also been determined, and the differences 
between the values of n' and n" obtained from the experimental 
data agree with the differences calculated using Eq. (1 1). 

It is noted that the term in E: in Eq. (14) is small compared to 
the term in so that the second-order modulus correction is 
insignificant for this calculation. Therefore, similar results are 
obtained if a simpler form of the modulus strain dependence 
given by Glaesemann et a1.' is used, for which c1 = 3 and 
p = 0. 

111. Experimental Procedure 

Dynamic fatigue experiments were performed using the two- 
point bend apparatus shown schematically in Fig. 1. The fiber 
is bent between two faceplates that are brought together by a 
computer-controlled stepper motor until the fiber breaks. An 
acoustic transducer and trigger circuit detects the break and 
halts the stepper motor. For coated fiber, grooved faceplates are 
used to locate the fiber a~cura te ly .~  The sharp groove edges, 
however, would damage bare fiber, causing premature failure. 
Therefore, bare fiber is balanced between polished faceplates 
and loosely held in position by lightly clamping to a plate per- 
pendicular to the faceplates, as shown in Fig. 2.' 

face plates 

Fig. 2. 
bare fiber. 

Schematic of the two-point bend apparatus used for breaking 

For the constant stress and strain rate experiments, the step- 
ping rate of the motor used to drive the faceplates was continu- 
ously varied during the Differentiation of Eq. (1) with 
respect to time gives 

d 
1.198d, 

& =  
(d - d, + 2dJ* 

so that, for example, in a constant strain rate,experiment, the 
interval, At,  between steps of length 6, (6 = dAt)  is given by 

1.198d, 6 - At = ( d  - d, + 24)' E 

This equation is used to calculate the time interval between 
each individual step, with care taken to avoid propagation of 
rounding and truncation errors; by using 1 p m  per step and a 
1-kHz timing clock, the error in the faceplate position is always 
less than 0.5 p m  and 0 .5  ms. This ensures that the loading pro- 
file is not a source of error. Approximating the velocity profile 
by several constant-velocity segments would also be satisfac- 
tory, provided the segments are sufficiently short. 

Table I1 summarizes the rates used for the different loading 
modes. The total interval spans three decades; these rates are 
the same as those used by Yuce et al. ,* who chose them to give 
the same faceplate velocity at the beginning of each corre- 
sponding experiment, when the plate separation is 13 mm. 

The fiber used in this study was a 125-pm-diameter fused sil- 
ica coated with a UV-curable polyurethane-acrylate. The over- 
all measured diameter of the coated fiber was 242 pm.  The 
polymer coating confuses fatigue results since it acts, at the 
least, as a diffusion barrier to the environment and introduces 
additional time effects. For this reason, bare fiber was also 
studied in order to directly evaluate the fatigue behavior of the 
silica. The bare fiber was obtained by stripping the coating from 
a length of fiber by briefly dipping in hot (200°C) concentrated 
sulfuric acid followed by rinsing in acetone and then water. 

The strength measurements were, unless otherwise indi- 
cated, performed in a standardized environment of pH 7 phos- 
phate buffer solution. This environment was chosen, rather 
than deionized water or air, in order to maintain a chemically 
stable and reproducible environment. The pH of water can 
change with time if exposed to air, which would influence the 
results due to the pH dependence of strength (e.g., Refs. 10 and 
1 I ) .  The use of the pH 7 environment is more convenient than 
attempting to control the humidity of an air environment. 

The environmental barrier offered by the coating for the 
short-duration tests (corresponding to the highest loading rates, 
with a time scale of - 10 s) is less effective when the duration of 
the experiment is relatively large (i.e., at the lowest loading 
rates whose time scale is - l o 5  s). This means that for coated 
fiber the effect of the environment may systematically change 
with loading rate. In order to eliminate this effect, bare fiber has 
also been studied. With bare fiber, the surface of the glass is 
directly and immediately in contact with the test solution. Since 
fatigue studies are concerned with the effects of environmental 
agents on the silica, uncoated fiber directly examines these 
interactions. 

Unless otherwise stated, all coated fibers were presoaked 
before testing for 24 h at room temperature in pH 7 solution in 
order to minimize environmental equilibration effects. 

Table 11. Loading Rates Used in the Three 'Qpes of 
Loading Mode Experiment 

Conttdnt Y Constant E Conjtdnt u 
(pm \ ') (% min '1 (MPd \ ') 

837 5 60 
83 7 0 5  6 

8 37 0 05 0 6  
0.837 0 005 0 06 
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All the tests were performed at ambient laboratory tempera- 
ture. The temperature of the test solution was measured for 
each specimen and typically fluctuated about the mean temper- 
ature of 22°C by k2”C. The results were corrected to a refer- 
ence temperature of 22°C (295 K), using the equation 

(17) 

where Tis  the test temperature in K ,  and A = 0.0149 K - ’ .  This 
relationship holds for a small temperature span,” and the value 
of A was determined in pH 7 buffer solution. The temperature 
correction is generally small and has little effect on the mean 
strength but can significantly reduce the scatter in results. 

E, (295) = E~(T)[I + A(T - 295)] 

IV. Results and Discussion 

Figures 3 and 4 present the dynamic fatigue results for, 
respectively, bare and coated fiber. The failure stresses as a 
function of the rate of loading for the three modes, constant 
velocity, constant stress rate, and constant strain rate, closely fit 
straight lines on the log-log plots. Table 111 compares the slopes 
of the lines, m ,  together with the fatigue parameters, n and log 
B ,  calculated from the slopes and intercepts. 95% confidence 
intervals for these values, found by doubling the standard 
errors, are also given. Log B was calculated using a consistent 
set of units; stress in pascals, length in meters, time in seconds, 
and dimensionless strain. 

The confidence intervals on n are calculated from those on m. 
The confidence intervals on log B are more complicated to 
determine since log B depends on both the slope and intercept 
of the best fit line and these quantities are correlated. However, 
a detailed analysis accounting for the covariance has shown that 
the uncertainty in log B is dominated by the uncertainty in the 
slope, so that 

A symmetrical confidence interval in m leads to an asymmetri- 
cal confidence interval in n and log B .  However, the asymmetry 
is insignificant compared to the error in the errors and disap- 
pears on rounding to the values in Table 111. 

The values of n in Table I11 are shown graphically in Fig. 5 ,  
together with the values of n determined by Yuce et al.’ Exami- 
nation of Table 111 and Fig. 5 shows that for the data obtained in 
this work there is no significant difference between the values 
of n and B under different loading conditions, although the val- 
ues are somewhat different for bare and coated fiber. Since n 

3 ‘  I I I I I 
1 10 102 1 o3 1 o4 

Rate 

Fig. 3. Dynamic fatigue results for bare fiber. The failure stress is 
shown for constant velocity, constant strain rate, and constant stress 
rate loading modes. 

1 10 1 o2 1 o3 1 o4 
Rate 

Fig. 4. Dynamic fatigue results for coated fiber at constant velocity, 
constant strain rate, and constant stress rate loading modes. The fibers 
were preconditioned in the test environment for 24 h before breaking. 

and B are independent of the loading mode, Eq. (6) shows that 
the same must be true for the fatigue preexponent, A ,  defined by 
Eq. (2). Therefore the measured values of both fatigue parame- 
ters, n and A ,  are independent of loading mode for these 
experiments. 

The results of Table 111 show that, while the values of n mea- 
sured in the different loading modes are not significantly differ- 
ent, the fatigue plot slopes, m,  measured at constant faceplate 
velocity are significantly different from the corresponding 
slopes measured at constant stress or strain rate. Therefore, the 
difference in form of the relationships between m and n in Table 
I is readily detectable within experiment error. 

The invariance of n and log B with loading mode for bare 
fiber is a property of the silica (at least in these environments 
and loading rates). The results for coated fiber indicate that the 
invariance holds, at least for some coating systems. However, 
the results of Yuce et al.? show that fatigue can depend on the 
loading mode, and therefore this effect must be due to the 
coating. 

( I )  Alternative Crack Growth Kinetics Models 
The above analysis uses the empirical power law crack 

growth kinetics model (Eq. (2)) which has little physical sig- 
nificance. Several alternative models have been proposed, 
some of which are based on chemical kinetics models.l’,14 Tran- 
tina13 showed that the static fatigue slopes for the different mod- 
els are related. For example, when the simple exponential form 
of the crack growth kinetics, 

i. = A’ exp(n’K,) (19) 
and the power law model are fitted to the same data, the n val- 
ues are related by 

*I( n’ --- (n - 1)-  
*o 

where uo is the “central” or average applied stress of the data. 
Similar relationships hold for other forms of the kinetics model 
for both the fatigue slopes and preexponents.’5 Matthewson“ 
showed that the same relationships approximately hold for fit- 
ting to dynamic fatigue data. This indicates that, for a given set 
of data, there is a unique relationship between the fatigue 
parameters for the different kinetics models. Therefore, if the 
power law n values are independent of the loading mode, the 
exponential n’ values are also independent of the loading mode, 
as are the slope parameters for all other models. Even though 
the analysis in this paper is cast in terms of the power law 
model, the conclusions are independent of the particular model 
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Table 111. Results for the Fatigue Parameters Measured under 
Different Loading Modes for Bare and Coated Fiber* 

Con\tdnt 11 Con\tmt E Ccmtdnt (r  

Barc 
m 0.0650 ? 0.0028 0.0555 t 0.0027 0.0558 t 0.0023 
n 16.4 ? 0.7 17.0 t 0.9 16.9 ? 0.7 
log B 161 ? 7 167 t 8 166 ? I 

rn 0.0529 t 0.0023 0.0496 ? 0.0023 0.0490 t 0.0026 
n 19.9 t 0.8 19.2 & 0.9 19.4 ? 1 . 1  
log B 196 t 8 189 ? 9 191 t 10 

Coated 

*Errors represent a 957e confidence intcrval 

I I 

I Bare fiber T i i 
A 

A 
Yuce et al. 

constant v constant i constant d 
Loading Mode 

Values of the stress corrosion susceptibility parameter, n ,  
obtained from the three different loading modes for both coated and 
bare fiber. Values from Yuce et al.' are also shown for comparison. 

used. It should be noted that, under dynamic fatigue conditions, 
the crack growth equations can be integrated analytically only 
for the power law, but must be integrated numerically for the 
exponential forms. 13 . '4 .1h  

(2)  Effect of Preconditioning Time 
The results for coated fiber shown in Fig. 4 were obtained 

after the fiber had been preconditioned in the pH 7 buffer test 
environment for 24 h. This is necessary because the fibers are 
stored in ambient air and the diffusion time of liquid through 
the coating is comparable to the experimental duration of 
fatigue tests. Since the fiber is stronger in air than water, insuf- 
ficient preconditioning time would decrease the apparent value 
of n,  since the fastest loading rates, with failure times of the 
order of seconds, do not allow any further conditioning, while 
the slowest loading rates, with failure times of around 15 h, 
give lower strengths due to fatigue, but also due to the fiber 
being able to reach equilibrium with the more aggressive liquid 
environment. This effect is illustrated in Fig. 6, which com- 
pares the constant stress rate results of Fig. 4 with results of 
measurements made on the fiber with zero preconditioning 
time. At the highest loading rate of 60 MPa.s-', there is a sig- 
nificant difference between the preconditioned and nonprecon- 
ditioned fiber; the latter has a strength of 6.89 2 0.04 GPa, 
which is the same as that of coated fiber tested in ambient air, 
namely 6.94 -+- 0.02 GPa in 28% relative humidity (ambient air 
is the environment in which the fiber is stored). Therefore, test- 
ing at the highest rates without preconditioning is effectively 
testing in the storage environment. In contrast, there is little 
difference in strength between preconditioned and nonprecon- 
ditioned fiber tested at 0.06 MPa-s- ' ,  when the failure time is - 15 h. The nonpreconditioned fiber data show curvature, and 
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linear regression gives a value of n of 12 k 5 ,  which is consid- 
erably lower than the preconditioned value of 19.4 t 1 . 1 .  

Figure 7 shows the effect of the preconditioning time on the 
fiber strength measured at a constant faceplate velocity of 1000 
Frn.s-', which gives a failure time of a few seconds. A system- 
atic decrease in strength is observed with time, and there is no 
clear evidence that equilibrium has been reached after 24 h. The 
strength loss observed here is due to changes in the local envi- 
ronment at the glass surface rather than an aging phenomenon 
or changes in the nature of the glass surface. This strength loss 
is recoverable, since the strength of bare fiber (5.1 GPa under 
equivalent conditions) does not change with preconditioning 
over a 24-h period. If the coating were merely acting as a diffu- 
sion barrier, then the equilibrium strength of coated fiber would 
be the same as the strength of bare fiber. However, the coating 
can change the local environment at the glass surface, for 
example by perhaps passivating it" or by changing the local 
pH,l8 or, using suitable additives, by slowing strength-degrad- 
ing chemical reactions." 

These results show that if coated fiber is not correctly precon- 
ditioned with the test environment the apparent values of n will 
be too low. This effect might explain the uncharacteristically 
low values of n observed by Yuce et al.2 Additionally, poor 
equilibration might produce an apparent loading mode effect if 
the experiments for the different modes span different test 
times. The slowest loading rates in Table I, for example, give a 
test time of 3 h at constant faceplate velocity, but 15 h at con- 
stant stress rate. 

It is noted that the strength reduction with time observed in 
Fig. 7 is insufficient to explain the large difference in strength 
observed at 60 MPa.s-l in Fig. 6 .  This implies that additional 
effects occur. One may speculate that stress enhances the rate of 

7 t  I/ -I 
/ 1  

I I I I 

0.01 0.1 1 10 100 
Stress Rate / MP0.s-' 

Fig. 6. Dynamic fatigue data under conditions of constant stress rate 
for fiber that has been preconditioned for 24 h in the test environment 
and for nonpreconditioned fiber. 
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Fig. 7. Effect on strength of different times of preconditioning in the 
test environment. Strengths are measured at a constant faceplate veloc- 
ity of lo00 pm.s-l. 

effects occur. One may speculate that stress enhances the rate of 
equilibration, since it is well-known that diffusion coefficients 
for liquids through polymers increase rapidly with tensile 
strain. 

It is clear that coated fiber should be properly equilibrated 
with the environment in order to obtain reliable estimates on n. 
Such equilibration should be established rather than simply 
assumed. 

V. Conclusions 

Dynamic fatigue experiments performed in two-point bend- 
ing on bare and coated silica optical fiber at constant velocity, 
constant stress rate, and constant strain rate show no significant 
differences between the values of the stress corrosion suscepti- 
bility parameter, n,  and the crack growth preexponent, A ,  
calculated for the three loading modes. This indicates that 
two-point bending does provide reliable results for fatigue prop- 
erties, at constant faceplate velocity in particular. However, for 
direct numerical comparison of bending and tension strengths, 
the bending experiment should be conducted at constant stress 
or strain rate. It is shown that these results are not dependent on 
the form of the crack growth kinetics model. 

Significant differences between the values of n are evident 
when they are calculated from the slope of log (failure strain) 
versus log (loading rate) plots instead of the usual log (failure 
stress) versus log (loading rate) plots. This difference, which is 
due to the strain dependence of the elastic modulus of silica, is 
significant only for high-strength material. 

It is shown that if the fiber is stored in one environment and 
tested in another and insufficient time is allowed for precondi- 

tioning in the test environment, significant perturbation on the 
value of n for coated fiber can result. The apparent value of n is 
reduced if the storage environment is less aggressive than the 
test environment; it is increased if the storage environment is 
more aggressive. It is therefore necessary to establish that the 
fiber is equilibrated with the test environment before relying on 
the value of n determined for coated fiber. 
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