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Strain rates for three- and four-point 
flexure tests 

The literature on flexture tests of  strength or o f  
stress versus strain frequently contains a displace- 
ment rate for a r a m ,  the loading configuration, 
and the sample dimensions, but  no explicit  strain 
or stress rate [ 1 , 2 ] ,  and in some papers strain-rate 
dependent  propert ies are given without  sufficient 
information to determine the strain rate [3-~7]. 
In others the stress rate is given but  not  the strain 
rate [8, 9] .  Data extracted from the above refer- 
ences and the elastic strain rates, where apparent,  
are tabulated in Table I. Clearly the inclusion of  
elastic strain rate in such papers should be desir- 
able since the results are rate dependent and since 
the comparison of  results and conditions are 
easiest with respect to 4. 

Although the derivation of  formulae relating 
the maximum strain and the ram speed is straight- 

forward, explicit equations were not  found in the 
textbooks consulted. There is, however, a paper by 
Hol!enberg et al. containing calculations of  stress 
and strain in symmetric four-point bending creep 
test which gives, as a special case, the strain rate 
versus ram speed for elastic behaviour [10].  It is 
suggested that authors use this or a similar 
expression to determine the initial elastic strain rate 
for flexure tests and indude  the information in 
their papers. 

The expression developed by  Hollenberg et aL 

for small deflections, e < 0.02 is 

2h (N + 2) 
emax = (L --a) [L +a(N+ 1)1 YL (t) 

where ema x is the maximum strain rate,  h is the 
bar thickness, L and a are the outer and inner load 
span, respectively, YL is the ram displacement and 
N is the creep exponent.  The deformation rate 
(which m a y  result from viscous creep or cracking 
or both)  may take the form 

4 = Co N 

with a as the stress. Impor tant  special cases are 
N = 1, where Equation 1 reduces to the resuh for 
an elastically deflected beam, 

6h 
el,max = L 2 + aL  --  2a 2 Y L ,  (2) 

and N = % where 
2h 

- -  YL.  ( 3 )  e~,max a(L --a) 

The rate equations are the first t ime derivative of  
Equations 2 and 3. Note that  4x varies linearly 
with h and YL and quadratically with the span. 

The ratio o f  Equation 1 to Equation 2 varies 
with N, between 1 and 4/3, 5/3 or ~ for alL equal 
to 1/2, 1/3 or 0 (ideal three-point bending), 
respectively. The initial elastic strain rate is a lower 
limit on the strain rate, and i f  a lL  >t 1/2 and e ~< 

0.02, the strain rate will not  deviate from the 
elastic strain rate by more than 34%. This result, 
along with the fact the volume of  material subject 
to the maximum elastic stress increases with a, 
argues for t.he use o f  alL >>. 1/2. 

There are some papers which treat  the relation- 
ship between creep and subcritical crack growth, 
and fracture stress [ 1 1 - 1 4 ] .  In those cases it turns 
out  that  the value of  N in Equation 1, which is 
associated with cracking, is between 11 and 14 for 

TABLE I 

Reference L a h )~L ~, 6 

[1] 1.75in. 0.875 in. 0.125in. 0.02 in. min -~ 0.004 99 min 
1.0 in. 0.5 in. 0.125 in. 0.02 in. min -~ 0.001 5 min -~ 

[2] 1.906 cm 0.953 cm 0.318 cm 0.005 cm min -1 0.000 44 min -~ 
[3] 1.905 cm 0 0 - 
[4t 0.642 cm - 0.14 cm 0.01 cm rain -1 
[5] 1.9cm 0 0.3cm = 
161 . . . .  
[71 - ~ - 
[8] 0.875 in. 0.375 in. 0.118 in. 
[9] 0.875 in. 0.375 in. 0,125 in. 0.02 in. rain -~ 0.0184 min -~ 

0.875in. 0.375in. 0.125in. 0.002in. min -1 0.001 84rain ' 
0.875 in. 0.375 in. 0.125 in. 0.0002 in. min -~ 0.000 184 min 

1000 NM m 2 min 1 
2.3 • l0 s psimin -1 
2.3 • 10 4 psimin -~ 
2.3 • 103 psimin -I 
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SiaN4 tested in the range 1000 to 1400~ C and 17 
and 32 for soda-lime glass and alumina, respect- 
ively, tested in the presence of water. The refer- 
enced papers shown that the variations in the 
fracture stress of with 6 or d is in the neighbour- 
hood of 10 to < 2 0 %  per decade and that the 
variations increase with decreasing N and with 
decreasing average initial flaw size. These analyses 
also appear to indicate that when the deformation 
is entirely a result of  a process involving cracking 
as the rate-limiting step in deformation, N ~ n + 1 ; 
where n is the exponent relating the crack growth 
rate, V, to the stress intensity factor KI 

V = AK~ (4) 

Lange [9] and Hollenberg et al. [10] give 
expressions of the form 

Of : C1 gl/(rn+l) -~- C2 d l / ( n + l )  ( 5 )  

and since 
d<~dl = Egl <Eg, 

where E is the elastic modulus, it is clear that n > 
m. Thus the variation of oe with g is greater, 
although not appreciably greater, than that with 
d. This is illustrated in Fig. 1 which contains the 
data points, without error bars, and the curves of 
of versus d for Si3 N4 from [9]. To this are added 
curves and data points for of versus Eg obtained 
from Equation 1 with N =  10 which gives e/et = 
1.29. (This limit for N = ~ is e/el = 1.35.) These 
curves show only a slight difference in dependence 
of of on d and g. 
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Figure 1 The variation of  hot-pressed Si3N 4 fracture 
stress with stress rate [9] or strain rate. The dashed 
curves join points  obtained at the  same ram speed. 
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Preparation and characterization of thin 
films of FeS 2 

Iron pyrite (FeS2) is a semiconductor with a zero- 
temperature band gap of about 0.84 eV [1]. In a 
series of experiments, the various physical proper- 
ties of FeS2 have been investigated recently [1]. 
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These studies have been carried out on natural 
single crystals. To the best of our knowledge, a 
study on the preparation and characterization of 
thin films of FeS2 has yet to appear in the litera- 
ture. In this letter we report such a study. The 
films were prepared by evaporation of FeS2 and 
they were characterized by the techniques of 
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