
DISCUSSION A-45 

High-Speed Tension Tests at Ele-
vated Temperatures—II and IIP 

W. N. FINDLBY.2 The authors have used an ingenious 
method of recording the stress-strain curve from a high-speed 
tensile impact machine, and it is interesting to note the oscilla-
tions resulting from the impact. In connection with this disturb-
ance the writer would like to describe a high-speed testing ma-
chine which he designed to avoid the oscillations resulting from 
impact loading. This machine was built while the writer was a 
McMullen research scholar under the direction of T. It. Cuyken-

1 By A. Nadai and M. J. Manjoine, published in the June, 1941, 
issue of the J O U R N A L OF A P P L I E D M E C H A N I C S , Trans. A . S . M . E . , vol. 
6 2 , p. A - 7 7 . 

s Instructor in Theoretical and Applied Mechanics, College of 
Engineering, University of Illinois, Urbana, 111. Jim. A.S.M.E. 
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F I G . 2 L O A D I N G H E A D OF T E S T I N G M A C H I N E 
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dall in the College of Engineering, Cornell University, and used 
in connection with a study of the photoelastic properties of Bake-
lite BT61893 under high-speed loading.3 As used for this work 
the machine was designed to produce pure bending of a bar of 
the transparent material, but it could equally well be designed 
for tension or compression. The loading time obtained by this 
machine was of the same order of magnitude as that obtained by 
the authors. Oscillations resulting from impact or other non-
uniform motion were avoided by using constant acceleration in-
stead of constant velocity of crosshead motion. 

The mechanism used to produce constant acceleration of the 
crosshead consisted of a plate cam, Fig. 2, mounted on the 
cylindrical surface of a 25-in-diam flywheel. A roller follower, 
Fig. 2, transmitted the motion of the cam to the specimen. 
The cam was formed in such a way that a constant velocity of the 
flywheel would produce a constant acceleration of the moving 
head. The cam follower consisted of a double row enclosed 
ball bearing which could be moved axially by two solenoids 
(electric magnets) Fig. 1. The outer race of the bearing was 
in rolling contact with the cam, Fig. 2. 

The motion caused by the cam was transmitted through the 
roller follower and its shaft to a yoke which was fastened to the 
moving head of the machine. The unit consisting of the moving 
head, the roller follower, and its shaft was mounted in sliding 
ways which permitted vertical motion only. 

Several revolutions of the flywheel were required to bring it up 
to speed. During this time the roller follower was in the outer 
extreme position in the yoke, Fig. 2a. In this position the cam 
passed under the follower shaft but the follower did not touch the 
cam. When it was desired to test the specimen the control cir-
cuit, Fig. 3, was closed, and by means of synchronizing segments 
and relays a solenoid was caused to pull the cam follower into 

3 "The Fundamentals of Photoelastic Stress Analysis Applied to 
Dynamic Stresses," by W. N. Findley, Ninth Semi-Annual Meeting 
of the Eastern Photoelasticity Conference, held at Cornell Univer-
sity, May 13, 1939; published by the College of Engineering, Cornell 
University, Ithaca, N. Y. 
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the operating position, Fig. 26, and the test was performed. Im-
mediately after the cam performed its function another solenoid 
pushed the cam follower back into the running position before 
the cam came around a second time. The horizontal motion of 
the follower shaft was controlled by the solenoids through a slid-
ing finger so as not to interfere with the vertical motion of the 
loading head, Fig. 1. The circuit diagram, Fig. 3, shows provi-
sion for synchronizing other apparatus with the test such as a 
high-speed camera as in the case in which the apparatus was used. 

L. H. FRY.4 Study of this paper leads to a question as to the 
method used for measuring the strains in the so-called constant-
strain-rate machine shown in Figs. 2 and 3 of the paper. These 
illustrations indicate that the strain is recorded by the rotation 
of the drum H which is turned by a string drive I. This string 
drive is shown to be attached to the heads of the testing machine 
and not to the test specimen itself. Under these conditions, the 
rotation of the drum measures the separation of the jaws of 
the machine, but there is no assurance that the separation of the 
jaws is directly proportional to the increase in the gage length of 
the specimen. This may be the case during plastic extension, 
but is almost certainly not so during the elastic stretch of the 
bar. 

The writer has shown5 that, during the plastic stage of a ten-
sion test with the testing-machine crosshead moving at a con-
stant speed, the gage length of the specimen is stretched at a 
continually increasing rate. That is to say, the ratio of strain of 
specimen to crosshead travel increases rapidly until the yield 
point is reached. Therefore, it follows that, in the elastic range, 
the measurement of the crosshead travel cannot be used as a 
means of determining the rate of strain of the specimen. 

The authors are mainly concerned with ultimate strengths, 
and it is probable that rate of travel of the head and rate of strain 
are more nearly equal at the end of the plastic stage than they 
are in the early period of the elastic stage. However, in all speci-
fications of Committee A1 of the A.S.T.M. where an exten-
someter is used, it is required to be attached to the specimen 
and not to the head of the testing machine. 

C. W. MACGREGOR.6 This paper is particularly important 
since it represents a major extension of our knowledge in several 
directions. The range of testing speeds has been increased over 
those formerly reported and, at the same time, a very complete 
picture is given of the effects of temperature over this wide ve-
locity range. The marked increase of the ultimate strength of 
copper at 1000 C of about 1000 per cent in a speed range of 10':1, 
as compared to 25 per cent at room temperature for the same in-
crease in testing speed shows the great importance of strain ve-
locities at elevated temperatures. 

The writer is especially interested in Part III of the paper in 
which attempts are made to predict the shape of the necked-down 
tensile-test bar using various assumed stress-speed laws, such as 
the viscous and power function speed expressions. With cer-
tain modifications, it would appear possible also to predict the 
shape of the necked-down bar at room temperature. The 
writer would like to ask if any attempts were made to apply 
Ludwik's logarithmic speed law a = er0 + a log V/ Fo, which holds 
at room temperature, to the problem of predicting the shape of 
the necked-down bar under these conditions? 

4 Railway Engineer, Edgewater Steel Company, Pittsburgh, Pa. 
Mem. A.S.M.E. 

6 "Speed in Tension Testing and Its Influence on Yield-Point 
Values," by L. H. Fry, Proceedings of the American Society for 
Testing Materials, vol. 40, 1940, p. 634. 

• Associate Professor of Applied Mechanics, the Massachusetts 
Institute of Technology, Cambridge, Mass. Mem. A.S.M.E. 

AUTHORS' CLOSURE 

The suggestion made by Mr. Findley is appreciated. While 
it seems attractive when used in cases in which the displace-
ment between the two heads of the test specimen is essentially 
an elastic one, it must somewhat be questioned whether the 
method suggested by Mr. Findley has similar advantages when 
used iu cases in which, on the contrary, this distortion is of the 
plastic nature. It should be noted that the dynamic system with 
which Mr. Findley is concerned in his rapid photoelastic tests, 
made with bakelite or celluloid in the elastic range, is far simpler 
than the one which presents itself in the tests described by the 
authors. It must be remembered that in these tests the system 
consists of a combination in series of a very stiff elastic spring 
(the force-measuring bar) and of a plastic system, namely, the 
test bar. In the first case, the resistance is known to be propor-
tional to its own extension. However, the inner resistance in the 
test bar is not only unknown, but it is known to depend at low 
temperatures both on the strain and the rate of plastic strain, and 
at high temperatures on the rate of plastic strain. Since this 
latter is admittedly the most important variable, it was deemed 
advantageous to run our tests so that in a first approximation this 
variable was kept constant during a tension test. In other words, 
it was preferable to move the heads of the test bar with a constant 
velocity rather than, as Mr. Findley suggests, with a constant 
acceleration. Admittedly, this procedire had the disadvantage 
of exciting elastic oscillations because of the elasticity of the force-
measuring bar and of the test bar. The diagrams which were pub-
lished in the paper seem, however, to prove that the oscillations 
did not seriously affect the results, at least not within the limits 
of speeds which were used. The consequence of running a test 
under the condition specified by Mr. Findley would be that, dur-
ing a test, the rate of plastic strain would increase continuously 
with the time or with the extension of the test piece. 

While it is believed that the simple string device to which Mr. 
Fry refers was sufficiently accurate for recording plastic strains, 
its use is considered objectionable when exact records of small 
strains of the order of magnitude of the elastic strains are to be 
observed. For the intended comparison of the plastic rates of 
stretching at large strains, however, this primitive method for 
measuring strains is entirely satisfactory. It must be noted that 
an error of 20 or 30 per cent in the strain rate would shift the 
curve representing the speed law in the semilogarithmic plots 
(such as the ones shown in Figs. 9 to 11, 13, and 15 of the 
paper) by an insignificant amount considering the enormous range 
of the speeds.7 

Since Mr. Fry brought up this point in his discussion, it is per-
haps in order to add one or two remarks concerning what has 
been called in the paper " a constant-strain-rate test." If the 
length I between the shoulders of a test bar increases uniformly 
with time t, the true rate of straining within the cylindrical 
length I 

de 1 dl d j I d j + 

dt I dt dt l0 dl 
1 de 

(1 + e) dt 

must decrease if dl/dt — constant in the same proportion as I 
increases. However, the curve for the speed law is changed to 
a very minor degree when instead of de/dt, de/dt is maintained con-
stant during the tests. 

' By measuring the changes in length by various independent 
methods, it was ascertained that errors in the strain measurements 
were of the order of 1 to 2 per cent. Since the string device records 
the relative displacement between the reinforced portions beyond the 
shoulders of the specimens for obtaining the value of the strain e in the 
cylindrical portion of the test bar, a correction factor had to be intro-
duced which was found by calibration for each of the investigated 
metals. 
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Witli reference to Fig. 4 of this 
closure, which is a sketch of a 
mechanism for pulling a test bar, 
we wish to investigate the relation 
connecting the strain rate de/dl 
as measured in the gage length 
lo of the cylindrical test bar and 
the velocity v with which the lower 
head of the machine moves. The 
mechanism of a screw-driven ten-
sion machine was assumed, simi-
lar to the one described in the paper 
(Figs. 2 and 3), AB representing 
the force-measuring device, BC the 
upper grips, including the head of 
the test bar, CD the cylindrical 
portion of the test bar, and DE 

the lower grips. Assuming that the displacements of the points 
A, B, C, D, and E are 0, £lf £2, {3, and respectively, we have 
for the increases of the lengths8 the following: 

In the force-measuring device (Fig. 5) £1 = ffi(P) 
In the upper grip £2 — £1 = gi(P) 
In the gage length £3 — £2 = G(P) 
In the lower grip & — £3 = g3(P) 
For the motion of the lower head £4 = vt 

where the expression g(P) designates functions of the load P, and 
I is the time. By adding these equations we obtain 

Vt = FFI(P) + 02 ( P ) + 0 , ( P ) + G(P) [ 1 ] 
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Since the strain is defined by 

f3~f2 
F I G . 0 S T R E S S - S T R A I N C U R V E 

lo 
g(P) 

lo ' 
• [2] 

where G(P) represents the conventional stress-strain diagram 
(Fig. 6 of this closure) of the material of the test bar, we have 
for the rate of strain 

de 
dt 

dX} 
dP 

dP 
dt ' 

[ 3 ] 

which equation connects the strain rate de/dt with the rate of 
loading dP/dt. Expression dG/dP = G'(P) represents the slope 
of the stress-stain curve, Fig. 6. After differentiating Equation 
[1] with respect to the time t, and after eliminating dP/dt, we 
find that 

* "
 1

 [4] dt lo 
1 + 

( g L+V = g*'Y 
G' 

From this expression, the rate of strain de/dt can be computed 
8 The authors are indebted to P. G. McVetty for having called 

attention to the fact that the late Prof. T. Hammond Smith had sepa-
rated the relative motions in the moving parts of a testing machine in 
a similar manner by plotting the £1, £2 . . . . in function of the timet; 
refer to "The Rate of Elongation in Tension Tests," by T. H. Smith, 
Proceedings of the American Society for Testing Materials, vol. 27, 
1927, pp. 507-519. 

for a given velocity v of the lower head of the testing machine 
provided sufficient observations were made for obtaining the 
values of the three functions g/, g2', and g3'. Equation [4] is 
valid for uniform stretching, but not for discontinuous yielding, 
since in this latter case e is not completely defined by means of 
Equation [3]. The g' terms are the derivatives dg/dP, i.e., the 
slopes in the curves £„ — £„_1 = <7„(P). Some care should be 
exercised in their evaluation in the case when slipping occurs in 
the wedges or in the grips. 

We can conclude from Equation [4] that while the looseness 
in the grips is gradually taken up under small loads the rate of 
strain de/dt cannot yet remain constant at a head velocity v = 
constant. The same is true due to slipping of the wedges or 
when gradually an elastic contact is established in the grips. 
However, in a machine with a strictly linear and stiff charac-
teristic, such as the one described in the paper we have gi' = 
constant. After the grips have become tight de/dt soon tends to 
become a constant, while the head of the machine moves with a 
constant velocity v. In other words, this device can well serve 
for running a constant-strain-rate test with a rate of stretching 
which for the larger strains is proportional to the velocity v of 
the head. 

Dr. MacGregor mentions the possibility of further practical 
applications of the theory of the necking of bars to cases fre-
quently observed. The few examples treated in the paper were 
selected with a view to describing simultaneous stretching and 
contracting of bars having variable cross sections, under the 
simplest assumption which could be made, namely, that stress 
would depend only upon the rate of strain. At low temperatures 
(room temperatures), it is not yet clear whether such a depend-
ence would be sufficient for describing the necking in bars, since, 
at low temperatures, stress is a function of the plastic strain and 
of the rate of strain, which fact probably complicates the analysis 
further. 

Note on Calculation of Influence 
Surfaces in Plates by Use of 

Difference Equations1 

V. P. JENSEN.2 The author's theorem is a definite contribution 
to the literature on the engineering uses of difference equations. 
It materially extends the field of practical application of differ-
ence equations by making possible a rapid determination of the 
effect of moving loads on a slab. 

The writer has applied the theorem to the problem of determin-
ing live-load moments at various points on skew-slab highway 
bridges with curbs.3 Truck-wheel loads and spacings for the de-
sign of such bridges are specified by the American Association of 
State Highway Officials.4 Since the positions of the wheel loads 
on the bridge will not coincide with the nodal points of the net-
work used in the analysis, the advantages of an influence surface 
become apparent. 

As an illustration of the practical application of the theorem, 
consider the bridge, shown in Fig. 1 of this discussion. A con-
venient network for the analysis of this bridge is shown in Fig. 2. 
The equation for the bending moment in the curb at point 4 is 

EI 
(M„urb)l = — (2Wi -

X' 
• 102 • Wl) 

1 By N. M. Newmark, published in the June, 1941, issue of the 
J O U R N A L OF A P P L I E D M E C H A N I C S , Trans. A . S . M . E . , vol. 63, p. A - 9 2 . 

2 Special Research Assistant Professor of Theoretical and Applied 
Mechanics, University of Illinois, Urbana, 111. 

3 "Analyses of Skew Slabs," by Vernon P. Jensen, Bulletin 332, 
University of Illinois Engineering Experiment Station, 1941. 

4 "Specifications for the Design of Highway Bridges," American 
Association of State Highway Officials, 1935. 

D
ow

nloaded from
 http://asm

edc.silverchair.com
/appliedm

echanics/article-pdf/9/1/A45/6744272/a45_1.pdf by guest on 19 M
ay 2023




