' DEPARTMENT OF ENGINEZRING RESEARCH
UNIVERSITY OF MICEIGAN
ANN ARBOR

Preliminary Report

on

VETZRMINATION OF CREEP CHARACTERISTICS
BY

BARR AND BARDGETT METHOD

2o
o
C. L. Clark

G. L. Verse
J. Jamieson

Project Number 491-48
Report Number 2

for
The Detroit Edison Company
February, 1932






Procress Report for February, 1932 on Project Number 491-48
From: C. L, Clark to The Detroit Edison Company

G. L. Verse
J. Jamieson

DETERMINATION OF CREEP CHARACTERISTICS
BY
BARR AND BARDGETT METHOD

Since the phenomenon of creep was first obsérved
in metals at elevated temperatures, various attempts have
been made to develop a test which would allow the creep
characteristics to be determined in a relatively short period
of time.

It was first felt that the accurately determined
prooortional limit value at any given temperature was a
measure of the metal's ability to resist creep at that same
given temperature, Results which have since been obtained
indicate that such is not the case. It is true that for
certain small ranges of temperature, which vary with differ-
ent metals and alloys, such may be the case. It is our feel-
ing that accurately determined proportional limit values are
a true measure of the creep characteristics only at tempera-

ture ranges in the immediate néighborhood of the lowest
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temperature of recrystallization or the egul-cohesive
temperature of the given metal or alloy.

The next short time test for determining the
creep characteristics was advanced in 1928 by Dr. V. E.
Hatfield and was designated by him as the "time-yileld"
test. This test has not received universal support and
its use is largely limited to the laboratories of Dr. Hat-
field. The procedure of this test has been changed from
time to time and according to present day practice the
time yield is defined as that stress which produces in a
48-hour period immediately following the first 24-hour
period of the test, a total deformation not exceeding 48
millionths (0.000048) of an inch per inch. Dr. Hatfield
further states that the safe working stress will be two-
thirds of this time yleld value.

Certain German investigators have -also been active
in their attempt to develop a suitable short time test. In
1927 Pomp and Dahmen developed a test which they felt had
considerable merit. They defined the practical limiting
creen stress as the stress below which the rate of creep does
not exceed 0.001 per cent per hour in the period between the
third and sixth hour after the aponlication of the load. 1In

1930 this definition was somewhat modified by Pomp and Enders.



Lccording to the latest werk of these investigators the
limiting creep stress may be determined by one of the
three following methods:

Method 1: A rate of extension of 0.005 per cent.
per hour between the third and sixth hour.

Yethod 2: 4 rate of extension of 0.003 per cent.
per hour between the fifth and tenth hour.

Method &: 4 rate of extension of 0.0015 per cent.
per hour between the twenty-fifth and thirty-fifth hour,

While there is ﬁo auestion that these tests as
well as the time-yield tests of Hatfield's yield useful
information, none of them are finding very extensive use,
Their main limitation is that the time of test is so short
that all creep values are determined in the so-called first
stage of flovr. In other words, for the first few hundred
hours of a creen test, flow is continuing at a decreasing
rate and the majority of experimental evidence to date does
not show a releationshilP to exist between the {low in the
first stage and in the second stage, that i=, the stage in
which flow proceeds at a constant rate.

A new test has reccently been developed in Zngland
by W. Barr and V', E. Bardgett for determining the creep
characteristics of metals at elevated temperatures. This

test differs from those now in comrmon use in that instead of



thoe load being kept constant and the rate of creep deter-
mined; the load is decreased until the rate of creep be-
comes very low., ‘Yhiles this test is also claimed to give
reliable créep characteristics in a relatively s*ort period
of time it differs from the other short time methods in that
it 1s extended through the first stage ana into the second
stage of creep.

The work <iven in this re»ort was undertaken to
determine 1if the creep characteristics obtained by this
method are comparable to those obtained by our usual method
of creep tests. The work 1s, of course, not complete and
msny more tests will have to be undertaken before any defin-
1te conclusions may be reached. It was felt, however, be-
ceuse of the large amount of interest which is being shown
in 411 the attempts to develop a more rapid means for deter-
mining of creep characteristics, that a preliminsry report

would be edvisable at this time.



SUMMARY OF CONCLUSIONS

The creep characteristics of five steels wers
determined by both the usual type of creep test and by the
newly-developed Barr and Bardgett test in order to determine
if these two methods of tests would yield comparable results.
The results obtained are summarized in Table 1.

Table 1
Creep Characteristics of Various Steels
at Indicated Temperatures as Determined by the

Usual Creep Test and by the Barr end Bardgett Methods

*Results from Usual

Temp. Creep Test Barr and
Material °F., Per Cent per 1000 Hours Bardgett Test
Time
0,01 0.10 1.00 Stress Zours

Grade A 850 7,000 10,500 15,700(1) 20,500 400
9,700 13,000 17,000(2)
11,250 14,000 17,000(3)

KS 1000 3,200 6,800 14,500(1) 13,700 200
0S 1000 1,880 3,550 7,700(1) 7,200 200
MY-9 1000 4,200 6,600 10,700(1) 17,200 360
D-1 1000 11,250 15,000 20,000(1) 20,000 280

*Values expressed in pounds per square inch.
(1) Up-step method of loading employed.

(2) single-step method of loading employed.
(3) Down-step method of loading employed.
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The resulits presented indicate the Barr and
Rardgett method of testing to yleld considersbly nicher
creepn values in all cases, espoecially if the cornarison
is made on the basis of the stress required in the usual
type of creep test to produce creep at the rate of 0,01
per cent per 1000 hours. If the stress employed is that
necessary to produce creep at the rate of 1.0 per cent per
1000 hours, then the agrecments are especially good in the
case of Cteels K3, 08 and -1 at 1000°F., but an aporeciable
difference still exists in the case of the other two steels.

Yhile the agrecment between the actuzl values ob-
tained from the two methods of test is not good it should be
hoted that all of the steels arrange themselves in the same
order, insofar as their creep characteristics are concerned,

regardless of which method of testing is employed. The Parr

and Bardgett test may be very valuable, therefore, in select-

ing the outstanding creep resisting steels for any given series.

The information collected to date is necessarily
very limited, and before too general conclusions may be drawn
regarding the agreement between these two tyves of test, or as
to the relative value of the Barr and Bardgett test, much ad-

ditional information will be required.



This test was developed in 7Tngland by . Barr
and V. E, Bardgett and is described in British Puatent
No. 339,890 which is entitled, "An Improved ilethod of
and apparatus for Determining the Limiting Creep . tress
of Vaterials."”

The method consists essentially of annlying a
known stress to & system consisting of a eslibrated welgh
bar which is maintained at room temperature and of a spec-
imen the creen characteristics of which are to be deter-
mined. This specimen is held at the desired temoerature
by means of an electrical resistance furnace. As the heated
specimen elongates under the applied stress, the stress on
the system will be reduced and the amount of rsduction is
measured by extensometers attached to the calibrated weigh
bar. The test is continued until either the heuted spec-
imen no longer eloncates, at least within the sensitivity
of the extensometers employed, or until it continues to
elongate at a very slow rate.

It is claimed that the specimen attains very rapid-
ly the stress at which no further crecp occurs, or at which
it occurs at a very slow rate. Also that thils stress of no
creep, or of very slow creep, corresponds to the limiting

creep stress obtained by the usual creeo test.



DESCRIPTION OF APPARATUS

One of the Barr and Bardgett apparatus was
ordered from the manufacturers last September, but because
of the delay necessary before it could be received in this
country, we made two of these machines in our own laborator-
les. The machine has since been received and differs from
ours mainly in that it has been designéd to test specimens
not greater than 0.345 inches in diametér, while those made
by us will test specimens of 0.505 inches in diameter.

A photograph of our machine is shown in Figure 1

while a cross-sectional view is given in Figure 2. The
fraﬁe is made of comparatively large angle iron which was
wslded together to form a strong substauntial structure.
As shown in the dlagram, there are three connecting links
to which the two specimens are attached. Theée were made
1 1/2 inches in diameter and are of a high-strength heat-
resisting steel, known commercially as Cyclops KM special
die steel.

The two test specimens and their adapters when
Joined together extend through the center of the frame and
in order to keep the loading as uniform as possible, the
assembly is fastened to the lower part of the machine by
means of’a spherical nut which rests on a curved seat. The

assembly is held at the top by means of a large nut whrich



has ten threads to the inch, and which rests on a ball-
bearing socket.

Surrounding the upper specimen, that is, the
one the creep characteristics of which are to be deter-
mined, is an electrical resistance furnace, a sketch of
which is given in Figure 3. This furnace is so wound
that the temperature variation over the two-inch gauge
length of the test plece is not greater than 10°F, The
temperature of the furnace is maintained to within 2°F.
by mecans of a Wilson-lfaeulen temperature control. The
control couple of this instrument is placed in direct con-
tact with the winding of the furnace.

A drawing of the extensometer which is atteched
to the weigh bar and which is used to determine the apolied
stress as well as the change in stress occurring in the
syster due to the creeping of the specimen under test is
given in Figure 4, while a detalled sketch of this instru-
.ment is shown 1n Figure 5. The principle of this instrument
is very simple and can be readily seen from the slketch. A
reading of one degree on the scale is equivalént to a stress
of 24.2 pounds per square inch.

In order that the temperature of the weigh bar,
to which the extensometer is attached, may be kept as constant

as possible, a water ‘jacket is placed on the specimen adapter
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immediately above the weigh bar. The entire lower part
of the appuratus 1is also enclosed by transite board to

keep the temperature as constant as possible.

TEST PROCIEDURE

After the apparatus has been properly assambled
and the specimen to be tested has been maintained at the
correct temperature for at least 24 hours, a zero reading
of the extensometers is taken. By means of levers attached
to the upper large nut, the proper stress is applied by
turning this nut until the extensometers on the weigh bar
give the correct reading for the stress desired.

Readings are then taken on the extensometer at
hourly intervals for the first day, and twice daily there-
after, and the reduction’of stress on the system is thus
determmined. Stress is then plotted against time and the
test is continued until the stress-time curve appears to
be approaching a definite asymptote, or until creep has
stonped cdmpletely,'at least witnin the sensitivity of the

measuring aoparatus employed.
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Because of the length of time required to con-
struct these apparatuses and to get them in nroper working
order, a large number of tests have not as yet been run.
Certain have been completed, however, and these are listed
in the following table.

Table 2

Steels Subjected to Barr and RBardgett Tests

Temnerature of Test

Steel Designation Type ~eg, Fahr,
Grade A 0.18 C. 830
KS ¥illed 0.10 C. 1000
0S Open 0.10 C, 1000
MM~9 Mn.-X0, 1000
D-1 Cr.-".=-S1, 1000

The results obtained from these tests are given

in the following figures and tables,
Grade A Steel at 850°F., The results obtained from

this test are given in Figure 6. The test was continued for

a period of 400 hours and during this time the stress was
reduced from an original value of 24,750 pounds to one of
20,500 pounds. Also, from the appearance of this curve during
the last 100 hours of the test, it is evident that the stress

would not have been appreciably reduced even though the test









had been continued for a much longer period of tine.

Our regular type of creen test was also conductcd
on this same stecl at 850°F, and in Table 3 thes results no-
tained are compared with those from the Barr and Rerdactt
test.

Table 3
Creep Characteristics of Grade A Steel at 850°F,

as Obtained from the Us:al Creep Test
and from the Barr and Bardzett Test

*Results from Usual Stress from Berr
Temp Creep Test and 3ardgett Test
Material °F, Per Cent per 1000 Hours at 400 Ilcurs
0,01 0.10 1.00
Grade A 850 7,000 10,500 15,700(1) 20,500

9,700 13,000 17,000(2)
11,250 14,000 17,000(3)

*Values exvressed in pounds peT square inch.
(1) Up-step method of loading.

(2) Single-step method of loading.

(3) Down-step method of loading.

From the sbove values it is evident thet the result
obtained by the Barr and Bardgett method is considerably grest-
er than those obtained by our usuel creep testing method.

Killed Carbon Steel at 1000°F. The results obtained

from the Barr and Bardgett test on killed carbon steel, :teel

KS, at 1000°F. are shown in Figure 7. The initial stress was
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22,400 pounds per square inch and at the und of the test,
‘which was 200 hours, this stress had been reduced to 1%, 700
pounds. %Yhen the test was stopoved the specimen was cstill
continuing to elongete, that ic, the stress was continuing
to decregse at a relatively rapid rate.

Our usual type of creep test was also conducted
on this steel at 1000°F. and a comparison of the results

obtained by the two methods is shown in Table 4.

Table 4

Creep Characteristics of Killed Carbon Steel at 1200°F,
as Obtained from the Usual Creep Test
and from the Barr and Bardgett Test

*Results from Usual Creep Stress From Barr

Temp. Test and Bardgett Test
Material °F, Per Cent per 1000 Hours at 200 “Yours
0.01 J.10 1.00
Xs 1000 3,200 6,800 14,500(1) 13,700

*Values éxpressed in pounds per square inch.
(1) Up-step method of loading.

As in the case of Grade A steel at 850°F., the
result obtained from the Barr and Bardgett test is consider-
ably above those obtained from the usual creep test, with
the exception of the value =xpressing & flow rate of 1,0

per cent per 1000 hours,
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Open-_teel ot 13730°F". The results obtuined

from the Barr and Bardrett test on open steel, thut is,
Steel 0S8, at 1000°F,, are civen in ¥izure 2. During the
period of 210 hours thic test was conducted the stress
was reduced from an initisl velue of 21,750 nounds per
square inch to one of 7,200 pounds. aslsco, from its an-
pearance the curve anpears to be an-roschines = stress of
abeut 7,000 nounds as its asymptote.

A comparison of the velue obteinz2d frowm this test
and those from the usual type of creep test 1z ~iven in
Table 5,

luble I
Creep Characteristics ol Open Cerbon Iteel at 107 2°7F,
8s Obtzined from the Usu«l Cr=ep Test
and from the Barr and Bardgett Test

*Results from Usual Creep Stress from larr

Temp. Test and Zuidgett Test
daterial °F., Per Cent per 1000 llours at 200 “ours
Je.J1l C.1l0 1.00
0s 1000 1,800 3,550 7,000(1) 7,200

*Values expressed in pounds per squure inch.
(1) Up-step method of loadineg.

It is evident from the above vialues th:t agnin the
3arr and Bardgett test yields a higher value than those ob=-
tained from the usual type of creep test. The value for 1.0
per cent creep in 1000 hours, however, 1is in very good arrec-
ment with the limiting creep stress obtained by the Barr and

Bardgett test.
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It is interesting to note that in the case of
the open and killed carbon steels, the two steels arrénge
themselves insofar as their creep characteristics are con-
cerned, in the same order by the Barr and Bardgett test as

with the usual type of creep test.
Steel MM-9 at 1000°F. The results of the Barr and

Bardgett tests on Steel MM-9 which is a Mn.-¥o. steel at
1000°F, are given in Figure 9. The initizl stress was
23,500 pounds per square inch, and at the end of 340 hours,
this had been reduced to a value of 17,200 pounds.
These results are compared to those obtained from
the usual type of creep test in Table 6.
Table 6
Creep Characteristics of Steel MM:Q at 1000°F.

as Obtained from the Usual Type of Creep Test
from the Barr and Bardgett Test

*Results from Usual Creep Stress from Barr

Temp. Test and Bardgett Test
Yaterial °F., Per Cent per 1000 Hours at 360 lours
0.01 0.10 1.00
MM-9 1000 4,200 6,600 - 10,700 17,200

¥Values expressed in pounds per square inch.

As in all the previous cases, the value obtained
from the Barr and Bardgett test is considerably above those

obtained from the usual type of creep test. Again, however,
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this steel and the open and killed carbon steel arrange
themselves in the same relative order by the two methods
of testing,
Steel D-1 at 1000°F. The results of the 3arr and
Bardgett tests on Steel D-1, which is & chromium-tungsten-
silicon steel, at 1000°F. are given in Figure 10. .n orig-
inal stress of about 26,000 pounds was applied and at the
end of 280 hours this had been reduced to 20,000 pounds.
The sharp initial decrease in stress was not nearly as
marked with this steel as with those considered vreviously.
These results are compared to those obtained from

the usual type of creep test in Table 7.

Table 7
Creep Characteristics of Steel D-1 at 1000°F,
as Obtained from the Usual Type of Creep Test
from the Barr and Bardgett Test

*Results from Usual Creep Stress From Barr

Temp. Test end Bardgett Test
Material °F, Per Cent per 1000 Hours at 280 Hours
N0.01 0,10 1.00
D-1 1000 11,250 15,000 20,000 20,000

*Values expressed in pounds per square inéh.

Again the Barr and Bardgett test result is consid-
erably above those of the usual creep testing -metnod with
the exception of the stress which will produce creep at the

rate of 1.00 per. cent ver 1000 hours.
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The comopurative creep strength of this ste«l, how-
aver, 1s superior to the remaining steels considered regard-
less of which tyne of testing is employed. A constant
difference, however, is not obtauained with the two rmethods

of test.

CONCLUSIONS

Creep tests were conducted on Grade 4 stesl at
850°F., and in four steels at 1200°F, br both the ususnl
method for conductine creep characteristics nnd by the new-
~ly-developed Earr and DBardgett test. The four steels tested
at 1000°F, wer> an open csrbon steel, a killed carbon steel,

a manganese-molybdenun steel, and a chromium—tungsten-silicon
ste:l. The results obtained allow the followins conclusiorns.

The results obtained indicate the Barr cnra rdgett
method to yield considerebly higher crecp v:lues in cll cusec,
especislly when they are compared to the stresses reauired to
produce creep at the rate of b.)l ser cent ver 1700 hours
{1.0 per cent per 100,000 hours). If the value chosen for
comparison be the stress required for <« rate ¢f creen of 1.0
per cent »n=r 1000 hours, then the sagreement is huch better.

In fact, with the killed steel, the open éteel, urd the chrom-

ium-tungsten-silicon steecl at 1000°F,, the uarreement be tween
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the two tests 1s almost perfect. For the remaining two
steels, the discrepancy in the results, even when this
larger creep rate is used for comparison, is rather large.

For all the steels, except Steel D-1, the ratio
between the stress required for 0.0l psr cent creep per
1000 hours and the liritine creep value for the Barr and
Bardgett test appears to be from 3:1 to 4:1. With 3tecl
D-1, the ratio is somewhat less than 2:1. Before any
general statement may be made regarding this ratio, a con-
siderably larger number of tests will have to be conducted.

Even though the agreement between the values ob-
tained from the two types of tests is not good, it is inter-
esting to note that the steels arrange themsclves in the
same relative order by the two tects., That 1is, Steel D-1
is found to be the outstanding steel at 1000°F., by both
methods while the open carbon steel, Steel 0S, is found to
be the least resistant to creep.

On the basis of the results obtained to date, therc-

fore, it would appear that the chief value of ithe Barr and

Tardgett test would be to pick out from any ~iven sroup the

outstanding steels insofar as their creep characteristics are

concerned. The regular creep test should then be conducted on

these outstanding steels to determine their actusl creep char-

acteristics.,
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