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TEMPERATURE EFFECTS ON THE MECHANICAL
PROPERTIES OF WELDS IN THREE TYPICAL
STRUCTURAL STEELS

INTRODUCTION

Numerous failures of welded steel structures under low
temperature conditions have emphasized the need for a clear concept
of the behavior of metals at low temperatures. During the past
fimon years, such failures have occurred, for example, in tm.ps;
bridges, and large tanks, Prior to this time, fabrication of such
structures rarely involved welding., The structures were riveted and
in most cases safety factors based on the accepted standard of
allowable tensile strength were sufficient to insure satisfactory
service under normal conditions. thriution by welding of large
steel mmtm- is more economical and less timewconsuming than
riveting; the imminence of a second World War placed the attempted
solution to this problem high on the research list.

The subject of this investigation was proposed by Professor
8. H. Graf as part of an investigation fog the Corps of Engineers,
into the relative suitability of MayarieR, 0.1l percent plain
carbon, and 0.33 percent plain carbon steels for use in allewelded
navigation locks and spillway gates for MeNary Dam. In service
these gates would be subjected to atmospheric temperatures nnging
from about <20 F to perhapes 110 F. It was intended that a
successful completion of this investigation should serve as a basis
for selection of the proper steel for the above service, as well
as to assist in arriving at a better understanding of the mechanics



of the lower temperature fractures in welded steels,
HISTORY OF PRIOR INVESTIGATIONS

Dewar in 1005 was one of the first to institute research
into the behavior of metals at temperatures below normal atmospheric
temperatures, However, it was not until the middle of 1930 that
extensive research was undertaken in this field, With the advent
of fabrication of steel structures by welding, came scattered
reports of structural failures, especially in bridges.

In most cases the fractures exhibited brittle appearance.
It had been known for some time that riveted structures, upon being
loaded, tended to deform slightly at the joints, It ma; at first
believed that the sole cause of failure in the welded structure lay
in the inability of such structures to deform at the joints under
load, thus mating high "locked up® stress within the structure
itself. Later investigation has shown this to be partially true.
However, also important is the ductility of the steel itself,
Barly investigations revealed that steels which exhibited satise
factory tensile strengths, impact values, and bend angles in bend '
tests at room temperature gave greatly different values at reduced
temperatures. In most cases the tensile strength inereased with the
reduction in temperature, but impact values and bend angles deereased
greatly. Obviously, there was some minimum temperature below which
the steels would yield impact values and bend angles unsatisfactory
for service.

Prior to this time the design engineer was concerned with two
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groups of propertiesj strength and ductility. The strength property
was determined by static tensile tests of the material and could be
easily specifieds The ductility was determined by a msmﬁsnt of
elongation and reduction in area, These values were generally
determined at room tenpemtures.. As long as riveting was used as
a means of fabrication, little difficulty was experienced in
structures designed with safety factors based on the above values,
Any deformation required to relieve "locked up" stresses could take
place at the riveted joints. With the introduction of welding as
a means of fabrication of structures, plastic flow of the metal
itself was required in order to relieve the stresses. Under normal
temperature conditions, most steels have the ability to deform in
such a2 manner, In other words, the steels are ductile. However,
under low temperature conditions some steels do not deform prior
to failure, that is, they are brittle steels. Staiic tests _
indicate that stesls become harder and stronger with a decrease in
temperature, These results could be very misleading to the
duigmr_, since ductility usually decresases correspondingly. In
addition, fabrication by welding often creates fine notches or
cracks in the weld metal or in the adjacent heat-affected area.

Such cmka act as points of localized stress oomenhration. Unless
there is plastic deformation to relieve concentrated 8mma existing,
eracks are rapidly enlarged and can propagate rapidly throughout the
entire structure. Such failures have of'ten been described as being
similar to an explosion. Sinee failure without plastic deformation
has an extremely low time factor, the forces involved are of a very



high order (11). Under conditions of local stress concentrations
associated with notches or sharp changes in section, low temperatures
at time of inadﬂ.ng, or rapid rates of loading, load bearing capacity
of steel depends on its ability to resist stress where plastic
deformation is more restricted than it is in the tensile test (9),
Kinzel (11) noted that the decrease of ductility with a decrease in
temperature was in no instance a proportional relationship, and
found that an increased rate of load increases the temperature at
which brittle behavior oceurs, as does increased rust{raint (sharpness
of noteh).

Ludwik postulated a theory for trittle failure of steels when
he stated that for a given material brittle failure takes place when
the stress necessary for ylelding (the flow stress) exceeds the
stress necessary for fracture (the fracture stress), That is, if
a material is stressed below the flow stress it will deform
elastically, if stressed between the flow and fracture stress it will
deform plastically, and if stressed above the fracture siress it will
fail, In materials subject to low temperature embrittlement, the
flow stress increases faster than the fracture stress with a reduction
in temperature. When a temperature is reached at which the flow |
stress exceeds the fracture stress, the metal has become completely
brittle. This temperature of embrittlement is designated "the
transition temperature of the metal." letals could become brittle
in a similar mamer if the fracture stresswere to decrease faster
than the flow stress with a decrease in temperature., However, such
cases are rare, Anderson and Wagner (1), liacAdam, and numerous



other investigators have concurred in this theory.

A noteh has the effect of raising the strain rate at the base
of the notch, as well as increasing stress concentration and,
therefore, should raise the transition or embrittling temperature.
Also, sharper and deeper notches cause additional restraint
restricting material contraction (11).

Now it remained to be determined which metals were subject
to this so-called low temperature embrittlement. Investigation has
shown that this embrittlement ocmd in fsrrit@ steels but was
almost entirely absent in austenitie, copper base, or nickel base
steels (7). Seigle and Brick (16) state that low temperature
duetility appears to be the property of only the face-centered
cubic lattice (nickel, aluminum, lead, most of the austenitic steels,
copper, et cetera). Ferritic steels being of the body-centered
cubic lattice, are subject to low temperature embrittlement. The
problem then was to investigate the mechanics of low temperature
fractures and to devise a method of testing metals in order to
standardize the selection of the proper material for use in
structures where low temperatures might be encountered. As
previously mentioned, in riveted atructma slippage could take
place at the joints as necessary; whereas, in welded structures this
cannot occur. In addition, no detrimental heat effects such as
accompany the welding process, occur during the riveting process.

It is a generally accepted theory that steels under normal
conditions, when subjected to a load, reach first a yleld point
after which there is a cansid&ablo amount of deformation or plastie
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flow prior to Mnre. Upon reduction of temperature, in the case
of ferritic steels, the stress required to produce flow exceeds the
stress required to produce fracture. In the first case, the fracture
is of the ductile type, in the second case, brittle (5). The
temperature at which the fracture changes from ductile to brittle,
the transition temperature, is of extreme importance in the design
of welded steel structures, If the structure is never exposed to
temperatures in the vieinity of this transition temperature, it
would be expected that it would react normally. The determination of
this transition temperature has been the subjeet of much controversy
for the past few years. Many opinions exist concerning types of
test specimens and the procedures to be used in such determinations,

lost authorities agree that tension tests on wnsnotched
specimens have little or no value in the determination of the
behavior of steels at low temperatures. For many years, investie
gations were based almost entirely wupon results of notched bar ‘
impact tests. These specimens made use of various types of notches,
ineluding Charpy key-hole notch, standard ASTH 45 degree notech, and
in Germany the German Charpy key<hole notch. The German Charpy
differed from the American Charpy in that the bregking area was
10 by 7 mm instead of 10 by 5 mm. Much controversy has arisen as
to the best type of noteh to be used with the impact upee;.mn. The
standard Venotch Charpy specimen approaches very clesely the most
severe conditions of loading which may be imposed on standard impaect



bars. The Venoteh also is often credited with great selectivity
and more readily showing transition temperature, However, Hoyt (10)
remarks, " For tough metals the Venoteh is too shallow for true
notch«bar tests and gives fiectitiously high impact values," The key=
hole notch was the one most widely used in 1940, although not so
sensitive to differences in composition and temperature as tho
Venoteh (2). Many investigators used the key=hole notech for no
better reason than the large amount of data available for comparison.
Tt can be seen that correlation of impact data is exceedingly
difficult with these three specimens in wide use.
(a) Impact tests
In service the rate of loading ordinarily is similar
to that encountered in static testing. The rate of
loading in impact tests is much greater than that
usually encountered in service. For this reason
correlation between impact values and performance of
plate in service is somewhat doubtful. MaecGregor and
Grossman (15) believe that the Charpy impact test does
not yield values which can be used directly in design.
Tts use is mainly restricted to the determination of
the effects of metallurgical and structural changes on
the energy absorbed at a fixed strain rate and for an
idealized condition of constraint. There is no exact
impaet level at which fracture changes sharply from
tough to brittle, but rather a transition zone. In other
words, there is a .rmge of temperatures in which the



Charpy test might yield values ranging from extremely
ductile to extremely brittle for the same metal, For
this reason, research using the Charpy test must, of
necessity, involve a large number of specimens in order
to establish a set curve, Obviously, this imposes
considerable restriction upon the testing program, since
the Charpy specimen inwolves a great deal of machining,
It is necessary that this transition zone be completely
defined in the case of impact tests, sinee high impact
values could be obtained at temperatures of the order of
one to two degrees above the transition zone,
Armstrong and Gegnebin in their survey of work on steels
au:ltablc for temperatures down to «200 F (19) set an arbitrary
15 ft=lb of energy absorption in the Charpy test as a desired
temperature requirement, Such a requirement was to be a satise
factory basis for acceptance of steels, inasmuch as many factors
conirel values given in the Charpy test. The transition temperature
has bgen found te increase with an increase in sharpness of the
noteh, with an inerease in striking velocity of the pendulum, and
with a change 1n method of forming notch (machining or pressing).
In summary then, it can be seen that the transition temperature of
a steel, as determined by impact tests, does not mean that the
steel will show brittle failures in service at this temperature,
nm-. Wagner, and Gensamer (12) unvah concluded that the Charpy
test cannot serve to indicate the acceptability of a given ship
plate steel. Wiley (18) feels that at the present time there is no
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satisfactory test for the determination of the transition temperature,
but that the Charpy notched-bar impact gives a better indieation of
the resistance of the steel to fracture under low temperatures
than the tensile test specified at present.

Recently a new type of impact specimen, the Schnadt specimen,
has been introduced (Figure 1) (1‘7)._ Sehnadt used three impact
specimens, two of which were notched, to evaluate the brittleness
of steel. Brittle metal gives low values in all three specimens.
Semi~brittle steel has a high impaet value only in the unenoteched
specimen, whereas the tough steel exhibits high values in all
 three specimens,

The Izod impact test has not been used extensively since it is
not practical for use at low temperatures unless the entire testing
machine ean be placed in a cold room. The Charpy test has been
quite convenient for low temperature use since the specimen could be
removed from the cooling unit, placed in the machine, and broken in
a matter of two or three sacom’s; This could not be done with the
Tsod machine, |

The notehed-bar impact tests can be useful in determining the
general characteristics of a steel. However, until such time as
specifications are devi,sed, standardizing the specimen including
type and depth of notch, there will be little basis for correlation
of values so obtained. It must be emphasised that impact results
are not indicative of service characteristics of the metal, but are
peculiar to the particular metal involved and the conditions imposed
upon that metal., Some authorities have noted miatd.m in these
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values among two steels exhibiting identical microstructure and
chemiecal composition but of different heats.

(b) Notched bend tests

Notched bend tests involving many variations in
noteh position, direction of noteh (longitudinal or
transverse) and direction of bead (longitudinal or
transverse) have been proposed., These bend tests tend
to glve a transition temperature rather thah a transition
zone, Obviously this is very desirable., However, many
of the difficulties encowntered in the Charpy tests are
encountered in the bend tests, Variations in values of
bend angles at fracture are obtained with variations in
sharpness and depth of the Venotech. These variations are
not so pronounced as in the case of the impact test values,

Kinzel (11) determined the transition temperature by
measuring one percent lateral contraction obtained in
notched bend tests. His results were quite consistent
for similar steels, He feels that results obtained by
this method of testing are much more easily correlated
with actual service conditions, He points out that he
has found fractures in service showing lateral contrace-
tions of the order of one percent.

The M,I.T. slow-bend test has given transition temperatures
corresponding to the upper portion of the transition zone obtained
by the impact tests. The transition temperature obtained in this
manner is defined as the highest temperature at which fracture is
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obtained without noticeable deformation as determined by the load
deflection diagram. This value then is a conservative one which
might be well adaptable to design specifications (15).

Otto Graf (8) after much research on structural failures, such
as the failure of the Rudersdorf Bridge in 1938, proposed a
longitudinally welded specimen notched at right angles to the bead,
Ma‘ specimen tests the unaffected plate metal, the heat-affected
gone, and the plate metal, Most of his failures started at the
Junetion of the plate and weld metal, On the other hand, M.I.T.
slowsbend tests found that the zome of lowest ductility occurred
as much as one~half inch away from the weld in some cases.

Bagsar (3) has investigated cleavage or brittle fractures in
mild steels, using a test ccupon with an eccentric load applied to
cause fracture, Figure 2. Use of such a test coupon is more time
consuming, since the test set~up is more complicated and larger
specimens are necessary. However, he feels that the results justify
these disadvantages. Transition temperatures determined by this
method have been found 10 run 85~100 F higher, in some cases, than
those obtained by Charpy impact tests, and therefore appear to more
nearly indicate the behavior of the steel in service, Since most
welded structures involve minute cracks, and are therefore subject
to cleavage fractures, this type of a test should be considered
unless further investigation indicates otherwise.

MacCregor and Orossman (14) used notched bar bend tests and
tests on circular disecs and were able to obtain excellent correlation
between these two. From this they conclude that general correlation
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of properly notched bars and structures, or machine parts, is
possible as regards the transition to rittle fracture.

In summary, the bend specimens are easier to test at low
temperature than the tension specimens, but somewhat more difficult
than the impact specimens. Large bend specimens can be loaded to
failure in the testing machines ordinarily available, Bend angles
at the weld for different steels are relatively large, facilitating
the comparison of tests.

2. Grain Size

Fine grained ferritic steels lose their ductility at lower
temperatures than coarse grained steels. However, both bm;om
completely embrittled at sufficiently low temperatures. It has
been found that coarse grain generally accompanies brittle fractures
at low temperatures but is not necessarily the cause of such
fractures. Fine MeQuaid-Ehn grain size usually indicates better
impact properties at low temperatures. However, fine MeQuaid-Ehn
grain steels usually have been treated with sufficient aluminum to
retain definite quantities in solution (2).

3. garbon

Carbon has been felt to be the greatest single faetor in the
loss of ductility at lower temperatures. In general, an increase
in carbon is accompanied by an increase in the transition temperature.

Ziegler (19) obtained best results with a maximum of 0.05 to
0.07 percent carbon., The difficulty is that reduced percentage of
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carbon reduces the tenailo strength to somewhat below the desired
limit. In an effort to overcome this difficulty, investigation of
the effect of alloys was undertaken, It was found that the addition
of Mw increased the tensile strength but decreased the impact
values, Addition of molybdemm decreased the impaet values at all
temperatures, but a' proper balance of nickel and molybdenum will
give fair low temperature mps.af resistance, Hardness alone is not
a determining factor., However, for the same type of microstructure
embrittlement will occur at higher temperatures at the higher
hardness levels, |

4 gection Size

Brown, Lubahn, and Evert (5) have conducted extensive
investigations into the effect of section size on static notched
har tensile properties, They found that an inerease in the tested
specimen sigze may result in a pronounced decrease in the unit
properties of the presumably geometrically similar specimens. The
effects of section size a8 an embrittling factor ecan best be
explained by a statistical theory that considers the metal volume
to contain defects of various degrees of severity which determine
the local properties.

5 v e8 o

‘l'he specimens should involve actual welding and the power
1nput, speed of welding, and mass of specimen should be varied to
match the application in gquestion. Mass effect is automatically
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matched if the thickness of the test specimen is that of the plate
(11).

Kinzel (11) suggests that the bead be longitudinal and that
the noteh be at right angles to the weld, and therefore test all
zones, His suggestion for a standardized test was the setting of
an one percent contraction as the determining factor in the
transition temperature. He found that this gave the best correlation
to t.ranaitién temperatures found in service conditions, and further,
that the one percent contraction also broadly corresponds to measured
deformations in service failures. This disagrees considerably with
the opinions of some other authorities.

It has been shown in welded structures that the elimination
of small eracks either in the weld metal or heat-affected zone
adjacent to the weld metal is almost impossible. A crack is a
noteh of almost infinite sharpness, and may result due to
hardening in the heat-affected szone or due to stresses produced by
combination of the normal temperature restraint and the effect of
volume change due to ﬁranafmmtion of the steel.

Thermal cycles may supplemmit stresses tending to crack the
-heat-affected zone as well as the deposited metal., There is a
tendency for stress concentration at the base of such cracks.
Therefore, the question of notch sensitivity of the steel is highly
important. It is for this reason that investigations concerning the.
transition temperature of steels using un-notched specimens have
been almost entirely abandoned.
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6 Sumary

graf (8) upon investigations of aectual failures of structures
in service, concluded that the following factors are important in
explaining these failures: |
(a) Chemical composition of the steels, their method of
production,ingot practice, probably also the treatment of
the steel during rolling and fabrication
(b) The size of the welded elements, particularly their
thickness (before the accidents commenced to oceur, flanges
of structures were thimer and narrower)
(e) The shape of the structure, especially the kind of welds
and their location
(d) The sequence of welding, the speed of welding, the
restraint to expansion and contraction offered by the
surrounding steel during heating and ¢ooling (web
stiffeners with ends wedged tight or with free ends) and
also the temperature of the air and the steel dm-ing
welding, et cetera
(e) The shrinkage stresses in the completed strueture,
particularly in the welds
(£) The temperature of the structure in service
(g) The type and magnitude of loading in service and in the
tests
The material of which the girder is built must be of such
quality that it will undergo a great deal of deformation without



fractures when overloaded despite the presence of fine, short
cracks,.

In view of the variety of factors involved in low temperature
embrittlement of steel, it can be seen that the problem of selection
of a test method to be used as a standard in specifications is
exceedingly complex. Many authorities, including Luther (13) and
Wiley (18) feel that there is no satisfactory method available at
the present time for evaluating the low temperature properties from
a design standpoint. Luther states that each originator of a new
method feels that his is approaching perfection and that all others
are not completely satisfactory. This appears to be the most
definite conclusion which can be made at the present time,

Obviously, there is a great need for research in this field.
Battelle Memorial Institute is at the present time conducting an
investigation into the problem of selection of the most suitable
type of test specimen., M,I.T., which has some of the most
extensive equipment for low temperature work in the United States,
is conducting several investigations into the behavior of metals
at low temperatures. Many others, too numerous to mention, have
some form of research project in this field under way.

As previously mentioned, most austenitic and nickel base
steels are not subject to low temperature embrittlement., This
problem could be by-passed then by replacing the usual structural
steels with one of these two., However, in most instances the cost
would be prohibitive.

Bagsar (4) suggests the following precautions to be taken in
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designing in order to partially counteract the properties of
embrittlement

(a) Use, for construction of eritical sections, a steel
which possesses the necessary resistance to development
of cleavage fractures under service conditions. Heat
treatments also may be necessary.

{b) Increase factor of safety for critical sections.

{(¢) Include in design a sufficient number of cracke-arrestors,

(d) Yodify design so as to eliminate as much as possible
stress raisers or notches.

In addition, Brown and cowworkers (5) recommend:

(a) Prestreatment of plate structure, such as hardening or
tempering, and

(b) Post-heating-~probably mostly because of metallurgical
improvement to the steel

TEST PROGRAM

1. General

A 30 degree double bevel (60 degrees included angle of weld)
weld consisting of four passes, two on each side, was selected as
the most suitable type for this investigation. One of the desirable
émlitica of such a weld is that an equal quantity of deposited
metal lies on each side of the plabe.

After a survey of previous work in this field, the following
types of test specimens were selected: |



20

(a) Tension specimens (welded and plate) 1 3/16 in. by 12 in.
by 1/2 in., necked section 1 in.

(b) Pree bend specimens 1 in, by 12 in, by 1/2 in., welded to
be tested on the flat and on the edge

(e) Notched bend specimens 1 in, by 12 in, by 1/2 in. standard
ASTM 45 degree Venotch, welded and plate, to be tested on
the flat and on the edge

(d) Impact specimens, standard Charpy impact specimens,
welded and plate, to be tested un-notched on flat and
edge and notched on flat and edge.

There were many other possibilities in the selection of
specimens to be used. However, it was felt that these e;ﬁacimm
would best serve the purpose, as well as fagcilitate preparation of
the specimens and testing. In addition there was & limitgd amount
of material available, and selection of these specimens permitted
a maximum number of tests.

The ASTM 45 degree Venotch was selected for all notched
specimens, since it was felt that this type notch imposes nearly the
most severe conditions possible in service, and further, m the case
of ductile materials, the key«hole notch has been proven quite
unsatisfactory. |

Testing temperatures of 70 ¥, O F, and «20 ¥ were selected,
this being the expected critical range of temperatures in service.
Later it was found necessary to test six of the impact specimens
at 120 F, since results indicated that even 70 F was below the
transition temperature of the 0,33 percent plain carbon steel.



"A" Specimens - MayarieR, 0,10¢ C Steel

OUTLINE OF TEST PROGRAM

#B" Specimens = 0,11% Plain Carbon Steel
#C¥ Specimens « 0,33% Plain Carbon Steel

fests on Orig

Tension, 70 F A<l, B2, C-2

Notched Bend;, 70 F A=2, B«l, C=l

Notched Bend, <20 F A3, B=3, C<3

nd, and t Tests on Ve _Specime

NB = Notched Bend, FB « Free Bend, T - Tension, I =~ Impact
Ends As Welded Type & As Welded Type &
Diseards (4,B,C) Temp. {43B,C) Temp.

1-1 12 FB [Flat T70F | 42 T 70 F Awled Usl | Awlel F | A=l7 UF
112 13 I (s; P0F | 43 FB Ed?a 70 F [Bele3 Ul | Bula®O F | Buls] TP
2-1 1«4, NB |(5 TOF | 4+ I |(E TOF |Colw3 U~F | Cule) F | Gl UwF
212 1-5 ?| 0F 45 T oF AwQw3 UsE | AR0 E | AR« TR
3«1 1«6 FB |Edge '70F | 46 I |(s) OF |BeaRe3 Usk | Bea2eQ E | BeRe}7 UE
3-12 17 I E; TOF | 497 FB |Flat 0O F |CceR<3 UE Ce2+0 E | Ce27 U=E
4=l 1«8 §B ;g TOF | 48 - NB | (E) 70 F |A=3<7 ¥ A=3e3 UeF | 430 F
4+13 19 I |(8) OF | 49 FB |Edge OF (B=3~7 F Be3«3 UsF | B39 F
Sel 1«10 FB |[Flat OF | 4«10 NB | (5 OF |Cs3=7 P Ce3=3 UsF | C=3-0 F
5=13 1-11 HB |(8) OF | 4=113 I {si OF |A=j=6 E Awiwl, UsE | Awf=ll E
61 2-2 FB OF | 4«12 NB | (& OF |Befeb E Befwf UsE | Bwf=ll B
6=13 23 I (B OF | 5«2 T -20 F Cedwb E Cwdimd, UwE | Cof=ll E
' 2«4, NB (E? OF | 5«3 FB |Flat <20 F |A-5=} UsF | A~5«6 F | A~5wll F
2«5 T oF Sl I |(8) <R0FP|BebSwf UsF | Bubob F | Bubwll F
2«6 FB [Flat R0 F | 5«5 20 F CoBuf, Ul | Cubb P | Cef«ll F
27 I((8) «20F | 54 I |(®) R0 F (A5}, UsE | AwSeb E |Aws5eb E




OUTLINE OF TEST PROCRAM (Cont'd)

Ends Ag Welded Type & As Welded Type &
Discards (4,B,C) Temp. (A,B,C) Temp, -
2«8 HB g; =20 F 5«7 ¥B Edgo «20 F | BeSwf U=E BeSeb E|B=5«6 E
28 I -20 F 5«8 ®B | (8 «20 F |ComBf Ul Ceb=b E|C=5=6 E
2=10 FB Edgn -20 F 5«5 FB | Flat 70 F | Unwelded impaci specimens cut from ends|
2221 KB | (B 20 F 5«10 HB {Z} «20 F | of pieces for welded impact specimens.
3-2 FB | Flat OF 5«11 ¢ S 70 F | Second group of specimens from plates
33 I(U) Spare 5«12 NB ] 70 F | No. 5, cut from other end.
oA ¥B | (8) 0F b2 T 0 F U « un-notched.
3~5 T OF 6=3 FB [Flat 207
3«6 FB %dge OF 2-4. I (EZag 20 F Notch Position
37 I|(E .OF -5 T F :
38 WB| 8 66 I |[(5) =0F Lapact Spec.
35 I]|(8) oF 6«7 FB | Flat 70F Edge (E)
3«10 FEB|(E) oF 6=8 NB | (B) 0 F ~
3«11 KB |(8) OF 65 FB | Edge -R0F
610 NB | (S) =20 F X side (8)
6=11 I(U) 20 F
6-12 () =0F Bend Spec.
Edge (E)
X Side (S)
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Hardness surveys across the weld and heat-affected zones were
desired in order to correlate points of embrittlement with location
of hard spots, Brinell hardness tests were to be made in order to
classify the material, Xeray inspections were made of each weld
in order to insure satisfactory fusion between the weld and parent
metals, MNetallographic examinations were to be made of the
structure in the unaffected plate, heateeffected zone, line of
fusion between the weld and parent metal, and weld metal,

2. laterial

Three types of steel, Mayari-R, 0.11 percent plain carbon
and 0,33 percent plain carbon steel were to be investigated. The
following chemical compositions of these steels were supplied by
the manufacturers:
4 c Mn P ) 8i 58 Cr Cu

Mayari<R 0,10 0,70 0.099 0.033 0.25 0,38 0,51 0.55
Mn Carbon 0.11 9051 0&013 00033
Plain Carbon 033 0.7% 0,015 0.044

The welding rod used was Fleetweld 85, with the following
composition: C = 0.10+0,14, Mn = 0.40~0.45, Si = 0,01 max.,
8 = 0.035 maxe, P = 0,030 max., Cu = 0,1 max., coating, Mo ~ 0.5%.

Three 12 in. by 12 in. by 1/2 in,, and three 6 in. by 24 in, by
1/2 in, plates of each of the three steels were available for this
test program, A 1 1/4 in. by 12 in. section was cut from each of the
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12 in. square plates in order to provide specimens of the unwelded
plate for tension and bend tests. This left three 10 3/4 in. by
12 in, by 2 in, plates of each of the steels, which were cub in
the middlo the long way in the direction of rolling, The plates
were then beveled along the cut and welded, The remaining three
plates of each steel were cut in the middle perpendicular to the
two~foot dimension,beveled along the present one=-foot dimension,
and welded so as to form plates 12 in, by 12 in, by 1/2 in, The '
plates were welded using a Lincoln«Shield Are Welder, 150 amperes,
using an average current of approximately 27 volts and 132 amperes.
This left plates with all welds in the direction of rolling, from
which test specimens were to be cut. Figure 3 shows the approximate
position of each specimen in the original plate. ’

The letter designation A" was given to tho'lmyarian plate,
¥B* to the 0.1l percent plain carbon steel plates, and "C*" to the
0433 percent plain carbon steel plates. Numerals from one to six
were given to each of the plates, with one to three being given to
the 10 1/4 in. by 12 in. by 1/2 in, plates, and fowr to six to the
12 in. by 12 in, by 1/2 in. plates in order to designate the
individual plates. Flates A, By, and C«3 and 6 were stress relieved
for one hour at 1100 F, |

The welded plates were cut transverse to the direetion of
rolling, as shown in Mgure 3. The tension and bend specimens were
then milled down to size. The impact specimens were cut from pieces
indicated, with the weld in the center of the specimen. These were
milled on all four sides, so as to place the center of the weld in



Figure

2

Je

Snecimens Used in Test Program, In Position as in Uncut Plate
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the center of the specimen., In addition impact specimens from
unwelded plates were cut from ends of these pieces, The ends of
the plates, approximately 1/2 in, wide, were reserved for hardness
surveys and metallographic examimtian:-. ASTH 45 degree Venotches
were cut in the notched~bend specimens, as indicated in the test
program sheets All machining was glom in the mchanieian"s shop
with the excsption of the notehing, which wae dons in the shop of
the asronautical division.

Impoetion of the plates indicated that some of the "C"
plates, C«{ in particular, had extensive carbon segregation with
an extremely high carbon sandwich resulting at the center of the
plate. MNetallographic examination verified this fact am did
later hardness tests. Figure 4 is a mierograph of the high carbon
center of plate C=4{. Figure 5 ?.a a micrograph of the heat-affected
zone near the edge of the plate, Figure 6 at the junction of the
parent and weld metals, and Figure 7 is a micrograph of the structure
near the bottom of the first pass of deposited metal and the
heat-affected zone. Micrographs were not made of the A and B
specimens since the structures in similar portions of the plate
would be quite similar with the exception of the high carbon sand=
wich, Pigure 8 is a macrograph of the weld section showing
deposited metal, heat-affected zone, and high carbon center.



0.33% C Steel

Mierograph of Heat-Affected

Figm 5«
Zone Near Edge of Plate.

Mierograph of High Carbon

Figure 4.
Center
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Hierograph Hear RBottom of First
Pass at Junction of Parent and Weld
0.33% C Steel

Metal,

Figure 7.

HWerograph at Junction of
Parent and Weld Metal. 0.33¢ C Steel

Figure 6.
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Se Herdness Tests

Hardness contours (Figures 9«12) across the welds were made
for all three steels, two contours being made for the C platesy
one of the specimens showing no carbon segregation, and the second
with the high carbon center,

Figure 9 shows a zone of high hardness at the junction of the
parent metal and the weld metal deposited in the last pass. This
zone might be expected, since the last pass is not subjected to
the 'annaaung heat treatment by subsequent passes, A zone of low
ductility would be expected to coineide with this zone of high
hardness,

Figm'o_lo, showing the hardness contours of the 0.11 percent
carbon steel, indicates two zones of high hardness lying almost
entirely in the third and fourth passes. Since the carbon content
of the weld material was slightly higher than that of the plate
metal, and pass number three received little heat treatment, while
pass number four received no heat treatment due to the welding
cyele, this might be expected.

+

Figure 11 f0.33 percent carbon steel without high carbon
center) shows four zones of high hardness lying in the heate
affected zone at the fusion line. Tho zonee of highest hardness
are associated with pass number four, as might be expected.
Failure in the bend tests, especially the free bend, would be
expected in the heat-affected sone.

Figure 12 (0.33 percent carbon steel with high carbon center)



— Weld
Heat Affected Heat Affected

Zone Zone
86 90

HARDNESS CONTOURS ACROSS WELD
ROCKWELL "B" SCALE

Specimen No. A-5-13  Figure 9. Scale -7"= 1"

Tt



Heat Affected

Heat Affected

ﬁ ,, ’ I e A5
Zone ,////////////”,;;, /////, ///,/1 //,/ 84 Zone
///// 7 // // CALLET, ’/// ////I 80. 76
76 80 V0%, 84-89 f’////////?
) 0005 00 e o
/////////, //’// /4_/,,// //// 5
\ ////////_k - <////,
\ Pass 3
& B Lo
Pass | , Y
g |
// g
< el
" :
’
l P il
\\ e \
70-74
Pass2 \
70-74 - g
Pass4 ~~
777 T
‘y Oy
’8’6"//’//
A 2 Y fre 25
% //// %« /// /’/”//////////////A

L £ Chlail LAl oWy L ol 4 )

76 80 84&KLsczzeiiizi7)0/0 /’;/’;/,P 80 76

HARDNESS CONTOURS ACROSS WELD
ROCKWELL "B" SCALE

Specimen No. B-2-12  migure 10. Scale -7"= |"

SLls

(43



Heat Affected ~ Heat Affected

Zone

\ QQ(,’///// sy
YLLLL L

HARDNESS CONTOURS ACROSS WELD
ROCKWELL "B" SCALE

19

Specimen No. C-1-|  Figure 11, Scale-7"=1"



Heat Affected

Zone X

Heat Affected

/ Zone

96
100

100
96

D i i
>
\

100-103 '
/v, //

HARDNESS CONTOURS ACROSS WELD
ROCKWELL "B" SCALE '

Scale - 7"=1"

A

Specimen No. C-4-13 Tigure 12,

96

~|100

100

196

7€



35
indicates a zone of extremely high hardness throughout the center
of the plate and weld. Carbon migration into the weld is apparent
by the relatively higher hardness of the weld metal. Fracture in
free bend might be anticipated in the heat-affected zone,
exhibiting a lesser degree of ductility than might be expected
in similar specimens without the high carbon center.

Brinell hardness tests were made on the sides and edges of
representative samples of all plates in order to classify the
plate material,

6. Tension Tests

Tension tests were made on one unwelded specimen of each B
plate at 70 F and on two welded as rplled and welded stress-relieved
specimens of each plate at 70 F, O F, and «20 F. Average valuss
of results are shown in Table I. The tensile tests of the steels
showed that the ultimate and yield points increased slightly with a
decrease in temperature, while the ductility, as determined by
elongation in a two-inch gage length and reduction in area, decroased.
The stresserelieved specimens exhibited slightly higher values of
yield point and ultimate strength. These results are consistent
‘with the findings of other investigators. The impossibility of
determining the brittle transition temperature from tension tests
is apparent, The tension specimens are shown in Figure '13.



¥ost values are average of two tests.

TABIE I
TENSION TESTS (70 ¥, O F, =20 F)

Details of test

included in original data sheets, Appendix..

#A% Srecimens - Mayari-R 0.10% C Steel
#B38 Specimens - 0,115 Plain Carbon Steel
uC® Specimens = 0,33% Flain Carbon Steel

Material & testing | Original Material Weld Weld Yeld
temperature B r OF oOF 20 F
|_Specimens d '™ i A g C | A B c A | B c
[Y.P., psi 492500 | 33,100 |47,600 | 50,300 [35,150] 48,350+ 544200 iﬁ%ﬁ‘mﬁ s‘wg._az 544,200
Ultimate, psi 78,670 | 58,200 [85,100 |78, 550 | 59;950] 87,330 | 81,100 [61,700[90,600 [82,500]62,200 [89,600
e m o 71,000 | 48,600 [74,300 | 71,650 149,400| 82,400 |74,000 |52,400185,060 173,100 {53,000 £9,600
nge o
frae - | 42,0 | 29,5 | 21,2 | 34,0 | 17,0 [ 17.2 | 35,5 | 17,0 | 25,5 | 38,8 | 9.0
| Red, area = 37e2 | 55.9 | 43.0 [ 3%.2 [ 55,4 ] 28,0 | 36.2 | 4705 | 227 . 36e2 | 34ek | 3.0 |
*:Om of C specimens fractured in weld (bead ground off).
One of C specimens fractured in weld,
Remainder of specimens fractured outside of weld and heat-affected zone.
STRESS RELIEVED
frocrier Y- glutonn 7 or 20 ¥
atur 4 B ;
| Specimens A B C A B £ B_ £
| Ultimate, psi zg.% 57 8&% ; 60,700 | 90,500 Eﬁ&d@*ﬁ:ﬁ&_
ek sl 3000 | 49,200 | ks 80, 55,100 | 84,000 | 72,300| 50,200 | 77,200 |
fracture = 2545 29,0 28,0 20,0 27:5 | 345 0
- gy I s i o QR X RN VR e

9€



Tigure 13. Tension Specimens After Fracture



7. Free Bend Tests

Two welded specimens, as rolled, and one welded stresse-
relieved specimen of each material were tested at 70 ¥, O F, and
- =20 F, both on the flat and on the edge. Average values of results
are shown in Table II. The testing machine and setup used for low
temperature bend tests is shown in Figure 14, This photograph
shows the cooling unit used to produce testing temperatures and the
potentiometer used to measure the temperature. Dry ice and
kerosene were used in the cooling unit for the O F and «20 F tests,

The bend angles in fracture are not believed to be greatly
significant, They do indicate a trend that is from ductile to
brittle. However, they cammot easily be correlated with service
conditions due to the presence of minute eracks or notches under
service conditions. In addition, the materials in the ductile state
were rarely fractured. More significant was the location of the
formation of the crack in those specimens which did fracture in
this test and the appearance of such fractures. The results
obtained in these tests in some cases tend to bear out the findings
of MacCregor and Grossman in the M.I.T. slow bend tests. That is,
that some fractures occurred outside the heat-affected .neiu in the
unaffected plate metal, indicating a zone of low ductility. In
general, however, most of the fractures occurred in the heat=
affected zone. Material "BW, the 0.11 percent carbon steel,
exhibited a definite superiority over the other two materials, both
in the tests on edge and the tests on the flat, with respect to



TABLE II
FREE BEND TESTS (70 F, O F, =20 F)

A" Specimens - Mayari-R 0,104 C Steel
"B® Specimens = 0.,11% Plain Carbon Steel
"C® Specimens = 0,33% Plain Carbon Steel

TESTED ON FLAT
7 F OF 20 ¥
Specimen Bend Fracture Bend Fracture Bend Fracture
Angle Angle| Angle
A | 180° | At edge of weld 59° | Br.F.Gr. near edge,HAZ 46°| Br.F.Gr.at edge of
58° | At edge of W into 74° | BroF.Gr. near edge,HAZ | 103°®| Not broken, ductile
plate '
As rolled B | 180° | At edge of weld 120° |Not broken 116®| Not broken; ductile
120° | Not broken 111°| Not troken, ductile
C| 80°| In HAZ 120° | ot broken 91°| Br.F.Gr. in HAZ
180° | At edge of weld 120° | Not broken 114°| Not broken, ductile
A | 93°| 1/4* from edge weld 70° | BroF.Gr. in HAZ 101°| Br. in HAZ
S eoe 4 B | 180°| Edge of weld 120° | Not broken, ductile 112°| Not broken, ductile
C | 180° | Edge of weld 95° | BroF.Gr. in HAZ 65°| Bre 1/4" into HAZ

from weld

6€



TABLE II (Contt'd)

0 F OF «“20 F
Specimen Bqnﬁ Fracture Bend Fracture Bend Fracture
Angle Angle Angle
23° | Diag. across weld 41° | Br, diag. across weld 38° | 81.,D.,F.0r. edge of W
A ied B | 119°| Along one edge 85° | Br,-R in HAZ 99° | Ductile, W & HAZ
180° | Partial erack 115° | Not broken, ductile 98° | Duct.=R.Fo0re in W
& HAZ
c 45° Pr. a% edge of W & HAZ 44° | Br.=R diag, across W 47° | 51l.duct. F.0s in HAZ
22° | Br, thru weld 28° | Br.-R partly in W ne Brid-_a start in HAZ thru
78,
A 51° | Br.-R along HAZ 39° | Bro<R HAZ & edge of W
f,‘n““e;d B 113° | Not broken, ductile | 114°| Not broken, ductile
c 42°| Br. in HAZ 36° | Br. HAZ F.Or,
Abbreviations: Br - Brittle
F.Ore = Fine CGrain
R = Rough
W - Weld

HAZ = Heat-Affected Zone

o7



Figure 14. Amsler Testing Machine and Setup For Low
Temperature, Free and Notched-Bend Tests, and
Showing Cooling Unit and Potentiometer

41
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ductility at all temperatures. Results obtained from tests of the
stress-relieved plates indicated no noticeable improvement of
ductility. Bend specimens are shown in Figures 15, 16, and 17,

Notched bend tests were made on one specimen of each material,
unwelded, at 70 F and ~20 F. These were notched and tested on the
edge. Notehed bend tests were also made on two welded as rolled
specimens and one welded stress-relieved specimen at 70 F, O T,
and ~20 F notched and tested both on the flat and on the edge. In
each case the notch was placed in the center of the weld., Such
tests impose as severe conditions as could possibly exist in
practice, The notched~bend specimens as fractured are shown in
Pigures 15, 16, and 17, ‘

Had sufficient material been available, tests would have been
- conducted on specimens notched in the heat-affected zone in order to
compare results. Average results may be found in Table III. Bar
graphs of bend angles at fracture for these specimens are shown in
Figwres 18, 19, and 20, Inspection of the graph in Figure 18,
Mayari-R steel, indicates that the transition temperature of the
welded specimens was between O F and 70 F. The transition temper=
ature of the unwelded plate was above 70 F. The stress-relieved
specimens showed little superiority over the ase-rolled specimens
when tested on the flat, However, when tested on the edge, the
increase in bend aﬁgiea was five to ten degrees, '



Figure 15, Notched and Free Bend Specimens After Fracture at 70 F
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Figure 17. DNotched and Free Bend Specimens After Fracture at =20 F




TABLE III ’
NOTCHED BEND TESTS (70 F, O F, =20 F)

®A" Specimens - Mayari-R 0.10% C Steel
"B" Specimens - 0,11% Plain Carbon Steel
"C® Specimens - 0,33% Plain Carbon Steel

TESTED ON FLAT

CF oOF =20 F
Specimen  |Bend Fracture Bend Fracture Bend Fracture

A |[31.5°| F.Gr., duct. in ¥ 22°| led.Gr., R., Br. 22° | Med.Cr., Br. thru W
P ' thru weld
relled ? 73° | F.0r., ductile, 74°| Sl.duct., R. 73° | Sl.duct., F.Gr. thru W

tearing in weld tearing thru weld
c 45‘ F.&'o' duetile 22.5‘ &'o, mﬁgﬂ o4 o 2‘.‘ B!‘., md’Gro, R.
24° | Rather brittle

A 36. F.&‘o’ duet. Iin W 21. Ft&'c’ Br, thru W 19‘ m.&'o’ Br, thru W
Stﬁ::ea B | 64°| Fine, duet.tearing 78°| R., Sl.duct. 66° | Sl.duct., F.Cr.
b laminat thru weld

c 41. F.0r., ductile 24° Mo&'a, rough e Br, Fine Cr.




TABLE III (Cont'd)

TESTED ON EDGE
0F oOF -20F
Specimen Bend Fracture Bend Fracture Bend Fracture
Angle Angle Angle
A | 27° | F.,cduct. at junct. 20° | Med.Cr., Br, thru 15° | Br., med.CGr., R.,
As pl.and weld weld thru weld
rolled B 46° Foy duet. junct. 47° | S1. duct. 55% | Sl.duct., R. thru
of pl. and weld weld to HAZ
c 2° F. ductile 22° &c, F.Gr, 12¢ Ro, Br.
3° | F.0r., failed first
in high C
A 35‘ F., ducte thru W 25‘ SLdmtc. R., F.Gr, 2’6’ 3., &'0, led. fh'.,
st thru weld
ritond ¥ 59° | F., duct, thru W 54° | R.,Sl.duct. along 49® | R., tearing break
: edge of W into HAZ into HAZ
c 27° f., ductile 22 ao. Bre 23° Rey Bre
Abbreviations: F.Gr. = Fine Grain  Br. - Brittle
Re = W W - Weld
Sl. = Slightly pl. = plate
duct. = ductile HAZ = Heat-Affected Zone

LY



TABLE III (Contt'd)

TESTED ON EDGE
70 F «20 F
Specimen Bend Fracture Bend Fracture
Angle Angle
10° smn’ Fine Grey Br. g Brey F.Grt’ Med. R,
fracture
Original °
un-welded i 16°
Hate 11° | Sl.duct., F.Cr. 3° | Very brittle
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NOTCHED BEND TESTS
Mayari=R = 0,10% C "A" Specimens
Span 6" « 1,20" Pin Amsler Machine
Length of Specimen Transverse to Direction of Rolling
Specimen 1 x % in, ASTM - 45° V-Notch 2 mm deep

NOTCHED & TESTED NOTCHED & TESTED ON EDGE
ON FLAT

AR « As Rolled
SR = Stress Relieved

BEND ANGLE - DEG,

30 |

20

10

Il

9 6 9 6

R

& & {; &

70°F 0°F «20°F . S
UNWELDED ‘
PLATEy AS ROLLED

6%

Figure 18,



BEND ANGLE - DEG,

80

70

60

60

NOTCHED BEND TESTS
0.11% Plain Carbon Steel "B" Specimens
Span 6" = 1,20" Pin Amgler Machine
length of Specimen Transverse to Direction of Rolling
Specimen 1 x 4 in, ASTM - 46° V-Notoh 2 mm deep

30

20

10

NOTCHED & TESTED NOTCHED & TESTED ON EDGE
ON FLAT
AR « As Rolled
SR - Stress Relieved
5 & 48 % 8 2 &
70°F 0°F -zo°p 70°F 0°F -20°F S
UNWELDED

PLATE, AS ROLLED
igure 1?. >§



NOTCHED BEND TESTS
033% Plain Carbon Steel "Co" Specimens
Span 6" = 1,20" Pin Amsler Machine
length of Specimen Transverse to Directiom of Rolling
Specimen 1 x % in, ASTM = 46° V-Notoch 2 mm deep

NOTCHED & TESTED NOTCHED & TESTED ON EDGE
ON FLAT
50
AR = As Rolled :
. ® SR = Stress ReIieved
-
o
B 20
E . H I:I
o 1.
4 & 9 8 4 8 9 & 4 B & 8 J; &
70%F 0°F =20°F 70°F 0°F «20°p S
UNWELDED

PLATE, AS ROLLED

-
L7

Figure 20,
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The values obtained from the welded specimens when compared
with those of the unwelded plate indicate two possibilities:

(a) The superiority of the weld metal analysis with respect

to low temperature characteristics

(b) The speeimens were not notched and ;c.eatad in the zone of

lowest ductility.
The first indicates the possibility that the tests were more on the
weld metal and gquality of the weld than on the plate and effect of
welding on the plate. It is believed that both these factors are
responsible for the higher values obtained from welded specimens,.
Obviously, this material is unsatisfactory for use in structures
where temperatures as low as O F to =20 F might be encountered
without suitable heat treatments.

The bar graphs of Figure 19, 0.11 percent carbon steel,
indicate especially good behavior at low temperatures. The
transition temperature of the welded plate (considering that the
test involved mainly the weld) was not encountered at the
temperatures used. The transition temperature of the unwelded plate
material might lie in the vieinity of O F. However, an acceptable
bend angle of 15 degrees was obtained on the unwelded plate at
-20 ¥,

Bend angles obtained in tests on welded specimens of the
0.33 percent carbon steel (Figure 20) compared almost identieally
with those cbtained on the Mayari-R. The 0.33 percent steel
specimens gave slightly higher bend angles when tested on the flat
at 70 F, However, the difference was not significant. Tests on
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the unwelded 0,33 percent carbon plate, however, gave bend angles
gimilar at 70 F, but considerably lower at «20 F. 1In fact, a bend
angle of three degrees was observed at «20 F in the "C" specimens,
while a bend angle of eight degrees was obtained in the "A" specimens.

Fine-grained duetile fractures in the weld were observed in
the Mayari-R specimens at 70 Fy with fine to medium grained brittle
fractures observed in the specimens at 0 P, indicating a transition
temperature between O F and 70 F. The original material indicated
brittle fractures at 70 F, placing the transition temperature of
the plate metal above 70 F.

"B specimens, 0.1l percent carbon, indicated slightly ductile
fractures in the welds at «20 ¥, The unwelded plate material also
showed ductile fractures at 70 F and =20 F. The "C* specimens,
0.33 percent carbon steel, exhibited duetile fractures at 70 F,
with one exeeption, A specimen as rolled tested on flat showed a
rather brittle fracture, At O F and «20 F all specimens including
the unwelded plate showed brittle fractures.

Due to the limited number of specimens available, it was
impossible to determine the transition temperature of ihese
- specimens, Tests could not be made on the material notched in the
hoamfoeted zone and the junction between the weld and plate
metal, nor could specimens be tested at temperatures other than
those used, However, sufficient data were obtained to reject the
Mayari«R and the 0.33 percent carbon steel for use in all welded
structures exposed to temperatures approaching O F to «20 F.



Un=notched Charpy impact specj.nonal of each material were
tested on the edge and flat at 0 F, O F, and «20 F, Only one
specimen fractured. A "C" specimen with the high carbon center
fractured when tested on the edge with an energy absorption of
127 foot pounds, The fracture was fineegrained and brittle with some
necking,

Notched plate specimens of sach material were tested on the
flat and edge at all three temperatures. Two specimens ef each
welded material were tested on both the edge and flat at each of
the three testing temperatures. One notched speecimen of each of the
welded materials stresserelieved was tested at each of the three
temperatures. In addition, one notched specimen of each plate was
tested on the flat and on the edge at 120 F. The notches in all
the welded specimens were placed so as to coincide as closely as
possible with the center of the weld.

The Charpy impact machine and setup for low temperatures
impact tests are shown in Figure 21, This photograph also shows
the cooling unit and potentiometer used in producing and measuring
the low temperatures. Impact specimens tested dmfing this
investigation are shown in Figure 22.

Bar graphs indicating the energy absorbed by these specimens
in fracture are shown in Figures, 23, 24, 25, and 26, Impact
tests on the Mayari-R steels indicate that 70 F, and possibly
120 F, lie inside the transition zome for this material under the
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Figure 22, Impact Specimens Tested at 70 F, O F, and =20 F
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CHARPY IMPACT TESTS
Mayari-R = 0,10% C "A" Specimens

Standard C 10x10x55 mm Specimen
ASTM 46Y V-Notoh 2 mm Deep
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CHARPY IMPACT TESTS

0¢117 Plain Carbon Steel "B" Specimens
Standard Charpy 10x10x56 mm Specimen
ASTM 46° V-Notch 2 mm Deep

UN=NOTCHED PLATE NOTCHED PLATE WELD
*x % * * % ¥
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CHARPY IMPACT TESTS
0,33% Plain Carbon Steel "c" Specimens

Standard Charpy 10x10x56 mm Specimen
ASTM 46° V-Notch 2 mm Deep

UN=NOTCHED PLATE NOTCHED PLATE WELD
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CHARPY IMPACT TESTS

Weld Speocimens - Stress Relieved

Standard Charpy 10x10x656 mm Specimen
ASTM 45° VeNotoh 2 mm Deep

B _
Mayari-R 0.,11% C 0633% C

8
E 150
5100
2 50
NIET | THN
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] 1 ] ] ! ]
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Figure 26,
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conditions imposed. The welded specimens gave fairly good values of
energy absorption at all three testing temperatures, However, it
must be remembered that the conditions imposed made the test one
of the weld and guality of welding rather than a test of the material
as welded.

Impact values obtained from tests on the 0.11 percent carbon
steel (’S" gpecimens) place the transition zone somewhere between
OF and 40 Ps Again, tests on the welded specimens gave quite
satisfactory values at all temperatures,

The 0.33 percent carbon steel ("C" specimens) definitely place
70 F inside the transition zone and probably also 120 ¥, Welded
specimens tested on the flat gave satisfactory values of energy
absorption at all temperatures. However, welded spceimens tested
on edge gave dangerously low values at O F and «20 ¥, Quite
mrobably the high carbon center in some of these specimens had the
effect of reducing the energy absorption when tested on edge. As
indicated in the data obtained (Table IV) and in the bar graphs of
Figures 23, 24, 25, and 26, quite a range of values of energy
absorption was obtained on similar specimens tested at the same
temperatures, This can be accounted for when 1t is remembered that
previous investigators have found that Charpy impact values do not
give an exact transition temperature, but rather a transition
temperature zone., When testing specimens at temperatures within
this zone, it is possible to obtain emergy absorption values ranging
from the minimum for a material to the maximum for the material,



TABLE IV
CHARPY IMPACT TESTS '

"A® Specimens =~ MayarieR 0,104 C Steel
"B® Specimens « 0,114 Plain Carbon Steel
"g" Specimens = 0.33% Plain Carbon Steel

Values are average of two tests, in most cases. Details of test
included in original data sheets, Appendix.

UN-HOTCHED PLATE
Energy Absorbed, Ft 1b

70F oFr -20 F
Specimen Flat Edge Flat Edge Flat Edge
A 217 217 217 27 217 217
B 217 217 A7 217 . 217 217
c | 217 217 217 127 247 217
*Gnly specimen broken.
NOTCHED PLATE
Energy Absorbed, Ft Lb
7 ¥ oF 20 ¥
Specimen Flat Edge Flat Edge Flat Edge
A 18 23 | 12,8 13.2 | 92 123
B 48 41 10.3 13.4 8e4 7.1
c 1 9 78 3.8 4e'7 3.6
NOTCHED WELDED SPECIMENS
Energy Absorbed, Ft Ib
7 F oF 20 ¥
Speeimen Flat Edge Flat Edge Flat  Edge
A 5 50 35.8 27.8 2645 22.5
B 76 83‘_ 557 38.7 58,0 30.0
52
¢ 54 54, 25.0 14.0 2844 27.0
27t 22* 5057

+bii‘i‘en:'amm in values indicates location in transition zone.




TABLE IV (Cont'd)

NOTCHED WELDED SPECIMENS
STRESS RELIEVED

Energy Absorbed, Ft Ib

63

| 70 P oF 20 F

Specimen Flabt  Bdge | Flat  Edge | Flat Bdge
A 377 37.5 28.5 4740
B 69«5 52,5 | 119.0 840
¢ 25,5 9.2 33.5

10.2




Before any comparison of data obtained is possible, it is
necessary to assume that the welds were of equal quality in all
specimens., Xeray inspection of the welds and observations made
during machining and testing have indicated that this was true in
general, _

Upon consideration of the results of this test, the 0,11 perw
cent carbon steel will give the most satisfactory service in large
allewelded structures when exposed to temperatures in the range of
30 F to «20 Fe The Mayari-R and 0,33 montcarbonataelmuld
be doubtful for use in such structures, since definite brittle
tendencies were exhibited at temperatures as high as 70 F in the
notched bend tests and doubtful tendencies as high as 120 F in
the impaet tests.

Sinee it is practically impossible to insure the absence of
all micro-defects in welds, it is necessary to assume the presence
of notches, The notched bend tests and the notched impact tests
have indicated the behavior of these materials under such
conditions, If the low carbon steel is to be used in these
structures, the low tensile strength must be considered in the
design. _

As recommended by Kinsel (11) and Graf (8), it might be
possible to improve the qualities of the Mayari«R and the 0.33
" percent carbon steel at low temperatures by heat treatment and
suitable design, However, such procedure should be the basis for
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another investigation.

SUMMARY AND CONCLUSIONS

Results obtained in the tension tests followed the expected
pattern.

1, Ultimate strength and yield point increased with decrease
in temperature. The ductility, as measured by the percentage of
elongation in twoe-inch fractures and the reduction in area,
decreased as the temperature decreased. |

2., Results of the free bend tests of all three materials
indicated the low carbon aﬁgel to be the most satisfactory for use
at the testing temperatures, and further indicated the presence of
a gzone of low ductility in some specimens in the plate material
near the heat-affected zone. The notched bend tests again
indicated the superiority of the low carbon steel for use in
temperatures down to «20 ¥, These tests, however, indicate the
desirability of determining the effect of notches placed in the
heat-affected zone and at the junction of the parent and weld metal,

The Charpy impact tests indicated that the low carbon steel
was the only one of the steels tested that would be satisfactory for
service where temperatures as low as 0 F to -0 F might be
encountered. If the low carbon steel is to be used for such
purposes, it must be remembered that the higher ductility at low
temperatures obtained through the use of this steel will be
accompanied by a correspondingly lower tensile strength at all
temperatures.
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The tensile test results place the 0.1l percent carbox_& steel
in either grade B (50,000+60,000 pei) or grade C (55,000-65,000 psi)
which would gemerally be acceptable for struetural purposes. These
values are from Tentative Specifications, ASTM = 2283467, It was
interesting to note that this specification does not mention the
carbon content of the steels, In view of the effect of carbon on
the low temperature characteristics, this is rather surprising,
However, it is not considered proper (or practical) to specify
both the physical properties required and also the chemical
ecomposition,.

Thsu tests also indicated the desirability of investigating
the effect of notches in "che heat-affected zone and at the jJunetion
between the parent and weld metal, Iocation of fractures in the
free bend tests was found to correlate fairly well with the
location of zones of high hardness in the specimens, These zones
of high hardness were also sones of fairly coarse grain size, which
might be expected due to the absence of heat treatment.

The effect of stress relief upon the behavior of the material
at low temperature was considerably less than might be expected.

It must be emphasized that the effect of stress relief on large
welded sections should be much greater than on test specimens. In
small specimens only, small, locked-up stresses could be present.
Therefore, in large sections, the duetility should be inereased
considerably by stress-relief heat treatments,

In conclusion, the specific purpose of this investigation
was accomplished. The relative suitability of the three steels;
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the Mayari<R, 0.1l percent carbon steel, and 0.33 percent plain
carbon steel, for use in large welded structures to be exposed to
minimum temperatures of «20 F was determined. The 0.1l percent
carbon steel was found greatly superior to the other two steels,
with the myu-iualaml the 0.33 percent carbon steel exhibiting very
similar characteristics at the reduced temperatures.

Due to the limited scope of this investigation, it was
impossible to accurately locate the brittle transition temperature
or zone of these materials., It is felt that, in further investie
gations of this type, the effects of notches in the heat-affected
zone and at the juction between the parent and weld metal should
be determined. | |

The need for standardized test specimens and test procedures
for the proper classification of the behavior of structural steels
at low temperatures is obvious, Extensive research is under way
at the present time at the Battelle lMemorial Institute in an
attempt to determine the best possible test specimen., Research
also is under way at several other laboratories in efforts to
correlate test values with various service conditions.
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APPENDIX

BRINELL HARDNESS TESTS.

AS RECEIVED
AND STRESS RELIEVED

300 kg, load 70 F
Sample ¥o. Inp. Diam,. BHN Average
A=l Edge 4490 149
. 4490 149 149
As Side 4e75 159
rectd *® 4475 159 159
Bl Edge 5480 103
» 5:75 105 104
As Bide 5460 112
rectd 5450 116 114
C=l Edge 4420 207
. 430 196 191
As Side 4465 166
rectd 4470 163 164
A=5 Edgﬂ 4490 149
. 4490 149 149
As Side 4e55 174
ree'd 4465 166 170
" 5.85 101 100
As Side 5 60 112
ree'd " 5e 60 112 112
" 4475 159 159
As Side 475 159
rectd " 4475 159 159
A3 Edge 4490 149
" 4495 146 RVA/
SR Side 4470 163
" 4480 156 159
" 5.75 105 104
SR Side 5450 116
" 5455 114 115
C=3 Edge 4475 ‘159
: " 4e"75 159 159
SR Side 4480 156
" 4480 156 156




ROOH TEMPERATURE (70) TENSION TESTS
Two Inch Gage Lengths

Steel Plate as Received Welds

Specimen No, Awl B2 Ce2 Awl =5 Bel=5 Cwle5
Kind of spec. lay.as rec'd 1011 as rec'd 1033 as rec'd ¥ welded 1011weld 1033 weld
Width 0.996 0.997 0.998 1.008 9.994 0,993
Thickness 04493 06497 0,507 - 0.495" 0.499" 0.510*
Area 04491 0494 0.505 0,498 0495 04505
Y.Ps 24,4300 16,600 243000 25,100 17,400 23,100
Ultimate 38,500 29,100 43,000 39,550 29,700 424400
Break 343% %mo 37,509 BS,CDO 24-’ 500 37, 500
Elong, in 2" 0.63 0.84 Ce59 C.21 0.16 0.20
Final width 0,808 0.697 0.773 0.834 0.695 0.774
Final thick, 0.380 0.312 0.373 0.402 0.316 0.3‘71
Y. ?. pei 49,500 33,100 47,600 50,3300 35,200 45,800
Cver weld brk. ’ ) ’

psi 71,000 1:;8;600 74,4300 704200 49,&00 Vs 200
Ductile % 31.5 , 42,0 295 (10.5) (8.0) (10.0)
RA 4 37.2 5549 4340 32.5 5546 4342
Duct. over fr, i 2445 33.0 28,0
Notes of Normal, fine Normal, surf. Normal with In plate In plate In plate

fractures grans. eracks on face slight above weld. below weld. above weld.

of spec. lamination Normals, Elong. Same surf. Same type of
in 2% over cracks as fract. as
weld in B2 C=2
Ctherwise
normal,

*rhickness over beads sbout 0,60 in.




ROOM TEMPERATURE TENSION TESTS (Contt'd)

Speeinen No. Awdym Bedwi2 Awbmd Befye Ceb=2
Kind of spec. ¥ we weld! 1033 y 1t ¥ weld 1011 weld 1033 weld
, with beads with beads with beads
Width 1,000 1,008 0.995 0.998 0.995 > 0.993 .
Thickness 30‘98 6‘492 0.509 QU‘W 0’498 O 566
Area 0.498 0.497 0.507 0.496 0.496 0.503
YoPe 25,040 17,410 25,800 25,400 16,200 23,900
Ultimate 38,600 29,800 45,950 38,760 28,550 42,400
Break 36,380 244550 45,950 34,000 400 37,550
Elong. in 2% 0.36 0.31 0,13 0.33 0.25 0.16
Final width 04844 0.714 0.951 0.905 0.721 0.764
m thick. on 00311 0.465 90372 60328 0.3W
Final area 02349 0,222 0.442 04299 0,237 0.283
Y.P, psi 50';300 35,100 50,900 51,200 32,700 47,500
Ultimate psi 595900 90,600 73,100 57,600 84,300
Break psi ?3,100 49,400 90,600 49,200 4,4 600
Elong. over w. (m.e) (15.5) 605 (12.5) (12.5) (8.0)
RA % 55.3 12.8 39.7 5242 43.8
Duet, over fr. 18.9 35&0 605 25'5 3405 29¢O
Notes on Fracture normal Normal in in., Break in weld. Normal, S1l. Break in in, Break in in.
fractures about 1" above above gage Fine gr. lamination. above gage above gage
weld., Inside length. Normal. Few Fr. just at length. length.
gage length (Outside) very small lower gage  Normal. Normal except
inclusions point {outside) for slight
laanination.
{Outside)

*Avmge thickness over beads about 0.60 in,

# These three with beads ground down even with parent plate.



TENSION TESTS (O F)

Specimen No.
Kind of spec.

Thickness

I' P -
Ultimate

Elong. iu 2%
Final width
Final thick,
Final area
Y.Pe psi
Ultimate psi

Duet, %
R.he £

s OVEX W,
Kotes on
fracture

Awdwh
May. welded
0.997
0.495
0.492
26,300
39,900
35,800
0443
0.797
0,370
0,295

534400
81,100
72,800
(21.5)
40.0
10.0
Normal, about
1/4* above
weld. Duct.
meas. from
center of weld
to 2" mark.
Fine, gran.

Be=f
1011 weld
0,999
0.498
0.496
17,250
30,300
26,000
0.7L
0.752
0,348
0.261

by OO0
&0

52,400
(35.5)
474
10.0

Diag. shear
fract.
Outside weld,
in. 2nd in,
amw ﬂld.
Fine, fibrous
appearing

Ce2=5 Awlyw5
1033 weld May. welded
1,007 0.993
0.512 0.495
Otm 301591
24,700 27,000
om0 0

s
0u4b 0.26
0.814 0,832
0.391 0,399
0,318 0.332
48,100 55,000 -
86,600 1,100
764700 755600
(23.0) (13.0)
38.2 32.5
lela 13.6

Bl =5
1011 weld
0,992
0,499
0.495
19,500
30,900
26,000
0.7
0.735
0.352
0.259
39,400
2750
(35.5)
£
12,0

Sl.laminated Fine, gran. Diag, shear
R. outside W square fract. fracture in

in 2nd in,
above W.

Little

2nd in. above

necking., A% weld. 8Sl.
1st in. below laminated,

weld.

rough

*on basis of t = 0,60 in.




TENSION TESTS (O F){Cont'd)

Specimen No,
Kind of spec.

Width
Thickness
Area

Y.P.
Ultimate
Break
Elong. in 2%
Final width
Final thick.
Final area
Y.P. psi
Tltimate psi

Elong. over w
Hotes on
fracture

A=3=5 B35
¥ay. anneal. 1011 amneal.
weld weld
1.001 0.996
0495 0.500
0.496 0497
28,800 16,800
40,500 30,200
40,000 27,400
0.25 0.56
0.928 0.810
0456 0.382
0.423 0.309
58,000 33,800
81,700 60,700
80,600 55,100
(12.5) (28.0)
14.8 37.8
12,5 13.5
Med. gran. Diagonal shear
B. fracture fracture. led.

about 1/2% rough with
below weld laminations. At

7L



TENSION TESTS (=20 F)
‘mmeagahmth

Specimen No.
Kind of spec.
Wdth
Thickness

Y.P,
Ultimate

Break

Elong. in 2%
Final width
Final thick,
Final area
Y.P, psi
Ultimate psi

Duct. ¢

R.de &

Elong. over w

Yotes on
fracture

Bebuld
1011 weld
1.004
0.500
0,502
18,800
31,000
27,200
6-5'?
0.794
0.376
0.299
37,400
61,800
544200
(28.5)

Cofe
1033 weld
0.995
0.510

0,600
04589

57,800

86,100
7e5
22
745

12.0

Bebeb
1011 weld
1.003
0.501
0,502

18,600
31,400
0.69
0.745
0.342
0.255
37,100
62,600
51,800
{49.2)
34e5
12,0

R. med, gran. Square break Normal diag.
led, gran, in shear break failed in
2nd in. below in 2nd in, weld

fract. in
weld, Br.

weld

below weld
81. lamin,

Cwbe5
1033 weld
0.999
0.511
04509
25,8&
474450
475450
021
0.980
0.588
0577
504700
93,100
93,100
10.5
3.9
1045
Coarse R«Bs

7



TENSION TESTS (=20 F)(Cont'd)

Specimen No.
King of spec.
Width
Thickness
Area
Yo Pu
Ultimate
Break
Elongs in 2%
Final width
Final thick.
Final area
Y.Ps pai
Ultimate psi
Break psi
Duet. &
Rede % )
Elong. over w
Hotes on
fracture

Awbwt;
M¥ay. ammeal,
weld

0.990
0.495
0.489
27,300
40,600
35,400

Bubws
1011 amneal. 1033 ameal,
weld weld
0.993 1,000
0.500 0.506
0:496 0:506
18,550 25,500
30,100 44,5 500
u.m 39,1m
0.69 0.48
0.741 0.808
90366 90338
0.257 0.314
37.590 50,300
87,900
50,200 775200
(3&-5) (2440)
38,1
Re Diagﬁml B, Rather
shearing fract, fibrous. In
in 2nd ine below 2nd in above
weld weld




FREE BEND TESTS (Flat)
Room Temperature (70 F)

Span = 6 in, 1,20 in. (6 em) pin, Amsler Machine

Length of specimen transverse to direction of rolling

Sample No. Height, in, Width, in. Ioad g'm'sak Fractur: Type of fracture
¥
A=1l2 04493 0,998 4,500 58 3/16" from edge of weld.
Bel-2 0497 § 0,995 3,360 180 gaek:? at 13' 50" rad, at
) ge welde
Cel-? © 0.509 1,001 4,810 80 At edge of weld in heat=
s = affected zone.
A=5-9 3 0.495 £ 0.995 180 Cracked at 0,55" rad. at
a g IP 3,200 edge of weld,
BeS) w 0,501 Z 0.998 3,4;._.?” 180 Cracked just as it was
YP 2 bent flat.
G50 2 0.508 8  0.997 4,820 180 Cracked through edge of
‘ =] YP 3,000 weld at 0.,45" rad,
Abe] 0u494 é 0.998 Ipz.gz.ggo 93 1/4" from edge of weld.
| Beboul? 0,501 ®  0.998 3,200 180 Cracked at edge of weld,
: - YP 2,100 0.37" radius.
Cebut? 0,507 8 0.998 5& 180 Cracked at edge of weld,




FREE BEND TESTS (Edge)

(Conditions same as for flat bend tests)

Height, in.

Sample No. Width, in, Ioad at break Fracture Type of Fracture
b angle, °©
A=leb - 0,997 04494 9,300 42 Cracked diagonally across
E YP 5,800 weld edges.
Belwb g 0.998 B 0.499 7,450 119 Cracked along one edge
i § YP 4,320 of weld,
C=l-6 § 0.995 3% o0.500 10,200 45 Brittle fracture at edge
® o0 YP 5,300 of weld,in HA zone
Awf=3 & 1,000 o 0.494 8,550 23 Cracked diagonally across
_ . gg YP 5,700 weld edges.
B3 £ 1.000 o 0e499 7,620 180 Partial erack at about
| g § P 4120 | 0u46% rad.
Coly=3 0.999 3 0.504 9,630 22 Brittle erack through

IP 5,400

weld,




FREE BEND TESTS
(Tested at O F)

Span 6 in. 1.20 in. (6 em) pin. Amsler Machine
Length of specimen transverse to direction of rolling
Speeimen Height, in. Width, in, YP & Max, Fracture Type of
No. Tested Angle Fracture
Flatwise
A«l«10 0496 0.998 3500 59 Bre, F.0r. Near
4900 edge of weld.
B=l«10 0.501 0.997 2300 Not Bent to 120°
- 3650 broken without breaking.
C=l=10 0.512 0.998 3200 Not Bent to 1209,
5150 broken
Nwlyel] 0495 0.999 3250 A Br., F.CGr. it
4700 edge of weld .
Bedys7 0e498 1.003 2400 Not Bent to 120°
3720 broken
Ced'? 0.509 1,000 3200 ot Bent to 120°
5220 broken
A=3-2 0497 1,001 3100 70 Brey, Folr. A&
4500 . edge of weld.
Bu3el 04501 1,001 2100 Not Bent to 120°
3300 broken
9*3"2 0'513 00993 2650 95 Br.‘ F.Ore Bl'OkC+
m a§ Qdm of mg.
| Tested on Edge
AeR-2 1,005 0.495 5500 45  B.,Veshaped brk,
9580 at edge of W.,Re
Be=2 1.003 0497 4300 85 BeyRey in heat:
7850 affected zone,
CoR=2 0,999 0.510 5400 44 BsyDiageacross
10200 weld,. Ht.af.Z.start
Al 0.999 04496 5650 41 B.Diag.across mlgA
' 9400 Ht.af.zone start, |
Bl =0 0.999 0499 4360 Not Bent to about
7880 broken 115°. Ductile.
Cody =) 0.998 04510 5600 28 BeRe Partly in
10400 weld,
A=3=b 0,995 0496 5600 51 B.V=shaped brk. "
10440 along ht.af.z.R.
Be3wh 0.999 0.499 3980 Not Ductile.Bent to
7540 broken about 113°,
Ce3=b 0.996 0510 5300 42 B.V=shaped brk.
' 10520 along edge of w.

"’m'wturea in heat-affected zone.



FREE BEND TESTS
(Tested at 20 F)

Tested Flatwise
Tested Angle Fracture
Flatwise
4560 of weld
Be2eby 0.498 1,001 2300 Not Bent to 116°
3450 broken without brk.
Cnﬂué 0.510 09999 2% 91 B.Fo@'. Mto
4980 in HAZ.
Aw5w3 04495 0,998 3160 Not Bent to 163°
4640 broken without br.Duct,
Beb e 0.500 1,000 2290 Not Bent to 111°
3500 broken without br.Duct,
Cw5e=3 0.511 0.995 2900 Yot Bent to 114°
4940 broken without brk.
Awbe3 0.496 1.004 3100 101 BsEdge of weld
4540 in HAZ.,
Bebw3 0.498 0.992 2000 Not Bent to 112°
3310 broken without br.Duct.
Cb=3 04506 0.999 2650 65  About 1/4" from
4640 edge of weld.Be |
: Tested on Fdge
Aw2«10 0,997 0.496 5600 20 B.Edge of weld in|
, 8870 HAZ,
BeRw]0 0.999 04497 4470 99 DeBrk.partly in
CR=10 0.992 0.511 5350 47 S1.De. HAZ, Fine
10580 granular.,
AwbT] 00991 00‘94 56% 33 Sl.De At odge of i
9556 g wld.!‘.&‘.
8120 granmular,
Cwh 7 0.994 0.510 5800 23 B.R.8tarts in
10260 ‘ HAZ’ thru weld,
9440 - of weld,
Es{B=69 1.002 0.498 4100 Not  D.Bent to 114°
7650 broken without brk.
bl 0.994 04506 5200 36 BeHeat-affected
' 10100 gone, F.Gr. 3




Length of specimen transverse to direction of relling

Span 6 in. 1420 in, (6 em) pin. Amsler Machine
Hoteh =~ Standard Charpy, milled to 0.079 in.

FOTCHED BEND TESTS (Flat)

Room Temperature (70 F)

below plate level

'Spaeimn

Height, in. Width, in. Yield Point load at Max. Fracture Type of
No. b ib Angle-Deg. Fracture
A=l 06497 0,998 2700 3440 30 Fine grain, ductile in w,
Bl 0,500 ¥ 0.997 2060 3210 80 Fine,duct., tearing in
g ‘ weld(not broken).
Colwd, 0.511 g 1,007 2800 4100 45 Fine grain, duct.in w,
A=5-12 g 0.498 £ 0.997 2660 3440 33 Yo, g, Sk funt
o »
Be5e12 , 0.498 g 0.9 1950 3100 66 Fine,duct. ,tearing in
o > weld (not broken).
Ce5=12 B 0.509 o 0,999 - 2600 4000 24 Rather brittle, but not
_é g completely broken,
A3=, € 0.494 £ 0.997 2820 3830 36 Pine grained,duct. in
E E weld. (Not broken).
: - weld, (Not broken).
C3d, 0.511 § 0.997 2560 4120 41 Fine grained. Ductile
' in weld.(Not broken).




NOTCHED FBEND TESTS (Edge)

(Same conditions as for notched bend tests, flat)

Specimen Height, in., Width, in. Yield Point load at Max, Fracture Type of
Ho. 1b 1b Angle=Deg. Fracture
A<le8 1.004 04495 5800 7900 29 Fine,duet. at junction
§ between weld & pl.
Bl 0.998 0.499 4300 7100 48 Fine,duct. at junction
£ between weld & pl.
Cel=8 8 1,000 & 0.512 5300 8500 26 Fine, duct.thru weld.
A48 W 0,999 £ 0.49 5600 7840 25 Fine,duct. at junction
GO e between weld & pl.,
B8 & 1,001 §  0.,498 4150 6920 4 Fine,duct.thru weld &
- - ‘ at junction of w & pl.
C=4=8 © 1,001 04509 5500 8080 17 Fine,duct. at junction
B & ' of weld and ple
A<6=8 ‘© 1,003 0.497 5500 7900 35 Fine grain, ductile
g g thru weld,
B w & at junet, of w & pl.
C6-8 0,998 2  0.504 4900 7850 27 Fine gr., ductile thru
w & at junct. of w & pl,
Original Plate _
AR 0.998 04492 4440 6300 10 Sudden,F.Gr, Brittle
‘ (Not broken).
B-l 0.998 0497 3000 5200 31 F.yduet. (Not broken)
C=l 0.999 4500 6630 11 Sudden. F.CGr. Sl.duct.

0.510




NOTCH BEND TESTS
(Tested at O F)

€3

Tested Flatwise
Specimen Height in. Width in. IP & Fracture Type of -

. Hax,. Angle Fracture
A«ledl 04495 1,000 2990 24 ¥ed.CGr.thru w.B.
Bwle=ll 04500 0.994 2160 82 - 8liDaTearing brk

3270 thru mld&RQ
Celm=ll 0.512 1,007 2750 24 BeRaGrans thru
4100 weld.
A=l =10 0:495 1,000 2700 20 Baled.Oran.,Ra
3560 thru weld.
B, =10 04499 1.000 2200 68 S1l.D,Tearing
_ 3300 brk.in weld.R.
Cedy =10 0.511 0.995 2650 10 B.Fine gran,
3000 thru weld,
A=3=ll 0,497 1.004 2900 21 BeMed,Cran,
3660 thru weld,
et Be3=ll 0.501 0,999 1920 78 ReB8l.DsTearing
3010 thru weld.Sm.
lamination.
Ce3wll 0.512 1,002 2620 24 Rethru weld
2920 Medogran,
- .Jested on Edge
Awwd, 0.998 04495 5800 17 B,Med.Gransthru
8000 weld.
B2, 0.999 04498 4200 51 Sl.DuR.Diags
_ 7550 across weld,
 CeR=f, - 0,998 0.510 é% 22 BiFine gran,
Awi,w12 0.995 0:494 5550 23 RsAlong edges of
‘ 8060 , weld.led, grans
Bed,w12 04998 0.498 4280 43 S1.Ds¢Along edges
of weld.Fine gr.
Cwl=l2 1,000 04509 6500 3 Failed first in
6500 high carb.etr.F,
A=3<10 1,001 04496 5800 25 S1.D.Very Ri
‘ _ 8300 . fract.Fine gr.
ﬁ Be3«10 1.003 0.500 4000 54 RiS1liDsAlong
7250 edguo of W, intoHAZ
Ce3=10 0.999 04510 5500 22 ReDiag.across

on edgea of w,




NOTCH BEND TESTS
(Tested at «20 F)

Tested Flatwise
Specimen No. Height Width IP & Fracture Type of
in, in, lax, Angle Fracture
A«ﬂ-ﬂ 06495 00”6 ' 2920 16 BnMo g'mu ’thru
3560 weld
D2 =i 0‘49’7 00997 2170 84 S1.D.F, grang thru
Cm2 =8 0.510 0,998 2850 29 BeMed, gran, thru
4100 weld,
4160 weld.
' 3350 Thru weld to HAZ,
Cmbe8 0.510 0.998 2800 20 R.Cran, thru
3’729 weld.
Awb=10 01495 0.999 2860 19 Bcl!hd-wo thru
3530 weld.
BwHe10 00‘99 0.994 2020 66 Sl.D.Fine gran,
b 3000 thru w.to op.edge/
Cab=10 00506 1,000 2600 22 BsFine gran.ﬂ'zm
3380 weld,
Tested on Edge
7860 weld,
' 7560 weld to edgva.
8360 thru weld,.
A=5=10 0,996 0494 5700 16 BuMed.R.gran,
7700 thru weld.
Bw5=10 0.996 0,498 4510 51 R.Ds thru edges
7650 of w, into HAZ.
Ce5«10 0.999 0,509 5800 10 R«Besthru weld.
8130 Sm.blovwhole.
3‘6"12 1.000 0.494 m 26 R.Beothru weld.
7960 Med. gran
Bubel2 1.000 0,496 3950 49 R.tearing “brk.
7160 into HAZ,
Cwb=l2 0.997 0.504 5300 23 R.into edges of
85@ weld.
ﬁ 6550 Refracture,
S 8 ' 5470 gran.fracture.
C=3 0.511 1.000 5800 3 Very B.Fine gran. |
5800 fractwe . |




CHARPY IMPACT TESTS

(120 F)

85

Standard 10 x 10 x 55 mm specimens with 2 mm ASTH Venotch
Length of specimen transverse to direction of rolling -

(B denotes trittle fracture, D ductile Fracture, S slightly,
V very, and R rough). (U unenotched, F flat, and E edge).

Specimen lMaterial FNotech ingle Ft Ib Type of
No. Position Absorbed Fracture
AwBul, Plate ¥ mté 32 R.Btmom &

fibrous.
Be5e, Flate F 121.6 46 Ptegr.& fibrous.
A - Plate F 133.0 29 BeMed granular,
Al Plate E 133.7 28 Pt.D,Vostly fine
' fibrous,
BeSw Plate E 12440 43 Pt.D,Phugr. &
fibrous.
CeSe4 . Plate E 2.4 17  B.Med.gran.
(70 ¥)
Awlw3 Plate U F 0 217 Unbroken.
Bel=3 Plate v F 0 217 Unbroken.
Cel=3 Plate v F 0 217 Unbroken,
A=Re3 Plate U E 0 217 Unbroken.
B3 Plate v E 0 217 Unbroken.
Ce2=3 Plate U E 0 217 Unbroken.,
A""BJ? Plate r ]42-0 18 BsFine grane.
B3 Plate F 11645 48 DR Fibrous,
Ce3e7 Flate F 147.6 n B.Med.gran.
Awdyets Plate E 138.2 23 BJ.Fine gran,
Bedywb Plate E 125.3 41 FD.Partly gr.
Awl=3 Weld F 114.,0 60 D.Fine gr.thru
weld,
B‘l"‘a Weld ¥ 110..1 67 DoFRe Fibmu‘-
Cwl=3 Weld F 117.3 54 D.{dim gre thra
wWelds
N welds
Bwl w7 Weld E 101.2 83 RD.Fine gr. thru
o weld, :

weld,




CHARPY IMPACT TESTS

(70 ¥)(Contrd)

Specimen lMaterial Notech Angle Ft Ib Type of

- No. Position Absorbed Fracture

A=5el] Weld F 116.8 56 DeFine gre thru
weld.

BeSell Weld F 100.2 85 RDe.Into pl.mat,

0’5"11 Weld F 13400 27 81.D. Rﬂu@,
granular,

Awdywd, Weld B 124.0 43 FDR.Fine gr.
thru weld.

By, VWeld E 118.3 52 RD. Fibrous.

Codyoed, Teld E 138.6 22 FB.R«. partly

granular,




CHARPY IMPACT TESTS

(0 F)

(Conditions same as for 70 F)

Specimen Material Notch ingle Ft Ib Type of
Noe ‘ Position Absorbed - Fracture
Aw3e3 Plate U F 0 217 Unbroken.
Bw3=3 Flate U P 0 217 Unbroken.
Cm3e3 Plate U F 0 217 Unbroken.
Al wd,, Plate U F L¢] 27 Unbroken,
Befwi Plate U E O 217  Unbroken.
Cadyod, Plate v E 79.0 127 Fine gr.B.With
some necking.
A-wl-‘? Flate Flat 145.‘ 13«‘ B.Fim, grane
Bel =) ~ Plate Flat 151.0 Ted B.Med. gran.
BeR=) Plate Edge 14442 15.3 B.Fine, gran,
C-2+9  Plate  Edge  155.3 3.6  B,Fine, gran.
A-5'6 Plate Flat 1‘6.3 12.2 ch’mc
B"5¢6 Plate Flat 145.7 13.2 B.Hed‘.gran. '
) Plate Flat - 149.6 8.9 BeR.Med,gran,
Awfebs Plate Edge 145.0 13,9 BsFine,gran.
Cu5 b Plate Edge 155.0 3.9 BsFine,gran.
A~1-9 Wﬁm Fla‘b mla 32.2 SDURQFine @'an‘
- thru weld.
Bele9 Weld Flat  120,3  45.0  D.R.Fine,Ptly.
into pl.
Cul =l Weld Flat 129.5 3440 Sniw +thru
weld,
AeRe3 Weld Edg@ 132.5 29.5 B.l;'dim 22 o thru
wWelds
3‘2”3 Weld Edgo 13005 . 32.0 SDeReFine 8
thru weld,
Ce2e3 Weld ® Eng 13903 2105 B.Sl-ﬂﬂ',F.Gro
A=3=3 Weld U Spares .
Bu3w=3 Weld U Spares
Cm3=3 Weld U Spares
Wells
B=3=7 Weld Edge 118.0 52.5 DR Fine gr.
into plate.
C'3ﬂ Weld mg‘ 148.2 1042 ch,@m'
A=3=) Weld Flat 127.4 37.7 SDigim gre thru
we
B=3=0 Weld Flat 109.1 6945 Ifiigg'im gre intg
Cm3=0 Weld Flat 136.0 2545 Be.Fine gr.thru wy




CHARPY IMPACT TESTS
(0 F)(Cont'd)

Specimen HMaterial Noteh Angle Ft Ib Type of
No. Position Absorbed Fracture
"Oldo
Into plate.
weld,
Awfe=ll Weld Edge 135.5 26.2 BeFine gr. thru
: mld. :
thru weld.
Cdywll Weld Edge 152.0 6e5 BeFine gr. thru

weld,




CHARPY IMPACT TESTS
(=20 F)

(Conditions same as for 70 F)

Specimen lMaterial |[HNotech Angle Ft Ib Type of
No. Position Absorbed Fracture
Aw] w7 Plate U F 0 217 Unbroken,
Bl w7 Plate U F 0 237 Unbroken.
Cwla? Plate U F 0 217 Unbrokene
A2 Plate U E 0 217 Unbroken,
Be2«7 Plate U E 0 217 Unbroken.
C=2w7 > Plate U E 0 217 > .
3*3'9 Plate Flat 147.0 11.6 B.F:‘.ne, grane
6“3'9 Plate Flat 152.5 6.0 B.o?im’ grane
*ot a fair test, hammer struck side of spec.
support.

A<11,  Plate Edge 1470 1.6 B.lMed. gran.

Not a fair test, hammer struck plywood guard.
A-ﬁ-ll Plﬂt. mt 149.0 9.2 BoRo W'
Be5ell Plate Flat 150.0 844 B.Fine, gran.
C~5~11 Plate Flat 153.9 4.7 B.Fm’ gran.
A=§=ll Plate Edge 145.8 13.0 BJlied.R. gran.

3‘5"11 Plate ngo 15103 7sl B.Fin,e, grane
C=5=11 Plate Edge 15549 3.2 B.Fine, gran.

A=Rw] Weld Fla 132.2 20,0 S1l.DsFine gr.
' thru weld,
Bu2e7 Weld Flat 1227 4700 DoRc, thru w,
Ce2«7 YWeld Plat 133.0 28.4 Sl.Ds¥ed.Rothru
weld,
A=R=) Weld Edge 1374 23.5 S1l.D.Fine gr.
thru weld,
BeR«5 Weld Edge 138.4 2245 51.DiledsRe
thru weld.
CuR el Weld Edge 135.,0 270 81.D.Med.R.
S . thru weld.
Awhwd, Weld Flat 137.1 2440 S1.D.Fine gr.
thru weld.
Be5ed, ke Teld Flat 108.3 70.0 '+ DeRathru welds
ComEms, Weld + Flat 1464 12.2 BiRithru weld.
Small flaw (ecrack or inel.) in weld.
A . thru weld.
Befeb Weld Edge 1273 37.5 D.lgne gr.thru
, Welds

weld,




CHARPY IMPACT TESTS
(=20 F)(Cont'd)

Angle

Specimen lMaterial Notch Ft Ib Type of
No. Position Absorbed Fracture
5‘6% Weld nge 132.6 28.5 ‘ S5l.DeMedRe

thru weld,.
Bubywd, Weld Edge 82.7 119.,0 D.Rothru weld

into plate.
Cobwl, Weld Edge 141.3 19.2 Sl.D.Fine gr.

thru weld.

‘ thru weld,
Bebyudy Weld Flat 101.0 8400 Donpm mld.
by Weld Flat 131.0 3345 Sl.D.Fine gr.

thru weld,
Awb=]l Yeld U - 31,0
Beb=ll Weld i , Not broken.
Ceb=ll Weld i} 8045




