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SYNQPSIS

This bulletin prssenés & summary and brisf analysis of the
results of an extensive seriss of tests of wslded copper joints preparsd
by the carbon-arc,; shislded-arc, inert-gas-shielded-arc, and oxy-acetylens
processes. The joints were made in three base materials: (a) electrolytic
tough-pitch, (b) deoxidized high-phosphorus, and (c) oxygen-free high
conductivity copper. In addition toc the mechanical properties and details
of the welding procedures, the results from hardness studies and extemsive

metallurgical studies are presented for each of the joints.



TESTS OF WELDED COPPER JOINTS

I. INTRODUCTION

During recent years, a éreat‘many new prccedurss and processes
have been developed in the art of ccpper welding. The processes and
precedures have not always been well suited to all voppers and, at times,
have not been applied properly. Consequently, commercial welds in copper
have éhown a great variety in quality and propertiss.

One of the factors which is of paramount importance in the
welding of copper is the personal factor. The techniques and abilities of
the operators vary considerably and may account for a large part &f the
variation obtained in the properties of welded copper joints prepared by

different individuals.

1. Object and Scope of Investigation

The investigation reported herein was suggested by the Coppsér
and Brass Research Association as a means of obtaining fundamental design
data for the various types of welded copper joints in use in the copper
‘industry. Four welding prccesses have been included in the program:

(a) carbon-arc, (b) shielaedmarc, (c) inert-gas-shielded-arc, and-{(d) oxy-
acetylene. These four processes, using a varisty of filler metals, have
been applied to three coppers: electrolytic tough-pitch, deoxidized high-

phosphorous, and oxygen-free high conductivity (OFHG).
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In the originel planning for this investigation, it was considered
desirable tc test Jjolnts prepared by a number of fabricators from- the copper
industry. These joints are referred to herein as Series I. Each-of the
fabricators was asked to indicate the types of welded copper Jjoints normally
pfapared in their shops. The fabrication of the test specimens was then
assigned to these various conecerns so that sach would fabricate joints by
& proecess which he generaliy employed. In a few cases; howsver, fabricators
wers requested to prepare specimens by a procedure with which they were not
thoroughly acquainted.

A second series of Jjoints was preparsd by one fabricator who was
chosen as one of‘ths best qualified in the industry to produce goed quality
weldsd copper joints. Although highly qualified, the fabricator of the

Series II specimens was not completely familiar with all of the welding.

preeedures included in the program.

Tt is reaslized that the welds used in this study were ndt neces-
sarily prepared with the most desirabls welding procedures. However, the
results of the laboratory studies and the weld procedure data furnished by
the fabricators provide informmtion concerning the expected strength of
Joints prepared by these procedures. Although the tests reportsd hersin
dc not include all of the latest developments in the field of copper weld-

ing, they do indicate the characteristics of the welds produced by the

procedures reported. It is hoped that the tests will help to stimulate

imPTOVemsnts in the existing procedures and the development of new proced-
ures for the welding of copper structures in order that the bases materials

may be used more efficiently and effectively.
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II. DESCRIPTION OF MATERTALS AND THSTS

3. Description of Materials

Three types of copper have been included in this investigation:
8lectrolytic tough-pitch copper, deoxidized high-phosphorus copper- and

OFHC copper. The three coppers, in 1/8-in. and 1/4-in. thicknesses, wers



obtained from one copper producer. This was done so that all of the
joints produced by the various fabricators would be from the same base
materials.

The first series of Jjoints was prepared by ten copper fabricators.
Although the procedures used for the preparation of these specimens were
the same as those generally used by the fabriﬁatcrs, there were & few
instanees in which a fabricator was asked to prepare a joint by a proced-
ure with which he was not too well acquainted. The second series of joints
was prepared by a single fabricator who was comsidered to have a gresat
deal of background and experience in the fabrication of welded copper
joints.

Each of the fabricators was requested to record the details of
the procedure used by his concern in the fabrication of the test material.
Although a standard form had been prepared for the weld procedure data,
the completensess of this data was found to vary comsiderably from one fabri-
cator to the next. The details of these procedures will be presented later
in order that the reader may correlate the results of the tests with the
detailed welding procedures.

The welding procedures reported for the Seriss II tests are scme-
what more consistent than those presented for the Series I tests. BEven in
this case, however, the information supplied is not complete. In addition
to the weld procedure data, the fabrisator of the Series II specimens

provided radiographs of the welds.

L. Description of Specimens

, A total of 42 welded joints was prepared in duplicate from 12 in.
by 60 in. copper sheets. These sheets were welded along ths 60-in.

length, thereby making joiﬁts which were 24 in. wide by 60 in. long.
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- & summary-of-the type of joint, filler metal, typs of copper,
and joint number ‘as originally proposed for this program is presented in
Table 1. The odd numbers in this table designate joints fabricated from
1/8-in. material, whereas. the even numbers represent joints produced from
1/4in. copper sheet. However, during the.fabrieation of the test joints,
8 number of changes wers made in the welding processes and filler metals.
As a result, it-was necessary to reclassify all of the joints in accord-
ance with the weld fabrication data. This latter glassification and
description of_jgints are presented in Table 2.

Tensile test specimens comparable to ASTM Designation E8-49 far
flat sheet qucﬁméns were prepared with a gage length 2 in. long and =
- reduded section 1-1/2 in. wide. These specimens were cut from the center
of ‘each of the welded joints with the weld transverse to the axis of the
specimen. One of the specimens assembled in the special pullheads developed
for this program.is shown in Fig. 1.

In the preparation of the tensile test specimens, all backing
Strips and weié reinforcements were removed to provide a uniform basis of
comparison for all of the joints. Such a procedure was necessary because
of the great variety of welds included in the program. In any application
of the data presented herein, it must be borne in mind that the strengths
represent a joint for which the weld reinforcement has been removed, and

that a joint with reinforcement mey be somewhat stronger.

5. Description of Tests

The tensile tests of the weldsed joints were conducted in a

30,000 -1b Riehle Universal testing machine. A mechanical extensometer
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was used to obtain the slongation over a 2-in. gage length centered on
the joints: Thess measursments - combined with the indicated load have
been used to obtein-what has been called a yiéld index for the welded
jeints. Thé'term Myigld index™, rather than yisld strength, has besn

- chossn to.inﬁicate the yislding of these joints because yielding may have
gcourrsed in the bass metal and/or wold metal, ard conssquently, may not
be toc signifisant. However, the value of yield index provides a conveni-
ent basis for comparison-of the bshavior of the:welded joints tested. A
similar designation, "elongation index™, has been uéed to indicate the
total per cent slongation in the specimen.

The tgnsile tests of welded joints were conducted primarily at
room temperature (approximately BOQF)° In addition, those joints which
exhibited the greater stfgngths were tested also at temperatures of +hOO°F
and -32101?° These latter studieé were conducted to determine the effect
of high and low temperatures on the bshavier of the joints.

In conjunctien with the tensile tests, extensive studies were
made to determine the metallurgical characteristics of the joints. The
specimens for these metallurgical studies consisted of small strips which

were cut normal to the Jjoint and contained & section of the weld. Oms of

the specimen faces containing the weld section was ground with successively
finer grit emsry papers through 3/0 grit. The surface was then metallo-
graphically polished by an electrolytic method; it was considersd inadvis-
able to polish the surface of this soft material mechanically.

After a suitables metallographic surface had been obtained, a

micro-hardness survey was made along & straight-line traverse parallel to

the surface of the plate and included the weld metal, heat-affected zone,

-



gnd the bazse metal. The indentations were made with a Tukon Hardmess
Tester, using @ 136 deg. Vickers Dismond Pyramid Indentor under a load of
1,000 gm. |

The specimens were then stched and photographed at magnifica-
tions of from 2X to %X to obtain a record of the macrostructurs of each
joint. In some~pases,; it was extremely difficult to cbtein pictures which
would reveal both thes bass metal and weld metal structurss becauss of the
difference in thsir reflectivity.

fhe specimens were next examined under a microscope and the micro-
structure of the various parts of the joints noted. Photo-micrographs

woere made of the significant regions of many of the Jjoints.

IIT. PRESENTATION AND DISCUSSION COF THST RESULTS

On the basis of the welding processes, the results of the tests
have been divided into four general classificatioms: carbon-arc, shielded-
arc, inert-gas-shielded-arc, and oxy-acetylens. These results are summar-

ized as follows:

. Process
Carbon-Arc Shielded- | Insrt—Gaé- Oxy-
Arc Shielded-Are Acetylene
Weld Fabrication Data Table 3 Table 6 Table 9 Table 12
Herdness Survey ~Fig. 2 Fig. 5 Fig. 8 Fig. 11
Mechanieal Properties Table 4 Table 7 Table 10 Table 13
Macrostructures Fig. 3 Fig. 6 Fig. O Fig. 12
Metallurgical Examination Table 5 Table 8 Table 11 Table 14

Radiographic Examination  Fig. b Fig. T Fig. 10 Fig. 13



6. Carbon-Arc Welding Process

Summries of the weld fabrisation data for the Joints prepared
by the carbon-arc process are given in Table 3. In general, the joints
listed in the first part of this table were mmde using & copper silicom
rod, while those in the second part-of the table were made with a phosphor-
bronzs rod. Differences will be‘noted‘in some of the procedures and occa-
sionally part of ths important information is missing. Howevery except
for Jjoints No. 50A and 50B, the basiec information is available.

The mechaniecal properties determined from room tempsrature tests
of the specimens welded by the carbon-arc process are summarized in
Table 4. In the first part of this table, it can be seen that welds
prepared with the deoxidized copper base metal gave the greatest strengths
while the specimens of electrolytic tough-pitch copper and OFHC copper, in
individual cases, gave low strengths. The weld strengths presented in the
second part of the table are generally somewhat greater than those in the
first part of the table. The 10wef strengths in the second group seem %o
have ocecurred when a phosphor-copper rather then a phosphor-bronze.fod
was used as the filler metal. The welds prspared with the phocsphor-
bronze filler metal generally provided a considerable amcunt of ductility
in the joints also.

Macrostructures of each of the welds prepared by the carbon-arc

~process are presented in Fig. 3. An indication of the magnification of
each of these weld sections may be obtained readily since the odd-numbered
‘Jeints were made of 1/8~in. plate while the even-numbered joints were |
made of 1/4-in. plate.

The summaries of the metallurgical examinations of each of the

Joints are given in Table 5. In these tables, it can be seen that all of



the joints except SO0A showed relatively good continuity. Joint 504,
however,‘appeareﬁ“to be lacking in bénding action and as a result
pxhibited an extremely low tensile strength. The heat-affected zone of
thevcarbon—&rc welded joints was large in most cases. This is evident in
the macrostructures.and in the hardness surveys of the welds.

A majority of the welded Jjoints of Series II exhibited moderats
to heavy porosity in t£e weld metal. The radiographs in Fig. 4 also show
the porosity noted in ths metallurgical summéry of Tab}e 5. Another
feature noted in the metallurgical examination'was the presence of copper
oxide‘in the grain boundariss of the heat—affécted base metal of those
joints prepared with tough-pitch copper. This structure resulted from

migration of the CuQO initially present in 'the’copper°

T. Shielded-Arc Welding Process

The weld fabrication data for the joints prepared by the
shielded-arc process are summarized in Table 6. For the most part, the
welds summarized in the first part of Table 6 wers prepared with a copper-
silicon rod while those in the latter part of the table were prepared with
& phosphor-bronze rod. In general, these joints were prepared in the flat
position, using a baecking strip, clamping, and preheating.

The mechanical properties of the Jjoints are listed in Table 7.
Most of the specimens made with the shielded-arc process fractured in the
heat-affected zone or base metal except far the tough-pitch copper Jjoints
made with a copper-silicon rod. In genersl, the deoxidized copper speci-
mens gave the greatest strengths. With few exceptions, the jointé in
the 1/4-in, material were consistently weaker than those in the 1/8-in.

materig],
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The macrostructures and metsllurgical szeminstions of the
ghielded-arc welded joints revealed porosity in meny of the joints. This

is.shown glso in the radipgraphs of Fig. 7.

' 8. Ineri-Cas-Shielded-Are Welding Process

The weld fabrication data for the'inertagas;shielded;arc wolded
joints are listed in Table 9. All of thess joints were welded in the flat
position and, in most casesy, with a backing strip and clamping. The shield
¥Yor all of the joints was argon gas,‘- with a PC current.

The mechanical properties of the inert-gas~shisldad-arc welded
§Oints are sumsrized in Table 10. In all casss, the strength and ductility
. of these Jjoints approached those of the base metal. Except for joint Ne. 10,
the average strength obtained in these tests ranged from 26,000 to 31,000
psi.

) The metallurgical examination indicated that these joints wers,
in general, quite sound and possessed excellent continuity. Some of the
Joints exhibited poor aligmnment; however, this did mot seem to have any

detrimental effect on their properties. The radiographs of Fig. 10 alsoc
show the sxcellent continuity and soundness of the inert-gas-shielded-arc

wslded joints.

9. Oxy-Acetylene Welding Prosess

Table 12 summarizes the weld fabrication information for the

Joints prepared by the oxy-acetylens welding process. In general, the
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;ainjs in ths first part of this table were fabricated with a bronze rod
whereas those in the sscond part of the tabls were prepared using a copper
rod. Because numerous techniques were used in this process, the detailsed
wold brocedures vary considerably from ons joint to the next.

Table 13 ﬁresents a summary of the mechanical properties of
the spscimens fabricated by the oxy-acetylene process. In every case,
the specimens exhibited strengths which were less than those of the basse
metal; a strength of sapproximetely 29,000 psi appeared tc be the maximum
cbtaiﬁable. In addition to a relatively low ultimste strength, the
joints failed with a smell amount of ductility. Several other observa-
tions based on the data in Table 13 are as follows: (1) of the two types
of rod used, the brass rod produced joints which had the better mschenical
properties, (2) the deoxidized copper Jjoints appeared to be the sircngests
and (3) many of the specimens failed through the weld.

The metallurgical studies (Fig. 12 and Table 14) indicate that,
except in the case of dscoxidized copper jolnts, all of the welds made with
a brass rod contained moderate porosity and oxide penetration. A -heavy-
porosity was noted in the Jjoints prepared with a eopper rod. In additionm,
these latter joints did not have good bond or continuity and the base

metal contained large heat-affected zones.

10. Effect of Temperature on Mechanical Properties

The Jjoints of Series II which developed the higher strengths
¥ere tested at temperatures of -BQIOF and +hOOOF. Results of these tests

- 8r'e summarized in Tables 15 and 16 respectively.
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;E The welded joints tested at ;3210F developed ultimate strengths
.

.{fhiah were considerably above that obtained at room temperature &nd

ﬂiranged from 38,000 to 50,000 psi. However, the lower strengths occurred

only in the case of the elsctrolytic tough-piteh copper; the ultimate
trength\of the other joints (at —BQIOF) was generally in the neighborhocd
iof h6,000 psi. At this same temperature, the base metals had an ultimate
strength of approximately 52,000 psif.

The joints tested at +4OOOF exhibited ultimate strengths between
- 14,000 and 22,000 psi. The average strength of these joints was approxi-

: *
mately 17,000 psi. The base metal strength at +400°F was about 25,000 psi .

IV. ANALYSIS AND INTERFRETATION OF TEST RESULTS

11, General Discussion

A study has been made of the structural state of the Jjoints and
the subsequent changes in the structures resulting from welding. The
observations based on this study, in turn, have been used to understand
more fully the results of the tensile tests.

Microstructures wholly typieal of a particular type of welded
Joint are difficult to obtain since the technique and skill of the welder
are as important as the methods and materials used. This is emphasized
by the large variations in the metallurgical structure and mechanical
Propsrties exhibitea by the joints of supposedly duplicate plates. A
great many valid observations, however, can be made on the basis of the
metallurgical data from the various joints.

The low physical properties of the joints can generally be

. 8%tributed to one or more of the following: (1) oxides in the metal,

P ——

*

"Mechanical Properties of Coppers at Various Temperatures®, by
W. H. Munse and N. A. Weil, Proceedings ASTM, Vol. 51, 1951, p. 996.
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2) weld metal porosity, (3) extreme grain growth in the base metal,
,Q?(L) poor penetration and flow of the weld metal, (5) lack of structural
pontinuity across the bonding interface, or (6) poor alignment.

Oxides are introduced rsadily during welding either from oxygen
i in the atmosphere or some other source, a notable exception being the
inert-gas-shielded-are method. In tough-pitch cdpper, the oxides are

3 glready present in the base metal and, with the addition of heat, may be
redistributed into deleterious concentrations at the grain boundaries.

The formation of copper oxide during welding or the redistribution of
gopper oxide which is already present in the base metal can seriously
affect the quality of bond in a Jjoint. Its presence élso has a serious
pffeect on the ductility of the metal, particularly when it is located in

‘ continupus messes,

Porosity in the weld metal is a common defect which is sxtremely
difficult to control. It may be caused by: (a) the presence of gases
whieh dissolve when the metal is molten and rapidly evolve when the melt
solidifies, (b) resction within the melt of oxygen or oxides and dissolved
reducing agents, and (c) én entrapment of the surrounding atmosphere in
the melt. An excellent correlation was generally found between the

mechanical properties of the welded joints and the extent of porosity in

the weld metal. In these tests there was no evidence that the type of base
metal influenced the extent of weld metal porosity. However, there did
Bppear to be a greater prevalence of shrinkage type porosity in the welds
mede with copper or brass rods than in the welds made with copper-silicon
Or- bronze rods. The welds made with copparAand brass rods solidify

‘through a narrow range of temperature. Hence there is little time for the
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' dendritie cavities, formed during solidification, to be £illed by the
malten metal. In addition, the bass metal is an excellent conductor of
‘heat and produces a rapid rate of solidification of the melt which also

| tends to increase the degree of porosity. The rate of cooling, however;
can be retarded by preheating the plate, thus decreasing the capacity of
‘the plats to conduct heat away from the weld. The voids formed by shrink-
age are small ana uniformly distributed. Therefore, they are much less
importaht than the porosity voids resulting from gas evelution.

Many of the welds contained gas (C0) porosity; this was parti-
cularly true of the earbon-arec welds, and toc a lesser degree, for the oxy-
acetylene and shieldsd-arc welds. It is believed that this porosity has
been caused by either faulty technique or unfamiliarity with the welding
process. Of the proecedures used, only the inert-gas-shielded-arc process
produced sound weld metal siructures consistently.

One of the more impcrtant effects of the large amcunt of heat
introduced during welding is the grain growth of the base metal s;ructure

in the vieinity of the joint. These coarse grains have a lower strength

and hardness, and morse impgrtant, have less ductility than the finer-grained
"'struoturé of the base metal. The carbon-arc method of welding, becauss of
ifs high rate of heat input, does ﬁot cause much grain growth. The other
mothods of welding all have a greater temndency to cause grain cocarsening,
especially the oxy-acetylene method.

Another defect revealed by the metallurgical examination was the
incomplete bonding at many butt interfaces. In order to develop the full
Strength of the joint, structural continuity must exist aeross the interface.
If this continuity is not cbtained, a crack which propagates readily under

load is present. This type of structure is illustrated in Fig. 1k.
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12. Carbon-Ars Joints

- In general, the lower mechanicsl propeftieévof the joints of
the_carbon~arc gfoup wers & direﬁt resuit of'expessive porosity or oxids
formation. Gas porosity often occurs when this‘mathod of welding is used
if pracaufidns ére not taken to prsvent the highly soluble CO from
k-bacoming entrapped in the solidifying melt. An,exampla of such‘é condi-
1tion is shown clearly in Fig. 15. |
Another factor which may be of uonsiderable importance in this
development of gas porosity is the humidity»of the'surrounding atmospherse
&t the time of welding. Welds prepared on a huﬁid day may absorb and
éntrap moisture from the air and thus qontain-aﬁ unusually large degres
of porosity. This may account for the 1dw§r strengths cbtained in some
of the joints in this group. Joints No. B1l, B4O, and B2 (See Fig. 3) are
examples of joints whiech contained large amounts of porosity and had

. relatively‘low sﬁrengthsa |

| | Jdint 50A isyanother example of a very poor wslded joint. This
may be attributed to faulty welding technique'since‘carbOn—arc welds

. Which were sound and had a strength approaching fhat ofAthe three base

metals wers producédu

13. Shiglded-Arc Joints

The shielded-arc process, in genérai, ga#e better joints with
tOHSh*pitch~copper than did the carbonéaré process, Nevertheless, this
?foﬁess also provided a number of joints which were raiatively weak.

The joints preparsd using‘a phosphbr;bronze rod appsared to be

‘Buperior to those produced with a copper silicon rod. Sounder welds were
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axwhsn filler rods containing a deoxidizing element such as phos=
s wers ussd. Welds preparéd with these two rods may bse comparsed in
16m-and 16b,
Another defect notad in the examinations of the shislded-arc
ints was the incomplete bondinglat the butt Interfaces in a number of
ints. If welding doss not produce structural continuity across the inter-
erAthe Junction is, in effect, & crack which propagates readily under
ged. Figure 16m illustrates incomplete bonding of “this typs.
BEvidence that severe thermal stresses existed in the weld metal
- shown in Fig, 17a and 17b. In the former figure, deformation bands in
‘the form of dark parallel lines can be seen in the weld metal. Similar
‘wmarkings are visible in the latter figure around the large gas cavity .
which appears to provide a stress concentration. |

The metallurgical survey ihdicated that the low strength obtained
in Joint No. 6 (Serises I) may have been the result of incomplete continuity
seross the butt interface of the jdint, This same condition may be noted
in the case of joiﬁts No. 54A, B22 and BS54. The joints of the shielded-
are group exhibited relatively good stfengths sxcept where full pemetration
vas not obtained. The porosity in these joints, although quite heavy in
some cases, did not reduce the strength of the joints toc less than 75 per-

cent of the base metal strength.

1k, Inert-Gas-Shielded -Arc Joints

0f the processes considered in this program, the inert-gas-shielded-
arc procedurs produced the best joints regardless of the base metal: In &

number of the cases, it was found that the heat-affected zone of the joints
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relatively large. HoweVer, the joints exhibited excellent eontinuity
little micro-porosity (See Fig. 18a), and, although some oxide penetra-

- did exist, it was found to only a limited degree (See Fig. 18b).

.0xy-Acetylens Joints

A defect introduced in the oxy-acetylens method of welding is
. gbsorption of coxygen by the metal at high temperatures and the subse-
mt prsﬁipitation of this oxygen at the grain boundsries as CuEO° These
ﬁ_tiales can seriously reduce the strength and ductility of the joint as
ﬁ@ir'number and continuity increase. If, in addition, the plate is heated
8 reducing atmosphers, a reactlon occurs between the oxide and ths
sdueing gas to form water vapor. This results in the formation of high
internal pressurses, which may disrupt the grain boundaries and set up a
Earmful internal stress system.
The formation of oxides also may prevent bonding at the weld
metal-base metal interface. Incomplete bonding of this type is clearly
shown in Fig. 19a. Figure 19b shows a narrow penetration of oxide which
prohibited grain growthvnear the weld metal interface. A more serious
formation of grain boundary oxides may be seen in Fig. 19c.
Ar unusual distribution of oxide was noted in joint No. 594
(Fig. 20). The metallurgical specimen showed two typss of oxide penetra-
tion: 1in one area, (Fig. 20a), the oxides precipitated at the grain
bOundary, while in another ares, (Fig. EOb), the oxide particles outline
& grain structure other than that revealed by thé gtchant. Apparently,
after the oxide precipitation occurred in the grain boundaries, deformation

and recrystallization established a new grain structure. When the mechanical




18.

t specimens were cut from this plate, cracks such as that pictured in
B 20c ‘were noted. A metallographic specimen, cut to include this

Sék and polished in a direction perpsndicular to the crack; revealsd
gveral additional fine fissures as shown by Fig. 20d. In Fig. 20e

: ﬁ&gnification of 200X) it can be seen that a heavy precipitation of CuQO
:;t the grain boundaries destroyed the intergranular cchesion of the
:naterial,

The structure of the Jjoints prepared with an oxy-acetylens
flame and a brass filler rod were quite similsr for deoxidized and OFHC
sopper. However, the tough-pitch copper was characterized by a very slight
degree of coarsening of the base metal structure and the precipitation of
copper oxide in the grain boundaries cof the base metal in the vicinity of
the joint. When a brass filler rod was used, the penetration and struc-
tural continuity were not as good as expected. Since the melting point of
the filler metal is lower than that of the base metal, the filler metal
;if flows freely at a tempefature below that at whiéh good penetration of the
. base metal can occur. This may be seen in Fig. 21.

The weld data and macrostructures of the joints prepared by the
OXy-acetylens process reveal the great variety of procedures and joint
details used by the different fabricators. The Series I specimens included
beveled (single and double), scarfed and butt type joints. The Series IT
Specimens were preﬁared by one fabricéﬁor and consequently are more consis-

~tent. Nevertheless; the 1/8-in. thick jointsbof Series II exhibited a
great deal of misalignment.

Thus, the greatest variation in procedure, strength, end general
Properties was found in the joints prepared by the oxy-acetylens process.

This process probebly requires the greatest skill on the part of the cperator.




TABLE 1
HELDED COPPER JOINT DESCRIPTIONS AS PROPOSED IN THE INITIAL PROGRAM

-FILLER METAL JOINT NUMBER (EACH INCLUDES A AND B PLATES)

ELECTROLYTIC  PHOSPHOROUS OXYGEN=FREE
TOUGH PITCH  DEOXIDIZED  HIGH CONDUCTIVITY

CorPER=SiLrcoN ROD i, 2 17, 18 %9, 50
Prospior=COPPER RoD 3, & 19, 20 5%, 52
CopPER=S1LICON ROD- 5, 6 21, 22 53, 5%
Prospior=BroNZE RoD - 7, 8 238, 2% 55, 56
Deoxioizep CoPPER RoD 9, 10 25, 26 .57, 58
BRasS Rop- 11, 12 27, 28 59, 60
CopPER RoD 13, 1& 23, 30 61, €2




-~ MELDING PROCESS

ELECTROLYTIC

OXYCEN FREE HIGH

) RO PHOSPHORUS - - -
TOUGH. PITCH DEOXIDIZED . - -CONDUCT IVITY
CARBON=ARG CopPER=SiLAcON ALLOY (3 o/o) 1A,18,24,28 174,178,184,168 494,498
CARBON=ARG PHOSPHOR=BRONZE (Cu~SN, GRADE D) A, 4B ‘ c
CARBON=ARG CoPPER=PHOSPHORUS ALLOY (93=7) . 194,198 i
CARBON=ARG PHosPHOR=BRONZE (Cu=Sn, GRADE NOT Knoww 20A,208 524,528
CARBON=ARG DEox!DizED=CoPPER (TYPE No¥ STATED) 34,38 : ( .
INERT=GAS=SHIELDED=-ARC  StLicon DEoX30iIZED COPPER ' 9A, 98,104,108 25A,25B,26A,26B 574,578,584,58B
(TunasTem ELEGTRODE) o C C ‘
SHIELDED=ARG CoppeER=SiLicon ALtoy (3 o/o) 54,5B,6A,6B 21A,21B,224,228 544,534,538
(Covereo ELEOTRODE: AWS=ASTM ECUST) S o -
SHIELDED=ARG ProsproR=BRoNZE (A) (COVERED ELECTRODE; 7A,7B,84,8B 244,248 554,558,56R,568
AWS-ASTM ECUSN-A) , } }_
OxX¥=ACETYLENE StLicoN DEOXiD§ZED COPPER 144,148 624,628
OxY=ACETYLENE PHosPHOR DEOX1012ED COPPER {SiLVER=BEARING) 614,618
0X¥=ACETYLENE PHOSPHOR AND MANGANESE DEox8Di2ED CoOPPER 30A,308
{S1.vER=BEARING)
0X¥=ACETYLENE Low=FuMING MANGANESE BRONZE (MELTING RANGE 284,288 60A,60B
1590=1630°F )
0xY=ACETYLENE NavaL Brass (MeLtina Ranai: 1630-1650F) 11A,118 274,278
0xy=PROPANE SPELTER (MELTING RANGE 1570-16100F) 12A,128 594,598




GIROLY T

Al

T SERIES 1)

. SERIES 1 7 SERIES 11 i T . SERIES 1L
: DN AR Bk AR R —— T Pt -
1/8 . .1/% . 1/8 sng  1/% w.  1/8 1, AMow, /8w, A% N 1/8 i A im, - 1/87in, /% 1w,
WELD NO, 1A 2A 74 i8A ' %9A 504
i8 2B Bi B2 i78 188 Bi7 Bi8 %98 508 B49 850
" FiLLER METAL EVERDUR  HERcuLOY OLymeie OLyMPie  EVERDUR OLyvpic  Ouymstc — OLymPic  EVERDUR OLYMPIG OLyMPiG
' BronzE | BRoNzE Bronze W Browze = BRonzZE 1010 Bronze -  BRoNZE
SOURCE" AmERIoaN  REVERE Co. Ciasg C6, CuaSE Co, AmMEmica®  CHASE Co, CHASE Co, - CHAaSE Co, AMERICAN CHASE Co, CHASE Co,
: Briss Co. Brass Co, . Brass Co, : .
Rop Size, 1w, 5/32 3/16 1/% 5/32=1/% 5/32 3/16 5/32=3/1€ 5/%-1/% 5/3%2 i/% 5/32=1/%
Frux EverFLUX H anD H LiQ, EveERFLUX EvErpLURX EVERFLUX Nowg EVERFLUX EverFLux EVERFLUX EVERFLUX EVERFLUX
TyPE SHAKER PAtnT PastE Paste SHAKER PasTE PaSTE SHAKER Paste . PasTE
Dess 0 pe
“’Eé’éé p;épf” . &  SQuaRE 300 Bever %00 Bever 400 BEvEL Square 500 Bever, %0° BEVEL SQuARE | ¥0° Bever %0° BeveL
RooT SPacE, m‘é 13‘!6 1/16 1/16 1/16 1/16 1/8 1/16 1/16 None =5 1/16 1/16
PosiTioN FLAT Frat Fuat FLat FLaT FLat FLAT Fuat - FLav = FLat Frav
BACKiNG CoPPER  STEEL CoprPER CoPPER CoPPER CoPpPER CoPPER CoPPER CoPPER = CoPPER CoPPER
CLAMP ING Yes Yes Yes Yes Yes Yes Yes Yes Yes " Yes Yes
=
Arc METHOD =]
"ELECTRODE S1ZE, iN. 3/8 3/8 8/8 5/16=3/8 3/8 5/16 5/16=-8/8 3/8 ] 3/8 5/16=8/8
CURRENT DoCo D.C, D.C.- D.Co D.C, DcCo D.C. D.C. D.C, oo
PoLARETY STRAIGHT STRAIGHT STRAIGHY STRARGHT STRAIGHT STRAIGHT STRAIGHT STRAIGHT STRAIGHT STRAIGHT STRAIGHT
VoLTAGE 38=%0 28 28=30 97 25=26 2827 28 25=27
AMPERAGE 150,200 A& gggggg 210 - 180240 150,200 260 160=150 200=270 25=150 210 190=260
B
PREHEAT Temp.OF 800 1400 600 600 €00 600 300 600 600
PROGEDURE
PaSSES 2 2 2 1 2
SPEED, IN/MIN ' . A
PeENING None Yes Nong Nowg Nong None Nong None Nowe Noweg Nong




ELECTROLYTIC TOUH PITGH e
SERIES |} SERIES 1] . SERJES 1

1/8 1N, 1/% N, 1/8 N, /% iwe V8w, - /% 1M,,
WELD NO, 3R 194 - 204
3B 4B B3 B% i9B 208 B19 B20 528 859 852
FiLLER METAL DeoX PHOSPHOR PHosPHOR  PHOSPHOR  PHOSPHOR PHosPHOR  PHOSPHOR  PHOSPHOR PHOSPHOR  PHOSPHOR PHOSPHOR
. CoPPER Bronze 3710 Browze BRONZE CoPPER BRONZE BrowZE - BrowzE - BRONZE BronzeE - BRONZE
N SoURGE REVERE C0, AMERIOAN AMERICAN AMERICAN  WESTINGHOUSE MORRES AMERICAN  AMERIOAN MORRIS AMERBCAN AMERIOAN
‘ Brass Co, BRrass Co, Brass Co, YHEELER BRass Co., BRaSs Co, WHEELER Brass Co, Brass Co.
Roo SgzE, IN, 1/8 8/16 /% 1/% 1/8 i/ ' U&' /% i 10-'~ /% :
Frux None Nowe EverFLUx EverFLUX H anp H Li1Q., EVERFLUX EVERFLUX EveErRFLUX EVERFLUX EVERFLUX EVERFLUX
TYPE PasSTE PASTE Patwy SHAKER PaSTE PASTE = SHAKER PASTE PASTE
JEé:Z gﬁéﬁ?“ #% 50 peven 00 Bever 40° BEVEL SQuARE?§§§ 600 Jever %0° Bever %00 Bever 60° Bever 40° BeveL 400 Bever
ROOT SPACE, N, 1/82  None 1/i6 /16 1716 "  1/i6 1/16 /16 1/16 1/16 1/16 -
PosiTion FLAT Frar FLay FLAT FLAT Fuay FLAT FLa® FLAT FLaT FLAT
Bagking None STEEL CopPER  COPPER STEEL CoPPER CoPPER CorPER  COPPER CopPER  COPPER
CLAMPING Nowne Yes Yes +YES Yes Yes Yes Yes Yes Yes Yes
ARe MeTHOD ' .
ELECTRODE SizE, IN, 1/8 3/8 3/8 1/2 8/16 1/2,8/8 3/8 i/2 1/2,3/8.  38/8 i/2
CURRENT Doc.o D'oco D'oce D'oco Dbc.o Do‘;o DnCo D‘oCo DoCo Daco Dcco
POLARITY REVERSE STRAIGHT STRAJIGHY STRAIGHT  STRAIGHT STRAIGHT STRAIGHT STRAIGHT STRAIGHT STRAIGHT STRAIGHT
, YoLTAGE 31 45 %0 36 30-35 38 %0 38
v AMPERAGE 215 300,850 200 320 150=175 25,425 190 370 25425 190 290
PREHEAT Temp,OF Nowe Nowe 600 600 %00 300 600 600 300 600 600
PROGEDURE
Passes 1 2 2 2 2
SpeED, IN/MIN 15 12

PEENING Nong Nownge None None YES Nong Nowe None Nowe NonE None




SERIES | . SERIES | SERIES 11 ST iy
/6 iN, 1/% IN, /8 iN, 1/% IN,  1/8 IN. 1/%IN, 178 IN.  9/% iR, 176 1Ns 1/% iR,
WELD NO, 14 24 i3 B2 174 188 Bi7 Bi8 494 50A B9 B50
i8 28 178 188 %98  -50B '
SPEC, NO
g 28,340 26,590  1%,600 16,460 31,070 27,000 31,590 25,970 28,840 11,070 2,540 28,380
MAX IMUM 2 31,650 23,040 13,820 26,630 30,530 30,240 81,030 26,160 32,080  8.840  17,9%0 29,370
STRENGTH 3 20,280 25,290 30,440 17,810 29,900 8,170
(P.S.1,) % 25,690 22,780 31.900 26,700 23.860  6.990
AV, 26,480 24 10  i%,210 21,540 30,980 25,840 31,310 26,060 28,670 8,770 15,240 28,870
YIELD g 12,920 13,380 10,950 14,9%0  10,%20 12,830 10,760 12,500 7,560 8,480 10,060
INDEX 2 1%,200 11,670 10,300 12,750 1%,990 10,410 12,060 11,480 12,990 6,470 13,150 10,620
(P.S.1,) 8 12840 10,570 19,760 12,010 . 16,400  5.890
Y 13930 _9.720 14,790 11,560 14150  5.270
AV, 18,%70 11,330 10,300 11,850 5,500 99,100 12,190 11,920 13,990 6,300 10,810 10,340
Ve
ELONGATION 9 21.5 18,8 3.1 6.5 47,7 23,8 29,0 21,5 19,7 4,3 5.4 28,5
INDEX 2 27,5 %7 4,8 16,0 40,8 42,7 38,0 19,5 31.8 5,0 4.8 355
(ofo) 3 7.0 17.8 28.5 12,7 28,7 b
B 12,8 16,3 30,7 33,7 25.3 3,2 .
AV, 17,2 16,9 3,95 1.2 36,9 28,2 33,5 20,5 26,4 4,2 W9 32,0
REDUCT [ ON 1 59,0 28.0 8.0 7.0 88,0 48,0 52,0 40,0 64,0 13,0 15,0 51,0
OF AREA 2 49,0 27.0 1%.0 14,0 8%,0 77,0 67.0 43,0 69,0 10,0 5.0 56,0
{o/0) 3 21.0 28,0 83,0 29,0 70.0
% 17,0, _i9.0 83,0 64,0 51,0 1,0
v, 36.5 25,5 11,0 15,5 84,5 5%,5 59,5 ¥.,5 63.5 8.0 10,0 53,5
LOCAT§ON i E. W, E.Wo M. ¥, M. ¥, B.M, MW, B.M. B.M, H.Z, MW, MW, B.M,
oF 2 E.¥. H.Z, M.¥. B.M, HoZ, H.1,  B.M, B.M. HoZ., MM, E.¥, B.M,
FRACTUEQ 3 E_O"ﬁ Eﬂ". B.MO HO'O HOz‘ MO'O
b EoW, E.¥, HoZe E. V. E. ¥, MY,
M.¥, = MIDDLE OF WELD
€.¥, = EDGE OF WELD
* FRACTURE LOCATION H.Z. = HEAT AFFECTED ZONE
B.M, = BASE METAL




SUMMARY OF MECHANICAL PROPERTIES AT

ELECTROLYTIC TOUGH PITCH gggx HIGH PHOS .

SERIES | SERIES 1]~ SERIES ] ss,;;s W nxss i SERIES 11 :
B UNa /% Mo 148 0Ma 1N Mo 48 WNa  A/% M. 1/8 1N 374w, 78 1n, LT YL T YL T .
¥ELD NO. 34 %A B3 BY 194 204 B19  B20 524 854 B52
‘ 38 4B 198 208 - 528 .
sPEC, NO, B | »
I pem s ononome mwopenona g s u nm
242150 28530 22, czn 204620
Mhwem 3 %7,‘7111 307360 ¢ 32,620 30,620 ! o 30, 650 ,
{P.S.1.) i 6,790 207630 ‘ 16,435 30,580 , 30,490
AV, zosnzo 27,60 26,900 19,550 22 060 30,770 28,470 23,520 ‘30 300 23,230 28,560
YIELD g 13,520 3,790 10,700 10,570 16,210 12,260 11,050 8,670 11,380 11,460 9,480
INDEX 2 13,270 12,180 10,690 40,690 15,160 19,410 10,850  8.780 4,710 11,170 9,370
(P.S.1.) 3 12,260 13,540 16,490 19,380 o 10,070
i 12,960 14290 13,840 11850 . : 107650 ,
AV, 12,980 13,20 10,690 10,630 15,420 11,680 10,950 8,720 19,700 14,310 9,420
ELONGATION 9 8,0 30,5 32,3 7,5 3,7 36.5 30,6 22,0 350 16,6 40,5
INDEX 2 8,9 5,7 9.6 9.5 3.5 37.7 8,1 8.0 30,2 8,0 18,0
(0/0) 3 h5 10,8 17,8 3y, 1 . o , 28,7 ..
k g,é j%n? o 03 " _gagB . 5 \\ 88 2 N
AV, 6.2 14,7 20,9 8.5 8,1 3k, 1 19,8 15,0 33, o 12,8 29,2
REOUCTION 1 15,0 60,0 56,0 15,0 3,0 88,0 85,0 30,0 83,0 26,0 83,0
OF AREA 2 14,0 £0,0 21,0 10,0 35,0 83,0 12,0 15,0 33,0 28,0 25,0
{o/0) 3 14.0 56,0 83,0 83,0 a 75,0 _ ‘
§ 8,0, 21,0 81,0 83,0 ; 85,0
12,0 ¥9,2 38.5 12,5 38,0 83,0 %845 22,5 69.0 245 54,0
LOCAT | oN § E.H, B.M, B.M. Eol, M.V, B.M. B.M, M8} HoZo MW,  B.M,
w 2 EQ'O Hch Mevb EOH. EO'O BOMO MDHQ "QUO Mo,wﬁ MO"Q Mﬂw.
FRACTURE* 8 Eo"o HoZo rEouo Bngo ‘ i 'F;Bnuo 4 ~—
v ’ L} Eouo Eo"c Eque BcMa BQH' )

M.¥, = MIDDLE OF WELD
® FRACTURE LOCATION E.¥, = EDGE OF WELD

H.Z, = HEAT AFFECTED ZONE



SERIES |

¥ELD  BASE APPEARANCE OF MICROSTRUCTURE MICROSTRUCTURE ARANCE

NO METAL JOINT OF BASE METAL OF WELD METAL Joiwe

(1 (2) (3) (%) (5) (6)

] ELEGT STEEP STRUGTURAL Narrow HAZ, SEGREGATION M STRUCTURAL CONTINUITY  -SOME OXIDE PENE= "~ - VERY HEAVY
GRADIENT AT JOINT, (HEAT=AFFECTED GONCENTRIC RINGS AND PENETRAT!ON TRATION IN GRAIR POROSITY,
$OME GONTINUITY, ZONE) 1N WM, GooD, BOUNDARY NEAR JOINT,

{weLD METAL) R
2 ELECT EXCELLENT GONTIN= Narrow HAZ, Sound WM, POOR CONTINUITY HEAVY OX{DE PENE- HEAVY POROSITY,
UITY ACROSS BNTER= AT ROOT OF WELD, TRATION NEAR JOINT,
FACE,
17 . DEOX Goob BOND, LaraE HAZ. MODERATE EXTENY FAIR PENETRATION, No oxiDE Sounp M.
SoME 0%8DE oF MICRO=POROS1TY, GOOD CONTINUITY, PENETRATION
PENETRATION AT NEAR JOINT,
EDGE OF PLATE,
18 Deox CRAGKED AY MoDERATE HAZ, STRONG COLUMNAR GOOD CONTINUITY SMALL OX)DE HEAVY POROSITY,
JUNGT 10N, - GROWTH, MicRo= AND FAIR PENETRATION
SHRINKAGE POROSEITY, PENETRATION, AT EDGE OF
PLATE,
%9 OFHC GOOD GONTINUITY, MopbERATE HAZ, MODERATE GoOD PENETRATSON SOME OX1DE VERY HEAYY
GRAIN GROWTH .  MIGRO=POROS (1Y AND GONTINUITY, PENETRATION AT POROSETY,
{NHIBITED NEAR IN WM. . ) EDGE OF PLATE,
JOINT,
50 OFHC JOINT 8HOWS cOOD MODERATE HAZ, ‘HiGHLY CORED, GooD PENETRATION No oxipg MODERATE
PENETRATION AND SOME MAGRO-POROSITY., AND CONTINUITY, PENETRATION, POROSITY,

GONTINUITY, BUTT
JOINT §S ENTIRELY
LACKING IN ANY
BowDING: AOTION,




"BASE" ' APPEARANCE OF RUBTD - MICROSTRUCTURE ™=~ . 0
MET. JOINT " -BASE METAL OF WELD METAL .
(1) (2) (3) ) - - .8 (6) (7) (8)
3 Eieey GooD . Bonb,, Narrow HAZ, VERY poROUS M, “SHARP GRADIENT, SOME OX1DE, VERY SOUND WM
LITTLE PENETRATION, PENETRATION NEAR
JOINT, '
% EvLect Good Bowp, .NarrOW HAZ, HEAVILY CORED POOR CONTINUITY HEAYY OXiDE HEAVY POROSETY.
SoME GRAEN BUT SOUND.. ACROSS INTERFACE, PENETRATION NEAR. '
GROWTH INHIBOTED ’ . JOEINT,
ALONG EDGE AT
PLATE,
19 DEOX SHARP BOUNDARY MoDERATE HAZ, HiGHLY CORED, GooD PENETRAT{ON No oxgoE MODERATE POROSITY,
AT JUNOTION, EXTENSIVE AND CONTINUITY, PENETRAT {ON
POROSITY,
20 Deox SHARP GRADIENT, MODERATE HAZ, CoRED %M. GoOD PENETRATION No ox1pE HEAVY POROSITY,
LITTLE PENETRATION, LARGE AMOUNT OF AND GONTINUITY, PENETRATION,
#11cRO=POROSITY,
51 OFHC FAIR PENETRATION SoME 0XIDE MODERATE POROSITY,
b AND CONTINUITY, PENETRATION AT
“EDGE OF PLATE.
52 GFHC LITTLE PENETRATION,  LARGE HAZ, HEAVY CORING FAIR PENETRATION, ‘SOME OX1DE Sounp.
SHARP BREAK, . AND POROBITY, GOOD CONTINUITY, PENETRATION AT Few PiTs,

EDGE OF PLATE,




(AS REPORTED BY FABRICATORS)

ELECTROLYTIC TOUGH PITCH DEOX_HIGH PHOS i OFHC
SERIES | " SERIES 1. SERIES § ' SERIES 1. . SERIES | ' SERIES 11
761N, W, T8N, 1% 1N, T8N, /% TR, /8N, 1/ UK, 178 1N, 1/% TH. T/B N, /%,
WELD NO, 54 6h 214 224 53A
58 68 B5 BE 218 228 B21 B22 538 5kA B53 BS%
FILLER METAL Stt.-TrRoDE KOP-R-ARC CorPER  COPPER $1.-Trooe BRONZEND COPPER CoPPER 8iL~TRoDE BRoONZEND CoOPPER CoPPER
SILIGON SiLicoN E Sikicon SiLicon E SiLpcoN SiLgoon
SouRcE Avpco KREMBS ARcos ARrcos Ampco Arcos ARooS Aroos Avpco ARcos ‘ARcoS Arcos
METAL Anp Co, Corp,  Comp, METAL Corp, Corp, CoRP, METAL Corp, CorP, Corp,
.Roo SizE, IN, 5432 3/i6 5/32 5/82 5/32 5/32 5/32 5/32 5/32 5/32 5/82 5/82
FLux FLUXINE
TYPE PABNT
JOInT DESIGN ' , 0 0 0
EDGE PREP, S}uanz Douste U ¥0° Bevet: 40® Bever SquARE 30Y Bever ¥0" Bever 40° Bever SQUARE BevEL 8/32 ¥0° Beven %00 Bever
Root Space,. Iw, 1/8 1/1€ 1/16 /16 8/32 TIGHT 1/16 1/16 if8 1/8 1/1€ 1/i6
PosiTioN FLAT FLAT FLAT 180 AngLe FLat FLAT FLAT FLAT FLAT
Backing SYEEL CoPPER CopPER CoppeER CoPPER CorpER CoPPER CopPER STEEL CoPPER CoPPER
CLAMPING Nowne Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
ARG METHOD
ELECTRODE $12E, N, 5/32 8/16  5/32 e 5/32 5/32 5/32 5/32 5/32 5/32 5/32 5/32
CURRENT oCo D.C, 0.6, D.C. D.C, D.G. D.C, D.C, 0.C. D.C. b.C. N
PoLARITY REVERSE ReEvVERsE REVERSE REVERSE REVERSE  ReVERsg REVERsE REVERsE REVERsE  Reverse  ReversE  Reverse
YoLtAGE 26 30-%0 85-37 32 26 29 32 32-%0 26 60 32-30 35-38
AMPERAGE 200 175-250 160-150 170=200 200 1%0 140 190-170 200 225=250 1%0-160 190=170
PReHEAT TEMP, OF 1000 900-1100 800 {000 {000 800 750=-800 CrerrY Rep 800
PROGEDURE
Passes 2 1 i 2
SPEED, 1N/MIN
Peening NoxE YES Nong NonE None S None Nowe NonE Nowneg NonE Nowne




GTROLYTIC TOUGH PITCH

SERIES | -~ SERIEs 11 SEWES T . BERES T
LT T VS TR /I R Y TP 7 T VN T TE | TR /% 1
VELD NO. 7A BA T - 584 BeA T e
' 78 88 87 88 248 B23 B2k . 558 568 BS5. . .BS6.
FiLLER METAL BronzeEnD PHOS<TRODE PHOSPHOR PHOSPHOR PHOS=TRODE PHOSPHOR PHOSPHOR BRONZEND P PHOS=TRODE PHOSPHOR Puosénon
P BRONZE Browze ‘ BroMzE BroNzE 5060 : BrowzE BroNZE
8ourcE ARcOS AMPCO ARcoS ARCOS Avpco ARGOS ARGOS ARcos AmPoo ARCOS Arcos
Core, METAL CorP, CoRre, METAL Core, Corp, CoRrRP, METAL CorP, Corp,
Roo 89zE, iw, i/8 /% 5/32 8/16 i/4 5/32 8/16 8/16 iMm 5/32 8/16
FLux Nowe
‘Tvee
Joiny DESICN 0 o 0 o o 0. ‘9
Eoce Prep, 90 BeveL 45 BevelL 45 BEVEL §5° BEVEL %5° BEVEL  ButT 45 BevelL %5 BEVEL
RooT SPacE, IN. TiaHt 5/82 3/32 8/32 5/32 8/32 8/82 i/32 5/32 3/32 8/32
‘PosivioN Foay FLAT FLav FLAT FLAT FLAT FLAY FLAT
Baokineg CopPPER CoPPER CoPPER CoPPER CoPPER COPPER COPPER - COPPER CoOPPER COPPER CopPER
CLAMP NG YES Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
ARC METHOD
ELECTRODE SI1ZE,.IN,, 1/8 1% 8/16 i/ 5/32 3/i6 8/16 /% 5/32 3/16
CLRRENT DQCQ D_OCO Dch Doco DQCO Doco Do,co 10060 qucﬂ .Dq.cb
POLARITY REVERSE REVERSE REVERSE REVERSE REVERSE REVERSE  REVERSE REVERSE REVERSE REVERSE  REVERSE
VOLTAGE 29 27 32 %0=38 27 80-28 35+32 87 28 30 87
AMPERAQE 185 350-375 1%0 280-260 350=375 150=160 280=260 240 850=475 150 230
PreHgAT Teme,C F 1000 800 800 NonE 800
PROOEDURE
PASSES 2 2 2
SPEED, IN/MIN,
PEENING Nong Nowe Nong” None None Nowe Nong None

Nowe

None




SERIES |

~SERIES 11

“"SERIES |

CsERES 1 "
1/8 i, /% o 1/8 . A/% N, /8 iN, 1/ N, /8 N, /% W, /8 in, /% iN. 1/8 tn. 1/% N,
VELD NO. 5A 85 86 218 228 821 822 853 BSY
58 218 228
SPEC, NO,
1 21,680 25,720  25,1%0 30,890 24,620 25,110 14,990 27,950 18,200
MAX IMUM 2 20,070 22,560 31,430 31,480 28,780 28,850 29,750 29,980 30,580
STRENGTH 3 19,%20 31,020 22,450 '
(P.S.0.) % 19,320 32,280 24,250 A
AV, 20,120 24,140 28,280 31,420 25,020 26,980 22,370 28,960 24,390
YIELD 1 13,860 11,620 11,480 13,830 10,760 11,690 10,670 12,510 9,830
INDEX 2 18,250 10,580 0,030 13,550 10,590 11,770 11,110 11,070 8,350
(P.S.1,) 3 14,120 4,420 10,220 ;
' % 15,580 , , 13,760  §0,700 _ s
&, 1%,200 11,100 10,730 13,890 10,570 11,780 10,890 11,740 9,090
ELONGATION 1 7.2 16,7 13,5 18,3 21,3 16.8 §°§ 17.2 8,5
INDEX 2 5.8 11,6 28,5 11,7 85,9 31,8 85, 2%,2 38,
{o/0) 8 3,0 16.7 19,7
o h 3.5 ) , 28.% 20,7 _ L . &
AV, ¥,9 1%,1 21,0 18,8 24, % 24,3 21,0 20,7 28,2
REDUCT §ON 1 1%,0 29,0 22,0 87,0 31,0 26,0 12,0 26.0 18,0
OF AREA 2 22,0 82,0 80,0 ¥5.0 56,0 79,0 70 53.0 37,0
{o/0). 3 2,0 90,0 52.0
't 10,0 . _ 87,0 36,0 ]
av, 12,0 30,5 26,0 7702 43,7 52,5 9,5 89.5 27,5
LOCAT'ON i . Eq"o E‘o"p' E-.“"P Hozo Mo‘o Houo Mo'e Mo'o Ho"o
OF 2 E_o‘o BaMo Bu"n H.,Zg _HQZo .BoHe Bo"o BoMo Wollo
FRACTURE® 3 EN.’ Holo M.,
% £.¥, H.l

L] . ‘E‘owo

® FRACTURE LOCATION

M4, =-MDOLE OF VELD
E.¥, = EDGE OF WELD

‘H.Z, = HEAT AFFECTED ZONE

B,M. = BASE METAL



TABLE

(CONTID) " ~r et et
SUMMARY OF MECHANICAL PROPERTIES AT ROOM TEMPERATURE OF JOINTS VELDED BY THE smewenonac PROCESS

ELECTROYTIC TOUGH PITCH

DEDX HIGH PHOS QFHC
. SERPES I _ SERIES 11 __SERIES 1 mmﬁﬁlﬁulm —SERIES § csuncoSERIES A0
1/8 sw, I/% 1w, 178 tN.  1/% 1w, 1/8 tH,  1/% tNo /8 N, /% iN, /8 N, /% 1w, 178 1IN, 1/% N,
¥ELD NO, 78 84 87 B8 254 B23 B2y 554 56A 855 B56
78 8B : 2%8 558 568
SPEC. NO.
1 30,810 27,320 27,5%0 20,850 29,790 31,180 2%,270 31,160 25,070 22,120 16,890
MAX IMUM 2 23 380 30, 9%0 27, 320 27,080 28 760 31 230 20 870 a2, 870 QO 150 30,860 23, ?3@
STRENGTH 3 23, BGD 30 200 30 750 27 %80 28 %90 .
{P.S.0,) 0y gj,g7o 31 350 30 600 302820 300630
(TR 28,940 29,950 27,430 23,960 29,970 81,170 22,570 30,580 28,580  26,%90 20,310
YIELD 1 1%,750 12,550 10,430 9,3%0 11,900 11,520 9,780 1§,980 12,250 12,860 8,270
INDEX 2 13 830 13,980 10 %80 9 800 11, 890 i2 030 3, 850 15 410 1% 2250 12, EQO 8 7&0
{P.Solol 8 17 150 13,260 11, %60 13 190 16 770
) ]§Eugg 18,330 ?1 0 1§5h5 13 170
Ay, 15,160 93,280  10,8%0 9,570 11,610 11,760 9,810  1%,010  1%,910  12,¥40 8,500
ELONGATION 1 171 i8.8 21,2 11.8 32.0 36.9 14,5 2665 2%,0 13,9 10.5
INDEX 2 11,1 39,0 1643 19,5 39.2 31.2 1.0 22,8 32,0 23.2 17,0
{o/0) 8 1%,8 27.7 : 40.3 22,0 21.%
Y 7,5, .33.8 ©737,0 29,3 Wi,k
AV, 15,1 27.8 18,7 5.6 87,1 3% .0 i2,7 25,1 29,7 i8,5 13,7
REDUCTJON 1 13,0 31,0 87.0 18,0 52,0 85,0 i%,0 83,0 %¥3.0 %6,0 16,0
OF AREA 2 19,0 61,0 18,0 22,0 57,0 79,0 $9.0 83,0 80,0 60,0 18,0
ofo 8 6.0 28,0 8%,0 66,0 80,0
L} 16,0 55,0 . 83,0 78.0 76,0,
AV, 13,5 43,7 27.5 20,0 69,0 82,0 16.5 77,0 69,7 53,0 i%,5
LOCATION 1 Helo E.¥ B.M. M.¥, ‘Holo B.M, B.M, H.Z, E. ¥, M., M. ¥,
oF 2 MY, B.M. B.M, B.M. HoZo B.M, M. ¥, Hel, H.Z, B.M, B.M.
FRACTURE®: 3 H.Z, H.Z, B.M. HoZ, H.Z,
LY H.Z, B.M, B.M. B.M, B.M,

* FRACTURE LOCATION

M.¥, = MIDDLE OF WELD

E.¥. =

B.M. =

EOGE OF WELD

HEAT AFFECTED ZONE

RASF MFTAl



o sia
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SERIES §

, - SERIES 11
WELD BASE APPEARANCE OF MICROSTRUCTURE - MICROSTRUCTURE APPEARANCE OF - MICROSTRUCTURE QMBéROSTRUCTURE
NO, METAL JOINT OF BASE METAL OF WELD METAL JOINT OF BASE METAL OF WELD METAL
(1) (2) (3) - (W) (5} - (6) (7) (8)
5 ELgct STEEP GRADIENWT, VeRY NARROW HAZ EXTENSIVE MicRO=POROSITY AT INTER-DENDRITIC AT  MODERATE
MIGRO=POROSETY " IMTERFACE, JOINT, ) POROSITY,
6 ELeEcy  No coNTINUITY No comTENUITY HeavY PoROSITY, LITTLE PENETRATION, SoME 0X3DE MODERATE
AGROSS INTERFACE, AGROSS BUTY, GOOD CONTINUITY PENETRATION NEAR Poros§TY,
SoME OXIDE AGROSS INTERFACE, JOINT,
PENETRATEON, .
21 Deox  Good Bowd, VERY LARGE HAZ, 21=A SounD EXCELLENT OXiDE PENETRATION MooERATE
: . 21-B HEAVY POROSITY, PENETRATION AND ALONG EDGE OF POROBITY,
CONTINUITY, PLATE,
22 DEOX  STEEP GRADIENT VERY LARGE HAZ, Sounp M, POOR PENETRATION, Ho oxipEs HEAVY POROSITY,
BUT GOOD POROSITY iN WM PRESENT,
GONTENUITY, OUTLINES JOINT,
53 OFHC  GooD CONTSNUSTY LaRrGE HAZ, Heavy MAGRO- FAIR PENETRATION No oxioes . MODERATE
' AGROSS ¥WM=BM . AND MBGRO= AND GOOD PRESENT, . POROS 7Y,
JUNCTION, POROSITY, GONTINUITY,
5% OFHC No BOMDING ACROSS MODERATELY LARGE  EXTENSIVE MiCRO= FAiIR PENETRATION, No oxiDE HEAWY
BUTT INTERFACE, HAZ. POROSITY, PRESENT, POROSITY,

GOOD CONTINUITY.




__SERIES |

evaCh

MICROSTRUCTURE '+

APPEARANCE OF

ELD  BASE. = APPEARANCE OF  MICROSTRUCTURE _ M MICROSTRY
NO, METAL JOINT OF BASE METAL OF WELD METAL JOINT OF BASE METAL OF WELD METAL
{1) {2 {3) (%) (5) (6) A7) .. (8).
7 ELeoT GooD Bownp Larce HAZ, Souno WM, GOOD CONTINUITY, Heavy oxiDE Sound WM,
PENETRATION
NEAR JOUNT,
8 ELECT SHARP {NTERFACE SOME INCLUSIONS DENSE, LITTLE FAIR CONTINUITY, SOME OX{DE HEAVY POROSITY,
WITH LITTLE AT GRAIN GORING EVIDENT, POROSETY AT PENETRATION AT
CONTINUITY . BOUNDARY, INTERFACE, JOINT AND EDGE
oF BM,
23 DEOX GooD PEMETRATION SoME OX1DE Sound
AND FLOW, PENETRATION
AT EDGE OF
PLATE,
24 DEox  POOR DIFFUSION Narrow HAZ, HeAVY POROSETY.  FAIR PENETRATION, No oX{DES HEAVY POROSITY,
AT INTERFACE, GOOD CONTINUITY PRESENT,
CRACK NEAR EDGE, IN GENERAL,
55 OFHC FAIR CONTENUITY LARGE HAZ, VERY SOUND WM, EXCELLENT CONT{- No OXIDESV VERY SOUND,
» AGROSS JOINT, - NUITY AND PENE= PRESENT,
CTRATION, :
56 OFHC VERY SHARP LaArRGE HAZ " EXTENSIVE COR-  FAIR CONTINUSTY SOME OXIDE HEAVY POROSITY,-
GRADJENT ING AND MiCRO= AND PENETRATION, PENETRAT ION

POROSITY,

AT JOINT AND

¢+ PLATE FACE,




Nowg

; él ELECTROLYTHC TOUGH PITCH . DEOX HIGH PHOS
! SERIES | SERIES 11 SERIES 1 qi SERIES 18 SERIES | SERIES 1}
/8 1w, /% I8, 1/8 1, 1/% in, 1/8 in, 1/% 1n, 1/8 1w, 1/% in, 1/8 1w, iM% i, 1/8 i, iM% i,
WELD NO, 94 104 25A 26A 574 584
9B 108 B9 BiO 25B. 268 825 B26 578 588 B57 B58
FiLLer MeTaL ANAGONDA  ANAGONDA ANAGONDA  ANAGONDA  ANAGONDA  ANAGONDA ANAGONDA  ANAGONDA  ANAGONDA  ANAGONDA ANAOONDA  ANACOND
372 372 872 372 372 372 372 872 372 872 372
SOURCE AR Revere Co, AMERICAN AMERIGAN - AIR REVERE Co, AMERIGAN AMERIGAN  AIR RevERE Co, AMERICAN  AMERICAI
RepueTion Brass Co, Brass Co, REDUCTION Brass Co, Brass Co, ReDucTioN Brass (6, BRrass C
Rop Size, 1N, 1/8 3/16 i/16 1/18 /8 3/16 1/16 1/16 /8 3/16 1/16 1/16
FoLux Nong MaRVEL None MARVEL Noneg MARVEL
TYPE BRAZE BRAZE BRAZE
Pa iNT PAINT Paont
~ Joint DESIGH A o o o
Eoce PreP, 8quare No BevEL SQUARE 30" BEVEL Square No BeveL Squire i§ 30° BEVEL Square 45" BEVEL  SQUARE 30° Bevi
But? BuTT . Buty Buyy ‘ Buty BuTT
RooT SPAGE, IN, T8GHT 1/32 /16 Nowe TiGHT 1/32 1/16 Nong TIGHT 1/22-1/16 /16 None
PosgTion FLAT FLAT FLAT FLAT Fuay FLAY FLAT FLAT FLAT FLaT FLav FLav
" BackinG SvEEL Nong CoPPER CopPPER STEEL NowE CoPPER CoPPER  STEEL Nowe CoPPER CopPPER
CLAMPENG . Yes Nong Yes Yes Yes YeES Yes Yes Yes Nowne Yes Yes
GAS METHOD . ’ }
ToRrcH MaKE Linoe AIRCOMATIC AIRCOMATIC LiNDE AIRCOMATIC AJROOMATIC LinDE AJRCOMATIO AJRCOMAT
500 amPs  Gun 28 Guw 28 500 amps  Guw 28 Gun 28 500 amPs Guw 28 Gun 28
GaS SHIELD ARGON ARGON ARGON ARGON ARGON ARGON ARGON ARGON ARGON ARGON ARGoHl ARGON
GAS AMOUNT 15 LITERS 35 oFM 35 oFn 15 LITERS 35 oFH 3B ern 15 LovERS 85 OFHM 35 oFu
ARc METHOD ’ i
ELECTRODE S12E, IN. 1/16 1/16 1/16 1/16 1/16 /1€
CURRENT DoCo Dvco Do.co Docc 00Co ‘DQCQ Deco Dqu Doco ‘Do.co Dq,co onCo
PoLaRITY STRAIGHT  STRAIGHT REVERSE REVERSE STRAIGHT  STRAIGHT REVERSE REVERSE STRAIGHT  STRAIGHY REVERSE REVERSE
VOLTAGE 70 %0 0 . 70 - %0
AMPERAGE 250 250 330 370 300 250 330 350 300 250 300 370
PreHEAT Templ F Unknows 600 250 Unkwown 600 250 Unkwown 600 250
PROCEDURE
Passes 8 3 s A=3, B=2 :
SPEED, IN/MIN 24 13 - 27 13 : 23 - 12
PEENI NG Nong NonEe flone Nowe None ‘i

<



TABLE 10 ’ i :
SUMMARY OF MECHANICAL PROPERTIES AT ROOM TEMPERATURE OF JOINTS WELDED BY THE lNERT=-GAS-SHlELDED~=ARC PROCESS o

ELECTROLYTIC TOQUGH PITCH DEOX HIGH PHOS OFHC
SERIES | SERIES 1§ e SERIES | __ SERIES 1§ SERIES | __SERIES 11
148 o, 1/% on. 178 i,  1/% sw, 178 in, 7% 1h, 178 i%,  17% W, N, TR IN, 1/% BN
WELD NO, 98 104 B9 Bi10 254 . 264 B28 B26 574 58A B57 B58
98 108 258 268 578 588
SPEC. NO,
1 28,380 24,310 30,680 31,020 31,230 29,690 30,850 31,320 28,940 28,660 27,640 29,930
MAX IMUM 2 27 000 2& 070 30 160 80,810 30 550 29,799 30,330 30 660 28 670 29 600 30 740 30 920
TRENGTH ] 33 780 25 960 a0, ‘%10 29, %00 25 160 29 40
@P¢S,ﬂ9) 1} g23130 25 170 23 270 28«730 22 760 29 770
AY, 27,820 2% ,880 30, 520 80,910 28,870 29,380 30,590 30,930 26,380 29,370 29,190 30,450
YIELD 9 12,620 350 i 330 11,660 1%,830 9,680 12,180 12 150 12,790 9 860 30,780 10, 4293
INDEX 2 12°260 3 *050 1 °930 162950 127680 107010  10°%10  §°870 13,260  9°520  10°660 %o 870
{P.S.01 3 13, 580 9 590 12 220 7,970 12 860 9 »290
.1 igg‘iég i‘ia‘lgg 12, 750 8,600 13 050 8 530
A, 12,650 9,780 11,130 11,300 13,120 8,060 11,290 {0,760 12,990 9,300 10,720 10,640
ELONGATiON ] 2%,0 19,2 32.% 36,0 31,6 58,8 25,5 3%.0 25,0 32.5 22.% 49,0
INDEX 2 15, 18,0 28,6 32,0 36,.% 7.7 30,5 50.0 18,3 %2,7 33,0 %7,0
fofo) 3 21, 18.8 38.9 58,5 16.3 4.5
- b 167, 1743 | 16,0 52,1 ; ‘95 46,7
&Y, 19,5 8.8 30,5 3%,0 é@,’? 5%,.8 28,0 4y .0 17.3 2.1 27.7 8,0
REDUCTION 1 61,0 28,0 41,0 32,0 85.0 86,0 770 66,0 79.0 70,0 7%,0 76,0
OF AREA 2 57,0 26,0 33,0 32,0 8%,0 83.0 62,0 83.0 39,0 73.0 61,0 84,0
{of0) 3 4y,0 19.0 84,0 8%,0 39,0 8.0
L} 36,0, 22,0 56,0 83,0 " 28,0 83.0
av, 19,5 23,7 37,0 32,0 772 8%,0 69,5 7%.5 k6,2 76,0 67.5 80,0
LOCATION ] EdNe E.¥: B.M. B.M, H.Z, Bo.M. B.M., B.M, E.¥. HoZo M. ¥, B M¥
- OF 2 E.H. E.¥Y, B.M, B.Me H.Z, B.M, M.¥, B.M. M. ¥, H,Zo M H, . BN,
FRACTURE® 3 E.¥, E.¥, HoZo B.M. Mo ¥ H. 76
: & M, E.¥, M.¥, B.M. H,ﬂ. Holo
¢ FRACTURE LOCATEON M.¥, = MIDOLE OF WELD

E.¥. = EDGE OF WELD
‘HoZs = HEAT AFFECTED ZONE
B.M. = BASE METAL



" SUMMARY OF METALLURGICAL EXAMINATIONS OF JOINTS

WELDED BY THE INERT-GAS-SHIELDED-ARC PROCESS

. ey,
SERIES § SERIES 11
¥ELD BASE APPEARANCE OF MICROSTRUCTURE - MICROSTRUCTURE APPEARANCE OF MICROSTRUCTURE ~ MICROSTRUCTURE
NO, METAL JOINT OF BASE METAL OF WELD METAL : JOINT - OF BASE METAL OF WELD METAL
M - (@ (3) (k) (5) B (1) o (8)
9 ELect  LITTLE GONTINUITY Larce HAZ, Sounp WM, EXCELLENT CONTSNUITY, AREAS OF EUTEGTIC VERY Sounp,
AOGROSS BUTT JOINT,  GOOD PENETRATION, GOOD PENETRATION AT JUNCTION, :
i0 ELECT SHARP GRADIENT, .NarrOW HAZ, MIGROPOROSETY DUE EXCELLENT GONTINUITY. SLIGHT OXIDE VERY SOUND,
LITTLE CONTINUITY,  SOME INOLUS{ONS TO SHRINKAGE, PENETRATION AT
AT GRAIN BOUNDARY SOME CRAGKS (N PLATE FACE,
NEAR JUNGTEION, GRAIN BOUNDARY, ‘ :
25 Deox  GooD CONTINUITY, .MopbERATE HAZ, -Sounp WM EXCELLENT CONTINUITY, SLIGHT OX(DE VERY SOUND,
PENETRATION AT
PLATE FACE,
26 DEox  EXQELLENT BOND, MopeRATE HAZ, . VERY SOUND, EXCELLENT OONTINUITY,  SLIGHT OXIDE VERY SOUND,
: GoGD CONTINUITY, : PENETRATION AT
PLATE FACE,
57 OFHC  EXCELLENT . %b VERY LARGE HAZ, VERY sounp WM. EXCELLENT CONTINUITY., NO OXiDES PRESENT, VERY SOUND,
CONTINUITY, IRREQULAR FLOW OF WM, -
» REGIONS OF JNOOMPLETE
PENETRATION,
58 OFHC EXCELLENT LARGE HAZ, SoME MICRO= EXOELLENT CONTINUITY No oX§DES PRESENT, VERY SOUND
- CONTINURTY, POROSITY, S T g




SUMMARY OF WELD FABRICATION DATA FOR OXY-ACETYLENE PROCESS
{AS REPORTED BY FABRICATOR)

___ELECTROLYTIC TOUGH PITCH @ DEOX HiGH PHOS OFHC _
SERIES 1  SERIES 1§ SERIES § SERIES 11 SERIES | ' _SERIES 18
1/8 i, ~ 1/% 1M, 1/8 1w, 1% 1w, 1/8 1w, 1% 1, 1/8 1w, /% i, 178 in, iM% in, 178 1w, - 1/% m,
VELD NO, 114 128 274 284 594 €0A '
, . 118 128. B11 B2 278 288 B27 B28 598, . 608 . B59 B60
FiLLER METAL ToBiN SPELTER 25 M 25 M Tosin 25 M 25 M 25 M SpeLTER - No, 25 25 M 25 M -
BronZE SOLDER BRONZE BRoKzZE BRonzZE BRONZE BrowzE BRONZE SOLDER BRAZO BRONZE BRONZE
SOURCE VuLcan Cuase Co, OxweLD OXWELD Vurecan Linoe O%XWELD OXWELD CHASE Co,  OxweLD ORWELD OXWELD
' CopPER Cog CorPER CoO,

Rob Size, in 3/16 3/16 /% 3/16 3/i6 3/16 1/ 1/ 8/16 - /%
FLug 0XWELD BoRAX OXWELD OXWELD OXWELD OXWELD OXWELD 0xweLD BORAX 0XWELD OXWELD OXwELD
. BrAZO BRAZO Brazo BRAZO BRAZO BRAZO BRAZO ) BRAZO BRAZO BRAZO
TYPE Pasve Liguip Pasve PasTE Paste PasTE PasTe PasTE Liquip PasTe Paste ~  PaSTE

Jotny DESIGN
EoGE PREP, ?5° BEVEL BEVELED %50 Bever %50 Bever %59 Bever 300 Bever 450 Bever 450 BeveL  BEvELED 459 ever  45° Bever  45° Bev
Root Space, N, 1/82 3/32-1?& 8/32=1/% 1/32 3/16=5/8 3/32=3 /% 3/R=1/4 - 1/8 3/32=1/4 3/32=1/
PosiTion FLAT FLAT 200 ANGLE 200 ANGLE FLAT 150 AncLE 200 AnGLE 200 AncLE  FLAT 20° AncrLeE 209 Anc
BAGKING None CopPER CoPPER Nong COPPER CoPPER CoPPER Nong COPPER COPPER
CLAMP NG Yes Nowe Nong Nowe Yes Yes Nowe Nong Nowe Nong Nowe Nong
Gas METHOD
Toros Make AR Oxweeo Wi7 Oxwero W17 AR Oxwerd Wi7 OxweLp W17 Oxweld Wi7 Harris Oxwerd ¥i7 Oxwerd Wi7 Oxwerp
Reo. 9803 Atrco 800  Asrco 800 Ren. 9803 . AtRoo 800 Ajrco 800 Ajrco 800 Airco 8
Tip StzE No, 188  No, 20 Nos., %0, 7 No, ¥0; 7 No, 188  No. 40 . : Nos, ¥0, 7 HNos, %0, 7 No, 20 No, 60 Nos, ¥0, 7 Nos, 40
Gas DXY=4CET. OXYPROPANE OXY=ACEY, OXV-ACET, OX¥-ACET, OXY=ACET, OXV=AGET, OXY¥=ACET, OXYPROPANE OX¥Y=ACET, OXY=ACET, OXY=ACE
! (veut,)  (wEUT.) (ste o%.) (st, ox.) (newv.)  (wevur.) f{ste 0X,) (S, ox.) (neut,) - (eams.) {sL. ox,) (st, ox
GAS AMOUNT 48 oF 50 cF 64 oF 4% oF . %3 ¢F . 68 oF 45 ¢F 60 cF
PreveAT TEMPF, 1200 1200
PROGEDURE
PassEs i 1 1 1 i i 1 . i 1
SPEED, IN/MIN,
PEENING Nowng Nowe Nong None Nowe Nowng None Nowne




SUMMARY OF WELD FABRICATION DATA FOR OXY-ACETYLENE PROCESS

{AS REPORYED BY FABRICATORS)

‘ELECTROLYTIC TOUGH PITCH DEOX HIGH PHOS OFHC
SERIES | SERIES 11 SERIES |  SERIES 1} SERIES | ' SERIES 1}
/8w,  1Maw. 18w, w18 e, 1w, 38w, 1w, /8w, iMan,  1/8.w. A/ i,
¥ELD NO, 134 1%A 294 304 ' E1A 624 h C
138 i%B Bi3 Bik 298 308 B29 B30 618 628 . Bét B62
FiLLER METAL AMERI GAN Sy DEOX $1 DEox Ag Bearing S1 DEox 81 DEox Pesco $1 DEox $5 Deox §1 Deox
Brass 372 CoPPER CoPPER CoPPER CopPER CoPPER CoPPER CopPPER CoPPER
SouRceE AMERIGAN AMERIGAN AMERI GAN AMERIOAN AMERI OAR AMERIGAN Nov ReveERe Co, AMERIQAN AMER1 OAM
Brass Co,  BRass Co, Brass Co, Brass Co, BRass Co, Brass Co, GIVEN Brass Co, BRASS Co,
Roo Size 3/16 1/ /% 8/16, 1/8 /8 /% 3/16 3/16 iy e -
Frux OxweLD OxweLD OxXwELD None OXWELD OxXwELD Pesco PESGO DXWELD OXWELD
BrRaZE=-BOoRAX BRAZO Brazo Brazo BrRAZO Frux FLux Brazo BraZo
TYeE PasTE PasTE Paste PasvE PasvE PAINT Paint Pasve PagtE .
JOINT DESIGH ' 0 0 - 0y
0 Bevi 0 Be o 0 Bever, 90%ImeL 90% Jrwer. SQUARE 90% i noL 50%1noL. 90% net. -
Evse PREP, 300 Bever 450 Bever b5 Bever o AnctE ANGLE BUTT ANGLE ANGLE ANGLE
RooT Srace :% 8/16-5/8 8/32=1/% 8/32-1/% . ;‘-3 1/8=7/8 3/32-1/% 8/32=1/% 1/8 1/32 8/32=1/% 8/32=1/y
PosiTiom =< 150 AnGLE 200 AnGgLe 200 ANGLE =< . VERTieatL 200 AnuLE 200 AwcLe FLAT 200 AnGLE 200 ANGLE
Baoxina = COPPER COPPER CoPPER = Nong CoPPER CopPER Nowe NoNE CoPPER COPPER
CLAMP § MG % Yes Nowe Nowe § Yes Nong Nowe None Nowe Nowe Nong
GAS MeTHOD = , _ .
ToroH Maxe S Oxwerp ¥i7 Oxwero W17 Oxwewp 17 S Oxwerd W17 Oxwewd W17 Oxweld W17 Oxwerd Wi7 Oxwerd ¥i7 Oxwero ¥i7
o Atreo 800 Atrco 800 o Asroo 800 Agreo 800 Atrco 800  Atroo 800
Tip Siz€ = No, 30 Nos., %0, 7 Nos, %0, 7 = No, 40 Nos. %0, 7 Nos, 40, 7 HNo, 60 Nos. %0, 7 Nos, %0, 7
Gas OxY=ACET Oxv=ACET  0XY=ACEY Oxy=AcET  Oxv=ACET  OxY=AGEY  Oxv-ACEY  OxXY=ACET  Oav=AOET  OXv=AcEY
{NewT, ) {Sr. Ox.) {Su. Ox.) {Neut,) {SL, Ox.) (St. Ox.)  ({CaRms.) {CArs,) (St. Ox.)  (SL. Ox.)
GAS AMOUNT 26 oF %5 oF 25 op %0 oF 200 oF 26 oF %0 oF
PREHEAT Temp,® F 600
PROGEDURE
PassES 2 ] ] 2 1 i 2 [ i
8PEED .
PEENING Nong Nong Yes Nowe Nowng Nowng NONE

NONE

Nowmg




TABLE 13 ,
SUMMARY OF MECHANICAL PROPERTIES AT ROOM TEMPERATURE OF JOINES WELDED BY THE OXY-ACETYLENE PROCESS

ELECTROLYTIC TOUGH PITCH DEOX HIGH PHOS OFHC
SERIES | SERIES 11§ SERIES 1 . SERIES 11 SERIES | SERIES 11
, T78 w8, 1/% 1N, 178 iN, /7% oN, /8 v, . 1/% ow, 178w, /% an, 178w, 9/% iw, 178 in, 1/4 N,
VELD NO, 194 124 B11 Bi2 27A 28A B27 B28 53A 60A 859 B6O
718 128 ‘ 278 288 : 598 €08
8PEC, NO.
9 17,850 25,950 26,830 21,270 83,630 16,050  29,%30 29,640 28,810 21,040  29,k50 28,490
MAX §MUM 2 18,900 27,100 28,510 18,370 18,880 7,850 80,280 29,960 25,250 22,650 30,070 29,990
STRENGTH 3 1€,080 28,520 32,860 - 1%, 40 28,340 16,860
(P.S,1.) L 16,600 24,280 _ v 31,130  1%,.800 26,500 1% 510
&V, 17,360  26,%0 27,470 19,820 29,120 18,270 29,880 29,810 27,200 18,760 29,760 29,460
YIELD 1 1%,090 16,830 10,460 7,550 20,880 10,980 8 2%0 7,970 16,710 11,350 9,010 7,020
INDEX 2 18,700  1%,600 11,240 8,320 11,960 8,740 9,160 16,170 14,010 9,350 6,260
(PeS.0.) 3 11,760 11,020 10,620 10,230 , 14,910 11,990
% 10,360 10,820 _ 9,960 §2.590 . i%,970 10,840 . .
av, ?293130 13,820 10,850 7,930 13,360 11,270 8,430 8,570 15,690 12,050 9,180 6,640
ELONGATEON i %.0 14,5 1%.2 8.% i2.8 5.7 34,9 %2.0 12,1 1%,7 20,2 33.5
INDEX 2 %,0 171 19,0 6.2 8.4 ] 33.8 25.0 7.1 18,0 32.6 ¥0.0
(6/0» @ 307 2‘00 2*01 30* . 1298 7.“
: % 8.5 _i6,0 36,0 1.5 19,8 6.0
AV, 3.8 17.9 16.6 7.8 20,3 2.6 34,3 33.5 12.8 1.5 26.% 39,7
REDUCT ION ! 12,0 6.0 12.0 1.0 44,0 88,0 78,0 83,0 11,0 57.0 83,0
OF AREA 2 2.0 81,0 43,0 %.0 21,0 78,0 78.0 42,0 25,0 76.0 85,0
{o/o) 8 27.0 18.0 77.0 81,0 4,0
L) %0 11,0 81,0 ; 5640 6,0
aY. 11.2 15.2 27.5 2,5 55.7 80,5 78,0 65,5 11,5 66,5  8%,0
LOCAT jON 1 E.¥, E.W, B.M. E.H, HoZ. £.¥, B.M, B.M, B.H. E.¥, B.M. 8.M.
oF 2 E.W. - B.M, B.M. E¥M, M. ¥, E.¥. B.M, B.M, 8.M. E.¥. B.M. B.M.
FRACTURE® 3 E.¥, E.¥, HoZ, E.¥, B.M. E.¥.
u Eo"e Ec"o Hozo Eowo BQMO‘, Eo'O

M.¥, = MIDDLE OF WELD
E.¥, = EDGE OF WELD

®  FRACTURE LOCATION H.Z, = HEAT AFFECTED ZONE
B.M, = BASE METAL



Vo y——— T YR

S&M“IARY 0F MECHANICAL PROPERTIES A7 ROOM TEMPERATURE OF JDINTS WELDED BY OXYNACETYLEBE‘PROCESS o

_ ELECIROLYTIC TOUGH PITCH DEOX_HIGH PHOS OFHC
SERIES | SERIES 13 SERIES SERIES 11 SERIES 1 SERIES i1
1/8 ., /% N, 18 1w, /% N, 178 tm. /% en. o 1/8 in, /% N, 9/8 N, /% w178 N, 1/% i,
194 14A B3 Bib 294 20A 829 B30 61A 62A B61 B62
- 43R 1%3 298 308 618 628
SPEC; NO; . ,
1 1%, 800 18,200 19,960 17,080 30,990 28,90 26,850 23,050 16,560 19,630 18,110 23,900
MAX §MUM 2 14,800  16.680 16,890 3,040 14,820 28,670 26,270 ‘21,880 12,590 13,160 16,950 21,630
STRENGTH 3 19,850 10,530 260000 28,260 17,760 22,660
(P.S.1.) i 22,850 18,360 30.560 28 660 1%°070 21,080
AV, 16,950  15,9%0 18,180 15,060 25,590 28,520 26,560 22,60 15,240 19,130 . 17,530 22,460
YIELD i 11,540 8,970 9,190 6,930 9,470 17,570 8,000 = 6,760 11,460 8,280 8,530 6,320
INDEX 2 110110 8,770 8,480 7,150 8,800 17,350 8,530 6,550 11,980 8,800 8,060 7,990
(P.S.1.) 3 97910 10,330 - 9,950 17,050 . T 13900 7,830 ‘ .
% 10,230 10,980 Bh60  19;380 137180 7°960
Y. 10,700 9.760 8,820 7,040 9,170 17,840 8,260 6,650 12,630 8,220 8,290 6,850
ELONGAT 10N q 2.5 10:3 10,6 1906 33,8 29,5  :.E. 22, o 65  19.5 9,0 © 20,5
INDEX 2. 2.5 9,1 9.6 7.6 9:% 35,7 34,0 18 IR 1Y 13:5 9,2 19,5
(0/0) 9 Aégﬁ ’ 205 D n ol %70‘% 250? P .4 P 505 26@2 N -
, % 18,8 8,1 o 28,2 . 26,2 — B8 21,5 .
v, B2 755 10,1 9:6 19:%  31.8 313 20,0 5.9 20,2 9. 20,0
REDUCT JON 1 31,0 6,0 1%,0 21,0 51,0 75,0 69,0 4,0 28,0 38,0 16,0 36,0
OF AREA 2 %2,0 22,0 18,0 20,0 2,0 69,0 26,0 30,0 19.0 18,0 15,0 18,0
‘0[@» g 2%03 ?og 1;’0% ggog l”oO 27.0
25, 21, e ' A A 22,0 33,0
av, 30,0 23,2 16,0 20,5 19.5 68,7 72,5 B.5 im 29,0 15.5 27,0
LOCAT 10N 1 AR E.¥, EMe MM, Holo  BoMo Mo, Mle Mo, b EM, MW, M. N,
OF 2 Eoﬂo ‘Eouo Eéu,o MBHo‘_ ,Méﬁo cho Mo,uo Me “F .M;uo E‘o"n ‘Houm Mo"o
FRACTURE® 3 M.¥, Eo¥o MM,  E.¥, E.¥, H.Z,
Y MoWe Eo¥o LS E.¥, o . E.¥, H.Z.

M.Ns = MIDDLE OF WELD
EoY..= EOGE OF WELD
® FRACTURE LOGATION HoZ. = HEAT AFFECTED ZOME
BoM, = BASE METAL



SUMMARY OF METALLURGICAL EXAMINATIONS OF JOINTS

WELDED BY THE OXY=ACETYLENE PROCESS

FLOW AND WETTING
ACTION,

JOINT,

SERIES 1| SERIES 11
WELD BASE APPEARANCE OF 11 CROSTRUCTURE MiCROSTRUCTURE APPEARANCE OF MI CROSTRUCTURE MICROSTRUCTURE
NO, METAL JOINT OF BASE METAL OF WELD METAL JOINT OF BASE METAL OF ¥ELD METAL
(1) (). - (3) ) - (5) (6) (7 (8)
i1 ‘ELeeT  LITTLE DIFFUSION MobeRATE HAZ, CoNS | DERABLE LITTLE PENETRATION, VERY HEAVY OX1DE MODERATE
ACGROSS JOINT, OX1DES 1N GRAIN POROSITY, POOR PLATE ALIGN- PENETRATION, POROSITY,
SHARP GRADIENT, BOUNDARY NERR MENT
JUNCTION, ,
12 ELEGT  SHARP GRADIENT, Large HAZ, MACRO= AND LITTLE PENETRATION, VERY HEAVY OXiDE  MODERAYE
LITTLE PENETRATION, OXIDES AT GRAIN MiGRO=POROSITY, PENETRATION AT POROSITY.
BOUNDARY, FORMING JOINT AND PLATE
SOME GRAGKS, FACE, =~ -
27 DEoX  SHARP GRADIENT, LARGE HAZ, SounD WM VERY LITTLE SMALL OXIDE Souno
LITTLE PENETRATION,  SOME OX)DES PENETRAT 10N, PENETRATION AT
AT GRAIN JOINT,
BOUNDARY NEAR
JOINTo
28 DEox  CRACKS ALONG OX1DE PENETRATION Souno ¥M GooD CONTINUITY, - NARROW 0X1DE Sounp
INTERFACE, POOR IN BM, NO PENETRATION, . REGION AT JOINT,
GONTINUITY, EXTREMELY LARGE
HAZ,
59 OFHC  Poor BonD DEep OX§DE PENE= CoNS § DERABLE No PENETRATION, HEAVY OX1DE MODERATE
TRATION WiTH POROSITY, POOR CONT{HNUITY, PENETRATSON POROSITY,
INTERGRRNULAR GRACKS. : ‘ AT JOINT,
LarcE HAZ, HIGHLY
DEFORMED .,
&0 OFHC  Poor Bowp VERY LARGE HAZ, CONS | DERABLE No PENETRATION, SLIGHT OXIDE MODERATE
Ox1DES - NEAR WELD, POROSITY, POOR GOOD CONTINUITY, PENETRATION AT POROSITY,




TABLE 1% {CONT °D)

SUMMARY OF METALLURGICAL EXAMINATIONS OF JOINTS -

OXYGENATED AREAS,

BOUNDARY, VERY
LARGE HAZ, BuY
INHEBITED NEAR
JUNGT 1 O,

METAL DEPOSITED,

- WELDED BY THE OXY~ACETYLENE PROCESS ‘
. SERIES | _ SERIES 1} ’ .
WELD  BASE APPEARANCE OF - - MICROSTRUGTURE MICROSTRUCTURE APPEARANCE OF MICROSTRUCTURE ~ MICROSTRUCTURE
© N0,  METAL JOINT OF BASE METAL - OF WELD METAL JOINY OF BASE METAL OF WELD METAL
i3 ELECT Goob Bowp LARGE GRAINS N SOME REOGRYSTALL)= VERY LITTLE HEAVY OX{DE VERY HEAVY
AREAS REMOVED ZATION OF WM, PENETRAT | ON, PENETRATION AT POROSITY,
FROM JOINTS, VERY HEAVY POROSETY, EXCESSIVE WM JOGNY AND EDGE
{REGRYSTALLIZATION) ~ DEPOSIT, oF BM,
% ELECT MARKED 8Y OXIDE DEEP PENETRAT(ON LARGE DEPOSIT OF Hv=BM SuncTION VERY HEAVY OXIDE  VERY HEAVY ;,’g;‘;.%‘;
PENETRAT[OR, OF OXIDES NEAR . QUTLINED BY OXI{DES PENETRATION OVER POROSITY, -/
JUNOT I ON, Sounp ¥4, Excessive WM LARGE AREA,
Narrow HAZ. DEPOSIT, :
29 DEOX No PENETRAT!ION No EVIDENCE oF APPLIED FROM ONE EXCELLENY PENE= SMALL OX1DE Pizrﬂ- Sound
AT GAP, EXTREMELY  GRAIN GROWTH, ‘SIDE ONLY, VERY TRATION AND TRATION AT JOINT,
WEAK BOND, " POOR FLOW, CONT INUITY,
30 DEOX Good Bowp LARGE HAZ, Some SOME RECRYSTALL{= OXI0E8. AND 4%k HEavy oX1DE VERY HEAVY
RECRYSTALLIZAT (0% ZATIOM, SLIGHT POROSITY GUTLINE  PENETRATION AT POROSITY,
i BM anp ¥, HiGHLY POROSITY. JOINT, POOR PENE= EDGE AND JOINT,
COLDWORKED NEAR TRATEOH,
SIDE OF WELD,
61 OFHC .= PooR CoNTiNUETY VERY LARGE HAZ, Heavy POROSITY,, PoOR PENETRATION, SoME 0XiDATION VERY HEAVY
INTERGRANULAR LARGE DEPOSIT OF FAGR CONTINUITY, AT EDGE NEAR POROSITY,
CRAGKS 1IN BM N RE | NFOROEMENT .
NEAR JUNCTION,
62 OFHC  PoOOR BOND DEEP OXIDE PENE= SoME MIORO=POROSITY, FAIR PENETRATION, SoME oxiDaTioN  VERY HEAVY
QUTLINED BY TRATION AT GRAIW LARGE AMOUNT OF G00D GONTENUITY, AT JOINT. POROS 1 TY,




TABLE 15

. . s}
SUMMARY OF MECHANICAL PROPERTIES OF JOINTS TESTED AT =321 F

CARBON-ARC PROCESS

SHIELDED=ARC PROCESS

WELD No. Bi? B18 B50 B3 852 85 Be 853 B7 8238
SPEC. NO.
3 B7,1%0 42,670  %0,500 5,720  %7,140 39,300 k2,470 87,600 39,710  %8,470
MAX IMUM 2 WG,020  48.MBO0  Wh.530 25,950 47,590 31,630 1,290  W6.110 46,080 148,200
STRENGTH 3 W9'E70  HOLB50  %3TEH0 . i 780 %8880 Wi 280  Wh 120  §h.980 48,180 49080
(P.S.1,) b 47,950 38,380 %3,380 50,510 %8, 7%0 38,990 48 550 %7,800 45_570 50,340
AV, W7,690 2,590 13,010 38,890 48,000 37,800 ub,i10 43,920 143,620 149,020
YIELD [ 130,700 13,080 13,420 17,570 - 15,520 18,820 15,760 17,400 1%,280
INDEX - 2 - 16,690 18,660 18,120 16,380 14,600 16,810 17,140 12,260 18,020 =
(P.S.1,) 3 15,590 13,620 16,900 17,970 o= 170450 14410 19,280 16,780 16,950
L 17,080 13,230 12,820 18,580 12,140 17,920 16,100 20,730 15,020 16,270
AV, 16,010 13,380 13,740 17,620 13,370 16,800 16,40 17,010 16,800 15,830
ELONGAT.ION 1 474 33,1 26,0 13.6 38,4 22,% 22,8 1%.6 18.% %1.8
INDEX 2 36.% 50.% 86.5 8,2 35.6 10,8 22,0 29,1 23.8 37,5
{ofo) 3 49.5 30,8 35.6 18,5 58.5 19.3 31,3 19,6 2u,2 U3
% 32,3 26,9 33,1 38,5 49,0 19,8 ¥.5 18,3 28,6 k6,1
&V, LY 35.3 32.8 19.7 LLN) 17,9 29.% 20,% 28,7 42.%
REDUCT LON I} 70,0 53,0 42,0 %,0 49,0 27,0 22,0 80,0 27,0 80.0
OF AREA 2 48,0 66,0 55,0 11,0 51,0 17.0 25,0 48,0 23,0 67,0
(/o) 3 78,0 51,0 56,0 20,0 77.0 21,0 82,0 21.0 29,0 71.0
L 61,0 51,0 /53,9 56,0 71.0 29,0 34,0 1,0 51,0 72,0
av, 6%,2 267 51,0 22.7 62,0 23,5 28,2 35.0 32.5 72,5
LOCATION 1 ‘Heze Hoze Eo“e"“ozo Mo"o Hozo Eo“o""HOZO 'Eouc-ﬂozo . Eo"o"HaZo EQHQI.HQZ.O ngg
0F . 2 E.¥.=H.Z, HoZo HoZ, M.¥, H.l, E.Me=H. 2, E.W.=H,Z, H.Z, EM.=H,2, H.Zl.
FRACTURE® 3 oboo H.Z, E.¥.=H.2, M4, B.M. E.H.=H.Z, H.Z, E.W.=H.Z, 'Eouonuozo H.Z,
% cHoZo . EM.=H.Io E.W.=H.Z, HoZ, Hodo EWo=HoZ, E M¥.=Hol, E.¥W.=H.Z, Holo Hol.
M.¥. = MIDDLE OF WELD
5 E.Y. = EDGE OF WELD
FRACTURE LOGAT ION H.Z, = HEAT AFFECTED ZONE
8.M. = BASE METAL



© TABLE 15 (GONI'D)

SUMMARY OF MECHANICAL PROPERTIES OF JOINTS TESTED AT -321° F

INERT=GAS=SHIELDED=ARC PROCESS

OXY=-ACETYLENE PROCESS

¥ELD NO, B9 B10 825 - 826 857 B58 Bi9 BiZ 827 - B28 B59 860
SPEC, NO,
1 46,960 %7,630 4%, 780 %6,560 50,000 50,080 42,930 87,690 43,130 47,790 b7, 390 46,750
MAX iMUM 2 %3.%50 kS 510 48, #5570 &8 250 us 990 k? 990 51,140 k& 910 k? 900 47, 7840 39 650 47,670
STRENGTH 3 43,450 h9 340 %8 010 HB 880 R9 050 h9 240 46,970 85 780 MB %60 h? 070 38 010 47,850
(P.S.1.) & k6,3§0 &7 950 &6 530 HB %10 47 510 %9 920 38,690 36.790 %7 €10 h? 910 49410 45,670
v, 45,020 47,690 46,970 48,020 48,890  %9,810  %4,930 98,790 46,770 47,650 46,110 46,980
YIELD 1 16,650 11,820 15,150 14,510 1%, 600 14,560 S,uao 11,980 18,000 o 12,120
INDEX 2 16 580 13 430 12, 2650 1 820 16 100 e 12 920 13 ;710 10,710 14,890 10,530
(P.S.t.) 3 15, Y540 13, 2&0 1& 010 12 %90 15, 030 13 550 == b 13 €40 10 590 14,900 12,010
‘ L 15,200 2200 12 570 = 10 2640 jﬁnaiﬂ 16 100 12,650 12,260 13 880 10 220 15,440 11,250
A, 15,990 12,760 13,9%0 12,980 14,650 15,080 9,040 12390 73,740 127_380 15,080 11,480
ELONGAT 1 ON i - 38,0 35,0 36.0 48.6 46,0 5%.9 18,5 17,0 27,4 50,1 22,0 43.%
INDEX 2 26,8 34 4 %6.5 52.2 42.6 51.5 29,1 26,8 38,1 50.8 16.0 46,3
{o/0) 8 30.6 4%,0 4.5 5%.0 %7.8 51.9 27.0 16,1 86,6 %6,5 33,5 47.6
.% 30,5 83,5 1.3 51.8 .8 56.1 i6.% 15.8 39,5 48,6 35,0 45.9
av, 31,5 86,7 42,1 51.6 4% .3 53.6 22,7 18,9 35.% 49,0 26.6 45,8
REDUCT I ON i 55.0 35.0 66,0 74,0 71.0 77.0 = 6.0 57.0 78,0 16.0 85,0
OF AREA 2 37.0 3%,0 76.0 4,0 56,0 67,0 4.0 7.0 78,0 78,0 23.0 66,0
{o/6) 3 50.0 36,0 77,0 77,0 57.0 61,0 10.0 6.0 73,0 76,0 44,0 82,0
1) ‘5%,0 3%.0 56,0 63,0 70,0 75.0 8,0 2,0 73,0 75,0 45.0 70,0
Avo x’soo a!'o? 6807 7305 6905 7060 793 7«? 7092 76.7 32,0 75:’
LOCR”ON ﬂ M."o HoZo Eo'o Hozo Holo Hoza 'éo'uo Eg‘“o Ep“a Hazu H,Ha HeZo
OF, 2 Eo'o “azo Hozo ‘Ho.Zo ,Mbuo Ho'zo Eo‘“é E'o"o B Mo B.M, H,V, ng.
FRACTURE - * 3 M. ¥, E.¥. H.Z, HoZ. ELH, H.Z. E.N. E.¥, B.M, B.M, Hol. H.Z.
b Hol, E.¥, MY, H.Z, MY, Hol, E.¥. E ¥, B.M. B.M, H.Z, H.Z,

FRACTURE LOCAT!ION

M.¥, = MIDDLE OF WELD

E.¥, = EDGE OF WELD
H.Z. = HEAT AFFECTED ZONE

BOMO =

BASE METAL



TABLE 16

SUMMARY OF MECHANICAL PROPERTIES OF JOINTS TESTED AT +%00° F

CARBON=ARC PROCESS

SHIELDED=ARC PROCESS

WELD NO, 817 Big B50 83 852 B85 Bé 853 87 B28
SPEC, WO,
1 21,890 18,280 18,400 17,510 17,550 15,970  18,1%0 16,00 19,160 21,390
MAX MU 2 22}480 170560 18,200 19990 16,830 12,280 17,190 17,270 17,770 21,330
STRENGTH 3 : ‘ :
(P.S.1.) b .
AV, 22,470 17,920 18,300 18,750 17,19  1%,120 17,660 16,680 18,460 21,360
YIELD q 9,300 9,240 8,500 8,800 7,790 10,800 9,950 10,510 9,190 8,900
INEX 2 10,020 9,140 9,050 9,750 7,350 11,160 8,9%0 10,040 8,830 9,420
P.Sods 3 : ,
L — — — .
v, 9,660 9,190 8,770 9,270 7,570 10,980  9,%40 10,270 9,010 9,160
ELONGATION 1 82.6 18.5 18,6 10.6 14,5 10.2 10,3 7.8 16,4 32,8
INDEX. 2 22.3 .6 16.5 1622 14.3 4.0 11.2 10,4 1222 30.2
{o/0) 3 .
* —_— — — —
AV, 2.4 1%.0 17.5 13.% LR 7.1 10.7 9,1 4.3 8i.5
REDUCT I ON 1 5%,0 7.0 32,0 17,0 28,0 9.0 2,0 20,0 8,0 65,0
OF AREA 2 62,0 10.0 12,0 31.0 30,0 10.0 24,0 1.0 60,0
(o/0) 3 .
u CrTTER=D el ey SRR ‘Canrad erumy R ol DD e el
AV, 58,0 8.5 22,0 24,0 29.0 9.0 6.0 22,0 o5 62,5
LOCATION 3 H.l, E.W.=H.Z, H.Z H.¥. HoZ. EWo=HoZ, E M.=H,Z. E.W.=H.Z. E.¥W.~H.Z, Hol,
oF 2 HoZ, 'Eo'wéhﬂoze E'o'oinozo Enuo-Hozo H;Zo 'Eauo'HoZo Eoue"HAZo ‘Eo'"o’uol- Eogo‘HoZo Hpr
FRACTURE® g ‘ ’

* FRACTURE LOCATION

Moo
E.¥.

H.zb
BQMO

= MIDDLE OF WELD
= EDGE OF ¥ELD

= HEAT AFFECTED ZONE
= BASE METAL



TABLE 16 (CONT'D)

SUMMARY .OF MECHANICAL PROPERTIES OF JOINTS TESTED AT +400° F

INERT=GAS=SHIELDED=ARC PROCESS

0XY-ACETYLENE PROCESS

B60

¥ELD NO, B9 B30 B25 B26  BS7 BS8 B19 Bi2 B27 B28 B59
SPEC. NO, i
i 19,780 19,660 21,960 22,570 15,340 18,040 17,920 16,590 20,500 20,690  1%,860 20,590
MAX IMUM 2 18,530 18,900 21, 790 21 2890 16,990 16,730 16 2500 12,290 22,080 20,680 16,760 19,»20
STRENGTH 3
(Poso.uu‘) % . - ) "
L2 19,100 19,280 21,870 21,980 96,160 17,380 16, 810 1&,390 21,270 20,640 15,550 zo.ooo
YIELD 1 9,350 10,220 10,090 10,050 9,410 9,090 ,770 7,050 8 090 6,990 7 760 6,700
gmx ) g 8, ’980 9 a'eo 9, *330 8,550 s,szo * 9,830 8,200 6,750 9, *970 6,510 8,620 6,100
PoSole
% ' _ ,
A, 9,160 10,010 9,710 9,300 9,010 9,460 8,980 6,900 8,730 6,750 8,190 s,nwo
ELONGAT 10N i 18,9 19.8 31,0 34,5 8,2 15,8 8,5 10,6 95,6 TR 9,8 3.6
INDER 2 14,2 16.% 34,2 48,8 10,9 14,0 10,5 5.1 28,3 89,5 12,9 26,6
{ofo) 3 : : :
% ‘ _ . ,
AV, 16,5 18,1 32,6 41,6 9.5 1%,9 9.5 7.8 29,% 40.% 11,3 30,6
REDUCT 1 ON i 25,0 25,0 78,0 62,0 6,0 15,0 6.0 62,0 68,0 20,0 67,0
oF 2 17,0 18,0 74,0 72,0 8,0 18,0 9,0 3.0 69,0 7%,0 20,0 35,0
AREA 3 :
(0/0) &' . rxsmn cumrem e R cmitis
. 23,0 21,5 73.5 67,0 7,0 16.5 9,0 o5 65,5 71.0 20,0 51,0
LOCKT'ON 1 Eo". ‘ E.H. Hozo Hoz E_o'u.e Eo'"; EO"& E,o"o Bo"o Eo"a Eb'c B "o
(F 2 Ea“o Eoué Hezo B»"o ’E‘o'o‘ Eo"p E "o Eo"o BaMo Helo Ho‘Zo E 'o
FRACTURE g

® PRACTURE LOCATION

M.H, = MIDDLE OF WELD
E.¥., = EDGE OF WELD
HeZ, = HEAT AFFECTED ZOKE
B.M. = BASE METAL



FiG.1

ASSEMBLY FOR TESTS OF

COPPER JOINTS

WELDED




VICKERS PYRAMID HARDNESS

VICKERS PYRAMID HARDNESS

SERIES

|

7,
0 VA< /4
- L |
WELD NO.2A, 1/4" ELECTROLYTIC
70 ’
WELD NO.IA, 1/8" ELECTROLYTIC 60 s
777 ‘ W
) N
80 7 77l 50 l 7
//’/W' | |
\ 2 WELD NO. i8A, /4" DEOXIDIZED
o \/\/\/1 | | \/ !
WELD NO.I74, /8" DEOXID'ZED % //
' 60} - - - — L _/& :
WM
60 50 \/\/\/\/—\/ .
| i
50 40 ; -
WELD NO 494, 1/8" OFHC V;IELD NO. SOIA, 1/4 lOFHC 4 mm [
| ‘ l | | | |
SERIES 1l
P /// / Py
60 y.ova 60 1
905 —N
T LN /\_J%/S// /\/\\/\\ )
50 — W 50 \ "
v /
40 — 40
WELD No.BlA, I/8" ELECTROLYTIC S, WELD No.B2A, I/4" ELECTROLYTIC
.
i
60 h 60
245 </
] 7 N VI N N fwm
40 i 40
WELD No.BIiTA, 1/8" DEOXIDIZED WELD No.BI8A, I/4" DEOXIDIZED /&
[ p
I iy
60 _ 424 60 -
o —~ I~/ 6( 5o PN v
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