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FOREWORD

The need for ships and oil well drilling equipment to operate in the extrenes
of polar climtes has given enphasis to the need for high toughness, weldable
steels. Inportant weight savings become available where designs currently use
nornal i zed, nedium strength, low alloy steels. Significant cost savings
beconme available if the new steels pernmit higher production rate welding in

heavy fabrication.

One of the objectives of this study was to procure plate sections of ASTM A710
steel in yield strength levels of 80 KSI (80,000 pounds per square inch) and
al so ASTM A710 nodified in chemstry to yield strengths of 100 KS | mi ni num
yields. Plates to over 5 inch thick in both strength |levels were procured and
wel ding was perfornmed to evaluate producibility for shipbuilding and narine
structures. Effects of high heat welding on heat affected zones (HAZ)

toughness was of primary interest.

Conventional Iy used quenched and tenpered steels, such as HY80 and HY1QO,
require preheat and interpass tenperature controls during welding of plates
thicker than 1/2 inch to prevent cracking and |oss of toughness in weld neta
and in base netal HAZ. The problemis nore severe with greater thickness in
wel ded structures. High strength low alloy steel wth added copper for
precipitation strengthening (aging) and added nickel for toughness, has been
devel oped and is available in plates as ASTM A710 in several grades. This
material has excellent |ow temperature toughness and unique resistance to HAZ
enbrittlenment and hydrogen-induced cracking, even with little or no preheat

for welding.
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Wth mnor variations in chenmistry, ASTM A710 has been qualified and approved
for use in U S Navy hull structures in thicknesses up to 1-1/4 inches at
80,000 psi mnimum yield strength; yield strength of 100 KSI with equa

wel dability is a goal

In this project the 80 KSI steels up to 6 inches thick were tested in Phases |
and Il. Some plates were welded prior to age hardening. In phases IIl and

IV, 100 KSI yield strength steels were aged prior to welding.

Wel di ng processes used were those nost generally applicable to shipbuilding,
including shielded metal arc (SMAW, submerged arc (SAW, including narrow gap

(ne snaw, and gas netal arc, including pul sed arc (GVAW and PGVAW .

in some test assemblies the weld processes were intentionally pushed to
relatively high heat input parameters to investigate the tolerance of

ASTM A710 and nodified ASTM A710 to high production rate welding. Little or
no preheat and interpass tenperature controls were used to see if these costs

could al so be avoided in production.

El ectroslag welding (ESW, although not widely used in US. shipbuilding, is
an extrenely high production rate process but also results in extremely high
heat input and it adversely affects adjacent base netal properties of higher
strength steels. One test assenmbly was electroslag welded to evaluate the

ef fect.

The tines and tenperatures used for precipitation hardening the various

thi cknesses and the resulting base plate physical properties are tabulated in
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the report. This information will provide useful basic data for future

reference in research with these materials.

The welding and testing of Phases | and 11 denobnstrated that, even with tandem
sub arc, heat inputs totaling over 150 kilojoules per inch, no base betal or
HAZ cracking resulted. The practical linits of heat input were exceeded
(intentionally) as evidenced by centerline cracking when heat input exceeded
250 Kkilojoules per inch. Typical HAZ charpy V-notch values for various
processes and heat input levels were well above 50 Ibs at 40 degrees F and
consistently greater than 70 percent of base plate values for plates aged

prior to welding.

The all-weld metal and charpy V-notch (CVN) test results are included in
copies of test reports in the appendices for all test assenblies. Al weld
metal tensiles exceeded 80 ksi yield strength and consistently retained
toughness (CVN) values greater than the 20 ft-1b at 40 degrees F for 80 Ksi

yield steel, specified by the Anerican Bureau of Shipping for nobile offshore

drilling units.

A conprehension overview and inmportant test data for Phases | and Il is
presented in Appendices C and D which constitute part of this project report.
Some data on the higher yield strength nodified steel used in Phases IIl and

IV is included in Appendix D which is an interimreport on the project.

The steel under evaluation in Phases IlIl and IV was nodified to 100 ksi yield
strength in thicknesses from 3/4 inch to 5 inch. Mnganese was added up to
1.7 percent; nolybdenum was upped to 0.5 percent; alumnumto 0.65 percent and

a trace of boron was allowed. Chromum was reduced to 0.10 percent.
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The wel ding consumabl es were selected by reference to vendor data sheets for
high strength steels. Welding processes were Shielded Metal Arc, Gas Metal
Arc, single and tandem sub arc, and electroslag. The electroslag welding was

done on 3/4 inch thick plate for a case of extrene high heat input.

Tol erance of the steel to a wide range of weld heat input values was

exhibited. There was no visible evidence of production of brittle phases and
no cracking in base netal or HAZ. In general, there was good retention of HAZ
toughness.  However, the electroslag process did cause severe |oss of both
wel d metal and heat affected zone toughness - not a surprising result since

the heat input was over 5,000 Kilojoul es/inch.

The Charpy V-notch tests were nmade at -60 degrees F in Phases Il and I1V. HAZ
val ues (except as above) were between 53 and 197 ft-l1bs for welding heat input
ranging from 38 to 230 Kilojoules/inch. Al weld-netal CVNs were

di sappointingly low in the 100 ksi welds. Late in the project the cause was
found to be largely due to a less than optimm selection of filler metal and

flux and not attributable to either weld process or base netal

QG her conbinations of wire and flux than those used in the subarc welds are
avai |l able and should be investigated by persona interested in high heat input

wel ding of HSLA steel with maxinum retention of weld nmetal toughness

Appendi x A is lengthy but presents inportant details of weld joints, weld
process paraneters, electrodes, and weld sequences used for each material
t hi ckness and test results. Tranaverse and all weld metal teats results are

given as well as inpact test reports for plates and welds. Results are listed
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for base netal, fusion line, and in the HAZ at Inmand 5nm  Evaluation of the
broken sanples is given in ternms of percentage brittle versus cleavage node

failure.

The thickest test assemblies in Phase IV were sectioned, polished, and etched
for metall ographic exam nation of macro and microstructure. Macro photos of
nital etch of the welds are reproduced in Appendix A which show the solidity
of the welds and the successive weld bead overlay patterns and the extent of

the heat affected zone into the base netal.

M crostructure photos show fine structure of the weld metal and base neta
heat affected zones. Sheet A-57 is a characterization of the predom nant

met al | urgi cal phases shown in the mcrostructure photos

The successful production and wel ding of both 80 Ksi yield strength steel and
modi fied ASTM A710 to over 100 Ksi yield strength in plate thicknesses greater
than 5 inch thick is a major acconplishnent of this project. Although sone of
the toughness properties in some weldments were not as high as expected the
obj ective of denonstrating weldability with high heat weld processes was al so
acconpl i shed. The details of weld process parameters and test results wll
provide a guide for further work in high production rate welding of the

ASTM A710 and rel ated HSLA steels.

Further devel opnent of weld netals and fluxes with toughness values nore
closely matching the base netal is needed for nost productive use of these

high yield strength steels in welded structures
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In preparation of the original report for publication several changes were

made for clarification and format. No changes were made to the witten text,
however, several editorial insertions were added to direct the reader to the
appropriate appendi x sheets for technical details not covered by the text.

The appendices were rearranged in an effort to lend continuity to the report.
For example, the micro and mcrostructure photos were placed in sequence with
test assenbly, weld parameter, and physical test data sheets for Phase |1l and
V. Subject headings were added to the text and titles added to the appendix
sheets from which a Table of Contents was devel oped. In Appendix B, a list of
wel di ng equi pment was made to replace the vendor technical data sheets of the

original report.

Foreword by O .J. Davis, SP-7 Program Manager
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PREFACE

This report presents the results of a project initiated by SP-7, Wl ding Panel
of the Ship Production Committee of the Society of naval Architects and Marine
Engi neers. Funding was provided by the U S. Mritime Administration through a
cost sharing contract between Newport News Shipbuilding and Dry Dock Corp. and
Ingal I's Shipbuilding, Inc. as contract managenment. Bethl ehem Steel Corp.,
Beaunont Shipyard, also party to the contract was charged with acconplishing

its goal, “Evaluate The Benefits of New H gher Strength LowAl loy (HSLA)

Steel s.

The project was perforned during the tenures of SP Panel Chairman B. C. Howser
of NNS&D and L. G Kvidhal of Ingalls. M |. Tanner of NNS& and O J. Davis

of Ingalls served as program managers of this project.

The project was executed under the |eadership of A T. Sheppard, Engineering
Superintendent, and J. P. Stafford, Chief Engineer, Production, of Bethlehenis
Baltinore Marine Division. Site work at the Beaunont Shipyard was carried out

by nenbers of the Wl ding Engineering Section of that division.



EXECUTI VE SUMMARY

The demand for offshore drilling rigs that are able to operate in deeper
waters along with the expansion of U S, Naval units accented the need for

better higher strength steel to be used in building the sane.

The steels available for us in the 80 to 100 ksi yield point range were not
costly to procure, but fabrication and erection costs continued to escal ate
This is primarily due to the high cost of sustained preheat and interpass
tenperature controls and the prohibited use of high heat inputs while welding.
The U.S. Maritime Administration decided to find a solution to both the high
cost of welding and subsequent inprovement in productivity plus shorter
delivery times. Thus, the project Evaluate the Benefits of New H gher

Strength, Low Allow (HSLA) Steels" came into fruition.

ASTM A710 Grade A Class 3 steel, which is precipitation hardened, through
3" thick was used for naterial to neet or exceed an 80 ksi yield point
requi renent. The sane naterial was used to neet or exceed a 70 ksi yield
point through 6“. The material was excellent, it can be welded without

sustai ned preheat and there is no apparent limt on heat input.

However, physical limts to heat input were found. Above 250 KJ/in. sidewal
erosi on was pronounced and increasingly difficult to repair, thus sacrificing
some of the potential savings the nmaterial provides to the shipbuilder. The
| arger mass of nolten metal can overrun the sub-arc flux and trap slag under
the deposit. This fact remains unknown until work is conpleted and inspected

by NDT nethods. Thus, costly excavation and weld repairs nullify any

Xi



potential savings. A simlar physical problem occurs when using single arc
SAWfor narrow gap joints using a split layer technique. Sone sidewal
erosion repairs are alnost inpossible to nake and costs increase

exponential ly. Due to these physical handicaps, out heat inputs were linited
to 200 KJ/in. (total) for tandem SAW and 100 KJ/in. for the SAW narrow gap
joint. However, these physical limtations do not inpair the ability of the

base metal to withstand high heat input.

For Phases Ill and |V, a nodified chemstry 100 ksi yield point precipitation
hardened steel was specified which had been experimentally produced by an
inactive domestic producer. A foreign producer was soon |ocated who agreed to
supply the limted amount of material made to this fornulation that was needed
to performthis task. This material too can be welded without sustained
preheat and interpass controls. The same physical. limts on heat input that
were discovered in Phases | and Il had to be followed. The material has the
potential to deliver considerable savings in production costs at the 100 ksi
yield point level. However, the physical limtations will deter the full

realization of this potential until they are overcone.

In Phase IV, different SAW consumabl es were used since the previously used
ones were not |onger available. A severe [oss of weld metal toughness was
di scovered although the base material was relatively unaffected. This fact

underlines the need for inproved welding consunables



CONCLUSI ONS

Precipitation hardened base material is available up to a 100 ksi yield
point that can be welded w thout sustained preheat or heat input
l[imtations. Sizeable savings can be realized by their use. These
materials offer savings to other steel industries, such as pressure
vessels, bridges and building construction. They can replace such steels
as ASTM A514, 517, 542, 543, 709 Grade 100 and nany others. Thus the
entire steel fabrication industry as well as shipbuilding would benefit

fromtheir use

A concerted effort by the shipbuilding industry to use these materials
woul d result in savings in many areas. Lighter plate decreases the
structure’s deadwei ght which increases its payload or decreases the power
to propel it. Lighter plate increases the length and width of plates
possible to be ordered fromthe miIl. This in turn reduces the nunber of
wel ds to be nade. Lighter and larger plates will reduce handling tines

at the working area. Less nmoney wil be paid out in freight

The physical limitations experienced need resolution. This would require

more time for research and additional funding.

The mechani cal properties of ASTM A710 should be upgraded for material

2 inches and down. The 20 percent additional increase in yield from 65

to 80 ksi would enable designers to use thinner plate to acconplish their

task. Thus, savings would be further enhanced by its use
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Better welding consumables are sorely needed. Consumable producers, like
steel producers, are hesitant to pioneer new markets with | ow vol une
requi renents. The acconplishments of the above conclusions will hasten

this inmprovenent. The shipubilding industry is urged to actively pursue

these points.



1.0

1.1

BVALUATE THE. BENEFI TS OF NEW H GHER STRENGTH

LOW ALLOY (HSLA) STEELS

| NTRODUCTI ON
Background.  Bethl ehem proposed to SP-7 to conduct a study to eval uate

the benefits of new higher strength low alloy (HSLA) steels. The

original goals of the Novenber, 1983 proposal appear inf Figure 1.]1n

February, 1985, $95,000 was awarded to acconplish [Phase T, ]and work on

Phase ||began in August, 1984. During the course of $75, 000

was awar ded for| Phase I1I.

| n|Phases | anle_ITI we would determine the ability of the new HSLA

steels to withstand high welding heat inputs, wthout using sustained
preheat, and have only limted heat zone degradation. Yield points to
be attained were 80 ksi through 3 inches thick; 75 ksi through 5 inches
thick; and 70 ksi through 6 inches thick.

The HSLA to be used was ASTM A710, Grade A, Class 3. Its properties

appear in

In late 1984, a search was begun for a producer of the 100 ksi yield

point plates needed in|Phases Ill|and [[V-A] U.S. producers were

unwi Iling to commit to produce this new chemistry plates in any amount
| ess than 100 tons. A foreign producer was |ocated who was iwling to
accept an order for 20 - 25 tons that could be made in their small

60-ton unit. Properties of these plates are conmpared to ASTM A710

Gade A, Cass 3, and shown in| Figure 10.

In June, 1985, an order was placed for 22 tons of the new chemstry
steel at a cost of .58/Ib. Total cost including freight was $27,460.50

and it was delivered in early 1986.



PANEL Sp—-7 ORIGINAL GOALS

PHASE GOAL AND PLATE SCHEDULED TIME
THICKNESS COST
! 80 KSI YP $ 95,000 | YEAR
THROUGH 3 IN.
2 75 KSI YP $ 75,000 9 MONTHS
THROUGH 5 IN.
70_KSI YP
THROUGH & IN.
3 100 KSI YP $ 70,000 & MONTHS
THROUGH 3 IN.
4A 90 KS| YP $ 100,000 | YEAR
THROUGH 5 IN.
85 KSI YP
THROUGH & IN.
4B PUBLISH RESULTS $ 50,000 9 MONTHS
TOTALS $390,000 4 YEARS
PANEL Sp—-7 REVISED GOALS
PHASE GOAL AND PLATE SCHEDULED TIME
THICKNESS COST
| 80 KSI YP $ 95,000 | YEAR
THROUGH 3 IN.
2 75 KSI YP $ 75,000 9 MONTHS
THROUGH 5 IN.
70 KSI YP
THROUGH & IN.
3 100 KSI YP $ 51,000 6 MONTHS
THROUGH 3 IN.
4A 90 KSI YP $ 70,900 9 MONTHS
THROUGH 5 IN.
85 KSI YP
THROUGH & IN.
4B PUBLISH RESULTS
TOTALS $291,900 36 MONTHS

Figure 1. Plate Thickness and Yield Strength Goal




PHASES T & II

ASTM A7I0 GRADE A CLASS 3

ELEMENT . COMPOSITION %

c 0.07

Mn 0.40-0.70
p 0.025 MAX
S 0.025 MAX
Si 0.40 MAX
Ni 0.70-1.00
Cr 0.60-0.90
Mo 0.15-0.25
Cu .L00~1.30
Cb 0.02 MIN

MECHANICAL PROPERTIES FOR
MATERIAL UNDER 2 INCHES

TS min T5 ksi
YP min 65 ksi
% E min 20

SUPPLEMENTAL REQUIREMENT
TRANSVERSE V' 50 FT-LBS AT -80°F

Figure 2. Chenical and Mechanical Properties of
ASTM A-710, G ade A, Cass 3




1.2

Wrk was completed on Phase |I, somewhat short of the original goal of
48 test assenblies for Phases | and Il. O the 30 plates prepared,
twenty-four (24) were acceptable and six (6) were scrapped. Results of
the findings are discussed |ater.

In May, 1986, Bethlehem was advised that MARAD funds were not |onger
avai |l able to do Phases 111, IV-A and 1v-8. A proposal was then
subnmitted to produce a shortened version of Phase 111 for $51,000 and a
stringently curtailed version of Phase IV for $70,000. These revised
goal s al so appear in

Work on Phase |11 began in Novenber, 1986 and was conpleted in Mrch,
1987. Work on Phase |V began March 18, 1988 and was conpleted in
November, 1988.

Requi renents and Welding Practices. In all phases, the follow ng

requirenents and practices were followed to sinulate actual produciton

met hods:

a. Initially, heat input was unlimted but physical limtation were
found.

b. Only gas torch noisture-drying preheat was to be used, when
needed.

. Sustai ned preheat and interpass tenperature controls were
abandoned.

d. Degradation by cracking of the weld or heat zone was prohibited.

e. The average sum of heat affected zone charpys to be no less than

60 percent of the parent plate.



2.0

2.1

2.2

2.3

PHASE | - WELDI NG ASTM A710
3-1NCH THI CK

, GRADE A STEEL PLATE FROM 2-314-1NCH TO

bj ectives of Phase |. The goal was to produce 80 ksi yield point

wel ded joints in steel through 3 inch thick. Transverse inpact values
as required by American Bureau of Shipping 1985 "Rules for Building and
Cassing Mbile Of shore Drilling Units," Table B. 2 Gade EQ®6 (56
k/mfor 80 ksi minimumyield), Hgh Strength Q& steel, of 20 ft.-Ib.
at -40 degrees F were to be met or exceeded, and a mnimum el ongation
of 16 percent was to be net.

Approach. The steel welded in Phase | was ASTM A710, Grade A, Class 3.
(See Figure 2) The plates were procured in the quenched only

condi tion. Eight (8) test plates were welded in this condition and
then precipitation hardened (P/H). Seven (7) test plates were P/H
first and then welded. The graph shown in Figure 3 depicts the
various properties that can be obtained at different P/H tenperatures
and rapid cooling to anbient conditions. Therefore, ASTM s m ni num of
65 ksi yield point over 2 inch can be exceeded with certainty.

Advant ages of Welding Prior to Age Hardening. Using plate in the

quenched only condition, presents the fabricator with an extraordinary
production inprovement. This occurs because of the increase in yield
strength that is brought about by the precipitation-hardening process.
For exanple, a 3-inch thick A710 Grade A, Oass 3 plate will have an
approximate yield point of. 60 - 64 ksi in the quenched only condition,
and average 86 ksi when precipitation-hardened at 1050 degrees F.
Therefore, 3 inch plate with an 80 ksi yield point is an actuality.

Thus, a mnimm of 25 percent increase in formng ability can he



PHASE 1 .
MECHANICAL PROPERTIES
OBTAINED AT VARIOUS PRECIPITATIOM
HARDENING TEMPERATURES.

A=TENSILE STRENGTH
O=YIELD POINT

O=CHARPY *V*
1o -+ e
o
[+4]
1
-~ 105- L
A <I
p —
- B
= 100 2
e -
& L
£ sl "
H 95 K
- 3
2 90— -
=
Ll
= 3
[0 —
X g5 g
§ u
- o . [1p]
= 80 20 2
+Ie &
75

4 o000l —-
4 oGeOol —-
4 o0€0] ——
d 0640 ——
4 o000l —-
3 oGell -

PRECIPITATION HARDENJNG TEMP.

Figure 3. Tensile, Yield and Charpy versus Precipitation
Hardening Temperature for Test Plate




2.4

2.5

2.5.1

achieved--80'62 = 1.29. Assune that a plant’s formng equi pment
capacity for a 3 inch 80 ksi yield point plate is 72 inches wide at a
given radius. By using a 62 ksy yield point material, the formng

wi dth capacity will be increased to 90 inches. Then a 90/72 = 1.25
ratio exists. Wder plate can be fornmed and the nunber of weld butts
can be reduced by 25 percent for a given assenbly. The assenbly can
then be precipitant ion-hardened and wel ded

Mechani cal Properties of Test Plates. The graph of mechani cal

properties are the results of using quenched only plates fromthe
producer and precipitation-hardened on site. The graph al so shows
charpy V-notch values at -80 degrees F. ASTM A710 suppl enenta
requirenent No. S1.3 states that test results for |ongitudinal

speci nens (transverse notch) “shall meet a mninum value of 50 ft.-Ib.
at - 80 degrees F.” Charpy values in the quenched only condition were
not considered germane. (See Figure 3.)

Test plates were cut, beveled and fitted, as shown o three
sheets.

PHASE | RESULTS

Vel ding Prior To and After Precipitation Aging - 2-1/4 Inch to 3 Inch

Thick Plates. The first three (3) of the four (4) groups of wel ded
test plates were welded prior to precipitation hardening. The fourth
group was precipitation-hardened and then wel ded. The fourth group
was precipitantion-hardened and then wel ded. Charpy values in the
quenched only condition were not germane. The material in the second

group (2-1 /4 inches) was furnished by Lukens Steel, the remminder was

furni shed by Arnco, Houston. Phase | results appear in| Figure 5




WELD JOINT DESIGN -
PHASE I (SHEET 1)

PLe | THK. IPROCESS| JOINT DESIGN |{PLe | THK. |PRocESS|  JOINT DESIGN
—-2/3T . —2/3T
450 450
: ; \: :
A | 234 saw [EE—DEIE: oull £ 23| s i B O
L1737 /3T
—2/3T —2/3T
45° _45¢°
8 |2asa| saw Y Bl ¢ | 23] saw _\f R Oa
/3T /3T
—2/3T —2/3T
45¢° 45°
Aullw A . \ulwi
¢ {2374 saw H——}( ?E:?: ol w | 2370] saw Y B2 S
/3T /3T
_2/3T —2/3T
450 450
“! \I i * , _ IT' 0. O
b | 23/4| saw ’{;—x RO-O° M 1 | 23/4| saw [fa— (sﬁ:g: Tar
L 1/3T — /3T
_2/3T —2/3T
450 450
v/ \ulwi
E |23/ saw |L1—3C?§:3: Sl v L23ra| saw I R8O
LI/ST /37T

Figure 4. Weld Joint Designs for 2-1/4-Inch to 3-Inch Thick
Plates for Various Arc Weld Processes (Sheet 1 of 3)




WELD JOINT DESIGN

PHASE I (SHEET 2)
pLe | THK [PRocess| JoiNT DEsien  [[PLe | THK. [PRocEss|  JoINT DESIeN
30°
R.O. I/4" .
K | 234 saw m R S T
SAW =
300
i ; E0°
Nt/
R.0. 174" .
L] 3 | saw QD o |23m| saw || YETmo o
2/3T ~2/3T
W“S" 45¢
M| 23/4] saw !. ,.[,Ef-’ Va sizal saw “" V ko o
1737 L 1/3T
450
60°
Nttt/
NARROW R.Q, 3/4" .
B ? S5 2| saw | XZEDRe o
60°
Figure 4.

Weld Joint Designs for 2-1/4-Inch to 3-Inch Thick

Plates for Various Arc Weld Processes (Sheet 2 of 3)



WELD JOINT DESIGN

PHASE I (SHEET 3)
PL# | THK. |PROCESS JOINT DESIGN PL+# | THK. |PROCESS JOINT DESIGN

V| 2174 GMAW 75T RE.
W[ 2ua| swaw DO o

X | 24| smaw |§:?:

Weld Joint Designs for 2-1/4-Inch to 3-Inch Thick

Figure 4.
Plates for Various Arc Weld Processes (Sheet 3 of 3)
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PHASE T RESULTS

THICK- PROCESS K¢/IN YP. TS % % *CHARPYS AT ~80°F
NESS INPUT (KSDD (kS E RA W F IMM 3 MM 5 MM
(PRECIPITATION HARDENED AT I050°F FOR 165 MIN AFTER WELDING)
23/4 DCBAC 208 872 107 22 63 9 8 30 4 2
23/4 % 175 892 108 22 58 1 10 64 27 20

(P/H AT 1II0O°F FOR 165 MIN AFTER -WELDING, CHARPYS AT -40°F}

21/4

DC & AC

135

2 1/4 YERT-STICK 65

93.2

89.6

108

26

(P/H AT I050°F FOR 165 MIN AFTER

2 3/4

23/4

DC & AC
SAW

*

e 3/4

2 3/4

——— e ey e—— e —

¥

DC ONLY

150
125
100

75

9Ll

87.9

93.2

94.3

107

107

07

28

24

69 23 98

2 15 173

63

136

103

103

WELDING, CHARPYS AT -40°F)

6¢ 3 5l
66 28 46

67 43 58

53

52

7

46

48

48

38

33

43

43

32

29

ey e de——y gy —

(P/H AT 1050°F FOR 165 MIN BEFORE WELDING, CHARPYS AT -40°F)

2 3/4
2 3/4
3
3
3

3
2 3/4

DC & AC
SAW
%
*

DC OMLY

DC & AC

DC N.G.
VERT. MIG.

100

150

200

75

125

75
95

97.6
88

84.7
94.7
89.7

93.4
88.7

108

108

106

106

107

106
102

24

24

23

24

24

25
23

67 76 54
69 78 109
67 40 %4
67 74 86
63 86 96

66 6l
58

68
79 110

50

74

88

52

76

i2
108

80

64

95

72

64

T3
93

*ALLL. CHARPY "V'S ARE TRANSVERSE

103

102

56

9l

94

67
69

Figure 5.

of 2=-1/4-Inch to 3-Inch Thick Weldments

Weld Process, Heat Tnput Values and Test Results




2.5.2

2.5.3

2.5. 4

2.5.5

Dual Sub-Arc Welds of 2-3/4-Inch Plate to 208 KJ/IN Heat Input. In the

first group of 2 inches to 2-3/4 inches plates nechanical properties at
hi gh heat input were satisfactory. Weld nmetal charpy values were not.
The average of the 1, 3, and 5mm HAZ was |ess than 60 percent of the
100 ft .-Ib. expected|(Figure 3) The pitfalls that can be encountered
by precipitation hardening after welding were evident.

Dual Sub-Arc and SMAW Welding 2-1/4-Inch Plate to 135 KJ/IN Heat

Input. In. the second group, where nore heat waa used for soaking and
toughness level was lowered to -40 degrees F, a marked inprovement in
HAZ val ues occurred and there was some inprovenent of weld neta
charpys. The vertical-stick plate was repaired and rewel ded twice in
sonme places after defects were discovered by ultrasonic inspection. It
is believed that rewelding and the reheating, including precipitation

hardening of the weld metal was responsible for the low, 15 ft.-lb.

charpy value. (See|Figure 6.)

Dual Sub-Arc and Single Sub-Arc Wlding at 75 to 150 KJ/IN Heat |nput.

In the third group, which has a |ower soak temperature, all weld neta
charpys are acceptable. HAZ charpy val ues are bel ow the 60 percent
average of base plate value. The heat inputs and values obtained in
the third group duplicates production procedures that have been used.
The low fusion line value on the single arc narrow gap weld, of

15 ft .-lb. is attributed to rewelding and reheating to repair weld

defects. (Seel Figure 5.)

Single and Dual Sub-Arc, and Vertical Mg Wlding after Precipitation

Aging. Al material in Goup 4 was precipitation hardened prior to
wel ding. Weld netal charpys’ are excellent. Heat affected zone val ues,

including fusion line readings are at |least 72 percent or better of

initial properties. (See|Figure 6.) |
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WELD METAL mm

5 Vo 5 "o
$ [+]] EIE 130
t 80 E: 120
g 1]
]

I £ o
© —— \ ©
; Ta \\ ; 100
< <

"W . -
| & 1

so = 1) 5
3 2 T~
> a0 > 170
5 5 7
< B0 -]

I
& 2
> 2 5 0
. =
€ 10 & 40
5 o 5 30
0 73 100 123 150 173 200 223 sa 73 i0¢ 123 180 W3 200 225
HEAT INPUT {KJ/in) HEAT INPUT (KJ/in)
_Smm_

4o

110 po—

10

o

160 /)L.._\“/,-r\

90 \\

B0

TQ

%o

#0

CHARPY IMPACT VALUES AT ~60°*F (FT-LBS)

B

#o

°50 kL 0o 123 130 175 200 229

HEAT INPUT (KJ/in)

TOUGHNESS VS HEAT INPUTS
PHASE T

Figure 6. Graph of Weld Metal and Heat Affected Zomes (Charpy

V-Notch Results of 2-1/4-Inch to 3-Inch Thick Weldments)
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3.0

3.1

3.2

3.3

3.4

PEASE Il - WELDING 80 KSI YIELD STRENGTH PLATES FROM 4-1NCH TO
6-1 NCH THI CK

Base Plate Properties. Material for Phase 11 was procured from stee

service centers. The 4-1/2 inch and 5 inch plates were produced by
Arnmco and sold to a service center upon the closing of their Houston
works. They had an average |ongitudinal charpy value of 175 ft .-lb. at
-50 degrees C.  The 4 inch and 6 inch were produced overseas with a

| ongi tudi nal charpy value of 155 ft. -lb. at -50 degrees C. All were in
the precipitation hardened condition in accordance with ASTM A710

Gade A, Cass 3. Based on the above, parent netal transverse charpy
val ues attainable should be 116 ft .-l1b. for 4-1/2 inch and 5 inch
material and 103 ft .-1b. for 4 inch and 6 inch plates at -50 degrees C
prior to welding. This transverse to longitudinal ration conplies with
ABS 1985 Mobile O fshore Drilling Unit Rules.

Yield Strength Goals of Phase 11. The goal of Phase 11 differed from

Phase | in that material through 5 inches would have a 75 kai vyield
point and 6 inch material would have only a 70 ksi yield point. The
60 percent retention of WAZ properties was to be naintained.

Joint Displays for Various Weld Processes and Thi cknesses. The wel d

joint designs used in Phase 11 appear qn Figure 7,|2 sheets.

PEASE 11 RSSULTS

a. The goals of 75 ksi and 70 ksi yield points through 5 inches and

6 inches were attained. (Seq Figure 8.)

b. The 60 percent of original transverse charpy value was realized in

the heat affected zone averages.



WELD JOINT DESIGN

PHASE II (SHEET {)

PLs | THK. JPROCESS JOINT DESIGN PL* § THK. |PROCESS JOINT DESIGN
20°
202,
' R.0. 374 R.0. 5/8"
ML 4 | saw m 66 | s | saw [ [ro 3
I
60° 20°
. 0. O° s N RO rR.O. 3/4"
oo | o |ouy ERC oo o |+ e T i
SAW
) 50°
. AR.0. 3/4* 8’ NARROW R.Q. 3./4'
cc 41/2 NA(I;?EPOW[ I ’EE‘D!EE' i oAp ? ?gE%EEE
SAW SAW —
29°
450
Croe | SMAW/ .0. o . ' . ;
o | auz| Sy NER woodw ]| s s || e
(45=§
20°
&y V7]
R.0. 578"
ee | 4120 | smawy -R-O- o lxk | & | saw
sy 72X | |\
JEDN
Figure 7. Weld Joint Design Used in 4-inch to

6-inch Thick Weldments (Sheet 1 of 2)

15



WELD JOINT DESIGN

PHASE II (SHEET 2)

PL# { THK. {PROCESS JOINT DESIGN PL# | THK. |PROCESS JOINT DESIGN
60°
§0°
ea
Figure 7. Weld Joint Design Used in 4-inch to

6-inch Thick Weldments {(Sheet 2 of 2)
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PHASE 0T RESULTS

(PRECIPITATION HARDENED AT HOO°F FOR I35 MINS. PRIOR TO WELDING)

THICK  PROCESS KJ/IN Y.P. TS *CHARPYS AT -40°F

NESS _ INPUT KSi Kst - w I M/M S M/

4 DC & AC 192 84 99 30 86 94
SAW

4 YERT. MIG. 35 ’ 87 100 84 83 82

4172 SAW - NG 73 78.1 S0 7 139 i34

41/2 VERT - STICK 53 79.6 90 33 12 7

4172 YERT. MIG. 73 76.5 88 59 160 129

5 DC & AC 140 784 86 37 32 131
SAW :

5 SAW - N6 75 79.4 S0 87 i35 72

6 - ——DC & AC 130 . 80.9 95 64 77 58
SAW

6 SAW - NG 73 84.6 92.7 51 7l 89

*ALL CHARPY *V*S ARE TRANSVERSE

Figure 8. Mechanical Properties of 4-inch to é-inch
Thick Weldments
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4.0

PHASES | AND || COMVENTS

a.

Goal s of 80 ksi yield point through 3 inch, 75 ksi, and 70 ks
yield points through 5 inches and 6 inches have been net.

Only noisture drying preheat was used.

No cracking occurred in the parent metal or its heat affected
zone. High heat inputs were used. Up to 200 + KJ/in. , the sum of

two (2) arcs was maximum  (Weld netal and HAZ charpy V-notch

values at |mm and 5nm are tabulated in [Figure 8.)

Heat affected zone values were at |east 70 percent of origina
when plates were precipitation hardened before welding. The sane
woul d be true for formed or rolled subassenblies. These findings
parallel those reported by G E. Kanpschafer.
Sone fabrication can be welded prior to precipitation hardening
at some additional sacrifice of properties. Results obtained nust
still neet ABS or other governing specifications
Vel di ng consunebl es used were
SVAW - E-11018M - Alloy Rods
GNAW - Linde 95 - Argon with 25 percent CO*
SAW - Arnto W24 with Lincoln 880M Fl ux
SAWNG - Linde 100 with Linde 0091 Fl ux
The results as posted are optinuns. Several plates were welded at
hi gher heat inputs than shown and were unacceptable for the
foll owi ng reasons:
1. Vel d centerline cracking becane apparent on three (3) sub-arc
pl ates when gouging to prepared for the second side weld.
(1 - 3inch; 1 - 4 inch; 1 - 6 inch; total heat inputs of
185 + 150 = 335 KJ; 150 + 125 = 275 KJ, and ,125 + 125 =
250 Kilin. )

18



2. Wth high heat at the slower travel speeds weld nugget size
is mgnified. Trapped fused slag in the weld netal is not
known until plate is X-rayed or ultrasonic readings are made.
(Two (2) plates scrapped, 1 - 2-3/4 inch, 280 KJ total input;
1- 4-1/2 inch, 150 lead, 125 trail, 275 total input).

3. Narrow gap by SAWhad to be linmted to single arc at |ess
than 100 KN in. input. Sidewall undercut becomes a major
probl em and resultant trapped slag is very costly to renove.

Charpy V-notch values vs. heat input are plotted for Phase | in

Figure 13.| Phase 11 conparisons appear in|Figure 9.

Appendi x C contains a paper entitled, “The Benefits of New High
Strength LowAlloy (HSLA) Steels ,“ covering Phases | and 11 in

great detail and was delivered at the 1987 AWS Convention in

Chi cago. |Appendi x D|contains a paper entitled, “The Benefits of A

M"dified Chemistry, High Strength Steel, " which has a discussion
and author’s closure sect ion covering many vital points concerning

100 ksi yield point steel.

19



WELD METAL Imm
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Figure 9. Graphs Weld Metal and Arc Heat Affected Zome Charpy V-Notch
Values Versus Welding Heat Input for 2-1/4-Inch to 3-Inch Thick
Weldments of 80 Ksi Yield Strength Steel
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5.0

5.1

5.2

PEASE 111 - NELDING ASTM A710 GRADE A, CLASS 3 MODIFIED TO 100 KS
YI ELD STRENGTH To 3-1/4 mm TH CK

bj ective of Phase II1. The primary objective of Phase IIl was to

qual i fy Hsta A710, Class 3 (nodified) with 10l1 ksi mininumyield in
t hi cknesses ranging from 3/4 inch through 3-1 /4 inch using various
wel di ng processes, and achieve weld netal mechanical and toughness
properties that would meet or exceed M L-STO 248C requirenents

Chenmistry, Weld Processes, and Joint Designs. The properties of this

nodi fied steel are conpared with ASTM A710 in|Figure 10. M and M

were markedly increased while & was halved and trace el enents appear.
\Wel di ng processes used for this task included SMAW GVAW (| ow
deposition) , SAW TANDEM SAW and ESW (hi gh deposition) . Additionally,
m ni mal preheating of test assenblies and higher (650 degrees F

mexi mum) interpass tenperature were examned to deternmine the ability
of the material to yield satisfactory weld properties under |ess than

optimal welding conditions. The weld joint designs used are presented

in|Figure 11.| Eight test assenblies were prepared and wel ded. Wl di ng

paranmeters, techniques and |aboratory reports are given in|Appendix A

(Appendi x A includes sketches of the joint designs and details,
including the bevel angles root openings, and filler metals used for
each thickness of weldment and weld process. The joint design sheets
al so provide details of weld pass sequence travel speeds, and

el ectrical parameters used. The total weld heat input is alao given.
Following the joint design sheet for each plate are the independent

| aboratory test reports with actual test results for each sanple,
including tensile strength, yield strength, and location of fracture.

For charpy V-notch test data, the location of the sample with respect
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PHASES 101 & IV

MODIFIED-CHEMISTRY PLATE COMPARISON

ELEMENT " COMPOSITION % *  COMPOSITION %
AT7I0 GRADE A AT7I0O GRADE A
: CLASS 3 MODIFIED
c 0.07 0.07
Mn 0.40-0.70 1.20-{.70
P 0.025 0.025
S 0.025 0.025
Si 0.40 0.40
" Ni 0.70-1.00 0.70-1.00
Cr 0.80-0.90 0.10-0.50
Mo 0.15-0.25 0.20-0.50
Cu 1.00-1.30 .00-}1.35
Cb 0.02 0.02
Al N/7A 0.015~0.65
B N/A T

MECHANICAL PROPERTIES FOR
MATERIAL UNDER 3 INCHES

COMPOSITION % COMPOSITION %
A7I0 GRADE A A7I0 GRADE A
CLASS 3 MODIFI1ED
‘TS min 75 ksi 125 ks
YP min 65 ksi . 100 ksi
% E min 20 20
% RA "2 N/A o5
"W $1/1b 50 at -80°
OF IITI
at-76°F MODU 20T
1985 Table B.2

Figure 10. ASTM A710, Grade A, Class 3 Steel Modified
to Reach 100 Ksi Yield Strength
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WELD JOINT DESIGN
PHASE T

PL# { THK. |PROCESS JOINT DESIGN PL# | THK. |PROCESS JOINT DESIGN

*

60°

. |
e | o REDC et s ave| s BRI Re s

60°
' DUAL 0. 172"
R.O. O '
Y R & (|6 |23 saw }I}??i”

-4

2 I 174" | GMAW

"-"':" \ . . — R.O. i*
3| twar] suaw [JZERNCT W09 i 7 [ 3warf Esw | )
R.O. 3/4

e
T

| 50 1 | saw
4 |1z DU ):E“"’ 8 | 31/4" | (NARROW
2174 GAP)

ARC

Figure 11. Weld Joint Designs and Weld Processes Used to Weld
3/4-Inch Thick 100 Ksi Yield Strength, Modified
ASTM A710, Grade A
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5.3

5.4

to weld nmetal and heat affected zone and base netal, and the percentage
of shear is given for each sanple. A macro photo of test assenbly
plate I11-8 is shown in figure on page A-27 for base netal plates, mll
inspection certificates with additional data on physical poperties,
chem stry, charpy V-notch values, heat treat schedul es and hardness
test results are presented on pages A-99 through A-104 - Addendum by

0 J D)

el di ng Consumabl es for Phase 111. Wlding consumables used in this

study and the various welding processes included:
SMAW El 10 8- M Al l ow Rods “Atom Arc” El ectrodes
GvAW ER120S-1 L-'Tec 120 Wre with 98 percent AR - 2 percent

xy Shielding Gas

SAW F11A4- S\b- G Linde 100 Wre with Linde 009" Flux
F10A6- EF6 Arnto W25 Wre with Cerlikon OP12 | TT Fl ux
Ews F7A2- E144- M4 Linde 120 Wre with Linde 124 Fl ux

MII Analysis and Test Reports of Base Metal Plates. MII| test reports

for these nodified chemstry plates appear in|Appendix C |MI test

reports show that plates were water quenched and precipitation hardened

at the following times and tenperatures:

I nmrersion Quenching - Al of one size at once - Chiba Wrks 12-26-85

Thi ckness (1In) WwQ °F M nut es Ph °F M nut es
34 1700 45 1220 130
1-1/4 1700 70 1166 150
1-3/4 1700 95 1166 175
2-1/4 1700 115 1166 200
2=3/4 1700 135 1166 230
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5.5

3-1/4 1700 Very Rapid 1166 155

3-3/4 1700 Very Rapid 1166 260
4-114 1700 Very Rapid 1166 280
4-3/ 4 1700 Very Rapid 1175. 320
4-1/ 4 1700 Very Rapid 1166 340

PHASE |11 RESULTS (See

a.

Transverse weld netal tens ion tests exceeded 100 ksi mininum yield
on all test assenblies, except nunbers 2 and 8. Plate 8 was

el ectroslag welded at 5,770 KJ/in.

The All-Weld Metal Tension Tests exceeded 100 ksi nmininmum yield
only on test plates with effective heat inputs of less than

50 R J/in.

Charpy V-notch Weld Metal Inpact Tests exhibited satisfactory
results with heat inputs up to 130 R J/in.

Charpy V-notch Base Metal HAZ Inpact Tests were excellent, even
with effective heat inputs of 230 RJ/in. Testing of all charpys
was at -60 degrees F (-51 degrees Q)

Criticality of alignment between weld nozzle to joint groove is

hi gh using the sub-arc narrow gap process.

Wde range wel ding paraneters produced no occurrence of base netal
or heat-affected-zone (RAZ) cracking. This immnity to hydrogen
i nduced cracking is primarily attributed to the |Iow carbon content
of the material, which hardens only slightly when quenched from
austenite.

H gh heat input welding processes did not produce unfavorable
dendritic grain growth in the weld metal or heat-affected-zone

m crostructure.

Charpy notch values vs. heat input are plotted in|Figure 13.
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PHASE TIT RESULTS

THICK- PROCESS AND Kd/IN _ALL_WE.D_MEIBL{E_ REDUCED SECTION *CHARPYS AT -60°F
NESS  CONSUMMABLES INPUT Y.P. 1.5, &k ¥RA Y.P. T.5. ] I MM 5 MM
3/4  GMAW-98%A 38 ] s 17 49 105 N5 69 96 82
LINDE 120
1174 GMAW-98%A 38 127 131 12 it 99 120 73 73 64
LINDE 120
1174 SMAW 27 2 2’4 + + o 16 24 65 6l
ElOIBM
| 374 DC-AC SAW 230 87 20 23 51 103 2 16 33 73
- LINDE {00W/
0091 FLUX
2174 DC-AC SAW ~ 127 97 I3 23 64 103 1] 3l 94 30
LINDE 100W/
0091 FLUX :
23/4  DC-AC SAW 123 TEST NOT MADE 101 12 49 74 70
ARMCO W/25W/
OPI2ITT FLUX
d1/4 DC-NGAP 75 76 m o+ + 105 15 3l ie 138
ARMCO W/25W/
OPI2ITT FLUX
3 1/4 ESW 3,770 67 06 (6 34 90 135 7 3 5.5
LINDE 20 W/
124 FLUX
*ALL CHARPY "V*S ARE TRANSVERSE
+BROKE OUTSIDE OF GAUGE MARKS
Figure 12. Physical Properties of 3/4-Inch to 3-1/4-Inch Thick Welds

of 100 ksi Yield Strength Steel




CHARPY IMPACT VALUES AT -50°F (FT-LBS)

CHARPY IMPACT VALUES AT -60*F (FT-LBS)

no

14

o

100

0

BG

[1]

S0

30

WELD METAL Imm

140

1?0

L] : / \

I 7

wl /TN

&0

103

CHARPY IMPACT VALUES AT ~60°F {FT-LBS)

40 \

f AN . \

‘\ \
\\\\ 10
3
27 38 73 [25 127 B30 S.770 0= =8 @ BS 127 0 sqe

HEAT INPUT (KJ/in) HEAT INPUT (KJ/in)

Smm

N

AV

\ TOUGHNESS
\ VS
\ HEAT INPUTS
\ (AVG. OF 3 SPECIMENS]
[+ 7 36 73 123 127 230 :Erto P H AS E EE[

HEAT INPUT (KJ/in}

Figure 13. Graphs of Weld Metal and Heat Affected Zome
Toughness for 3/4~Inch to 3-1/4-Inch Thick
Weldments of 100 Ksi Yield Strength Steel
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6.0

6.1

6.2

PHASE |V - VELDING ASTM A710 GRADE A, CLASS 3, MODIFLED TO 100 Km
YI ELD STRENGIR ‘ TO 5-1/4-121CH TRI CK

oj ectives of Phase IV. The continuation of qualifying HSLA A710

Cass 3 (nodified) material with 100 ksi minimm yield in thicknesses
from 3-1/4 inches through 5-1/4 inches, using various welding processes
to the specification requirenents of M L-STD 248C for HYLQO material
concluded this project’s studies and testing of A710 material. The
objective of this phase was to denonstrate whether or not the A710
Claaa 3, material could equal or exceed typical values required of
HY100, and therefore be considered as a substitute steel in areas such
as ship decks, shear strake, hull and bul khead applications where HY100
is currently used.

Vel d Joint Designs, Parameters, Test Results, Micro, and

Mcros tructures of Welds. The detailed procedure tests, results, and

equi prent used in this phase are given in|Appendices A|and B.

Addendum (added to guide the reader to appendices and figures devel oped
in welding and testing the 100 ksi HSLA Steel S)
Appendi x A, pages A-29 through A-104, provide the unabstracted
data produced by Phase |V of this project. For each plate thickness
- 3-1 /4 inches, 4-1/4 inches, 4-3/4 inches and 5-114 inches and for
each weld process used, a joint sketch is provided that gives bevel

angles, rOO Ope~gs, consuneble identity, weld process, weld pass

sequences, electrical parameters and/for total heat input values and

other details of the test assenblies. (See| Figure 14.) Follow ng

each joint sketch are laboratory test data reports on tensiles, yield
strength, location of fractures and test nethods. Chsrpy V-notch

test reports provide results for, each sanmple and an eval uati on of

shear versus brittle node failure. (See|Figure 15.)
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JOINT DESIGN.

WELD

PHASE I¥
PL+ | THK. |PROCESS JOINT DESIGN PL# | THK. |PROCESS JOINT DESICGN
60° * . 457
' 1/2 .0. » " 1727 .g. OF
V| sve| e [BEDC Ro- el e | e saw [NEDX RO
| ‘ _ _
—2/3T
60°
SAW R.0. 778"
2 | 3174 sAw [}-__ R.0. 0" I 7 | 4 3/4*|(NARROW |) GAP AT
R A eovl) Y ek
—1/3T
-2/3T
<
1- 2 2741 CMAW I /%.S‘,’L.R-O- 178l g azza0l saw B\ R.Q. 0"
i IR B N Y RFOT T TSR e R.F. 174
—1/3T
60°
% SAW R.0. 7/8
4 |33 saw |)I2 ro. o 1l o | 51/4 | (naRROW }IGAP AT
N RiF, 174 GAP) ! Sher
| - ; el\
YRS
] S '
5 | 4174 | {NARROW :D 10 | 5174"| SAW R.0. O° .
cap) | [ Sher __JR2 s
Figure 14. Weld Joint Designs and Weld Processes For

3-1/4=-Inch to 5-1f/4-Inch Thick, 100 Ksi Yield
Strength Modified ASTM A710, Grade A, Class 3

29



0€

PHASE I¥ RESULTS

THICK- PROCESS AND KJ/IN REDUCED SECTION *CHARPYS AT -60°F _

NESS  CONSUMMABLES INPUT 'AY.F.J mT.S. '_iE‘ YRR YP. 1S5, W I NW 5 NM

3174  SMAW-EI20I8M 62 129 133 20 60 108 8 32 7 90
ALLOY RODS

314  SAW-TANDEM 198 8l 107 24 65 99 t4 19 28 157

. DC LEADS

AC TRAIL

3 3/4 GMAW-LTECH 8l 132 139 19 63 18 24 55 141 120
120 W/98%A

3 3/4 SAW-TANDEM 198 90 08 25 58 105 It 20 158 107
DC LEAD
AC TRAIL

41/4  SAW-DC 89 102 i 25 64 102 14 12.6 197 12
NARROW GAP

41/4  SAW-TANDEM 204 86 08 24 65 98 I3 .2 107 47
DC LEAD
AC TRAIL .

43/4 SAW-DC 83 105 2 23 64 106 [[:] 2 141 67
NARROW GAP ,

43/4 SAW 162 90 o 26 65 104 3 12.3 72 126
DC LEAD
AC TRAIL

51/4  SAW-DC 9| 103 e 14 26 102 115 16 152 66
NARROW GAP

51714  SAW 162 80 o 25 ! 65 9] {10 15 96 107
DG LEAD . ! -
AC TRAIL ‘

£All CHARDY myig ADE TRANSVERSE

Figure 15. Physical Properties Resulting from Various Weld Processes and Heat Inputs
for 3-1/4 Inch to 5-1/4 Inch ASTM A710, Grade A, Class 3, Modified to 100 ksi Yield Strength



6.3

Heat affected zone testing of charpy V-notch toughness is given
at -60 degrees F. For sone test assenblies weld netal was retested

at -40 degrees F, -20 degrees F, -10 degrees F and at O degrees F.

(See| Figure 16. ) |

A macroetch photo and microstructure are provided for the 3-3/4 inch

mg weld; macros snd microstructure are given for the 4-1/4 inch,

4-3/4 inch and 5-1/4 inch sub-arc welds described in [Appendix A

pages A-47 through A-89.

Sone data relating to analyais of the |ow toughness values of the
Phase |V weldnents is available in the chenical analyses of veld
deposits and weld wire and in the phone nenmorandum of J. West
(Bethlehem) to Dave Mayer (LTEC), Appendix A, pages A-90 through

A-98 . The metallurgical description of microstructure on page A-58
al so applies.

M1l reports from Kawasaki Steel provide tensile, chenmistry, inpact
test, hardness, heat treat schedules, and other base |ine data on the
steel plates and are included on pages A-98 to A 104.

Addendum by O J. Davis

Wel di ng Processes and Consunmbl es. Wl ding processes and consumabl es

used in the final phase of this study included:
SMAW E12018- M All ow Rods “Atom Arc” Electrodes

Gvaw ER120S-1 L-Tee 120 Wre with 98 percent AR - 2 percent

Oxy Shielding Gas

SAW F11A6- EMA- M4 L-Tee 120 Wre with L-Tec 0091 Fl ux
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WELD METAL

o Mo = 200 -
? e ? 1) \
a e 11\
L2 L s
L L / \
L U 'O 170
? e ? AR
Y < e / § A
8 g A
3 N7 AR
T0 150
;T P AV VAR
f et = . \\\VI’
E 40 E 100 :
{% b1+ '\L- % 0 \\I /
a0 — 20
10 B o s i 70 ! /
°s 61 62 83 B3 91 152 198 204 so \ /
HEAT INPUT (KJ/in) * \ |/
Tomm o es . 40
amm 30 \
g 180 [ } 20
l—Ll 130 / - 0
::‘ :: / \ a s 62 83 a3 91 2 138 204
3 /;‘ \\ HEAT INPUT (KJ/in)
™
-4
w MO
8 oo —\ o
2 AREN/ARNIN
s " VARV AR
g " AN/ IR/ A |
- Y TOUGHNESS
5 LY VS
S ey 3 HEAT INPUTS
40 (A¥G. OF 3 SPEGCIMENS]
50
o~ & €2 83 85 W 16z 138 4 P H ‘AS E E
HEAT INPUT (Kd/in) '
Figure 16. Graphs of Weld Metal and Heat Affected Zone Toughness for

Weldments of 3-1/4~Inch to 5--1/4-Inch Thick, ASTM A710,
Grade A, Class 3 Modified to 100 Ksi Yield Strength
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6.4 Di scussions of Welding Practice for 10 Test Plates. Ten (10) test

plate assemblies were welded. Test plates were furnished in the

quenched and precipitation hardened condition as described in

[ Appendi x A | Eight (8) of the ten (10) test plates were wel ded using

the SAW process of which three (3) plates were jGned by the narrow gap
technique. The other two (2) test plates were welded using the SMAW
and GMAW process. Techniques used to fabricate plates were for the
most part standard fill and cap, although, the tanper bead technique
was perforned on several teat plate assenblies. Preheat of test plates
ranged from drying (approximtely 125 degrees F) to 300 degrees F.

Maxi mum interpass tenperatures ranged from 400 degrees to 600 degrees

F. The last three (3) test plates (Nos. 8, 9, and 10) were linited to

400 degrees F maximum Joint restraint for all test plates was |ow.
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6.5

6.6

6.7

Heat Inputs for Phase IV Plates. Heat inputs ranged from 61 KJ/in.

(See | Appendi x A] Joint Design Sheets. )

Drying of Flux For Sub-Arc. L-Tee 0091 Flux was dried at 250"F for 4

hours mininmum from sealed bag prior to use.

Mbi sture Control of SMAW El ectrodes. Stick electrodes were used from

freshly opened hernetically sealed containers or from electrode oven
hel d at 250 degrees - 300 degrees F prior to use. Al electrodes

renoved from oven or container were consuned within a 1/2 hour tinme

frame.
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7.0

PHASE |V RESULTS

a.

Transverse Neld Metal Tension Tests exceeded 100 ksi minimum yield
on seven (7) of the ten (10) test plates. The three (3) plates
that failed to neet the 100 ksi minimmyield were wel ded using
heat inputs over 160 KJ/in.

Neld Metal Tension Tests exceeded 100 ksi minimmyield only on
test plates with heat inputs of 91 KJ/in. or |ess.

Charpy V-notch Wld Metal Inpact Tests were acceptable only with
the manual and seni-automatic wel ding processes. The higher heat
inputs of the automatic welding process resulted in at best
mar gi nal CVN val ues.

Heat Affected Zone Charpy V-notch Inpact Tests were excellent and
generally net or exceeded unaffected base netal properties.

Arc blow problens began to manifest during sub arc welding of
thicker plates. Rearranging or splitting the ground cable was not
al ways successful in elimnating this problem Neld bead profile
and slag renmoval were undesirable under these conditions.

Nozzle alignnent with weld groove is exacting using the narrow gap
process, otherwi se the contact nozzle would short out due to the
insulation rubbing off on side wall of joint.

The air cooled MI-400 GVAN torch head Orings would deteriorate
under sustained use allowing air in gas line. This resulted in
scattered and cluster porosity problens.

Submerged arc weld netal deposits of F11A6- EMA-MA classification
suffered significant core ingredient [osses (eg. : M, N, C, M)
whil e gaining appreciable amounts of Si. This undoubtedly

accounted for the |ow upper shelf Charpy values in the weld neta
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deposit. Further chem cal analysis|(Appendix A)|of the

FL 1A6-EMA-MA wire-f |ux conbination used in this study reveal ed
that both the core wire and weld deposit analysis did not neet the
classification stated above. This aspect was confirnmed with the
manuf acturer’s representative (see phone nmeno attached) who when
contacted indicated the classification of this wre-flux

conbi nati on should have been |isted under the SFA 5.23 :EG

groupi ng. (See|Figure 17 |for CVN val ues. )

Mcro structure analysis of several test plate specinens
consistently revealed a fine dendritic grained ferrite and
pearlite formation in the weld netal deposit. Only test plate No.
3 (GMAW revealed a nore desirable Wdmanstatten ferrite platelets
with sonme pearlite in the weld deposit.

Precipitate shown at grain boundaries are believed to be
compounds of Fe, and Cr,C,as observed in photom crographs Numbers

4 and 6, and Phase |V test plates nunmbers 6 and 10 respectively.
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PHASE IV

WELD CENTERLINE CHARPY VALUES AT VARIOUS TEMPERATURES

PLT  THICK- K4/ -60°  -40°  —20°  jo°  @°
' NESS INPUT F F F F F
5 4 174 89 R 2B 28 39

6 51740 204 2 2 42 5

7 4 3/ 83 2 23 27 38

8 4 374" 162 23 28 20.5 52
9 5 1/4° 9l 15 29 33 ' a7
10 5 1/4" I62 5 9.3 30 27

PLATES 6,7,]10 — DUAL SAW - TWO SIDES

PLATES 5,7.9 —~ SINGLE SAW N.G. ONE SIDE ONLY

;
|
]
I
o]

Figure 17. Weld Centerline Charpy Values at Various Temperatures
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8.0 PHASE 11 AND |1V COVMMENTS AND CONCLUSI ONS

a.

The test results obtained in Phase 111 and IV indicated th2t
excel l ent strength, toughness, and ductility is an inherent
characteristic of A710 Cdass 3 (nodified) material. Charpy
V-notch values in the coarse grained heat affected zone (HAZ) and
the HAZ-wel d netal interface was consistently superior to the weld
metal deposits.

No occurrence of hydrogen induced HAZ cracking was observed in the
18 wel ded test plate assenblies. The |low sensitivity to Haz
cracking of A710 dass 3, nodified makes this nmaterial an idea
candi date for use in areas where optimal welding conditions cannot
be nmet. Additionally, significant cost reductions are realized

t hrough reduced preheat requirenents, |ess stringent interpass
tenmperature controls and reduced frequency of underbead or

hydr ogen-assi st ed cracking problens.

The unique chemstry of A710 Cdass 3, nodified material provided
excel lent weldability with all of the comonly used wel ding
processes.

Effects of high heat input welding (up to 230 KJ/in. ) did not
produce serious heat affected zone degradation, although, reduced
heat input values are mandatory to yield acceptable charpy V-notch
values in the weld netal deposit.

Continued devel opnent of welding consumabl es by the various
manufacturers is required to prevent the weld netal deposit from
becoming the limting factor when selecting A710, Cass 3

nodi fied material for use.
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APPENDI X A

VELDI NG PARAMSTESR, TECRNI QDS ANO LABORATORY REPORTS
SUPPLEMENTRY DATA FOR PHASE 111 AND |V JO NT DESI GNS,
VELDI NG PARAMETERS , | RDEPENCSNT LABORATORY ANALYSI'S REPORTS,
MACRO ANO M CROSTRUCTURES , WVELD W RE ANALYSI S STEEL M LL

CERTI FI CATION TEST REPORTS



PLATE NO. IT — 1, VERTICAL POSITICN

LINDE-.Q45"-120 ELECTRODE
125 AMPS, I8 TO 9 VOLTS, 3 INCH/MIN.
38 KJ/INCH HEAT INPUT

60°

BACK GOUGE 70
SOUND METAL %

(g )
AN

FIRST SIDE
" 3ECOND SIDE

WELD PROCESS-GMAW
THICKNESS 3/4"

JOINT PESIGN (D)
0" ROOT OPENING

Figure A-1. ASTIM A710 Modified to 100 Ksi Yield Strength

A-2




SOUTHWESTERN LABCRATORIES

REPORT OF TESTS ON METAL SPECIMENS

3-Bethlehem Steel Corp.

Attn:

Mr. Todd Anderson

Figure A-2.

FILENO. 4092300
Beaumont June 17, 1986
TEXAS
TO: Bethlehem Steel Corporation REPGRT NO. 92764
PROJECT Mechanical Testing of Welding Procedure OROER NO. 6939-006
MATESIAL A-710, Gr. A, C1.3 Modified, 3/4" Thickness
ipEnTiFIcaTion  Plate "1
spec. rererence  ASME Sec. IX, SWL No. 9706-103-75, Rev, 1
sq. in. Ultimata Tensite
Spacimen Size Area Yielg, p.si.* Strangth, Ibs. | Strength, p.s.i. % El. % R.A. Location of Fracture
REQUIRED:
T-14 1.486 x .684 1.016 110,236 117,700 115,846 Parent Metal
T-1B 1.494 x .675 1.008 111,557 117,600 116,666 Parent Metal
T-24 1.485 x .702 1.042 108,733 118,400 113,627 Parent Metal
T-ZB 1.504 x .682 1.025 81,893 117,700 114,829 Parent Metal
T-3 .505" Dia. .2003 111 ,083 25,030 124,962 16.5% 497
Side Bend #1 ..... reseceanana Satisfactory
Side Bend #2 ..uvevvieascans Satisfactory
Side Bend #3 ..iiiiieiassasn Satisfactory
Side Bend f##4 ........ PR Satisfactory
vechnician:  John Blair
SOUTHWESTERN LABORATCORIES
GOPIES TO:

%\m&m

Qur letters and reports are for the exclusive use of the cllant 1o wham they are addrassad. The use of J namae must recslve our prlor written approval. Our lettars
and raports apply only to the sample tested and/or inspected, and are not necessarily Indicative of the qualities of apparently identical or similar products.

Tensile and Rend Tests for Plate ITI-1
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SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA

FiLe No. 4092300
Beaumont June 17, 1986
TEXAS,
IMPACT TESTS ON STEEL
To Bethlehem Steel Corporation
P. 0. No 6932-006 _..Date of Test 6-11-86
) A-710, Gr. A, C1.3 Modified, 3/4" Thickness
Material
thy 1t
identificarion Marks Plate 71
I ASTM A-370, SWL No. 9706-102-75, Rev, 2
Specrﬁmrmn:
Testing Machine: T.0. Ser. #8440 Test Method: "Y" Notech Simple Beam Charpy
Linear Velocity of Hammer: 16.8 f£t. per second
Effective Energy: 264 f+. pounds Specimen Type: "y
Speci_men Size: 10mm_x 10mm Specimen Temp: Minns A0°F
Effective
Width, In Section Size, Impact Value _ Lateral Exp.
Identification Inches In Inches Ft. Lbs. Mills #% Shear
Weld {1 .395 2315 66 26 40
Weld #2 .394 .315 77 32 40
Weld #3 .395 .315 63 25 40
Weld ff4 .395 315 69 30 40
Weld #5 .394 .315 71 28 40
Fusion Line
+1mm #1. .394 .315 a5 &5 70
#2 .394 .315 96 46 70
#3 .395 .316 94 50 70
it4 L3948 .315 a7 51 70
#5 .394 .315 97 &7 70
Fusion Line
+5mm #1 .395 .315 88 45 . 70
ff2 .394 L315 79 35 50
#3 .395 2315 79 34 50
{4 .395 .315 96 46 70
#5 .395 .315 73 34 60

Copiess  3-Bethlehem Steel Corporation
Attn: Mr. Todd Anderson

SOUTHWESTERN LABORATORIES

Lab. No. 9277 7mm }AW\/% @.IO.N‘\

Our letters and reports are for the axciutive use of the cilent to wham M are nda‘.nmﬂ '.l'h.e u.e R recei approval
Jatiars and reporis apply only to Lhe sample tasted and/or ihepected, and are “ i mu.ﬂ iyt pﬂw ":l::;:.r Our

Figure A-3. TImpact Tests at -~ 60 Degrees F for Plate III-1

A=4



PLATE NO. II - 2, VERTICAL POSITION

LINDE-.045"-120 ELECTRODE
125 AMPS, 18 TO IS VOLTS, 3 INCH/MIN,
38 KJ/INCH HEAT INPUT

6Q°

FIRST SIDE BACK GOUGE TO
SOUND METAL
SECOND SIDE

WELD PROCESS-GMAW
THICKNESS | 1/4"

Figure A-4. GSMAW Weld of 1-1/4-Inch Thick 100 ksi Yield Strength Steel

bl
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SOUTHWESTERN LASCRATORIES

REPORT OF TESTS ON METAL SPECIMENS

FilLE NO. 4092300
Beaumont TEXAS June 17, 1986

Ta. Bethlehem Steel Corporation HEPORT NO. 92765mm

FHOIECT Mechanical Testing of Welding Procedure OROER NO. 6939-006

MATERIAL A=-710, Gr. A, C1.3 Modified, 1-1/4" Thickness

joenTIFIcATIon  Dlate a2

spee. nerenence ASHME Sec. IX, SWL No. 9706-103~75, Rev. 1

5q. In. Ultimate Tensile

Specimen Size Area Yiald, p.s.l.* Strength, b3, | Strengtn, p.sd. % EL % R.A, Location of Fracture
AREQUIRED:
T-14 1.508 x .59 .8987 111,152 107,900 120,053 Parent Metal
T-1B 1.503 x .552 ,8296 114,023 93,700 118,964 Fusion Line
T-2A 1.526 x .517 ,7889 112,809 94,700 120,034 Parent Metal
T-2B 1.528 x .625 ,955 117,986 116,300 121,780 Parent Metal
T=3 L497" Dia. L1940 127,319 25,380 130,824 11.5%  37.4%

Side Bend #1 ....c.civ0v.... Satisfactory
Side Bend #2 ..veeeeeees... Unsatisfactory
Side Bend #3 .....v.i.vv... Satisfactory

$ide Bend #4 .............. Unsatisfactory

TEcHNcian:  John Blair

SQUTHWESTERN LABORATORIES

N R Wein

Qur latiers and reports ard far tha eaxclusive use of the cllent to whom they are agoressad. The use of OLQII‘HQ must recelva gur priar written approval. Cur letters
and reports anbly only to the sample tested and/jor inspeactad, and ars not naceszarlly indicative of the qualities of apparentty lasnticil or similar progucts,

CCPES TO: 3-Bethlehem Steel Corperation
Attn: Mr. Todd Anderson

Figure A-5. Tensile and Bend Tests for Plate ITI-2

A~b
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SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA

Fre No. 4092300

Beaumont TEXAS June 17, 1986

IMPACT TESTS ON STEEL

Bethlehem Steel Corporation

To.
P.0. No 6I7=v0 -..Date of Test_ 6-11-86
Mazeri A-710, Gr. A, Cl.3 Modified, 1-1/4" Thickmess
aterial
Identification Marks__S1oc® 2
Specifications. ASTM A-370, SWL Wo. 9706-102-~75, Rev. 2
Testing Machine: T.0. Ser. #8440 Test Method: "y" Notch Simple Beam Charpy
Linear Velocity of Hammer:—__16.8 fr. per second
Effective Energy: 264 ft. pounds Specimen Type: Al
Specimen Size: 10mm % 10mm Specimen Temp: Minus 6G°F
Effective
Specimen Width, ITn  Section Size, Impact Value Lateral Exp.
Tdentification Inches In Inches Ft. Lbs, Miils % Shear
Weld #1 .395 .315 71 24 60
Weld 2 .394 .315 57 20 . 40
Weld #3 .385 .315 78 34 60
Weld #4 L3954 .315 72 29 70
Weld #5 .395 .315 76 30 70
Fusion Line
+lmm #1 .394 .315 70 28 40
2 -394 .315 80 40 40
#3 -394 .315 73 36 40
#4 .394 2315 62 28 40
#s .394 .315 77 38 50
Fusion Line
+Smm #1 .394 .315 63 i 40
fi2 .39 2315 62 25 30
#3 .395 .315 68 32 40
#4 .394 .315 49 19 30
H#5 .395 .315 61 30 30
Copies: 3-Bethlehem Steel Corporation
Attn: Mr. Todd Anderson
L T gy
SUULH 1EHIN LADU LOH1ED

.
Lab, No. 92778om ¥z %_ igzn i

Qur lettety and reports are for the exclugve use e! uu clfent 1o whcm M are addrscwd, The use

lattars and raports apply anly to the sample tested an Indicative u{cu‘::m- iame must Teceive qur prior Yitan IWIL ar

quallties of apparently idential of sirllar prod

Figure A-6. Impact Tests at - 60 Degrees F for Plate III-2
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PLATE NO. I - 3 , FLAT POSITION

ALLOY -RODS E!CIBM /8" AND 5/32"
95-130 AMPS, I8 TO |9 VOLTS, 3 INCH/MIN.
27 KJ/INCH HEAT INPUT

60°

FIRST SIDE

PASSES#I-8,85 AMPS,18 YOLTS

BACK GOQUGE TO
PASSES#9-13.95 AMPS,IS VOLTS SOUND METAL

PASSES#4-15,130 AMPS,19 YOLTS

SECOND SIDE

WELD PROCESS—-SMAW
THICKNESS 1 1/4"

JOINT DESIGN (@
0" ROOT OPENING

Figure A-7. Weld Test Assembly for SMAW Weld
of 1-1/4-Inch Thick 100 ksi Yield Strength Steel

A-8




SOUTHWESTERN LABORATORIES

REPORT OF TESTS ON METAL SPECIMENS

FILE NO. 4092300
Beaumont TEXAS 7/8/86
o Bethlehem Steel Corporation REPORTNO.  92795-cx
PROJECT Mechanical Testing of Welding Procedure ORDERNO.  £939-006
MATERIAL A-710 Grade A Class 3 Modified, 1-1/4" TK
IDENTIFICATION Plate #3
SPEC. REFERENCE  sqMR Sec, IX, SWL No. 9706-103-75 Rev. 1
Specimen Size s:,‘:' Yield, p.s.l.* S"l:,:::ﬁ:,_ St,;z::if:_,_,_ % El, % R.A. L.acation of Fracture
REQUIRED:
T-1 A 1,477x.618 L9127 110,102 105,700 115,799 Weld Metal
T-1 B 1.505x.563 .8473 105,037 96,200 113,535 Weld Metal
T-24 1.484x.539  ,7998 1~12,517 94,700 118,393 Weld Metal
T-2B 1.526x%.658 1.00 111,541 , 118,200 117,716 Parent Metal
-3 .505" Dia. .2003 124,812 24,990 124,762 N/A N/a *
(all weld)
Side Bend #f1 -~ UnSatisfactory
Side Bend #2 - UnSatisfactory
Side Bend #3 - UnSatisfactory

Side Bend #4 - UnSatisfactory

% Fracture Outside of Gauge Marks

TECHNICIAN: Johnt Blair

_ - SOUTHWESTERN LABCRATORIES
COPIESTOI_ 3-Todd Anderson

Qur letlers and reports are far the axciusive uss of the cllent to whom they are 3ddressed. The use of ourhame must racelve our prior writien spproval. Our Istters
and reports apply only to the semple testad and/or Inspecied, and 4re not necessarily indicative of the qualities of apparently igentlcal or simllar praducts.

Figure A-8. Tensile and Bend Tests for Plate TITI-3

45
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——= SOUTEWESTERN LABORATORIES
RECt \j Fa'l" ORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA

JyL 151388 i Fig No. 4092300

Beaumont, TEXAS 7/9/86

E.l\ Ni.....huu.. w:i:—.—\
....... - - IMPACT TESTS ON STEEL

To Bethlehem Steel Corporation

P.O. No 6939-006 Darte of Test 6/11/86

Macerial___A=710 Gr. 4, C1.3 Modified, 1-1/4" IX

Identification Marks. Plate 3
ASTM A-370, SWL Wo. 9706-102-75 Rev. 2

Speriﬁmﬁnnc

Testing Machine:__T-0- Ser.# 88440 Test Method:__"V" Notch Simple Beam Charpy

Linear Velocity of Hammer:. 16.8 fr. per second —

Effective Energy: 264 fr. pounds Specimen Type: A .

SPeCimen s;,p' 10mm ¥ 10mm qucimen Temp- Minus 60°F

Effective

Specimen Width, Section Size, Impact Value  Lateral Exp.

Identification In Inches In Inches Fr. Lbs. Mills % Shear

Weld #1 .395 .315 26.0 8.0 20
2 .395 .315 35.0 11.0 20
3 .395 .315 16.0 1.0 20
4 .395 .315 18.5 11.0 20

.5 .395 .315 27.0 8.0 20

Fusion Line 1 .395 .315 79.0 33.0 60

+1mm 2 .395 .315 70.0 34.0 50
3 .395 .315 55.0 25.0 40
4 .385 .315 69.0 32.0 40
5 .395 .315 53.0 24.0 40

Fusion Line 1 .395 2315 57.0 25.0 40

+5mm 2 .395 L3153 65.0 35.0 40
3 .395 .315 59.0 28.0 40
4 .395 .315 63.0 28.0 ° 40
5 .395 315 60.0 28.0 40

Copies: 3 T5dd An "ersan .

SOUTHWESTRRN LABORATORIES

P“?/fu\w. B, R\

the sxelusive use of the cllent to whem thay are addresmd. The use CUT LA MUt Mctive our prior writian apptovel. Our
the samnle tested and/ar inspected, and arw npot necrssanily indicative of the qualities of apparently idention] or similar prodiscte

Lab, No. 92822-cr

Our lettars and reports are for
$ettars and teports spply only to

Figure A~9. Impact Tests for Plate III-3
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PLATE NO. IIT - 4 , FLAT POSITION

LINDE 100 5/32" AND 008l FLUX
D.C. LEAD ARC 600 TO 900 AMPS, 38 TO 39 VOLTS
A.C.TRAIL ARC 650 AMFS, 4l VOLTS
AVERAGE TRAVEL SPEED = 16 [NCH/MIN.
230 KJ/INCH HEAT INPUT

50°
/“———.\\
/ < a \

PASSES #4-15
DC LEAD S0Q AMPS, 39 VOLTS
AC TRAIL 650 AMPS, 4t VOLTS

. PASSES#I-2 DC LEAD ONLY: PASS#*3 DC LEAD ONLY
600 AMPS, 38 VOLTS 900 AMPS, 39 VOLTS

WELD PROCESS-DUAL SUB ARC

THICKNESS | 3/4*

1151l ~ ]

Figure A-10. Sub Arc Weld Test Assembly for
1-3/4-Inch Thick 100 ksi Yield Strength Plate

A-11




SQUTHWESTERN LABORATORIES

REPORT OF TESTS ON METAL SPECIMENS

FILENC. 4092300

Beaumont TExAS 7/8/86
TO! Bethlehem Steel Corporation REPORTNOC.  02794-cr
PROJECT Mechanical Testing of Welding Procedure ORDERNO.  £939-006
MATERIAL A-710 Grade A Class 3 Modified, 1-3/4" TK

IDENTIFICATION Plate &

SPEC, REFERENCE  AcME Sec. IX, SWL No. 9706-103-75 Rev. 1

Spacimen Size s:,':' Yisld, p.sS.* s“l:,::,mh?::,_ Sl,:;;':::::_s_i_ % EN. % R.A. t.ocatlan of Fracture
REQUIRED:
T-1A 1.531%.797 1.22 103,834 137,300 112,521 Parent Metal
T-1B 1.512x.844 1,27 76,402 146,000 114,408 Parent Metal
T=-2A 1.471x.892 1.31 74,687% 144,800 110,354 Parent Metal
T~2B 1.,476%.801 1.18 103,190 129,600 109,619 Parent Metal

Side Bend f#1 - Satisfactory

Side Bend #2 - Satisfactory

Side Bend #3

Satisfactory
Side Bend {4 — Satisfaectory

T-3 .507" dia. .2019 86,676 24,260 120,158 23% 51%

* Fracture Qutside of Gauge Marks

TECHNICIAN: John Blair

SOUTHWESTERM LABORATOQRIES
COPIES TO:

\GQ«J:. Do

. Our letters and reaports are for the axclusive use of the cllsnt to whom they are addressad. The use of gur name must recaiva our prior written appeoval. Qur latters
and raports apply anly to the sample testad andfar inspected, and are not nacessarily Indicative of the qualities of apparantly ldent]cal or slmilar products.

3~-Todd Anderson

Figure A-11. Tensile and Bend Tests for Plate III-4
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SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA

FILE NoO. 4092300
Beaumont - 7/8/86
TEXAS, Ll
IMPACT TESTS ON STEEL
To Bethlehem Steel Corporation
P.O. No 6939-006 Date of Test 7/7/86
Material A-710, Gr. A, C1.3 Modified, 1-3/4" TK
Identification Marks__Plate &
Specifications ASTM A-370, SWL No. 9706-102-75 Rev. 2
Testing Machine: T.0. Ser.# 88440 Test Method:_ V" Hotch Simple Beam Charpy
Linear Velocity of Hammer: 16.8 £t. per second i
Effective Energy: 264 ft. pounds Specimen Type: A
Srecimen Size: 10mm ¥ 10mm Specimen Temp: Minus 60°F
il - & Mioge 13009
Effective
Specimen Width, Section Size, Impact Value Lateral Exp.
Identification In Inches In Inches Ft. Lbs. Mills % Shear
Held #1 .395 <315 14.0 2.0 20
2 .395 .315 14,0 1.0 20
3 .395 .315 16.5 3.0 20
4 .395 .315 17.0 3.0 20
5 .395 .315 18.0 4.0 20
* 6 .395 .315 7.5 s} 10
* 7 .395 .315 7.0 0] 10
® 8 .395 .315 5.0 ] 10
* 9 394 .315 6.5 0 10
*10 395 .315 6.0 0 10
Fusion #1 .395 .315 44,0 20.0 10
2 .395 <315 47.0 23.0 10
3 .395 315 48.0 23.0 10
4 .395 .315 72.0 35.0 - 20
5 .395 .315 63.0 . 33.0 20
* 6 .395 .315 31.0 11.0 10
* 7 .395 .315 13.0 1] 10
* § .395 .315 49.0 26.0 10
*9 .395 .315 17.0 2.0 10
*10 .395 .315 38.0 16.0 10
Copies: .

3-Todd Anderson

- Sonmwzsmnm LABORATORIES

o aﬁ\w& Do

Crar Iuttars and reperts it for the exciusive vée of the cllenl 10 whem they e oUr name must recel prioy approval. Our
Jettars and reports apply only to the sampie tested andyor & d, and are not o! litles of avplmlvl; f:nunl ;t:’::lnn

Figure A-12. TImpact Tests at -60 Degrees F and -120 Degrees F
for Plate III-4 (Sheet 1 of 2)
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SOUTHWESTERN LABORATORIES

FORT WORTH

To.

DALLAS  HOUSTON MIDLAND

BEAUMONT TEXARKANA

FiLe No. 4092300
Beaumont Texas 7/9/86
IMPACT TESTS ON STEEL
Bethlehem Steel Corporation
P. 0. No. 6939-006 Date of Test

Material A-710 Gr. A, Cl.3 Modified, 1-3/4" TK

Identification Marcks Plate 4

Specifications ASTM A-370,

SWL No. 9706-102-75 Rev. 2

Testing Machine: T.0. Ser.i 88440

Linear Velocity of Hammer:.16.8 ft. per second

ft. pounds

Effective Energy: 264

Specimen Size:

10mm x_ 10mm

Specimen Temp:

Test Method: "y" Notch Simple Beam Charpy
Specimen Typei__ A
r Minus 60°F

IMinus 1 20°F

Effective
Specimen Width, Section Size, Impact Value Lateral Exp.
Identification In Inches In Inches Ft. Lbs. Mills % Shear
Fusion Line #1 .395 .315 78.0 0.0 40
+5m 2 .395 .315 70.0 32.0 40
3 .395 .315 85.0 45,0 40
4 .395 .315 77.0 37.0 40
5 -395 .315 69.0 27.0 40
Plate * §#1 .395 .315 15.5 2.0 10
* 2 -394 .315 23.0 9.0 10
* 3 .395 .315 11.0 9.0 10
* 4 L3585 .315 7.0 0 10
* 5 .395 .315 11.0 0 10
Copies:

3-Bethlehem Steel Corporation

Attn: Todd Anderson

Lah. No. 92823-cr

Qur letters and rwports are for

the
latters and reports apply anly to the sampls tested sadsor

Figure A-12,

sxelutive use of the client 1o whem they are addiwased, The
inspected, and

SOUTHEWESTERN LABORATORIES

PxiiQ \

0 QN

5. lo—aan

o tirallay

Impact Tests at -60 Degrees F and -120 Degrees F
for Plate ITI-4

A-14

{Sheet 2 of 2)

use of our name must recel iy appeaval,
are pot necrsarily indicative of the qualities of appuen&vt; P e d Our



PLATE NO. Il - 5 , FLAT POSITION

LINDE 100 - §/32" AND 009l FLUX
D.C. LEAD 500 TO 700 AMPS 34 VOLTS
A.C,TRAIL 500 AMPS 37 VOLTS
AVERAGE TRAVEL SPEED 20 INCH/MIN.
127 KJ/INCH HEAT INPUT

60°

FIRST SIDE ]

PASSESs3-12
700 AMPS,34 VOLTS,DC LEAD

PASSES#3-12
500 AMPS.37 VOLTS.AC TRAIL PASS#2.700 AMPS.34 YOLTS

PASS#,500 AMPS,34 YOLTS DC LEAD ONLY
bBC LEAD ONLY

PASSES»I3~-21
700 AMPS,34 VOLTS DC LEAD
PASSES#I3~2| .
00 AMPS,37 VOLTS AC TRAIL BACK GOUGE TO
_ SOUND METAL
SECOND SIDE

WELD PROCESS—-SAW
THICKNESS 2 1/4"

JOINT DESIGN (B
0" ROOT OPENING

Figure A-~13. Dual Sub-Arc Weld Test Assembly for
2-1/4-Inch Thick 100 ksi Yield Strength Steel Plate

A-15




SOUTHWESTERN LABODRATORIES

REPORT OF TESTS ON METAL SPECIMENS

FILE NC 4092300
Beaumont TEXAS 8/14/86
To! Bethlehem Steel Corporation REPORT NO. 92902-cr
PROJECT Mechanical Testing of Welding Procedure ORDBER NO. 6939-006
MATERIAL A-710, Cl1.3 Modified, 2-1/4" TK
IDENTIFICATION Plate "5"
SPEC. REFERENCE  ASME Sec. IX, SWL No. 9706-103-75 Rev, 1
Specimen Slze s:;e:"' Yield, p.s.b.* s,::‘;'::;“,:,_ smt,;’::f;,_i_ % El. % R.A, Location of Fragtura
REQUIRED:
T-1A 1,521=.901 1.370 108,360 157,700 115,074 Parent Metal
T-1B 1.485x%.663 .9845 100,654 107,400 109,084 Weld Metal
T=-24 1.492%x.781 1.165 102,038 127,800 109,675 Parent Metal
T-2B 1.502%,803 1.206 99,327 131,700 109,1%4 Parent Metal
T-3 .509" Dia. .2035 97,297 22,990 112,972 23 64
{(all weld)

Side Bend #1 - Satisfactory
Side Bend #2 — Satisfactory

Side Bend #3

Satisfactory

med . Mo A
«l4e dHEnd trd - DdLJ.deLLO'EY

" RECEIVED |

TECHNICIAN: John Blair .
COPIES TOs . AUG 28 1986 ) SOUTHWESTERN LABORATORIES
3-Todd Anderson \ -
L '; PRV PURER ERY Y | W) .-; !
IV T =LP.. /‘ 4 z¢ / i
T L 7z (.{//WW-U

Our lattars and reports are for the axclusive use of the cllant to whom they are aduressed. The use of our name rmust recaive our prior written approval, Qur fettars
and raports apply only to the sampls tested and/ar Inspacted, and are not necessarily indicative of \ha qualitias of apparently Identical or similar products,

Figure A~14. Tensile and Bend Tests for Plate III-3
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SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTOM MIDLAND BEAUMONT TEXARKANA

FiLe No. %0852300

Beaumont Texas_ 3/20/86
IMPACT TESTS ON STEEL
To Bethlehem Steel Corporation
P. 0. No 6939-006 Date of Test___ 5/14/86
Marerial A-710 C1.3 Modified, 2-1/4" TK
Idendification Marks_P13te 3
Specifications ASTM A-370, SWL No. 9706~102-75 Rev. 2
Testing Machine: T.0. Ser.i 88440 Test Method:__ V" Notch Simple Beam Charpy
Linear Velocity of Hammer: 16,8 ft. per second —
Effective Energy: 264 ft. pounds Specimen Type: 4
Specimen Size: 10mm x 10mm Specimen Temp:_.. Minus 60°F
Effective
Specimen Width, Section Size, Impact Value Lateral Exp.
Identification In Inches In Inches Ft. Lbs. Mills % Shear
Weld {1 -393 .315 19.0 5 30
2 .393 .315 26.0 ] 30
3 «393 315 47.0 21 30
& + 394 .315 47.0 18 30
5 .393 .315 21.0 7 30
Fusion Line #1 -394 .315 51.0 26 20
+1lmm 2 .394 .315 56.0 27 20
3 -394 . 315 63.0 31 20
4 -393 315 52.0 23 30
5 .393 .315 53.0 28 20
Fusion Line #1 . 394 .315 49.0 24 20
+5mm 2 -394 .315 49.0 24 - 20
3 394 313 . 53.0 24 20
4 .393 .315 60.0 29 20
5 -394 ,315 39.0 19 20
Copies: 3-Todd Anderson
SOUTEWESTERN LABORATORIES
P;%E”% M’W
» No.  92875-cr
N Ourm.:".:gr‘mmamgmufw&mdummmmmmm Mu:cé.mmmgu:'mlnowpmmlunwm

Figure A-15. Impact Tests for Plate ILI-5 at -60 Degrees F
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PLATE NO. IIT - 6 , FLAT POSITICN
5

/327 AND OERLIKON QPI2ITT
0 AMPS 38 VOLTS

QERLIKON-ARMCO W-25 =%
600 AMPS 38 VOLTS
¢

D.C. LEAD ARC
A.C.TRAIL ARC
TRAVEL SPEED

125 KJ/

23 TO 30 INCH/MIN,
INCH HEAT INPUT

20°

PASSES #5-43
DC LEAD 750 AMPS 38 YOLTS
AC TRAIL 600 AMF3 38 VQLTS

,\(y(- 23 INCH/MIN.

PASSES #5-|4
DC LEAD 750 AMPS 38 VOLTS
AC TRAIL 600 AMPS 38 VOLTS
30 INCH/MIN.

PASSES#-4 DC LEAD ONLY
750 _AMPS 38 VOLTS~30 INCH/MIN,

WELD PROCESS—-DUAL SAW
THICKNESS 2 3/4"

JOINT DESIGN (B)
|/2" ROOT OPENING

Figure A-16. Weld Test Assembly for 2-3/4-Inch Thick
100 ksi Yield Strength Steel Plate

A-18




SOUTHWESTERN LABORATORIES

REPORT OF TESTS ON METAL SPECIMENS

FILE NO. 4092300
Beaumont TEXAS 12-30-86
TOo Bethlehem Steel Corporatiom REFQORT NO. 93241-je
rroseer Mechanical Testing of Welding Procedure ORDER NO. 6939-006
Phase IIL
maTERIAL  A=710 C1.3 Modified, 2-3/4" tk.
IDENTIFICATION Plate 6
spec. REFERENcE  ASME Sec. IX, SWL ¥o. 9706-103-75 Rev. 1
Sq.In, Ultimate Teansila
Specimen - Slza Area Yield, p.s..* Strength, Ibs. |Strength, p.s.i. % El, % R.A. L.ocation of Fracture
REQUIRED:
T-1 1.461 x .731 1.041 101,181 116,900 112,221 Weld Metal
T-2 1.460 x .753 1.099 98,691 117,700 167,060 Parent Metal
S§ide Bend {1 - Unsatisfactory
Side Bend #2 - Unsatisfactory
Side Bend #3 - Satisfactory
Sidae Bend #4 — Satisfactory
TECHNIGIAN:  John Blair
EOUTHWESTERNMN LABORATORIES
COPIES TO: Todd Anderson

A,
Qur latters and reports are for the exclusive use of the cllant to whom they are addressed. The use of our name must racelve cur prior written approval, Our lstters
and raports apbly only to the samgpls testad and/ar Inspactad, and are not necessarily indicative of the quallties af apparently Idantical or simliar products.

Figure A-17.

A=19

Tensile and Bend Tests for Plate IIT-6
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SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA -

Fiee No. 4092300
Beaumont Texas 12/17/87

IMPACT TESTS ON STEEL

To. Bethlehem Steel Corpor:tion

P. 0. No. 6§939-006 Phase IIT Date of Test___12/30/86

Marerial A=710 Cl.3 Modifiad, 2-3/4" +k

Idendification Marks Plate 6

Specifications ASTM A-370, SWL No, 9706-102-75 Rev, 2

Testing Machine:_T.0. Ser. # 88440 Test Method:_ V"' Notch Simple Charpy
Unm_VclocirY of Hmmer‘ 16.8 £ftr. per second
Efective Energy: 264 fr. pounds Specimen Type: Al
Specimen Size: 10mm x 10mm Specimen Temp:— Minus £0° F
Effective

Specimen Width, Section Size, Impact Value Lateral Exp.
Identification In Inches In Inches Ft., Pounds Miils #% Shear
Weld #1 .394 .315 49 24 40

#2 .395 . 315 45 26 50

#3 -394 315 52 21 40

#4 .394 .315 47 13 50

#5 . 394 .315 57 27 40
Fusion Line
+ 1 mm

#1 . -.394 . 315 84 49 50

iy .394 .315 76 34 50

#3 -394 . 315 24 16 10

#4 .394 .315 70 40 40

#5 -394 .315 75 42 20

Fusion Line

+ 5 mm
#1 .394 .315 68 31 20
2 .394 .315 68 37 20
#3 .394 .315 83 47 20
{4 -394 .315 62 32 20
#5 .394 .315 73 36 20

SOUTHWESTERN LABORATORIES

Pxr - SSS\&\
Lab. No. 93234~je f

y
of our name U receive our prior written abpeorsl. Our

Our latters and reports 4w for the exclusdive use of ihe cllent lo whom they am addresstd. The ule ]
e mrapls testad and/or tnspected, and are not necamerily indicstive of tha quallites of apparmily kentical or stmilar products.

lattare and reports spply ofly to

Figure A-18. Impact Tests for Plate III-6 at -40 Degrees F

A=-20



PLATE NO. IIT - 7 , VERTICAL POSITION

LINDE 120 178" W/ LINDE CONSUMMABLE GUIDE TUBE
AND LINDE 124 FLUX
700 AMPS 55 VOLTS
AVERAGE TRAVEL SPEED = .4 INCH/MIN.
5,770 KJ/INCH HEAT INPUT

/CU BAR

v/ /7

— FASS

— . / 700 AMPS 55 VOLTS—.4 [INCH/MIN.

CU BAR

WELD PROCESS-ESW
THICKNESS 3 |/4"

JOINT DESIGN (@)
I* ROOT DPENING

1mra A1Q EFlantrernsT ag TTnT T oo
L8 @aaTas . LuQCUTOS.L G wEL LE3C

~ o
5 €LY IOT
100 ksi Yield Strength Steel Plat

A=-21




SOUTHWESTERN LAEOCRATORIES

REPCRT OF TESTS ON METAL SPECIMENS

FILE NO. 4092300
Beaumont TEXAS 8/20/8s
TC: Bethlehem Steel Corporation REPOATNO.  9280]1-cr
PROJECT Mechanical Testing of Welding Procedure ORDER NO. 6939-006
MATERIAL  A=-710 C1.3 Modified, 3/4" IXK
IDENTIFICATION Plate 7
SPEC. REFERENCE ASME Sec. IX, SWL No. 9706-103-75 Rev. 1
Spaciman Size 5:,',':' Yield, ps.k.* s,,":,',:::f‘,;,_ su;;’:::::,_s_,_ % El, % R.A, Location of Fracture
REQUIRED:
T-14 1.490 x .824 1.227 89,186 130,700 160,454 Weld Metal
T-1B 1.446 % ,796 1.151 91,136 121,700 105,732 Weld Metal
T-2A 1,483 x .638 .9174 96,681 100,600 109,652 Weld Metal
T-2B 1.470 = .619 .9099 91,765 17,400 107,041 Weld Metal
T-3 .510" Dia. .2043 67,058 21,760 106,510 15.5 34%
(all weld)

Side Bend #1 - Satisfactory
Side Bend #2 - Satisfactory
Side Bend #3 - Satisfactory

Side Bend #4 - Satisfactory

TECHNICIAN: John Blair
SOUTHWESTERN LABQRATORIES

ZL%//,OJ//W

Cur fattars and reports are for the axclusive ysa of the cllent 1o whom they ars addressed, The use of our name must racelve cur prior written approval, Our isttars
and raports apply only to thesample tasted and/or Inspacted, and are not necessarlly indleative of the qualities of apparantly [dentical or simitar products.

CORIES 3-Toidd Anderson

Figure A-20. Tensile and Bend Tests for Plate III-7
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SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA

Fizz No. 4092300
Beaumont Texas 8/21/86

IMPACT TESTS ON STEEL

To. Bethlehem Steel Corporation
P. O. Nn 6939-006 Date Of qur 8/14/86
Matetial A=-710 Cl.3 Modified, 3-1/4" TK
Identification Marks.Plate 7
Specifications ASTM A-370, SWL Wo. 9706-102-75 Rewv, 2
Testing Machine:__ T-0- Sor.#88440 Test Method: "V'" Notch Simple Charpy
Linear Velocity of Hammer: 16.8 ft. per second -
Effective Energy: 264 ft, pounds Specimen Type: A"
Specimen Size: 10mm s 10mm Specimen Temp:__ Minus 60°F
Eftective
Specimen Width, Section Size, Impact Value Lateral Exp.
Ydentification In Inches In Inches Ft. Lbs. Mills % Shear
Weld #1 .394 .315 4.0 0 1
2 -394 .315 7.5 0 1
3 .394 .315 7.0 0 1
4 .394 .315 8.5 0 1
5 .394 .315 5.5 0 1
Fusion Line #1 -394 .315 2.5 0 1
+1lmm 2 .394 .315 4.0 0 1
3 +394 .315 3.0 0 1
4 .394 .315 4.5 0 1
5 .394 315 2.5 0 1
Fusion Line #1 .394 315 3.5 0 1
+5mm 2 +394 .315 5.5 0 1
3 .394 .315 4.5 0 1
4 .394 .315 10.0 0 1
5 -394 .315 6.0 0 1
Copies: 3-Todd Anderson
SOUTHWESTERN LABORATORIES
e /»V;, 2. ol
T T S B ST SR TR TR ST N S S TR o

Figure A-21. TImpact Tests for Plate III-7 at -60 Degrees F
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PLATE NO. IIT - 8 , FLAT POSITION

OERLIKON-ARMCO W-25 3/32* AND OERLIKON OPI2ITT
480 TO 500 AMPS 35 TO 36 VOLTS
AVERAGE TRAVEL SPEED = 14 INCH/MIN.

75 KJ/INCH HEAT INPUT

PASSES #l6—-42
500 AMPS 35 VOLTS
14 INCH/MIN.

PASSES el-15
.- : |~ 480 AMPS 36 VOLTS
14 INCH/MIN,

WA\

WELD PROCESS-SAW NG
THICKNESS 3 1/4"

JOINT DESIGN
3/4" ROOT OPENING

Figure A-22; WNarrow Gap SubArc Weld Test Assembly
for 3-1/4 Inch Thick 100 ksi Yield Strength Steel Plate

A-24




SOUTHWESTERN LABORATORIES

REPORT OF TESTS ON METAL SPECIMENS

FILE NO. 4092300
Beaumont 2/4/87
TEXAS
TO Bethlehem Steel Corporation REFORT NO. 93280-cr
PROJECT Mechanical Testing of Welding Procedure ORDER NO. £939-001
MATERIAL A=710 1.3 Modified 3-1/4" TK
IDENTIFICATION “ﬁ%
SPEC. REFERENCE ASME Sec., IX, SWL No. 5706-103-75 Rev. 1
Speciman Slze S:,'u""' Yield, p.s.l.* Sl,:':‘:t:"::s' S":;::‘s‘,_ % EI. % R.A. Lacatlan of Fracture
REQUIRED:
T=1 .733 % .705 .5167 103,735 60,500 117,089 Weld Metal
T-2 .734 x .659  .4837 106,676 54,500 112,671 Weld Metal
T=3 .510" Dia. .2043 76,113 15,770 77,190 2.5%
Side Bend #1 - UnSatisfactory
Side Bend #2 - UnSatisfactory
Side Bend #3 - Satisfactory
Side Bend i#4 - Satisfactory

TECHNICIAN: John Blair

COPIES TO SOUTHWESTERN LABORATCORIES
T

3-Jim Hyatt

ZMKM_
Qur fetiers and raports are for the exclusive use of the ciient to wihom they sre addraisad. The ute of aur aame must recalve our prior weitten approval. Our istters

and reports apply onty to the sampla tested and/or nspactad, and are not necescarlly [ndicative of the qualitles of apparently Ideatical or similar products,

Figure A-23. Tensile and Bend Tests for Plate ITI-8
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SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA

FiLz No. 4092300

Beaumont TEXAS 2/4/87

IMPACT TESTS ON STEEL

To Bethlehem Steel Corporation

P. 0. No 6939-001 Date of Test 2/2/87

Material A-710, €13 Modified, 3-1/4" TK

Identification Marks -ﬁ’ﬁ

Specifications____ASTH A=370, SWL No. 9706-102-75 Rev. 2
Testing Machine: T.Q0. Ser.it 88440 Test Method:__""V'" HNotch Simple Beam Charpy
Linear Velocity of Hammer: 16.8 fr. per second
Effective Energy: 264 fr. pounds Specimen Type: At
Specimen Size: 10mm x 10mm Specimen Temp: Minus 60°F
Effective
Specimen Width, Section Size, Impact Value Lateral Exp.
Identificaticn In Inches In Inches Ft. Pounds Mills % Shear
Weld #1 .394 .315 69.0 37.0 50
2 .394 .315 33.0 12.0 30
"3 .394 .315 52.0 25.0 30
Fusion Line #1 .394 .315 141.0 64.0 80
Plus lmm
2 . 394 . W315 150.0 68.0 80
3 394 .315 56.0 25.0 60
Fusion Line #1 . 394 .315 142.0 74.0 30
Plus Smm
2 .394 2315 122.0 60.0 90
3 .394 .315 150.0 71.0 g0
Copias:
3-Jim Hyatt

SOUTHWESTERN LABORATORIES

Lab. No.  g331g-cr P %@%/ Z WU

OurIﬂunmdnvammmmuuuﬂwu-dmcllent!owhmmwmm mmﬁwrnmmmmlucwmmt n Approval, Our
Jatiers and reparis apply only to the sample tested and/sor Inspected, and iy of the of apparntly identien] or stmilar prodiscts,

Figure A-24. TImpact Tests at -60 Degrees F for Plate III-8
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SRUTHWESTERN LABORATORIES

Sw/

Materials, envirunmenial and gentecimical enginesring, noudesteuctive, wctallurgical and anofstient services

B2 Cevoicace St ¢ RO Sox S7ES. Houston Texas 7745 0 T3 55 f'%"
Attention: Swl - Beauwmont 7 Mr, John Blair Report No: 94643
Bethichem Stee! Corporation File No:
Date: 10707788

Swi-Houston Repors No: 381631

Project: Photomaerograph of One 3-1/4" S.A.W. Narrow Gap Weldment

PROJECT INFORMATION

Material: Oneg - 3-1/4" Thick 5.A.W."Narrow Gap Weldment

Identification: Swl - Houston Report No. 881631

Date Received: QOcroher 07, 1988 Technician: Wesley Bodenhamer
Speci fieations: Per Client Daze of Test:  October 07, 1988
Test Eguipment;  Standard Laboratory Procedure: ASTME 3

TEST RESULTS
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Figurc | Mag:

0.35% Eech:

SE I i1 TEST‘PLATE #8

Photomacrograph of a Cross Section oa the 3-1/4° Tcst Plate

SOUTHWESTERN LABORATORIES

2/ /7

% { \i,cw«r":é bl

74 Ll D

tda Reviewed /BY

Qurietierg and reports are for the exclusive use of he client i .r.nu;ﬂhey ate addressed. The

a4 cur name must facsive Sur prior watlen approval. Cut efters

and reporis apply only 1o the sample tested andior inspected. and are nol recessanly ingicative of the quatiies of aoparenly &ondeal or simitar produtts.

Figure A-23.

Macro Photo of Plate ITI-R
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PLATE {V - | FLAT POSITION

ATOM ARC - 7/32" F12018 ELECTRODES
50 AMPS, 22 TO 24 VOLTS, 5.8 TO 6.4"/MIN.

I¥ih

A
49.5 TO 62.07KJ/INCH HEAT INPUT

60°

FIRST SIDE
S LAST PASS

PASSES

FIRST SIDE | TO 8 PASSES
BACK GOUGE & GRIND
89 TO 23 PASSES
SECOND SIDE

PASSES
[N\ J

ZLl‘«ST PASS

SECOND SIDE

WELD SMAW PROCESS
THICKNESS 3 1/4"

JOINT DESIGN (D
178" ROOT OPENING

Figure A~26. SMAW Test Assembly for 3-1/4-Inch Thick
100 ksi Yield Strength Steel Plate
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SOUTHWESTERN LABORATORIES

REPORT OF TESTS ON METAL SPECIMENS

FILE NO. £092300
Beaumont TEXAS 6/10/88
TO: Bethlehem Steel Corporation rReporTNo,  94301—je
proveer Mechanical Testing of Welding Procedure ORDER NO. 5-8805-1012

Req. No. 0230-0008
MATERIAL A-710, Grade A, Class 3, 3-1/4" thick

ICENTIFICATION Process: SMAW

SPEC. REFERENCE  ASME Sec. IX, SWL No. $706-103-75 Rev. 1

Sq. In, Uitimata Tenslie

Spaciman Size Area Yialg, p.si.* Strength, 1bs. | Strangth, p.s.l. % El. % R.A, Lacation of Fractura
REQUIRED:

-1 748 x ,973 .7628 108,018 91,600 120,078 Parent Metal

T-2 749 = 944 7070 108,902 82,700 116,963 Parent Metal

T3 .508" dia. .2027 129,255 28,100 138,628 207 607
(All weld)

Side Bend #1 - Satisfactory

Side Bend #2 — Satisfactory

Side Bend #3

Unsatisfactory

Side Bend #4 - Satisfactory

TECHNICIAN: John Blair

SOUTHWESTERMN LABORATORIES
COPIES T 2-John West

-

>

— ——— -

o Frunse [V - Far 7
Qur lettars and raports are for the axciusive use of the clisnt to whom they are addrassad. The use of our name must recelve our prlor weltten approval. Our letters
and raports apply anly to the sample testad and/ar Inspactad, and are not nacassarily Indicative of the qualities of apparently Identical or simllar products.

Figure A-27. Tensile and Bend Tests for Plate IV-l
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SOUTHWESTERN LABOKATORIES

FORT WORTH DALLAS

HOUSTON  MIDLAND

BEAUMONT TEXARKANA

FiLe No. 4092300
Beaumont TEXAS 6/23/88
IMPACT TESTS ON STEEL
To. Beth'l;:'hsm_Sj;geT Corparation
P.O. No 5-8805-1012, Req. No. 0230-0008 __Date of Test 6/10/88
Material A-710, Grade A, Class 3, 3-1/4" rhick

Identificacion Marks Process: SMAY

Specifications_ ASTM A=370, SW1 No. 9706-102-75 Rev. 2

Testing Machine:—_T.0. Ser. # 88440

per. second

Test Method:___"V" Notch Simple Char

Linear Velocity of Hammer: 16.8 fr.

Effective Energy: 264 fr. pounds Specimen Type:—A-
Specimen Size: 10mm % 10mm Specimen Temp: Minus 60° F,
Effective
Specimen Width, Section Size, Impact Value Lateral Exp.
Identification In Inches In Inches Ft. Pounds Mills % Shear
Weld #1 . 394 .315 28 10 30
#2 394 .315 27 6 20
#3 394 .315 41 16 40
Fusion Line #1 -394 .315 80 41 50
plus lum #2 .394 .315 137 71 80
#3 394 .315 136 68 80
Fusion Line  #1 .394 .315 124 74 g0
plus Som #2 .384 .315 18.5 2 20
3 .394 .315 130 67 a0
Copies: John West
SOUTHWESTERN LABORATORIES
Lab. No. 94256-je

Frose I - Pars [

The use of cur name must receive our prior written approval. Our

Our letiers and raporu are for the exclusive usm of the ciient to whom they am
inspectad, and

latters and eports apply only to the sample tested and/or

Figure A-28.

addresm.
are not necesarily (ndicative of the qualities of apparently jdenticnl or:similar producta.

Impact Tests for Plate IV-1
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PLATE IV - 2 FLAT POSITION
L~-TECH *EM 4 - 5/32" WIRE W/ #009] FLUX
D.C. LEAD ARC 700 AMPS, 34 VOLTS
A.C. TRAIL ARC 650 AMPS, 32 VOLTS
AVERAGE TRAVEL SPEED 13.5"/MIN.

105. 7KJ/INCH LEAD ARC HEAT INPUT
92.5KJ/INCH TRAIL ARC HEAT INPUT

o
O
©

FIRST SIDE
ELAST PASS
LY rd

==

PASSES
20-31
FIRST SIDE
PASS # - ?(_{EZ"HE!EOISM

PASS #2 LEAD ARC ONLY
PASS #3-8 LEAD & TRAIL
ARCS
i

1

I

! BACK GOUGE & GRIND

| N7 BASS +3 LEAD ARC ONLY

SECOND SIDE PASSES [0-19
LEAD & TRAIL ARCS

JOINT DESIGN (@)
0" ROOT OPENING

Figure A-29, Uual Sub Arc Weld Test Assembly
for 3-1/4-Inch Thick 100 ksi Yield Strength Steel Plate
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SOUTHWESTERN LABORATORIES

REPORT OF TESTS ON METAL SPECIMENS

FILE NO. 4092300
Beaumont TEXAS 6/16/88
TO! Bethlehem Steel Corporatiom REFORT NO.  94280-je
eprovect Mechanical Testing of Welding Procedure DRDER NO. S=-8805-1012

5
Req. No. 0230-0008
MATERIAL  A-710, Grade A, Class 3, 3-1/4" thick

IDENTIFICATION Process: SAW

spEC, REFERENGE  ASME Sec. IX, SWL NO. 9706-103-75 Rev. 1
8q. In. Uitimate Taonslia

Spagiman Slze Area Yielq, p.si.* Strangth, Ibs. | Strength, p.s.i. % El. % R.A. Locatlon of Fracture
REQUIRED:

T-1 .755 x .931 .7029 93,611 77,700 110,541 Weld Metal

T-2 .754 x 976 .7359 105,176 86,400 117,406 Weld Metal

-3 .501" dia. .1971 81,177 21,280 107,965  24% 657
(All weld)

Side Bend #1 — Satisfactory
Side Bend #2 ~ Satisfactory
Side Bend #3 - Satisfactory

Side Bend #4

Satisfactory

TecHMician:  John Blair
SOUTHWESTERN LABCRATORIES
COFIES TO: 2-John West

NVAYER S\ W
Mot . Nme
“Punse IW-7P2r.2 ‘

Gur lettars and repaorts are far the axciusive use of the client to whom they are addressad, Tha usa of name must recaiva our grior wriltsn approval. Our iatters
and reparts apply only to the ampia tested and/or Inspected, and are not necessarily indicative of the quallties of apparently Identical or similar products. N

Figure A-30. Tensile and Bend Tests for Plate IV-2
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SOUTHWESTuRN LABORATORIES
FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA
Fie No. 4092300
Beaumont TEXAS 6/23/88
IMPACT TESTS ON STEEL
To. Bethlehem Steel Corporation
P.0, No.___5-8805-1012, Req. No. 0230-008 Date of Test 6/21/88

Marerial  A~710 Grade A, Class 3, 3-1/4" thick

Identificavion Marke_ Process: S5.A.W.
Specifications__ASTM A-370, SWL No. 9706-102-75 Rev. 2

Testing Machine:__T.0. Ser. # 88440 Test Method: "'V.! Notch Simple Charpy
Linear Velocity of Hammer: 16.8 ft. per gecond
Efective Energy: 264 ft. pounds . Specimen Type:_. A"
Specimen Size: 10mm _x_ 10mm ‘Ipecimeq Temp- Minus 60° F.
Effective
Specimen Width, Section Size, Tmpact Value Lateral Exp.
Tdentification In Inches In Inches Ft. Pounds Mills % Shear
Weld #1 394 314 15.5 2 20
#2 .394 .315 16.0 3 20
#3 .394 .315 25.0 8 20
Ft_.lsioq Line #1 . 394 .315 26.5 10 20
plus lmm #2 .393 .315 39.0 17 20
#3 394 .315 19.5 8 20
Fusion Line {1 -394 .315 158 71 70
plus Smn #2 .39 .315 151 65 80
#3 .394 .315 164 60 80

| RECEY/ZD | -
i
) JUN 24 1682

iiand DEPTL

ey

Copies:  John West

SoUTHWESTERN LABORATORIES

e (ot 42 glr00e2t/

Panse - Hor 2

Qur latters and reports are for e exclusive use of th dunt\o‘hommqmm The use of cur nama mumk Tective our pricr writlen appeoval. Our
Jatters and teporis apply only to ihe sampis tasted and/or mm:u«. iy of tha fee of apparently identicel or sindlar producte.

Lab. No.  95316-je

Figure A4-31. TImpact Tests for Plate IV-2 at -60 Degrees F
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PLATE IV - 3 HORIZONTAL POSITION
L-TECH - .045* ERI205-1 WIRE W/ S8% A + 2% O GAS
150-160 AMPS, 22 TO 26 VOLTS, PULSE AMPS 380 TO 440, I13.3"/MIN.
54.0 TO 60.2KJ/INCH HEAT INPUT

/\/____—-—

48 TO 73
PASSES

17 TO 20
PASSES

| TO 8 LAST PASS
PASSES

LAST PASS— / \\\\l\_
21 TO 48

Ak fAJ PASSES

b

L9 TO I6
PASSES
BACK GOUGE

& GRIND

— e . m f o e Fe e ot = B Y il

FIRS T S0k SELOUND olbk

O

WELD GMAW PROCESS

-

.
O
2?
7l
w
I8
Wl
Ol
™~
Y

JOINT DESIGN ®
|/8" ROOT OPENING




SGUTHWESTERN LABORATORIES

REPORT OF TESTS ON METAL SPECIMENS

TO: Bathlehem Steel Corporation

Beaumont

FILE NO. 4092300

TEXAS

5/9/88

pnoJecy Mechanical Testing of Welding Procedure

334"

materia.  A=710, Grade A, Class 3, #" thick

IRENTIFICATION  Process: GMAW Phase 4, Plate f}

spec, REFERENCE  ASTM A-370, sWl No. 9706-103-75 Rev. 1

REPORT NO. 94221-je

oroeR No. S-8805-1012
Req. # 0230-0008

5q. In. Ultimate Tansile
Spacimen Slze Area ‘iald, p.s.i.* Strength, 1bs, [Strength, p.s.). % El. % R.A, L.ocatlon of Fracture
REQUIRED:
T-1 1,498 x 1,027 1.538 117,001 181,300 118,171 Weld Metal
T-2 1.502 x .996 1,495 120,187 185,800 124,198 Weld Metal
T-3 508" dia. .2027 132,708 28,100 138,628 19% 63%
(ALl weld)

Side Bend #1 - Unsatisfactory
Side Bend #2 - Unsatisfactory

Side Bend #3

Unsatisfactory

Side Bend #4 - Unsatisfactory

"RECEIVED |

WAy 12 1888
| EMG:L.EZR.MG DEPT.

-
A

Tecunician: John Blair

comesTo:  2=John West

Qur latters and reports are for the exciusive use af thy client to whom they are addressag, The use of gur name MUst recelve our prior wrltten approval, Qur lettaes

SOUTHWESTERN LABCRATORIES

S B 80

Uﬁfosé’.ﬁ?' _ br ]

and raports apbiy only to the sample tasted and/eor Inspected, and a4 not necessarily Indleative of tha qualities of apparently [dentical or similar products.,

Figure A-33.

A-35

Tensile and Bend Tests for Plate IV-3
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SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA

Firg No. 4092300
Begumont TEXAS 5/11/88

IMPACT TESTS ON STEEL -

To Bethlehem Steel Corporation

P. 0. No__5-8805-1012, Req.# 0230-0008 Date of Tesc_5/9/88
35]4'11
Materia A=710 Grade A Class thick

Ldentificacion Marks__ Process: GMAW Phase 4, Plate_afs

Specifications__ASTM A-370, SW1 No. 9706-102-75 Rev. 2

Testing Machine: 1.0, Ser, # 88440 Test Method:.. "V" Notch Simple Charpy
Linear Velocity of Hammer; 16.8 £t. per second
Effective Energy: 264 ft. poupds Specimen Type:— A"
Specimen Size: 10mm x 10mm Specimen Temp:— inus 60° F.
Effective
Specimen Width, Section Size, Impact Value Lateral Exp.
Identification In Inches In Inches Ft. Pounds Mills % Shear
Weld #1 .393 .315 53 29 70
#2 . 394 315 60 24 60
#3 . 394 .315 53 25 60
Fusion
Line + lmm #1 393 .315 147 76 80
2 .394 .315 136 71 80
#3 .393 .315 140 72 80
Fusion
Line 4 S5mm #1 394 .315 106 . 52 80
#2 394 .315 112 57 . 80
#3 .394 . 315 140 73 80

Caniaa: 2=-John West

| RECET/ED ]
i’

MAY 12 1890 SouTHWESTERN LABORATORIES
: L R N I Pir 5"\\ i
Lab. No. 942323 i3 oild DEPT. | b.Baw
o _  PRsse I7-Pr 3
e e et el oy T e N T e e T e 3%, 31 ST BT TR recelve our DI wTilien avproval, Our

Figure A-34. Tmpact Tests for Plate IV-3 at -60 Degrees F
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Figure A-35. INTENTIONALLY LEFT BLANK
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{S,ZU{ SOUTHWESTERN LABCRATORIES
Mareriais, environmenta! and grotechaical engincering, nondestructive, merallargical and analytical services
EEE.:;MS:: .50 Sox B758 mouston Toxag TT243 f TiSEsS.8157
Attesion: el - Repart No: 94561
Bethlehem Steel File No: 4092300
Cn tm Dater  09712/88
SEs 10 P.O. No-

. .oiT Houston Report No.: 881442

Project: Puotographs of One 3 174" Weldment
PROJECT INFORMATION
3
Materiai: One - Section of an A 710 Class 3 Grade A Modified 3 374" Thick
GM.AW. Process Test Plate 8 3/8" Wide x 1/2" Long
Identification: SwL Houston Met Lab No. §81442
Date Received: September 07, 1988 Technician: Stan Daigle
Specifications: Per Client Date of Tes1:  Sceptember 09, 1988
Test Equipment:  Merallographic Procedure: ASTME 3
TEST RESULTS
i .
i { k2 :

i : % .

iy % po

? - . - % :

; ¥ 3

b - * i

4 3

§ : , g -

i |

; o

3 é :

%w "y , i .

Photomacrograph of a cross section of the
weldment.

PHASE IV TEST PLATE 23

Cur igttars and repsris arg for the exciusive use a-'j!le chiant 10 wiam they are addressed. The use of our pams misst rscenwe Sur origr whtlen appraval O fatters
and reporis apoly only 10 ifie sampie lested anda'or inspecied, andg are not arfy Wccative of the quakies of spparenty enbos! o seTa!r DIoduuls,

Figure A-36. WMacro Photo of Plate IV-3
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SOUTHWESTERN LABCRATORIES

Page 2 of 2 Report Na. 94561
BETHLEHEM STEEL
' /
: X
e - S TR L A a el M‘@‘ﬂ ¥
AT e 3 o - AT " P Mgy At
R R s e e e s TN
R e T IR L L e o e e ST AR
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Figure No. 2  Mag: 500X  Erch: 2% Nital

PHASE IV TEST PLATE #3
Photomicrograph of the weld metal consisting of
Widmanstatten ferrite platelets and 3 small percentage
of pearlite; typical of low carbon stecl weld metal.
Photomicrograph was taken at approximately 1
from the surface of the plate.

SOUTHWESTERN LABORATORIES
ckl Reviewed éé 5

Figure A-37. Microstructure of Plate IV-3
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PLATE IV - 4 FLAT POSITION
L-TECH *EM 4 -~ 5/32" WIRE W/ #0081 FLUX
D.C. LEAD ARC 700 AMPS, 34 VOLTS
A.C. TRAIL ARC 650 AMPS, 32 VOLTS
AVERAGE TRAVEL SPEED = 13.5"/MIN.
105.7KJ/INCH LEAD ARC, 92.5KJ/INCH TRAIL ARC HEAT I[NPUT

60°

FIRST SIDE
E LAST PASS

PASSES

FIRST SIDE PASSES | TO 5,
LEAD ARC ONLY
BACK GOUGE & GRIND
PASSES &, 7, 8.

SECOND SIDE LEAD ARC ONLY

PASSES
9-20
LEAD &
TRAIL ARCS

ZLAST PASS

SECOND SIDE

WELD SAW PROCESS
THICKNESS 3 3/4"

JOINT DESIGN (@)
0" ROOT OPENING

Figure A-38. Dual Sub Are Weld of 3-3/4-Inch Thick
100 ksi Yield Strength Steel Plate
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SOUTHWESTERN LABORATCRIES
REPORT OF TESTS ON METAL SPECIMENS
FILE NO. 4392300
Beaumont ToxAS 5/20/88
‘o Bethlehem Steel Corporation REPORTNO. J4251—je
mosecT Mechanical Testing of Procedure Qualifications ORDER NO.

Y
—_— . -

AATERIAL  A-710, Grade A, Class 3, 3-3/4" thick
DENTIFICATION Process: SAW

PEC. REFERENCE  ASME Sec. IX, SWL No. 9706-103-75 Rev. 1 -

sq. In. Ultimate Tenslle
ciman Slze Area Yleld, 951" | syrength, 1bs. |strengtn, ps. | % EL- * RA. Location of Fracture
QUIRED:
-1 .745 % .957 .7129 °101,688 77,600 108,841 Weld Hetal
-2 .741 x .982 .7276 109,941 82,200 112,964 Weld Metal
-3 .507" dia. .2019 90,391 21,830 108,122 25% 58%
1 weld)

'{de Bend #1 ~ Satisfactory
iide Bend #2 — Satisfactory

iide Bend #3

Satisfactory

{ide Bend #4

Satisfactory

-

THNICIAN: John Blair

SOUTHWESTERN LABORATORIES
PIES TO: 2-Bathlehem Steel .

r taltars and raports are for the exclusive use of the cllent to whom they are addrassad. The uss of our name must receive our orior wrltten approval, Our lettars
1 raports apbly onty to the sample tested andfor Inspected, and are act necassarily indlcative of the qualities of apparent!ly Igentical or similar products,

Figure A-39. Tensile and Bend Tests for Plate IV-4

A-41
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SOUTHWESTERN LABORATORIES
FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA
FiLe No. 4092300
Beaumont TExAS. 5/23/88
IMPACT TESTS ON STEEL
To Bethlehem Steel Corporation
P.O.No Date of Tese___5/20/83
Material A-710, Grade A, Class 3, 3-3/4" thick

Identification Marks Process: SAW

Specifications__ASTH A=370, SWE No. 9706-102-75 Rev. 2

Testing Machine:—_T.0. Ser. # 88440 Test Method-_ V" Notch Simple Bezm Charpy
Linear Velocity of Hammer: 16.8 ft. per_second
Effective Energy: 264 ft. pounds Specimen Type: A"
Specimen Size: 10mm x 10mm Specimen Temp:.  Minus 60° F.
Effective
Specimen Width, Section Size, Impact Value Lateral Exp.
Tdentification In Inches In Inches Ft. Pounds Mills % Shear
Weld #1 .394 .315 19.5° 5 20
2 394 .315 24.0 8 20
#3 <394 .315 16.0 4 . 20
Fusion Line :
plus lom #1 -394 315 145 . 65 80
#2 +, 394 .315 172 &9 80
#3 394 .315 157 75 80
Fusion Line
plus Smm #1 394 - .315 107 55 * 90
* #2 -394 .315 106 53, 90
#3 .384 +315 108 54 a0

Copies: 2-Bethlehem Steel

1]
SOUTHWESTERN LABORATORIES

| - ‘ m/a'%,&z. MﬂW

Oue Iriters and reporis are for the excliuive um of the client o whem they are ndd.rulm 'nu uu of our fisme mumt receive our prior wriftan approval Gur
Sattets and raparts apply ofily Lo the sample terted and/or tnapecied, and are not of tha of apparently Idenua) or similapr producte

Lab. No, 94242-je

Figure A-40. Impact Tests for Plate 1IV-4 at -60 Dagrees F



PLATE 1V-5 FLAT POSITION
L-TECH#EM4-1/8" WIRE W/ #008| FLUX
D.C. SINGLE ARC ELECTRODE POSITIVE (DCRP)

LAST PASS
THIS TEST PLATE

2 "GAP

PASSES # [2-60
88.8 KJ/INCH HEAT INPUT

]

- PASSES #2-60

500 AMPS-32 YOLTS
10.8*/MIN TRAVEL SPEED

= <"1 passes 74

102, KI/INCH HEAT INPUT \;ﬁ 500 ANPS-32 YOLTS=9.4"/MIN
- PASSES ¢l-8

PASSES # 1-6 ] 550 AMPS-33 VOLTS-5.4*/MIN

[15.8 KJ/INCH HEAT INPUT

|

I
g R.0.

WELD SAW PROCESS

NARROW GAP

THICKNESS 4 /4"
JOINT DESIGN &
R.O. AS SHOWN
Figure A-41. WNarrow Gap Sub Arc Weld Test Assembly for

4-1/4-Inch Thick 100 ksi Yield Strength Steel Plate




SOUTHWESTERN LABORATCGRIES

REPORT OF TESTS ON METAL SPECIMENS

FILE NQ. 4092300
Beaumont TEXAS 9/1/88
TO: Bethlehem Steel Corporation REFORT NO. B4544-je
rroseet  Mechanical Testing of Welding Procedures ORDER NO.
mAaTERIAL  A=710, Class 3, Grade A Modified, 4-1/4" thick
IDENTIFICATION SAW Narrow Gap i
sPEC. REFERENCE  ASME See, IX, SWL No. 9706-103-75 Rev. 1
Specimen Size s:,',""' Yield, p.s.l.* st,f;g,mh::;,_ s“;‘:::f:_s_,_ % EL % R.A. Location of Fracture
REQUIRED:
-1 .754 = ,978  .7374 99,537 83,700 113,505 Weld Metal
T2 .751 x 1.025 .7697 103,926 87,900 114,189 Weld Metal
T-3 .502" dia, .1979 102,324 21,970 111,015 25.5%2 647
(All weld)
Side Bend #1 - Unsatisfactory
Side Bend #2 - Satisfactory
Side Bend #3 - Satisfactory
Side Bend #4 - Satisfactory
TECHNICIAN: John Blair
COPIES TO: John West SOUTHIWESTERN LABORATARIES

QN 2

Y QN
B SN N DL BN AN
Ttz T -~ B 5

Gur [atters and reports are {or the axclusive uss of tha cllent to whom they are addrassed. The use of our n\VZn must racelve our priar written approval. Our letters
ANd reparts ARPLY anly to the sample tested and/or Inspected, and sre not nacassarlly [naicative of the qualitias of apparantiy Identical or similar proquets..

Figure A-42. Tensile and Bend Tests for Plate IV-5

A-LL
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SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA

FiLg No. 4092300

Beaumont Trxas 9/7/88
IMPACT TESTS ON STEEL
To. Bethlehem Steel Corporation
P.O. No Diate of Test 9 ! 1/88
Material A-710, Class 3, Grade A, 4-1/4" thick
Identification Marks SAW Narrow Gap
Specifications ASTM A-370, SW1 No. 9706-102-75 Rev. 2
Testing Machine:_T.0. Ser. # 88440 Test Method:__""V" Notch Simple Charpy -
Linear Velocity of Hammer: 16.8 fr. per second
Effective Energy: 264 ft. pounds Specimen Type:"'A” -
Specimen Size: 10mm x 10mm Specimen Temp: Minus 60° F.
. Effective
Specimen Width, Section Size, Impact Value Lateral Exp.
Identification In Inches In-Inches Ft. Pounds Mills % Shear
Weld #1 394 .315 10.5 7 20
#2 .394 315 14,0 11 20
#3 .393 .315 13.0 7 20
Fusion Line
Flom f .39 .315 202.0 87 90
_ #2 .394 .315 190.0 86 90
i#3 « 394 .315 201.0 92 90
Fusion Line
+ S5mm
#1 .394 .315 140.0 82 90
#2 394 .315 182.0 90 . 90
#3 . 354 .315 143.0 75 i

Copies: John West

SOU-I;HWESTERN LABORATORIES
Pzn b 2 % . Q&tyr,
“Puse T - 1273

Cur lettats and reports are for he excludve use of the client (0 whom ther aw addreesed. The use of cur name mus our priar Our
Jettacn sad raports apply only to the sampis tested and/or | d. and are not rily & of tha qualitizs of apparwntly Jentice! s strailar

Lab, No. 94576-je

Figure A-43, Impact Tests for Plate IV-5 at -60 Degrees F
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SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TENARKANA

FiLt No. 4092300

Beaumont TExas 9/7/88
IMPACT TESTS ON STEEL
To. Bethlehem Steel Corporation
P.O. No Date of Test 9/1/88
Matarial A-710, Class 3, Grade A, 4-1/4" thick
Identification Marks SAH Narrow Gap
Cracifications. ASTM A-370, SW1 No. 9706-102-75 Rev. 2
Testing Machine: 1.0, Ser. # 88440 Test Method:___"V" Notch Simple Charpy
Linear Velocity of Hammer: 16.8 fr. per second
Effective Energy: 264 f£t. pounds Specimen Type: "A" _ —
Specimen Size: 10um x 10mm Specimen Temp: Minus 20° F.
Effective
Specimen Width, Section Size, Impact Value Lateral Exp.
Identification In Inches In Inches Ft. Pounds Mills % Shear
Weld {1 .393 . .315 26.0 18 20
#2 .39 .315 23.0 17 20
#3 .394 .315 35.0 : 20 20

Copies: John West

SOUTHWESTERN LABORATORIES

Lab, No.  94577-§ P ““‘1 P)&m‘;‘
A o, -je
“FHa SA"E -Pz.'rf

. use of OUr RiMe MUR Pecelve prior writlen uwpprovel.
sapple tested and/or inspected, and are not Loned of tha unm‘bﬁm-wumﬂ

Our latters and reports are for the
lettars and reports apply only to the

Figure A-~44. Impact Tests for Plate IV-5 at -20 Degrees F



. 5@ SOUTHWESTERN LABUQRATCOCRIES

Materials, envirommental and georechnical enyineering, rondestructive, ntetaifurmeal and analytteal serviees

DEE Cavalpoge St § PO Sox STSE. mouston TExas T e84 ¢ 7B EE=2-515"

Atrentian: Report No: 94544
Bethlehem Steel File No:
Date: 095707 /388
P.O. No:

Honston Report Noo 881398

Project: Photographs of One 4 174" S.AW. Narrow Gap Weldmient

Material: One - 12" x 6" x 4 1/4” Thick S.A.'W. Narrow Gap Weldment
Tdenti fication: SwL Houston Met Lab No. 881398

Duate Received: August 30, 1938 Technician: Stan Daigle
Specifications: Per Client Date of Test:  September 06, 19388
Test Equipment:  Metallographic Procedures ASTMES3

TEST RESULTS

Figure 1 Mag: 0.66  Etch: 2% Nital .
PHASE IV TEST PLATE #8

Photomicrograph of a cross section of the
S AW, narrow gap weldment.

atedha ¥r. AIRLLEUW Litle

Our letiers and reports ara for the axclusive use of the chent in whom thay are aderegsed The use of fur name must recalve cur pricr wetten approval, Sur iotters
and raporis apoly only to the sampie tested andior mspected, and a8 not recessarly idicafive of the quailes ¢! acparenty Hentodl o sumifar prduCs.

Figure A-45. Macro Photo of 4-1/4-Inch Narrow Gap Sub Arc Weld
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Sibz SOUTHWESTERN LABORATDRIES

Muaterials, environmental anid gestechnical engineering, nandestructive, metallurgicsl and analytical services
2=2 Cavolcace St ® PO, Box BVEER, Houston, Texas 77245 & 7135533.8151

Attention: Report No: 94544ADD
Bethlchem Steel . File No-

Date: 09,/07/38

P.C. No»

Houston Report No.: 881398
- ADDITION to report completed 09/07/83
Project: Photographs of One 4 174" S.A. W, Narrow Gap Wcldr_ncnt

PROJECT INFORMATION

Material: One - 12" x 6" x 4 174" Thick S.A.W. Narrow Gap Weldment
Identification: SwL Houston Met Lab No. 881398

Date Received: August 30, 1988 Technician: Stan Daigic
Specifications: Per Clieat Date of Test: Scptember L1406, 1938
Test Equipment;  Metallographic Procedure: ASTME 3

!

P
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o
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Figure 31 Mag: 320X Etch: 2% Nital
PHASE IV TEST PLATE £5
Microstructure at the fusion line with the
photo primarily showing the HAZ which consisted of
fine grained martensite,

SOUTHWESTERN LABORATORIES

ckl Reviewed By

Our Iptters and reports ars for the exciusive use of tha client to whem they zre atdressed. The use of aur name must feceive aur pricy woBen aparoval, Cur Jetters
and reporis apply only fo the sample tested ancor inspectaq, and e niel necessanly indicative of the qualies of apparenty wconncal o¢ Simlas products,

Figure A-46. WMicrostructure of Plate IV-5 HAZ
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Report No. 94544

PHASE IV TEST PLATE #5

A

iy

A L

i

1CTad was

M

L

BSOUTHWESTERN LABORATORIES

Page 2 of 2
BETHLEHEM STEEL

+ f nw
..4 3 Mm
rw LEE«F?? i) #Mﬁmwt Qrm Aww.w

SOUTHWESTERN LABORATORIES

Etch: 2% Nital

ite. M

of the plate,

Mag: 500X
Microstructure of 4-1/4-TInch Thick

Narrow Gap Sub Arc Weldmetal - Plate IV-5

taken at approximately 1* below the surface
Reviewed By{/

fine grained ferrite and pearl

Figure No. 2
' Photomicrograph of the weld metal consisting of

Figure A-47.

ckl



‘S’% SOUTHWESTERN LABORATORIES

Materials, environmental and geotechnical engineering, nordestructive, metallurgical and analytical services

222 Cavalcade St * PO Rox G758, Houston, Texas 77245 & 713:.2592.9151

Atiention: Report No: 94625
Bethichem Steel File No: 2285846
Attn: John West Dare:  09/27/88

P.O. No: 0230-0008
Houston Report No.m 22732

Project: Chemical Analysis of Steel Alloy

PROJECT INFORMATION

Material: One - 4 1/4" Thick Welded Plate, Narrow Gap

Identification: As Per 21-09-04625

Date Received: September 23, 1938 Technician: Bob Yount and Del Armstrong
Specifications: N/A Date of Test: Sept. 23 to Sept. 27, 1988

Test Equipment;  Siemens SRS-200 XRF Pracedure: ASTM E 322, ASTM E 1019
Leco IR-12 Carbon

CHEMICAL COMPOSITION (WT. %)

Specimen
Identification C_ Man- St Ni Cr Mo Cu
21-09-94625 0.073 1.01 0.59 2.16 0.27 047 0.18
PHASE IV TEST PLATE &5
SOUTHWESTERN LABORATORIES
ckl " Reviewed By

Figure A-48, Chemical Analysis of Plate IV-5

A=50

EL P

Qur lettars and reports are for the exclusive use of the client 1o whom they are addressed. The use of our name must receive our pefor written approval, Cur letters
and reports apply only to the sample tested andfor inspected, and are not necessarily indicative of lhe qualities of apparently identical or similar peoducts.



PLATE 1V - & FLAT POSITION
L-TECH #*EM 4 - 5/32" WIRE W/ #Q03| FLUX
D.C. LEAD ARC 700 AMPS, 35 VOLTS
A.C. TRAIL ARC 650 AMPS, 33 VOLTS
AVERAGE TRAVEL SPEED = 13.5"/MIN.
108.8KJ/INCH LEAD ARC, 95.3KJ/INCH TRAIL ARC HEAT INPUT

——

TRAIL A
[ /

435°
FIRST SIDE
::LAST PASS
\ PASSES / {/
FIRST SIDE
2 GMAW PASSES AT
60.2KJ/INCH HEAT
INPUT
BACK GOUGE & GRIND
PASSES 17-21 (GMAW)
SECCOND SIDE PASSES
22-35
LEAD &

RCS
o\ i

LAST PASS
SECOND SIDE

WELD SAW PROCESS
THICKNESS 4 /4"

JOINT DESIGN (&)
0" ROOT OPENING

Figure A-49. Sub Arc Weld Test Assembly for 4-1/4-Inch Thick
100 ksi Yield Strength Steel - Plate IV-6

A-51




SOUTHWESTERN LABORATARIES

REPORT OF TESTS ON METAL SPECIMENS

FILE NO. 4092300
L - P, zlatlaon
Beaumont TEXAS 6/Y/6d
ToO: Bethlehem Steel Corporatien repoRTND,  94300~je

proseer  Mechanical Testing of Welding Procedure ORDER NO. 5-8805-1012

Req. No. 0230-0008
MATERIAL  A~710 Grade A, Class 3, 4-1/4" thick

IDENTIFICATION Process: BSAW

spec. REFERENCE ASME Sec. IX, SWL No. 9706-103-75 Rev. 1

o - sq. In. o Ultimate Tansile o o o
Specimen Size Aoz ¥ioid, 50" | siranath. bs, |Strength, p.st | P ED % R.A Location of Fracture
IEQUIRED:

T=-1 L747 x .962  .7186 104,089 82,100 114,247 Weld Metal

T-2 .755 x .934 .7051 92,459 79,200 112,313 Weld Metal

T-3 .506" dia. L2011 87,518 21,730 108,055 23.5% 65.5%
11 weld)

Side Bend #1 ~ Satisfactory
Side Bend #2 - Satisfactory

Side Bend #3 — Satisfactory

Side Bend #4 - Satisfactory

| RECEF/ED .
% JUN 241583 |

F > 2.3 uePl

R

FECHNICIAN: John Blair

. SCUTHWESTERN LABORATODRIES
IOPIES TO: 2-John West

FHpse I~ 27 &

Sur letters and rapcres are for the exciusive use of the client 1o whom they are addressed. T 5& of our nams Mmust recalve cur prior writtsn approval, Our atters
e reports agply anty {0 the samole tesigd 4nd/or Inspected, and are agt nacessarlly Indicative of the qualitios of apparently Identical or simlar products.

Figure 4~50. Tensile and Bend Tests for Plate IV-6

A~52
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SOUTHWESTERN LABORATORIES
FORT WORTH DALLAS® HOUSTOM - MIDLAND BEAUMONT TEXARKANA
FiLe No. 4092300
Beaumont TEas §/23/88
IMPACT TESTS ON STEEL

To Bethlehem Stee‘l Corporation

P.O. No 5-8805-1012. Req, No,. 0230-0008 : Date of Test 6/10/88

Material 4-710, Grade A, Class 3, 4-1/4" thick

Identification Marks . Process: SAW

Sped_ﬁcaﬁonq ASTM A~370, SWL No. 9706-~102=-75 Rev. 2

Testing Machine: T.0. Ser $ /agLLn Test Method: """ Wotch Simple Charpy
Linear Velocity of Hammer: 16.8 fr, per second
Effective Energy: 264 ft. pounds Specimen Type:—2al
Specimen Size: 10mm x 10mm Specimen Temp:— Minus 60° F.
Effective
Specimen Width, Section Size, Tmpact Value Lateral Exp.
Tdentification In Inches In Inches Ft. Pounds Mills % Shear
Weld #1 <394 .315 9.0 0 10
#2 .394 315 11.0 2 10
#3 . 394 .315 13.5 3 20
Fusion Line #1 2394 .315 15.5 10 20
plus lom #2 .394 .315 163.0 67 90
#3 . 394 .315 37.0 20 30
Fusion Line #1 .394 .315 106.0 57 ‘80
plus Sma #2 .394 .315 19.0 . 6 20
#3 394 .315 14.5 12 20

| RECEIED | . |
§ JUN 24 1583 : ' .

COEr l.d gePt

Copies:  John West

SOUTHWESTERN LABORATORIES .
. ~ /4 n ///AAA L/ /
BK C e il Pl T

[ 4

Lab. No. 94273-je

? : . — "; , ; . -
Our lriters ang 13 for tha ﬂs: = ﬂ

r and reporis sre exclufive use of the client to whom ther are addressed, The use )
betlare and reports apsly only to the sumple tested and/er thipacted, and AT+ Bot rily Lnal o!ﬁ . cvatitter onlm:’w:.:;l‘!’; ?:c:\we:ﬂﬂmm;‘uwmm’ :

Figure 4~51. Impact Tests for Plate IV-6 at -60 Degrees F

A-53 3
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SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA

FiLE No. 4092300

Bezumont TExAS 8/19/88

IMPACT TESTS ON STEEL

To. Eethlehem Steel Corparation

P. 0. No 5-8805-1012 Date of Test 8/16/88
Material______A-710 Class 3, Grade A Modified, 4=1/4" thicl

Idencificacion Marks SAW

Spedifications— .. ASTM A=370, SWI, o 97006~102=75 Rav, 2

Testing Machine:___T.0. Ser. # 88440 Test Method:_""V" Notch Simple Charpy -
Linear Velocity of Hammer: 16.8 ft. per second
Effective Energy: 264 ft. pounds Specimen Type:— A"
Specimen Size: 10mm x 10mm Specimen Temp;_ Minus 40° F,
Effective
Specimen Width, Section Size, Impact Value Lateral Exp.
Identification In Inches In Inches Ft. Pounds Mills % Shear
Weld #1 .394 : .315 23.0 18 30
2. -394 .315 ) 16.0 10 20
#3 <394 .315 23.0 i8 30

: M 24 88|
7. !

e AL Y

Reference: 94273 —-F_‘_‘:_":f“’ -

Copies: John West

SOUTHWESTERN LABORATORIES

Pex B, Dwin
Pugss I -7l

or the duﬂveu-umdlcmta-hm.;mmm.muuuwmmmmiwowmvﬂtunmm
Jetters aAd reports apply only €5 the sameple tasted andsor and srw pot 11y Ll of the qualitles of apparently or simdlar prody

Lab, No. 99495-je

Figure A-52. TImpact Tests for Plate IV-6 at -40 Degrees F
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PHASE TV - #6

PHOTOMACROGRAPE OF PHASE IV

TEST FLATE NO. &

Figure A-53.

Macro Photo of Plate IV-6

-
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SOUTHWESTERN LABODRATORIES

EETHIEHE}M STEET, CCRECRATICN
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Figure No. 5

at S00X in the weld metal on Sample No. 3.

PHASE 1V TEST PLATE #6

Microstructure of Plate IV~6 in Weld Metal

Figure A~54,

-



SOUTHWESTERN LABDRATORIES
EETHIEHEM STEEL CCRFCRATICN
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pto showing primrily HAZ on Sample No. 3.

PHASE IV TEST PLATE #6

Figure A-55. Microstructure of Plate IV-6 Near Heat Affected Zome
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‘ $M : SOUTHWESTERN LASOCRATORIES

Materials, environmental and geotechnical engineering, nondestructive, metaliurgical and analytical services

=22 Cavalcage St ¢ PO Sox 57658, Houstan, Texas 77249 & 7i58=2-8151

Rerort No.: 94573
File No.:
Date: 09/06/88

Houston Report No.: 881411

Bethlehem Steel Corporation

Project: Fhotographs on Three ASTM A 710, Grade 3 Weld Plates

}n Mo T AT
CAL ), C 12k R

Threes - ASTM A 710, Grade:iweldplates lakeled Number 1, 2 ard 3.

EACREROUND

This laborakory received the above mentioned weld plates on September 01,
1988, alang with a request to take photegraphs at 500X magnification in the
weld metal and at the fusion zone, approximately cne inch below the weld
cap.

TEST RESULTS

The microstruchme of the three samples at corresponding lecations was
essentially similar. The unaffected base metal consisted of a martensitic
matrix with fine sphemidal precipitates. The heat affected zones alsoc
exhibited a martensitic matrix, Iut with a slightly greater degree of the
precipitated gphase. Samples #2 and #3 edhibited a greater degree of
p::wecn.pz.tatlcn particularly at the grain bomdaries, as illustrated in
Flguras No. 4 and No. 6 respect:l.vely. The fusion zone in all samples
consisted of fine, dendritic ferrite with intermittent precipitates.

Respectfully,
TARCRATURTES, 1HC.

4}:}{ Patterson -
Revi By Metallurgical Engineering Divisicn

HOUSTON ® DALLAS ® AUSTIN ® BEAUNMONT ® CONROE ® GALVESTON COUNTY ® Q10 GRANOE VALLEY ® ALEXANDRIA
SAN ANTONIO ® FORT WORATH ¢ LEESVILLE ® MIDLAND * MONAOE ¢ SHAEVEFPORT ® TEXARKANA ® SHERMAN

Figure A-56. Metallua:gy Laboratory Characterization of

1 TTr Ot A

KLdLE Lv—U, LV'O ana Lv=-lu

A-58



PLATE 1V=7 FLAT POSITION
L-TECH#* EM 4 5/32" WIRE W/ #008] FLUX
D.C. SINGLE ARC — ELECTRODE POSITIVE (DCRP)

LAST PASS
THIS TEST PLATE

I
Iz "GAP

FASSES ¢ 14-84
83.1 KJ/INCH HEAT INPUT

_PASSES #14-94
| 550 ANPS~34 VOLTS
iI3.5°/MIN

PASSES + 7-I3 <> - PASSES #7-i3

PASSES ¢ |6 17835 hiPS 34 voLTs-16.6%MIN
92.] KJ/INCH HEAT INPUT '

7
g R.O.

WELD SAW PROCESS

NARROW GAP
THICKNESS 4 3/4"

JOINT DESIGN @
R.0. AS SHOWN

Figure A-57. Narrrow Gap Sub Arc Test Assembly for
4=3/4-Inch Thick 100 ksi Yield Strength Steel Plate

A-59




SOUTHWESTERN LABQRATORIES

REPORT OF TESTS ON METAL SPECIMENS

FILE NG 4092300
Beaumont TEXAS 8/26/88
To Bethlehem Steel Corporation reroRTNo.  24340-je
paosect Mechanical Testing of Weld Procedure ORDER NGO, 5-8805-1012

. Req. No.  0230-0008
MATERIAL A-710 Class 3, Grade A, 4-3/4" thick

JIDENTIFICATION S.A.W. Narrow Gap

Spaciman Sie S:,'_:"' ¥ieid, p.s.l* s,:,',:‘mh":;,_ 5,,:;:;':;.,‘,. % El, % R.A. Locatian of Fracture
REQUIRED:
T-1 .752 x 1.010  .7595 103,357 90,800 119,549 Weld Metal
T-2 .747 x 1,009 .7537 108,793 88,700 117,682 Parent Metal
-3 .507" dia. . .2019 105,250 22,810 112,976 237 647
(A1l weld)
Side Bend #1 - Unsatisfactory
Side Bend #2 - Satisfactory
Side Bend #3 - Satisfactory
Side Bend #4 - Satisfactory
TecHNIciaN:  John Blair
COPIES TO: 2-John West SOUTHWESTERN LABORATORIES

W B B - 5

V Bugses 7 - Por 7. i

Qur {stters and reports are for the sxciusive use of the cilent to whom thay are addressad. Tha uss of our name Must recelve our prior writtan zpproval, Our latters
and reports apply anly to the sample tasted and/or inspactad, and are not necestarlly Indlcative of the qualities of apparently ldentical or simllar products.

Figure A-58. Tensile and Bend Tests for Plate IV-7



5’% SOUTHWESTERN LABORATORIES -

Marerials, eavironmental and geatechnical engincering, nondeatructive. metalfurgrcal amf anaiviical sersrees

252 Cavacadis Sz ® PO Box BTES. ~inuston, Taeas 7S4S ¢ 712 89=.50 8

Attention; Report No: 94383
Bethichem Steel Corporation File No:
Dater 09721738
P.O. No:

Houston Report Noo 881474

Project: Photographs of One 4 3/4" Weldment and One 5 1/4" Weldment

PROJECT INFORMATION

Marerial: One - 4 374" Wide S.A.W. Narrow Gap Test Plate; One - 5 i/4” Wide
S.A W, Narrow Gap Test Plate
Identification: Houston Report No. 881474

Date Received: September 13, 1988 Technician: York Patterson T
Specifications: Per Client Date of Test:  September 21, 1988
Test Equipment:  Metallographic Pracedure: ASTM E 3

TEST RESULTS

T L T I L )

il ¥ ¥ v % xow oy

Figure 1  Mag: 06X  Ewch: 2% Nital
Photomacrograph of a Cross Section
on the 4 3/4" Test flate.

PHASE IV TEST PLATE 47

Qur laners and reports arae for tha exclusive use of ihg ekent o whom they are adérassed. The use ol cur name must recene cur pror wivien apprval Cur latis
and reports apply anly 14 the sampie tesled andier inspacied. and are not necessanty mdicatve of the quaktes ¢f apparenlly sfentizal of simdar procucts.

Figure A-59. Macro Photo of Narro}p: Gap Sub Are Weld - Plate IV-7

A-61



SOUTHWESTERAN LABCRATORIES

Page 2 0f 4 Repart No, 94583
BETHLEHEM STEEL CORPORATION

F T T

: e
L E SRR s

*

W T W B om oW R o T owow o w om oW W N W W

Figure No. 2 Mag: 500X Erch; 2% Nitl

Weld microstructare; finc-grained Cerrite with
2 small percentage of pearlite.

PHASE IV TEST PLATE #7

Figure A-60. Microstructure of Weld - Plate IV-7
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DATA NOT AVAI LABLE

Figure A-61. Inpact Tests of Plate IV-7
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PLATE 1V - 8 FLAT POSITION
L-TECH #*EM 4 - 5/32" WIRE W/ #G09] FLUX
D.C. LEAD ARC 70O AMPS, 34 VOLTS
A.C. TRAIL ARC 850 AMPS, 32 VOLTS
AVERAGE TRAVEL SPEED 18.5"/MIN.
86.5KJ/INCH LEAD ARC, 75.5KJ/INCH TRAIL ARC HEAT I[NPUT

45°

FIRST SIDE
LAST PASS

PASSES
39-58
LEAD &
TRAIL ARCS
FIRST SIDE
PASS #&2 (GMAW)
PASS #3-8 LEAD ARC
ONLY
PASS #9-]2 LEAD &
TRAIL ARC
!l
“r——BACK GOUGE & GRIND
! PASS #3-23 LEAD ARC
ONLY "
SECOND SIDE PASS *24-38 LEAD §
TRAIL ARCS

. .

L LAST PASS
SECOND SIDE

WELD SAW PROCESS
THICKNESS 4 3/4"

JOINT DESIGN
0" ROOT OPENING

Figure A-62. Sub Arc Test Assembly for 4-3/4-Inch Thick
100 ksi Yield Strength Steel Plate

Anhh




SOUTHWESTERN LABORATORIES

REPORT OF TESTS ON METAL SPECIMENS

FiLeno. 4092300

. o Beaumont TEXAS 6/23/88
“Tos Bethlehem Steel Corporation rRepoRTNO,  94307-je
proseer  Mechanical Testing of Welding Procedure ORDER NO, 5-8805~-1012

Req. No. 0230-0008
MATERIAL A-710, Grade A, Class 3, 4-3/4" thick

IDENTIFICATION Process: SAW

spec. ReFeReNceE  ASME Sec, IX, SWL Neo. 9706-103-75 Rev. 1

5q.In. Ultimata “Tenslle
ipacimen Slze Araa Yield, p.s.i* Strength, 1hs. |Strength, p.s.l. % EI. % R.A. Location of Fracture

ZQUIRED:

T~1 .755 x 1.018 .7685 100,183 87,500 113,844 ' Parent Metal
T-2 748 x .936 .7001 105,984 78,900 112,698 Weld Metal
-3 502" dia, .1979 89,944 21,940 110,864 26% 657

11 weld)

Side Bend #1 - Satisfactory
Side Bend #2 - Satisfactory
Side Bend #3 - Satisfactory

Side Bend #4 - Satisfactory

CHNICIAN: John Blair

PIES TOi 2-John West SOUTHWESTERN LABORATORIES

A G_/,////"AW

—— ——— i
ST — fir &
r |atters and reports are for the exclusive use of the cllent to whaom they are addrassed. The use of our name must racelve our prior written approval. Qur-lettars
1 reports apbly only to the sample tested and/or Inspected, and are not necessarily indlcative of the qualities of apparently [dantical or similar products.

Figure A4-63. Tensile and Bend Tests for FPlate IV-8
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243.0
SOUTHWESTERN LABORATORIES
FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA
Fiee No. 4092300
Beaumont TEXAS 5/23/88
IMPACT TESTS ON STEEL
°. Bethlehem Steel Corporation
. O, No.__5-8805-1012 Darte of Test__ 6/21/88
Aatecial A-710 Grade A, Class 3, 4&-3/4" thick

dentification Marks Process: S.AW.

pecifications_ ASTM A-370, SWL No. 9706-102=75 Rev, 2

lesting Machine:__ T.0. Ser. # 88440 Test Method:___"V" Notch Simple Charpy
.inear Velocity of Hammer: 16.8 ft. per second
iffective Energy: 264 fr. pounds Specimen Type: “A”
ipecimen Size: 10um x 10wmm Specimen Temp: Minus 60° ¥
. Effective
pecimen Width, Section Size, Impact Value Lateral Exp.
dentification In Inches In Inches Ft. Pounds Mills % Shear
Jeld #1 .393 .315 13 3 20
#2 .393 315 12.5 2 20
#3 394 .315 11.5 1 10
sion Line #1 .3%4% .315 108 46 40
18 lmm oy .39 .315 71 25 20
#3 .. 394 .315 36 8 10
slon Line #1 .394 .315 119 59 90
18 Jm #2 .394 .315 147 62 90
#3 394 .315 113 58 80

Zopies: John West

SOUTHWESTERN LABORATORIES

Pxa A 1~ Q/M
Fpse Jl-For 8

Our laitars and reports mw for the exclusive use of the cHent 1o whom thay are addratsed, Theuuo(ournmnunnuincurpﬂummamow
lettars and Fepatis anply only to 1e sample tested and/of Larpected, 4nd wre not necimurily indicative of the qualities of appartntly of stailar

b, No.  99315-je

Figure A-64. Impact Tests of Plate 1IV-8

A_ARA
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SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA

FiLe No. 4090305
Beagmgn; TEXAS 9-16-88
IMPACT TESTS ON STEEL
To Bethlehen Steel Corporation
P.O. No Date of Test_ 9-14-88
Marerial A~710 Class 3 Grade &, 4 3/4" tk
Identificacion Marks 5.A.W. (Reegular Weld Groove}
Specifications ASTM A-370 SWL No 9706-=102=75 Rev. 1
Testing Machine:—_ 1.0, Ser. § 88440 Test Method:__ V"' Notch Simple Beam Charpy
Linear Velocity of Hammer: 16.8 £ congd
Effective Energy: 264 fr. pounds Specimen Type:_ VA" -
Spacimen Size: 10mm X 10mm Specimen Temp: zinus 40°F
' Effective
Specimen Width, Section Size, Impact Value Lateral Exp.
Identification In Inches In Inches Ft. Pounds Mills % Shear
Weld #1 .394 : .315 . 22 20 20
7 .39 .315 22 16 20
#3 .385 .315 40 30 20

Copiss: 2-John West

Techniclan: John Blair

Lab, No. 94598-rg

Dpss T0 - o7 S

Our leiters and reports are for the exclusive use of the cllent 19 whom they are addresscd. The ube of cur name murt Tece ur prior writlen sppeovel. Our
Lettery and reports apply only to the mmple tested and/or (napected, and miw not w of the unmmgiomum«nnnumm

Figure A-65. Impact Tests of Weld Metal for Plate IV-8 at -40 Degrees F



SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA

Fite No. 4092300

Resumont TEXAS, A/tAJRR
IMPACT TESTS ON STEEL
To. Bethlehem Steei Corporation
P.O. No.__ 5-8805~1012 ; Date of Tese_ 8/16/88
Material A-710 Class 3, Grade A Modified, 4-3/4" thick

Identificadion Marks  S&W
Specifications___ ASTM 4-370, SWL No. 9706-102-75 Rev. 2

Testing Machine:_T1.0Q. Ser. # B8440 Test Method: "V" Notch Simple Charpy
Linear Velocity of Hammer: 16.8 fr. per gecond
Effective Energy: 264 f£r. pounds Specimen Type: A" i,
Specimen Size: 10mm x 10mm Specimen Temp: Minus 207 F.
Effective
Specimen Width, Section Size, Impact Value Lateral Exp.
Identification In Inches In Inches Ft. Pounds Mills % Shear
Weld #1 .394 .314 22 17 20
o -394 .315 18 15 20
#3 .395 .315 21 i8 20

Reference: 99315

Copies: John West

SOUTHWESTERN LABORATORIES

P ®. Boon

Lab, No. 94534~je =
PasE 20— e
Our [eilers and seports are for ihe exclusive use of the client 1o whom they are sddressed. The use of cur na mnt recel appeoval. Ou
lstiars and reports apply only to the swmple tested and/sor infpected, and are not necrmarily indicative of the qm?lu":: ;lu.mm"v; mggfwm‘ﬁr Producta i

Figure A-66. Impact Tests of Weld Metal for Plate IV-8 at -20 Degrees F

A-68



»
241-D

SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA

FiLg No. 4090305
Beaumont TEXAS 9=1/=RF
IMPACT TESTS ON STEEL
To Bethlehem Steel Corporation
P.QO. No Date of Test 9-14-88
Material A-~710 Class 3 Grade A, 4 3/4" tk
Identification Mearks S.A.W. (Regular Weld Groove)
Specifications ASTM A=370 SWL No. 9706-102-75 Rev. 1

“Testing Machine: T.0, Ser. ¢ 88440 Test Method: "V Notch Simple Beam Charpy
Linear Velocity of Hammer: 16.8 ft. per second

. . 264 fr, pound Speci e an
Effective Energyt———— =2 nds Specimen Type:.
Specimen Size: +mm X lUmm Specimien lemp: : > L
Effective
Specimen Widch, Section Size, Impact Value Lateral Exp.
Identification In TInches In Inches Ft. Pounds Mills % Shear
Weld #1 .35%5 - .315 . 43 32 30
#2 .395 .315 51 39 20
#3 .395 .315 61 48 30

Copies: 2-John West

Technician: John Blair SOUTHWESTERN LABORATORIES

Lab. No. 94596-rg i % ) %

Fonse - Rr&
Qur lattrs and raportd are . exclusive use of the

4 or L client to whom they are asdresed. The naroe eca prlor approval Gur
latters and Taparis apply only to the sxmple tasted and/or inspectad, and are not ily "’&ﬁ:‘" :“f,_ [.VJ;»M mag .

Figure A~67. Impact Tests of Weld Metal for Plate IV-8 at 0 Degrees F
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PHOTOMACROGRAPH OF PHASE IV

TEST PLATE X0. 8

PHASE TV - #8

Figure A-68. .Macro Photo of 4-3/4-Inch Thick Sub Arc Weld -
Test Plate IV-3

A~70



SOUTHWEBTERN LABORATCRIES
BETHIEHFM STEEL CCRECRATICN

B ]

PHASE T¥ TEST PLATE #8

Figure A~69., Microstyucture of 4-3/4-~Inch Thick Sub Arc
Weld -~ Plate IV-8

A=-71



FETHIFHEM STEEL CCRPCRATICN

SOUTHWEBTERN LABORAATORIES

T T . T R T I R P I N

ﬁ
v%m&mn H& «, m ,m;nh.,.ww-%ﬁ.ﬂm%/ mw.%ﬁ&w
%, 5 g % ERTR r.w,” 1N ,A
_%w%m .ﬁw@ ,‘,.www SR

zone with the

Sample No. 1

2% Ni
PHASE IV TEST PLATE #8

the fusion

A-72

at 320 near

ily showing the HAZ on

Microstructure of 4-3/4-Inch Thick Sub Arc

Weld Near Fusion Line - Plate IV-8

No. 2

Microstructure

photo

Figure A-70.



PLATE 1V-9 FLAT POSITION
L—-TECH# EM 4 5/32" WIRE W/ #008I FLUX
D.C. SINGLE ARC - ELECTRODE POSITIVE (DCRP)

LAST PASS
THIS TEST PLATE

HS“GAP

I —

PASSES # 31-87
90.6 KJ/INCH HEAT INPUT ~ PASSES 31-87

] 600 AMPS-36 VOLTS
13.5/MIN

PASSES ¢ 11-30 —<" | pAsSES #l1-30

105.7_KJ/INCH HEAT INPUT __\/-/ 700 AMPS=34 VOLTS-13.5°/MIN
PASSES ¢ =10 T SRR voLTS-13.50/MIN
98.2 KJ/INCH HEAT INPUT
7.
8 R.O.

WELD SAW PROCESS

NARROW GAP
THICKNESS 5 1/4"

JOINT DESIGN ®
R.0. AS SHOWN

Figure A-71. Narrow Gap Sub Arc Weld of 5-1/4—Inch Thick
100 ksi Yield Strength Steel Plate IV-9




SOUTHWESTERN LABORATCRIES

REPORT OF TESTS ON METAL SPECIMENS

Beaumont

FILE NO.

TEXAS

4092300
8/16/88

To: Bethlehem Steel Corporation

prosger  Mechanical Testing of Welding Procedure
MATERIAL A710, Class 3, Grade A Modified, 5-1/4" thick
IDENTIFICATION SAW, Narrow Gap

speEC. REFERENCE  ASME Sec. IX, SWL Wo. 9706-103-75 Rev. 1

AEPQRT NQ.

ORDER NO.

94533-je

5-8805-1012

5q. In. . Utimate Tensila
Arex Yisld, oSl Strangth, Ibs. |Strength, psd. | © Bl

Speclmen sSize

% R.A,

Lecation of Fracture

REQUIRED:

T-1 L747 x 969 .7238 107,067 83,400 115,225

T=2 .759 % .992 .7529 97,489 86,900 115,416

T-3 494" dia. .1917 103,547 21,440 111,841  13.53%
(All weld)

Side Bend #1 ~ Unsatisfactory

Side Bend #2 Unsatisfactory

Side Bend #3

Satisfactory

Side Bend #4 - Satisfactory

recHNiclan;  John Blaix

Weld Metal

Weld Metal

267

COPIES TOs 2.-John West SOUTHWESTERN LABORATORIES

Wodeoo B, Bon

) Bpse mw-"For

Our lattars and reports ars for the exclusive use of the cllant to whom they are addressad. The use of our name must recelve aur prl

-
Tor writtan agproval, Quz Istters

and regarts apply only to the sample tested and/or inspacted, and are not necessarily indlcative of the qualities of apoarantly [dantical or simitar products,

Figure A-72. Tensile and Bend Tests for Plate IV-9

A_TA
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SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA

FiLE No. 4092300

Beaumont Texas 8/19/88

TMPACT TESTS ON STEEL

TS Rethlehem Steel Corporation

P, Q. No. §~-8805-1012 Date of Test 8/16/88

Material A-~710 Class 3, Grade A Modified, 5-1/4" thick

Idencification Marks SAW, Narrow Gap

Specifications. ASTM A-370, SWL ¥o. 9706-102-75 Rev, 2

Testing Machine:—T.Q. Ser. & 88440 Test Method:___"V" Notch Simple Charpy
Linear VQlocity of Bammer: 16.8 ft. per second
Effective Energy: 264 ft, pounds Specimen Type:— A"
Sp‘-dmcn Qiza: 10mm ¢ 10mm ) - Spe_cf_rnen Teml-;- Minus 60° F.
Effective
Specimen Width, Section Size, Impact Value Lateral Exp.
Identification In Inches In Inches Ft. Pounds Mills % Shear
Weld #1 .394 . .315 12.5 8 20
2" .394 .315 16.0 11 20
#3° .394 .315 19.0 a2 20
usion Line
+ 1 mm #l .393 .315 140.0 72 50
#2 394 .315 142.0 65 60
3 .394 .315 174.0 55 50
‘usion Line
5 mm #1 . 394 .315 109.0 60 20
#2 .394 .315 34.0 25 30
#3 .394 .315 54.0 29 20

' p—
Copies: John West r t’ _-"5- D /
. af: - i
i Aligagman |
| | SOUTHWESTERN LABORATORIES
Somamesbill UIPT .
T —— Pxr B . N\
Lab. No. 99487~je ] -F
Cur Witam and reports are foF the exelus of the <l addresmtd %A sE. - L-rw?ﬂ"l-
Witers and reports apply only to the swnple ::nu:wd/o:mm ::;?.nm:n::n—nu mbxn“:ci«:um :ul:::ul: aee urh‘-r;ﬂ“:?" o

Figure A-73. 1Impact Tests for Plate IV-9 at -60 Degrees F

-
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SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA

FrLe Ne.
Beaumont TEXAS 9-23-88
IMPACT TESTS ON STEEL
To Bethlehem Steel Corporation
P. Q. No §-8805-1012, Req. Ne. 0230-0008 Date of Test 9-~22-88
Material A~710 Class 3 Grade &, 5 1/4"_tk,

Identification Marks.

S.A.W. Narrow Gap

Specifications. ASTH A-370, SWL No,

9706-102~75 Rev. 2

Tesring Machine:

T.0. Ser. # 88440

Test Method:

Linear Velocity of Hammer:.

"Y' Notch Simple Beam Charpy

16.8 ft. per second

Effective Energy: 264 ft. pounds Specimen Type: HAT .
Specimen Size: 10mm X 30mm Specimen Temp: zings 40°F
Effective
Specimen Width, Section Size, Impact Value Lateral Exp.
Identificaticn In Inches In Inches Ft. Pounds Mills % Shear
Weld #1 -395 .315 27 17 20
#2 .395 .315 26.5 19 20
#3 .395 .315 33.5 22 20
/-"
/-’T"; - .-.\‘
—— o S,
VN L
S
X 97" -
¥ Y
|

Copies: 2-John West

Technician: John Blair

Lab. No. 94579-rg

Onir leltars and reports are for the excluslve use of the client to whom they are

SOUTHWESTERN LABORATORIES
Pu%}\,‘% @Oﬁ‘\

“Fn s T - T2rg

P e e

The use of our name must receive our pﬂm written approval. Qur

addressed,
tettars and reparis apply only to the sample tested and/or inmpected, and are not necessarily ndicative of tha qualities of apparently identical or strallar products.

Figure A-74.

Impact Tests for Plate IV-9 at =40 Degrees F



241-D

SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA

Fiee No. 4092300

Beaumnnt TExAS 8/19/88

IMPACT TESTS ON STEEL

H
To. Bethlehem Steel Corporation

P. 0. No___S—8805-1012 1 Date of Test__8/16/88

Material___A=710, Class 3, Grade A Modified. 5-1/4" thick

Identificaion Mar SAW Ha »il
Specifications ASTM A-370, SWL No. 9706-102-73 Rev. 2
Testing Machine:.T.0. Ser. # 8§8440 Test Method: """ Notch Simple Char
Linear Velocity of. Hammer: 16.8 fr. per second
Effective Energy: 264 fr. pounds _ Specimen Type:— "Al
Specimen Size:— 10mn x 10mm Specimen Temp:.—Zera °F
Effective
Specimen Width, Section Size, Impact Value Lateral Exp.
Identification In Inches In Inches Ft. Pounds Mills % Shear
Weld #1 .393 .315 52 30 40
"#2 .393 .315 34 24 30
#3 .393 .315 55 30 40

—

I > Iz

AR

IS D

o

gifG 24~

Ju e b

B
1

Copies: 2-John West

SOUTHWESTERN LABORATORIES

PEn \_M%_ @«1&/\
Lab. No.  94536-je Frd s E"—:?Zr 7

usive he chent ta who ey neme must receive aur prior writtan appeaval. Our
pie teRed and/or inmadisd, ang are ae =g : iilies & appacenily ideniicki i

o Fmiiar prodacii.

Figure A-75. 1Impact Tests for Plate IV~9 at 0 Degrees F
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SOUTHWESTERN LABORATORIES
Page 3 of 4
BETHLEHNEM STEEL CORPORATION

Repari Na. @

L W o wow o W

N I L Y

Figure No. 3

Mag: 0.6X  Ewch: 2% Nital

'Photomacrograph of g cross scction on
the 5 {/4" test plate.

Figure A~76.

PHASE 1V TEST Pl

Macro Photo of Plate IV-9

A-78
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SOUTHWESTERN LABORATORIES

Page 4 of 4 . Report No. 94383
BETHLEHEM STEEL CORPORATION

e o

v oo &

O A A

PR T L

Figure No. 4  Mag: 300X Etch: 2% Nital

PHASE 1Y TEST PLATE #3
Weld microstructure; Fine-grained ferrite with a

small percentage of pearlite.
SOUTHWESTERN LABORATORIES

S S YH A

I
. . 627%#7’H%‘“290;>
cki Reviewed By - i /

Figure A-77. Weld Microstructure Plate IV-9



PLATE IV - 10 FLAT POSITION
L-TECH #EM 4 - 5/32" WIRE W/ #009] FLUX
D.C. LEAD ARC 700 AMPS, 34 VOLTS
A.C. TRAIL ARC 650 AMPS, 32 VOLTS
AVERAGE TRAVEL SPEED 16.5"/MIN,
86.5KJ/INCH LEAD ARC HEAT INPUT
75.5KJ/INCH TRAIL ARC HEAT INPUT

2Q°

FIRST SIDE
‘QS‘T PASS

e S N N

PASSES 3-13 LEAD &
TRAIL ARCS
FIRST SIDE
. PASSES 182 LEAD ARC
ONLY
1 |
i I
BACK GOUGE & GRIND
(| / M PASSES 14-18 LEAD ARC
7\ ONLY
SECOND SIDE
5/8'XI/2* SPACER SIM. PASSES 19-44 LEAD &
TO AWS. B-U3a-5 TRAIL ARCS
PREQUALIFIED JOINT
L asT pass
SECOND SIDE

WELD SAW PROCESS
THICKNESS 5 1/4"

JOINT DESIGN .

Figure A-78. Dual Sub Arc Weld of 5-1/4-Tnch Thick
100 ksi Yield Strength Steel Plate IV-10

A-80




SOUTHWESTERN LABORATDRIES

REPORT OF TESTS ON METAL SPECIMENS

FILE NQ. 4092300
BEaumont TEXAS 7/26/88
To: Bethlehen Steel Corporation rerorTNo. 99313-je
sroseer Mechanical Testing of Welding Procedure ORDER NO. 5-8805-1012
Req. No. 0230-0008
maTERIAL  A=710, Grade A, Class 3 Modified, 5-1/4" thick
IDENTIFICATION  SAW
spec. rReFereNce  ASHE Sec. IX, SWL NO. 9706-103~75 Rev, 1
5q.In, Ultimate Tenslla
Spacimen Size Ares Yisld, p.s.i.” Strength, Ibs, | Strength, p.s.l. % El. % R.A. Location of Fracture
REQUIRED:
T-1 753 x 1.003 .7552 88,049 84,700 112,146 Parent Metal
T=-2 745 x 1.008 .7509 93,746 81,600 108,660 Weld Metal
T-3 508" dia. .2027 79,921 22,490 110,952  25.5%Z 657
(A1l weld)

Side Bend f#1 ~ Satisfactory
Side Bend #2 - Satisfactory
5ide Bend #3 - Satisfactory

Side Bend #4 - Satisfactory

TECHNIClaN:  John Blair i

cories To: | 2-John West

SCUTHWESTERN LABORATORIES

E'.'Li ‘fgii;j - Q§%§§n«~{S Eﬁkth

‘P;.JA SE I ="} 10

Cur latters and reports are Igr the axclusive uza of the clant to whom they are addressed. Tha usa of our name must recelve our prior writtea apnrnnl Qur lettars
and raparts apply only 1o the samiple tested and/for [nspected, and are not necessarily Indicative of the qualities of apparently Identical or similar products,

Figure A-79. Tensile -and Bend Tests for Plate IV-10
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SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA 4

Fite No. 4092300

Reaumont TEXAS, 7/729/88

IMPACT TESTS ON STEEL

To. Bethlehem Steel Cnrporaticn

P. 0. No 5-8805-1012 Req. No. 0230-0008 \ Date of Test__7/24/88

Marerial A=710, GRAde A, Class 3 Madified, S5-1/4" thicl

Identification Marke SAY

Specifications ASTM A—370, sWL NHo, 0706-102-75 Raw 2

Testing Machine:__T.0. Her. # 88440 Test Method:_"V" Notch Simple Charpy
Linear Velocity of Hammer: 16.8 ft. pexr second
Effective Energy: 264 fr. pounds Specimen Type: Al =
Specimen Size: 10mm x 10mm Specimen Temp: Miaus 60 E.
Effective
Specimen Width, Section Size, Impact Value Lateral Exp.
Identification In Inches In Inches Ft. Pounds Mills % Shear
Weld {1 .394 .315 18 10 20
- #2 . 394 .315 13 7 20
#3 .394 .315 14 9 10
Fusion Line {#1I .394 .315 70 35 20
+ lmn #2 .394 .315 116 60 30
#3 .394 .315 101 53 30
Fysion Line #1 2394 .315 100 60 30
* Smm 42 .394 .315 117 67 40
#3 «394 .315 102 60 40

Copies: John West

N

i
sj |
" { SoUuTHWESTERN LABORATORIES

4 1 Pg;g\..). A “ ‘D\\n,-
LS,

= N

?ﬁ,as:“ —?—r e

Qur lattars snd ceports 0w for tha excludve use of the cllent 1o whom they are addresacd, The use of our name must receive our prior wriltan sppruval, Our
lgttary and trparts spaly only to the aample tested and/or and are not 1lr of th of apparently {dentieal or sirmllar products.

')
-T.! '
i"\ )

1

Lab. No.  99470-je

Figure A-80. Impact Tests for Plate IV-10 at -60 Degrees F
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SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA

FiLe No. £090305

__ Beaumont . Texas 9-16-88

IMPACT TESTS ON STEEL

To Bethlehem Steel Corporation
P. Q. No. _—.Date of Test 9-14-88
Material A~710 Class 3 Grade A, 5 1/4" tk
Identificarion Marks S.A.W. (Regular Weld Groove)
Speﬁﬁmrinnq ASTM A-370 SWL No. 9706-102-75 Rev, 1
Testing Machine:__T.0. Ser. # BR44A0 Tese Method:__"V" Hotch Simple Beam Charpy
Linear Velocity of Hammer:—_ 16.8 £t. per second
Effective Energy: 264 fr. pounds Specimen Type: ZA" =
Specimen Size: 10mm X 10wm Specimen Temp: minus 40°F
Effective
Specimen Width, Section Size, Impact Value Lateral Exp.
Identification In Inches In Inches Ft. Pounds Mills % Shear
Weld #1 .395 .315 23 22 20
#2 .395 .314 14.5 13 10
#3 .395 .315 20 16 20

Copies: 2-John West

Techician: John Blair SOUTHWESTERN LABORATORIES

Lab. No. o \MQ ' BX\R’*\

94597-rg i
Frinsr I = Ferso
Out lattars 4nd ntpanis &rd for the excluslve us of the client to whom they are
latsars and

addresstd, The use of cur neEme mul feceive aur prior written approval. Our
teparts apply only to the sampie tested and/or inspected, nd are not necewrily !munu“ of the qualitjes of apparently or Fialiag o

Figure A-81. Impact Tests for Plate IV-10 at -40 Degrees F
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SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TENXARKANA

Fite ¥o. 4092300

Beaumont TExXAS 9-26-88
IMPACT TESTS ON STEEL
To Bethlehem Steel Corporation
P.O. No Date of Test 9-23-88
Marerial A=-710 Class 3 Grade A&, 3 1/4"tk

Identificacion Marks . S.4.W. (Regular Weld Groove)

Specification ASTM A~370, SWL No, 9706-102-75 Rev, 2

Testing Machine:_T.0. Ser. # 88440 Test Method:____"V" Notch Simple Beam Charpy

Linear Velocity of Hammer: __16.8 ft. per second
Effective Energy: 264 fr, pounds Specimen Type:— A" 0
Spechnen Qlops 10mm X 10mm Qpecin]fn Temp‘ minus 40°F
Effective

Specimen Width, Section Size, Impact Value Lateral Exp.
Identification In Inches In Inches Ft. Pounds Mills 7% Shear
Weld #1 -394 .315 21.0 17 20

i#2 -394 .315 12.0 9 10

Copies: 2-Joe West

| RECETTES

Technician: John Blaiy ' SOUTHWESTERN LABORATORIES
e 87T R Do
: Pes .

Lab. No. 94610-rg RS LT

'
R
'-'_n.la..: .-

et
- —
/%’.cz g5 LY /j b )
Cur leltars and reports are for the exclusive use of the :Ile!'lt lo \hhum they are de.rtum 'n':e we of our nime muft receive ogur prior written approval. Cur
{ettars nnd meparis spply only fo the sample tested and/or d xte not of th Ilties of apparently identical or similar products

Figure A-82. Additional Impact Tests for Plate IV-10 at -40 Degrees F
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SOUTHWESTEDRN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA

FiLe No. 4090305
w—Beaumont . TEXas, 9-16-88

IMPACT TESTS ON STEEL

To Bethlehem Steel Corporation
0. No — _..Date of Test 9-14-88
Material A-710 Class 3 Grade A, 5 1/4" tk
Identification Marks S.A.W. (Regular Weld Groove)
Specifications ASTM A-370 SWL No. 9706-102-75 Rev. 1
&
Testing Machine:— T.0. Ser. # 88440 Test Method: ""V" Notch Simple Beam Charpy
Linear Velocity of Hammer: 16.8 ft cond
Effective Energy: 264 ft. qunds Specimen Type:_"A"
Specimen Size: 10mm X 10mm Specimen Temp: minus 20°F
Effective
Specimen Width, Section Size, Impact Value Lateral Exp.
Identification In Inches In Inches Ft. Pounds Mills % Shear
Weld #1 .395 .315 31 28 30
#2° .395 .315 28 24 20
#3° .395 .315 31 25 20
——
AT
x‘ l [} . . - .
. DAL
{ L ke '_.E.'

Copies: 2-~John West

Technician: John Blair SOUTHWESTERN LABORATORIES

Lab. No. 94593-rg P‘“%«%%ﬁ\; '

Qur letters and reports are for the exclusive use of the client to whom they are addrecsed. The use of cur name mum receive cur prior written appeovel.
letters and reports apply only to the sample tested and/or inspectad, and are not of the of apparently iden: h«mluwmw

Figure A-83. TImpact Tests for Weld Metal at -20 Degrees Plate IV-10
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SOUTHWESTERN LABORATORIES

FORT WORTH DALLAS HOUSTON MIDLAND BEAUMONT TEXARKANA

FiLe No. 4092300
Reaumont: TEXAS 8/19/88

To. Bethlehem Steel Corporation

P.O. No.__S-8805~-1012 Date of Test. 8/16/88

Material___A=710, Class 3, Grade A Modified, 5-1/4" thick

ALY
WA

- b 4 ar. .y _
identiticavion Marks

Specifications__ASTM A=370. SWL No. 9706-102=75 Rev, 2

Tﬁgigg Machine: T.0. Ser. # 88440 Test Method:. "Y" Notch Simple Charpy

Linear Velocity of Hammer: 16.8 ft. per second

Effective Energy: 264 ft. pounds Specimen Type:__""a"

Specimen Size: 10mm x 30mm Specimen Temp: Minus 10° F,

Effective

Specimen Width, Section Size, Impact Value Lateral Exp.

Identification In Inches In Inches Ft. Pounds Mills % Shear

Weld #1 394 .315 27 19 20
#2 .394 .315 31 22 30
#3 .394 .315 23 19 20

Copies: John West

SOUTHWESTERN LABORATORIES
Q \ 0

_ by -
PER i) &gl
Lab. No.  94535-je a‘w‘“p'
7:4/.1:5:"/? - ST

Our letters and reports are for the excluslve use of the client to whom Iaey are addressed. The use of our name must rece ppeoval.
letters and reports apply only to the sample tested and/or inspected, and are of the : awum“;; Tder pﬁw wmun hy Our

Figure A-84. Impact Tests for Plate IV-10 at -10 Degrees F
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Figure A-85.

Macro Photo of Plate IV-10
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BOUTHWESTERN LABORATORIES
EETHIEHEM STEEL CCRPCRATION
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Figure Ne. 3 2% Nital

Microstructure at 500X in the weld metal on Sample No. 2.

PHASE IV TEST PLATE #10

Figure A-86. Microstructure of Sub Arc Weld - Plate IV-10
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SOUTHWESTERN LABORATORIES
BETHLEHEM STEEL CCRECRATICN
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Figure No. 4 2% Nital

Kicmstnx:tme‘ at 320X near - the fusion zone with the
photo showing primarily HAZ on Sample No. 2.

PHASE IV TEST PLATE #10

Figure A-87. Microstructure of Plate IV-10 Near Fusiomn Line



APPENDI X C - Conti nued

BETHLEHEM STEEL- BEAUMONT = YARD TELEPHONE MEMORANDUM
Call Originated By: Ti me: Dat e:

J. C st 1:45 PM 11-4-88

Conversation Wth: Subj ect:

Dave Mer, L-Tee (216)992-1271 AWS 5.23 - F11A6- EMI-M4 Wre/ Fl ux
Distribution:

JCW B5558! al ¢

Menorandum Re Conver sati on:

VEST TO MYER
L-Tech’s “Wel ding and Cutting Systems Catal og” F3307N, 9/86, page 10-27
shows L120 wire with 0091 flux would meet AWS 5.23, F11A6- EMA- MA
classification. Page 10-26 shows this conbination produces charpy notch
values of 56 ft.IIbs. at CF and 32 ft./Ibs. at -60°F when wel di ng
parameters of AWS 5.23, Figure 2, whose maxinum heat input is 65.1 KJ/in.
are used. W had exceeded the parameters in welding eight (8) plates and
were unable to attain L-Tee's indicated values. However, one wel ded at
198.1 KJ/in. had an average of 20 ft./lbs. at -60"F and one welded at
83.1 KJ/in. reached 21 ft./Ibs. Qur best O'F reading was 52 ft.fibs. at
162 KJ/in. Macro and mcrograph showed excellent to good grain
structures in every case. Analysis of the wire versus the deposit showed
a drop of .61 M, from1.62 to 1.01. Table 2 of AW 5.23 specifies M4
deposit to be 1.30/2.25, therefore, this combination does not meet the
AWS 5.23 specification. What is wong?

MYER TO VEST
1. The data on page 10-27 of the L-Tee catalog is incorrect. It shoul d
read F11A6-EMI-G The M4 call out needs to be corrected. AWS 5.23
Table 2, M4 specifications cannot be applied to a “G deposit.

2. The quoted charpys may or may not be net when using the quoted
parameters, this is an EMi wire with a “G deposit which is
determned by the flux, althougH it is a calciumsilicate “neutral”
conpound.

3. L-Tee now has a L-133 wire and #633 flux that meets MI. Spec.
23165/ 2D that can be used to weld HY-100 without experiencing the
above problens.

Figure A-88. Cause of Low Toughness of 100 ksi Yield Strength Welds

A-90
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Materials, environmental and geotechnical engineering, nondestructive, metallurgical and analysical services ~= —

'S,““Z‘ SOUTHWESTERN LABORATORIES

222 Cavalcade St. ¢ PO, Box 87658, Houston, Texas 77248 6 713/682-91%1

dtfention: SwL - Beaumoni / Mr. John Blair Report No: 228359
Bethlehem Steel Corporation File No: 4092300
Date: 10/21/88 -
SwL-Beaumont Report No: 94659
ol e
- -~ -\
Project: Chemical Analysis of Wire TevJdr

PROJECT INFORMATION

Material: 5/32° Wire and 1/8" Wire

Identification: Sample | - 1/8" Wire, Sample 2 - 5/32" Wire "
Date Received: October 18, 1988 Technician: Bob Yount & Del Armstrong  *
Specifications: EM-4 523 Date of Test: October 20, 19838

Test Equipment. Siemens SRS-200 XRF, Procedure: ASTM E 322, E 1019
Leco IR-12 Carbon

CHEMICAL COMPOSITION (WT. %)
Spacimen
Identification C Mn P S Si Ni Cr Mo v

1 (1/8" Wire) 0.07 1.61 0.017 <0.005 0.35 2.33 0.30 0.47 <0.0%

2 (5/32" Wire) 0.08 1.62 0.015  <0.005 035 231 0.29 0.46 <0.01

Specimen
Identification Cu Al Ti Zr
1 (1/8" Wire) 0.03 0.021 0.01 0.01
2 (5/32" Wire) 0.03 0.011 0.01 0.01
fr———
o~ -~ PR

0cT o=
‘ Ok,
’ SOUTHWESTERN LABORATORIES
) N <[ Q-0
7‘ / ‘W@ % W
tda Reviewed Rv

Figure A-89. Chemical Analysis of Weld Wire Used in Phase IV
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szy‘z SOUTHWESTERN LASCRATORIES

Materials, environmemntal and geotechnical engineering, nondestructive, metallurgical and analytical services
222 Cavalcade St. ¢ PO Box 8758. Houston, Texas 77245 ¢ 715/'SE32-8181
Attention: SwL - Beaumont / Mr. John Blair Report No: 22768
Bethlehem Stest File No:
Date: 10/07/88
QA PRS No: 94638

Project: Chemical Analysis of Steel Alloy

PROJECT INFORMATION
Material; One - 4-1/2" Thick Regular Gap Weld Test Plate
Identification: As Per 21-09-94638
Date Received: September 30, 1988 Technician: Bob Yount, Del Armstrong
Specifications: N/A Date of Test:  Sept. 30 to October 03, 1988

Test Equipment;  Siemens SRS-200 XRF, Procedure: ASTM E 322, E 1019

T ana TD.1D Carhan

vV AANT 1A Gl UV

CHEMICAL COMPOSITION (WT. %)

Specimen
Identiffeation i ol Mn St Ni Cr Mo Cu
94638 0.08 1.10 0.52 2.14 0.27 0.47 0.18

SOUTHWESTERN LABORATORIES

DA QD - M

LRy A = == SO, 4

tda Reviewed By
Jur letters and raports are for the exclusive use of the client to whom they are addressed. The use of our name must receive our prio(#ntten approval. Cur lettefs
Ind reports apply only to the sample tested and’or inspected, and are not necessarly indicatve of the qualities of apparently identical or similar products.

Figure A-90. Chemical Analysis of Weld Deposit

A-92
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PHASE IV

SUBMERGED ARC PLATES - DEPOSITED WELD METAL ANALYSIS

Plate No. 2 4 5 6 7 8 9 10
Thickness (") 3-1/4 3-3/4 4-1/4 4-1/4 4-3/4 4-3/4 5-1/4 5-1/4
Total K/J in. 198.1 198.1 88.8 204.1 83.1 162 90.6 162
Lead Arc AxV 700x34 700x34 500x32 700x35 550x34 700x34 600x34 700x34
Trail Arc AxV  650x32 650x32 None 650x33 None 650x32 None 650x32
Speed, in./min. 13.5 13.5 10.8 13.5 13.5 16.5 13.5 16.5
Stickout, inch 1~1% 1-1% 1-1% 1-1% 1-1% 1-1% 1-1¢ -1}

Melu Rate
Total 1lbs. «5/92 .5792 .2061 .5792 .2293 5792 .2530 .5792
Per min. 0023 .06023 L2121 L6U23 .2360 6023 .2618 L6023

Total Area
Sq. in, .5200 .5200 .1996 .5200 .1892 .4338 .2165 .4338

Dilution
Z of .7153 .7153 .6528 .7153 .6730 .6990 .6838 .6990
Base Metal .7225 .7225 .6625 .7225 .6831 .7101 . 6944 L7101

Penetration
Total Depth .5800 .5800 .2138 .5685 .2164 .5425 .2430 .5425
Inches

Charpy "V"

-60°F 19 20 12.6 11.2 21 12.3 16 15
Ft./Lbs.

Figure A-91. Correlation of Weld Deposit with Welding Parameters for Phase IV Test Plates
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WIRE CHEMISTRY VS. DEPOSITED WELD METAL COMPARISON

Phase IT1 v
Class AWS 5.23 F10AL-Er6 r11A6-EM4-M4 (See Note)
Producer Oerlikon L-Tec
Grades OP121TT Flux 0091 Flux
W-25 Wire L-120 Wire
Chemistry EF6 W-25 DEP, + or - EM4 L120 DEP. + or - M4
c .07/.15 .09 .0y 0 .10 .08 .073 -.007 U
Mn 1,45/1.9v 1.65 1.47 -.18 1.40/1.8u 1.62 1.01 -.61 1.30/2.25
si .10/.30 .20 +25 +.05 .20/.60 .35 .59 +,24 .80
Cr .20/ .55 .35 41 +.06 .60 .29 .27 ~.02 .65
Ni 1.75/2.25 l.6> 1.75 +.10 2.00/2.80 2.31 2.16 -.15 2.00/2.80
110 .40/ .65 .50 .50 0 .30/.65 .46 W47 +.01 .30/.80
Cu .35 .17 .18 +.01 .25 U3 .18 +.15 .30

NOTE: M4 Deposit shown in L-Tec literature is incorrect. Should be I11A6-EM4-G.
D. Myer, L-Tec to Bethlehem Steel-Beaumont, 11/4/88.

Figure A-92. Comparison of Weld Metal Chemistry with Weld Deposit Chemistry



DEPOSITED WELD METAL ANALYSIS

AWS 5.23 Classification for L-Tec 120 Wire with 0091 Flux is F11A6-EX4- M.

Figure 2 of AWS 5.23 provides the welding conditions for this classification
of 5/32" wire.

Amps 500 * 25 - Range 475 to 525 A
Volts 30 £ 1 - Range 29 to 31 V
Travel 16" % 1 - Range 15 to 17 in./min.
Stickout 1-1/4" * 1/4 - Range 1 to 1-1/2 in.

Enpirical Formul ae For Eval uating SAW Vel ds
AVS Handbook:  Volune 6, Table 10, Page 137

Definitions

M= Electrode Melting Rate, Ib./rein.
A = Area of Weld Bead Sections, in.’
Wl ding Current, anperes

| =
L = Electrode Extension, inches
d = Electrode Dianmeter, inches
P = Arc Penetration, inches ,
K = Flu constant, 0.0012 for Ca_ SiQ flux
L = Wlding Voltage, volts
S = Travel Speed, in./nin.
D = Z Base Metal Dilution
Formul ae are,
MR = —E1— [0.35 + d< + 2.08 = 10~/ (1L)}"?2] = 1b./min.
1000 az
11.55 .
A= = square inches
lU3.95 S0.903
D = 100 ~ MR 7 base metal

AS

Pp=K?3 14/SE‘ = inches

Figure A-93. Method of Analysis of Wlding Paraneters
and Weld Deposit for Phase IV Plates Using LTEC 120 Wre
and Deposit LTECO091 Flux (Sheet 1 of 2)

A-95



Substituting welding conditions of AW 5.23 in each fornula gives the

following results.

wat Max. kip 525, Flax. S10 1-1/2" = 23115 in.Inin
Max. . hp 525, Mn. S0 1’ = 21765 in./nmn
Mn. kp 475, Max. S/0 1-1/2" = .20554 in./min.
Mn. Amp 475, Mn. S0 1 = 19473 in.Imn.
MR Range = .19473 to .ZS115 in./nin.
A at Max. Anp 523, Mn. Speed 15 '/nin. = .16U05 in.’
Max. Anp 525, Max. Speed 17''/nmin. = .14300 in.*
Mn. Anp 475, Mn. Speed 15 /min. = .13/00 in.°
Mn. Anp 475, Max. Speed 17''/min. = .12240 in.’
A Range = -12240 to .16005 square inches
D = Flax. Amp 525, Mn. S/0 |“, Max. Speed 17" = 68.40 % Base Metal
Xax. Anmp 525, Ilin. S/0 I“, Mn. Speed 15" = 67.98 Z Base Metal
Mn. Amp 475, Mn. S/0|“, Max. Speed 17" = 66.97 Z Base Metal
Mn. bp 475, Mn. S/0 1“, Mn. Speed 15" = 66.55 Z Base Metal
Max. Anp 525, Max. S/0 1-1/2", Max. Speed 17" = 66.44 Z Base Metal
Max. Anp 525, Max. S10 1-1/2", Mn. Speed 15" = 66.00 % Base Hetal
Mn. Anp 475, Max. S/0 1-1/2", Max. Speed 17" = 65.14 Z Base Metal
Mn. Anp 475, Max. S/0 1-1/2", Mn. Speed 15" = 64.70 % Base Metal
D Range = 64.70 to 68.40 Z Base Metal
P = Mx. Amp 525, Mn. V 29, Mn. Speed 15" = .2183 in.
Max. Amp 525, Mn. V 29, Max. Speed 17" = .2094 in.
Max. Amp 525, Max. V 31, Mn. Speed 15" = .2088 in.
Max. Amp 525, Max. V 31, Max. Speed 17" = .2003 in.
Mn Amp 475, Mn. V 29, Mn. Speed 15" = .1910 in.
Amp 475, Mn. V 29, Max. Speed 17" = .1832 in.
Mn Amp 475, Max. V 31, Mn. Speed 15" = ,1827 in.
. Anp 475, Max. V 31, Max. Speed 17" = .1753 in.
P_Range = .1753 to .2183 in.
Eeat Input Range 48618 to 65100 J/in.
AW 5.23 Fig. 2 1913 to 2543 J/mm
Figure A-93. Method of Analysis of Wlding Paraneters

and Weld Deposit for Phase IV Plates Using LTEC 120 Wre
and Deposit

LTECQ091 Flux (Sheet 2 of

A-96
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T SUBVIERGELD VWELD METAL
S w7 ARCY/ELDIN MEGNANICAL
Plate™ Strass - ]
T Red uts 13 2.2 coiermig
1. Tire Eenr  duce &
ﬁ‘mm) @ 1wF - = tonin 3°F 10°F o°F 2°F 0F <0F
ik (E21°0) Wire i mP2 ki mPa s {0 HZG MO 90 Beg (9
L-TEC 709-5 FLUX =
A4 Mo LTEC 408 <] L7 T R I 8 - - - 3% 2 -
“n e}
[ 13 LTEC 48 s 55 -8 &5 X " - - - 9 - -
. 20
o LTECWS 8 =5 T s % g = - - «“ - -
{50
A7 W LTECENSA 0 &0 4 S0 8 - - - Y ey -
- &4 3
™ AN LTEC100 18 85 108 7O 58 - - - - 3 -
- “n
] M LTECSS 16 70 58 & 8 - - - - - s
B T LTECOS 7 em &2 .65 2B £ - ) - - - &=
~(31)
A337G22 the™ LTECUS21 85 655° T8 580 S &7 & - n 81 - -
s {59) &)
8he® LTECUSDt 85 =5 & 40 % 8 1 - ) 81 - -
. {141) {133) (10)
A87G11 th LTECUSIS 14 715 & 65 2B SR - 18 17 - -
. 3 )] )
8he. L-TECUSIS 92 835 7 530 % & 45 -~ 7 3 - -
{51) {50} 29
302 2he, LTECH 8 65 & 0 X5 84 - - - - - 2
{25)
_ LTEC 0091 FLUX
A204 1h LTEC40 8 60 8 ‘50 5 68 - - - - % -
A2 1R LTECH 1M 65 8 &0 25 &7 - o - - Eﬂ) -
s (60)
ohew LTECH 8 585 72 45 2B N - L - - -
{iig
- AW LTECI00 -, 113 8¢ 106 X 2 2 & - - - o) -
(68) =)
HY-100 MW LIEC1 120 &5 16 10 22 80 - - 8 - - 2 .
(76) (43)
HY:1%0 M- LTEC140 150 1085 138 %0 15 % 4 @ - - - - %)
. (68) (3)

Notes: ‘_”_AWS Joint design and weiding p tecs used — typically 500-550A DCRP, 28-30V, 16 ipm (6.8 mm/sec)
WiSiress-relisved @ 1275°F (631°C)
®Plate thickness /4 (19 mm), cocled at 10°F/r. after stress-refisf

i N . . . et ®

10-26

Figure A-94. Table of Weld Mechanical Properties for
Sub Arc Welding Products (LTEC)
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SUBMERGED
ARC WELDING
PRODUCTS

SPECIFICATIONS
& CODES

ETEG

WELDING & CUTTNG SYSTEMS

L-TEC FLUX/WIRE COMBINATIONS WHICH MEET AWS AND CSA SPECIFICATIONS®W®

AWS A5.17/ASME SFA5.17 AWS A5.23/ASME SFAS.23
LTECWIRE LTEC FLUX AWS CLASSIFICATION LTECWIRE LTEC FLUX AWS CLASSIRCATION
1] 80 FEA2EL12 WS 49 F7A2, FBA2-EW-W
350 FEA2, FTA2-EL12 7095 F7A2, FRA2-EW-W
i FEA?, FTAZELT2 ENd e FBA, FBPA-ENi-N4
a1 FIAZEL12 7095 FTM, EBM-Edit
81,29 9 FEAZ FIAZ-EMIN- 651IVF F2A8, FBPB-ENi4-Nk
60 FEA2, FTA2-EM12K 0K 0 FTAG-EAT-A
-] FBAZ, FTA2-EM12K
¥ 408 L F7AQ, FIP2-EA2-A™
21 FTA2-EM12K
350 FTA2-EM12K 124 E7AD, FTPO-EA2-A2
7095 F7A2, FIP4-EA-AZD
350M FIA2EMI2K .
425N FIA2-EM12X L] 80 F8A0, FTPO-EATAS®
585 F8A2, FTA2-EM12K 124 FBAD, FTP2-EA3-A3
651VF FTAS-EMIZK - 0031 FBP4-EAS-A™
25 423 FTA2-EM13K 124 F2A2, FP2-EF2F27 .
42914 F7A2-EM13K 7035 FP4-EF2-F2
651VF F7AS, FIP4-EMI13K 85 7095 FI0AS-EM2-M2
% 2 FeAZ, FTAZEH14 100 7035 FHA-EF5F
0 FEA2, FTA2-EH14 0031 FIM-EFSG
60 FEA2, FTA2-EH14
80 FEA2, FTA2-EH14 120 0091 FUAG-EM4-M4
124 F6A2, F7TA2-EHI4 us21 80 F8PO-EB3-B3™
535 F7A2-EH14 7035 ~'F8Pg-EB3-B3™
Ust5 LY FSPZ-EB2-B2
CSA W48.6-M 7035 FPzERR 22
LIECWIRE LTEC FLUX CSA CLASSIFICATION
[ 350 F4503-EL12
81 -] FA803-EM12K
4] FAS03-EM12K
21 F4803-EM12K
30 FABOZ-EM12X
49 FAS03-EM12K
£85 FAS03-EM12K
E51VF F4805-EM12K
b ) FASOG-EH14
&0 F4803-EH14 °
80 FA803-EH14
- 585 FA803-EH14
NOtu. “’Amddxﬁoml flux/wire conformance rasults are available from L-TEC's ive library of g data. Contact your L-TEC sales olfics for more information.

accordance with our policy of continuing product improvement, these classifications are sub,octto change without notice.
PP lndicates 1 hr, stress-reiiel. Also'meets requirements after 8 hr. stressrelief.
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Figure A-95. LTEC Flux/Wire Combinations - Specifications and Codes
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Li nde 450 Pul se, Constant Potential Power Supply (MG Wl ding)
L-Tee Diginie Deluxe Wre Feeder - Using a Mcroprocessor with Digital Logic

Mr-400 (L-Tec) Light Weight Air Cooled Torch for 250 Anps 100 percent Duty
Cycle with Argon Mxture and 400 Amps 100 percent duty Cycle with Q0,

L-Tee VI-1200 Subrerged Arc Wl ding Power Supply for up to 1200 Amps
L-Tee uNM8 and UM 9 Single Sub-Arc Arc Assenbly for AC or DC Wl ding

L- Tee Busbhar and Nozzle Assenblies for Straight Nozzle, Curved Nozzle and Deep
G oove

UEC-8 (L-Tee) Basic Subrmerged Arc Welding Control for AC or DC, Constant
Current or Constant Voltage

Linde 650 CV/CC Power Supply for MG Spray Arc Flux Core and Shielded Metal
Arc (700 Anp)

M| ler Power Supplies: Dinension 400 for 400 Anp CD/CC for SMAW GVAW and
Subar c

Thunderbolt 225 for 225 anp CC SMAW

Square base 1000 - Constant Vol tage 1000 Anmp for
Subar c

Econotwin for 150 Anp Constant Current SMAW Wl ding
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The Benefits of New High-Strength
Low-Alloy (HSLA) Steels

A precipitation-hardened steel may be the best answer
to the high cost of welding, because less preheat maybe used

BY T. L ANDERSON, J. A. HYAIT AND J. C. WEST

Welding of high strength low-alloy (HSLA) steels often
requires extensive preheat, specialized welding procedures,
and sometimes heat treatment to avoid cracking problems,
These cracking problems are often caused by the high
carbon and alloy content necessary to attain high-strength
levels. When a precipitation-hardened steel is used, these
problems can be reduced significantly, along with welding
and repair costs. [n today’s highly competitive environment,
costs must be kept to a minimum in order to assure survival.
A precipitation-hardened steel may be the best answer to
the high cost of welding high-strength steels-not only in
shipbuilding and offshore structures, but in other fabricated
steel products as well.

Introduction

The Navy is cost conscious and is trying to reduce cost
whenever possible. In 1982, NAVSEA'S Material Fabrication
Improvement goals were established for fiscal years 1983
through 1990. The prime goal was to “reduce shipbuilding
costs through improvement of welding processes, materials,
technologies, procedures, and techniques, while simulta-
neously improving overall quality.” Most of the high-strength
steels used in Navy construction, particularly HY-80 and
HY-100, attain their strength levels from a quench-and-
temper heat treatment. The welding of these steels requires
the use of sustained preheat, controlled interpass tempera-
tures and heat input limitations. Strict adherence to these
requirements is mandatory to avoid cracking in hydrogen-
sensitive steels and to assure the desired mechanical proper-
ties. Unfortunately, these requirements increase cost consid-
erably.

In order to reduce cost, an alternative steel with similar
properties was sought. The A710 Grade A steel used in the
offshore industry was chosen for testing. it has the ability to
attain 80,000 psi (551.7 MPa) yield strength and has the
necessary toughness. Its ASTM ch”:.tIL. ‘compasition and
minimum mechanical properties arculicg~ ip Table 1.[The
AT10 steel obtains its strength from precipitatten-hargehing,
and because of a low carbon content (0.07 max.), it is much
less sensitive to hydrogen-induced cracking. The material
was tested by the Navy and certified for use through
thicknesses of 11A in. (32 mm) for structural applications.
Testing continued on thicknesses through 2 in, (51 mm).

T.L. ANDERSON, J.A. HYATT and J.C.WEST are with Bethlehem
Sted Corporation, Beaumont, Tex.

KX Pwprinad drym Mo
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Bethlehem’'s Experience

In 1981, Bethlehem required a high-strength steel with
excellent toughness in a new design of the critical f? :T?
leg-to-mat deck connection of an offshore oil rig 4 Figs. 1
and 2. A combined effort with Armco personnelTed to
specifying Armco’s NI-COP, which is made to ASTM A710
for general applications and A736 for pressure vessel use.
The A736 specification was chosen because of its stricter
testing requirements. Plates of 2%,3 and 5 % in. (70,76 and
140 mm) thick were purchased in the quenched-only concfi-
tion. The lower yield of the quenched-only material permit-
ted easier rolling of the sections to the required diameter.
The subassembly was welded and then precipitation hard-
ened to attain the desired strength level. Yield points of
83,200 psi (573.7 MPa) for the 2?4 in., 77,100 psi (531.7
MPa) for the 3in., and 70,700 psi (487.5 MPa) for the 5Yz in.
material were reached. Charpy impact values in the HAZ
were outstanding, averaging almost 200 ft-Ib (271 J), includ-
ing some no-breaks at 264 ft-Ib (358 ]) and at 40" F (-400 C).

Request for Funds

[n 1983, Bethlehem made a proposal to the SP-7 welding
panel of the ship production committee, Society of Naval
Architects and Marine Engineers (SNAME), for a four-phase

Table |—Chemical Composition and Mechanical Properties
MM-A710 Grade A Class 3

Chemical Composition (%)

Carbon 0.07
Manganese 0.40-0.70
Phosphorus 0.025
Sulfur 0.025
Silicon 0.40
Nickel 0.70-1.00
Chromium 0.6.0-0.s0
Molybdenum 0.15-0.25
Copper 1.00-1.30
Columbum 0.02

Mechanical Properties

75 ksi through 2 in.
65 ksi over 2in.
85 ksi through 2 in.
75 ksi over 2in.
% Elongation 20

Notch toughness 50 ft-lb @ -800F

Yield strength

Tensile strength

-} A A
,sa\ji?é"/ LA og
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Fig. 1—250-ft water
depth jack-up rig
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project to evaluate the benefits of A710 in thicknesses
through 6 in. (152 mm). The. project was approved in
February 1984, with funding administered by the Maritime
Administration. The goals of the project were to successfully
weld ASTM A710 without sustained preheat and without
heat input limitations. Strength levels for the first two phases
were targeted at 80,000 psi (551.7 MPa) yield through 3 in.
(76 mm), 75,CMIO psi (517.2 MPa) yield through 5 in. (127 mm),
and 70,000 psi (482.7 MPa) yield through 6 in. (152 mm). In
the last two phases of the project, a modified version of the
A710 would be tested with strength levels targeted for
100,000 psi (689.6 MPa) yield through 3 in., 90,000 psi (620.6
MPa) yield through 5 in., and 85,000 psi (586.2 MPa) yield
through 6 in. This paper will present the work and results of
the first two completed phases.

Progress Report

Work started in August 1984 on the first phase of the
project. Phase 1 consisted of plate thicknesses of 2U, 2%
and 3 in. (57, 70 and 76 mm). Welding processes used
included SMAW, pulsed GMAW, SAW, and narrow gap
SAW, with emphasis on the submerged arc processes. The
2?4 -in. material was tested first since it was in the quenched-
only condition, having the following chemistry

C Mn P S S§i C N Mo Cu Cb
0.030.500.010 0.005 0.210.780.910.201.23 0.037

Six test pieces of the 2%-in. plate were precipitation
hardened at temperatures ranging from 1000° to 1125°F
(538° to 607”C) for 1 h per in. thickness (165 min). Tensile
and impact tests were conducted to determine the optimum
precipitation-hardening temperature. The tensile test results
(Fig. 3) showed that at a 1000°F precipitation hardening
temperature the highest strength levels of the temperatures
tested were attained. The impact tests were con-
ducted at -80"F (-62”C) and did not lead to a definite
conclusion on an optimum preapitation-hardening tempera-
ture. Data from the manufacturer were consulted and it was
deaded that a precipitation-hardening temperature of
10500F (566”C) would produce the best overall results.

The first set of test plates were welded in the quenched-
only condition at various heat inputs and then preapitation
hardened. Another set of test plates wc e precipitation
hardened and then welded at the same heat mpuw. Mechan-
ical tests conducted on the test plates included a weld metal
tensile test, reduced section tensile tests, Charpy V-notch
impact tests, side bend tests, and a Rockwell hardness test
on a cross-section.

The results, compared by heat inputs ixhibit no
significant difference in weld metal strength. The reduced
section tensile tests did not reveal a distinction in strength
levels. The impact test results did exhibit a substantial
difference in toughness. Test plates that were precipitation

hardened and then welded appear to have consistently

higher impact values.
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Tahle 2—Submerged Arc Welded 2%4-in. Test Plate Comparison

Condition of plates QoW PH® QO PH Qo PH Qo PH QO PH

* Heat input (J/in.) 200,000 200,000 150,000 150,000 125,000 125000 100,000 100,000 75000 75,000
Weld metal (psi) ) - .

" Yield 87,165 84,766 91,134 88,072 - 87,868 89,787 93,167 97,634 94,368 - 94,752

Tensile 107,074 105798 106,983 107,649 107,688 106,956 107.867 109,461 105,885 106,011
Reduced section (psi) . . ] : . -

Yield s - 90,370 - 89,164 - 93,023 - 95,852 - 89,914

“+Tensile 102,861 102,262 108,311 105,896 108,950 102,844 107,955 106,353 100,820 103,279
Charpy V-notch (ft-lb) at .—80°F ~ —40°F ". —40°F - =40°F ° =40°F ' —40°F = —d40°F  —40°F . —40°F _ —40°F
., Weld . ‘.,_9 31 .78 .28 0 86 . .43 L7600 029 UL 74
Seelmm L -.-~-~';‘3o < T 74 .. 052 © 76 77 .- 50 46 = 52
:.‘,3 mm R v 95”7 48 . . 64 _ 48 64 38 80 33 ‘72

‘ -‘,5mm . w22 56 w43 . 27102 - 43 T 94 T 32 103 29 91
l\uu(‘v'v'ﬁ'u {8 scale). o oy JUNT T LT ) < - - - ) ' .

-7 Weld metal ©. -+--982 " 7’986 996 "1 990 978 . 984 99.3 9.5 987 976
- HAZ S e = =943 . - .7 933 - 972 -~ 938 - .93
.~ Base metal -7 96.6 ,.-AITOOO 1001 A 10007 0 98.1 937 97.2 <997 7990 . " 973

* Side bends s s S S S S S s - S S

jpitation hardened after weldin .

8 ﬁﬁfﬁ;’;’.}i‘?m hardened beforeweidﬁgé. . . Pooeoe, T e -
Table 3—3-in. Test Plate Results " Table 4—2%-in. Test Plate Resuits
Welding process " narrow gap Welding process pulsed GMAW
Heat input (J/in.) . 72,600 Heat input {}/in.) 60,800
Weld metal (psi) - - LT Weld metal {psi)

Yie. . -, 93,359 Yield 36,721

* Tensile © - 105791 Tensile 101,604
Reduced section (ps) - T ™7 . L Reduced section (ps) - - Lo
- Yield - . Yield e T -
. Tensle - . . o .. Tensle - 3
Charpy values (ft-lb) . '.«Charpy values (ft-b) - LT

Weld = - .., T Weld . - )
1 mm - N 2 imm o =

7.3 mm . N 3 mm . .

“..5 mm oL 5mm A 2 &
.’Side bends - Side bends - ST L T 4 satlsfactory
Rockwell hardness 153 scale) - ’ . 4unsatxsfactory

L Weld - ‘ o Rockwell hardness (B sca!e) . K

TUHAZ L i .Weld - T 978
. -: ‘Base metal ) ) " HAZ . -

Tt e * Base metal ~ N 94.0
Tahle S—2’/4—m. Test Plate Results X o L <. . -
Weldmg process * ~ < SAW Pulsed GMAW Y. - SMAW (flat) SMAW (vertical)
“Heat input (J/in.) + 133,000 59,000 31, 200 41,200
- Weld metal (psi) R N S . .- -

" Yield ‘ . 93,237 88,801 broke outSIde 89,582
" Tensile " 107,956 91,317 gauge marks 100 ,905
Reduced section (ps) - o

Yield 87,719 . 82,159 77 474 90 555

Tene', 96,455 94,147 ' 94,700 98,517
Charp, von .(ft-lb) o CoTa . R
- Weld 123 ' 67 T .. 21 .15

Tmm . 63 - . 98 155 36

3 mm 103 - . M5 - 129 151

. Smm 103 T 142 - 192 - 17
" Side bends satisfactory " 3 satisfactory 2 satisfactory unsatxsfactory
- . . : L 1 unsatisfactory 2 unsatisfactory
Rockwell hardness (8 scale) -
© Weld 98.2 - 958 106.8 not co_n_dugted
HAZ - - -
. Base metal - - 96.3 929 933

R S L T e e T

s Smtmm by bt b Ad = o 4




As shown in he weld metal strength tends to
decrease as the heat input increases, but remains above the

-80,000-psi yield level. The graphs i ow no apparent

100.000

relationship between heat input and toughness within the = - .

ranges studied,

An additional 3-in. plate was welded with the narrow gap
submerged arc process. The narrow gap joint was obtained
by using a backing bar and spacing the square edges of the
plate 0.75 in. (19 mm) apart. A splxt layer techmque was used
to avoid problems with slag lqcking into the s;dewalls The
favorable results are shown il m

One 2%-in. test plate was we ded with the pu!sed gas
metal arc process. This plate was welded in the flat position
with the aid of a mechanical tractor unit. The heat input on
this test plate was calculated to be approximately 60,800

.. J/in. (2394 }/mm). The test results are listed in Table 4.
The 2V-in. test materigl was also in the quenched-only
" condition. Four test piates ere welded, precipita-

tion hardened and tested. One test plate was welded using
the SAW process, one thh pulsed GMAW and two using
SMAW.

7 In the second phase, test plates 4, 4¥2, 5 and 6 in. (102,

114, 127 and 152 mm) were tested. All these plates were

Mol Ak LA
cbtained in the predpitation-hardened condition. Welding

processes used included SMAW, GMAW, SAW, and narrow
gap SAW. Emphasis was given to the submerged arc
processes because of the thickness.

The two 4-in. plates were welded first, one with pulsed
GMAW in the vertical position and the other with SAW —

" Table 6. The reduced section yield results show averages
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similar despite the large difference in heat input. WELD METAL
The 4"2-in. plate{{Table 7) Were welded and tested using 5 1o
narrow gap SAW, vertical SMAW, and vertical pulsed 34 - -
GMAW. The reduced section tensile results are once again £ g
alike, along with base metal impact values. . W AN -
Two 5-in. test plates were welded with SAW and narrow 2 8¢ g “'\
- 8ap SAW. The reduced section results, given in Table 8, are -} 70 N
*. , very close to each other. The impact results in the base metal 3 6o -
are again similar, while the weld metal results differ due to . AN
the difference in heat inputs. g
The two 6-in. test plates were also welded with SAW and % ;
o
narrow gap SAW, and these test results are displayed in § 30
‘Table 9. The reduced section tensile tests both exceededthe = 20
. 80,000-psi yield level. Once again, the base metal impacts A
. are comparable. The 5-mm values would have been more = o
.~ comparable if not for one unusually low specimen value © 50 75 10 125 150 75 200 225 ;
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Table 6—4-in. Test Plate Results

Table 7—4%-in. Test Plate Results

Welding process SAW GMAW Welding process  narrow gap SMAW GMAW
SAW (vertical) (vertical)

Heat input ()/in.) 191,000 35,000 Heat input (J/in.) 73,600 52,000 35,000
Weld metal (psi) Weld metal (psi)

Yield 76,687 99,396 Yield 96,741 93,611 105,633

Tensile 105,879 108,454 Tensile 105,213 104,668 111,371
Reduced section {psi) Reduced section (psi)

Yield 83,995 87,012 Yield 78,005 79,664 76,529

Tensile 97,974 100,801 Tensile 89,816 89,369 87,898
Charpy values (ft-b) Charpy values (ft-Ib)

Weld 1.5 84 Weld 71 33 59

1 mm 86 83 1mm 139 112 160

5mm 94 82 5 mm 134 117 129
Side bends satisfactory 3 satisfactory Side bends satisfactory  satisfactory 2 satisfactory

1 unsatisfactory 2 unsatisfactory

Table 8—>5-in. Test Plate Results Table 9—6-in. Test Plate Resuits
Welding process SAW narrow gap SAW Welding process narrow gap SAW SAW
Heat input (J/in.) 139,170 72,200 Heat input (J/in.) 74,700 147,334
Weld metal (psi) Weld metal (psi)

Yield 78,222 96,605 Yield 93,942 82,788

Tensile 104,054 104,992 Tensile 105,133 90,035
Reduced section (psi) Reduced section (psi)

Yield 78,448 79,460 Yield 84,650 80,955

Tensile 86,016 89,996 Tensile 92,743 94,445
Charpy values (ft-Ib) —40°F —40°F Charpy values (ft-Ib)

Weld 37 87 Weld 51 64

1 mm 132 135 1T mm 71 77

5 mm 131 172 5 mm 89 59
Side bends unsatisfactory satisfactory Side bends satisfactory unsatisfactory
Conclusion limitations, joint _?eometry, and good welding practices.

The weldability of the A710 steel isexcellent. In all test
lates welded with only drying preheat, there was no
ase-metal-related cracking. Thisis directly related to the

low carbon content and carbon equivalent. Even though the
preheat used in these tests was minimal, preheat may be
required during construction due to conditions of excessive
restraint. The precipitation-hardening chemistry allows the
higher heat input processes to be used without restriction.
The only restrictions on heat input appear to be process

Table 10-Chemical Composition and Mechanical Properties of
AFG with Modified Chamiry @ P

Chemical Composition (%)

Carbon 0.07
anganese 1.20-1.70
P ?sa orus 0.025
Sl 0.025
Siicon 0.40
Nickel 0.70-1.00
Chrognum 0.10-050
Molybdenum 0.20-0.80
Com)er 1.00-1.35
Columbum 0.02
0.015-0.06s
Boron trace

Mechanical Properties
Yidd 100.CKXI p§
Tenﬂle _ 125,000 ;?s
% Elongation )
Notch Toughness 50 ft-lb @ -80°F

c-7

The delivered price was 5

Thecost “of A710islower when compared with HY-80
but is somewhat higher than other high-strength steelsu
in other industries. The lower prehieat requirement and
excellent weldability of this steel will probably lower produc-
tion costs and cracking-related repairs enough to overcome
the dight price difference.

When A7101s substituted for alower strength steel, asthe
Navy is considering, costs will be decreased in several areas.
The'increased strength level allows the use of thinner plates
inman .aﬂpllcanons. Thiswould reduce the weight of the
unit, which'in the case of shipsor offshore drilling vessels
increases the Payload. The amount of welding consumables
needed would be reduced, as would the man-hours
required to weld it. The thinner material also trandatesinto
longer plates from the mill, which means fewer joints
required per unit.

Future Plans

Bethlehem has had to reduce the extent of Phase 3
because of funding reductions in the federal budget. The
%?al of Phase 3isto weld the A710, using the modified
chemistry shown in Table 10, with a minimum 100 ksi (689
MPa) yiéld throu?h_3.|n.,, with only minimum preheat ‘and
without heat input limitations.

The material has been grocured from a Japanese source.

centsAb for thicknesses through

2(;//a in. and 58 centwlb for thicknesses of 3M in. through
53% in.

Welding processes scheduled to be tested include pulsed

GMAW, SMAW, SAW, narrow gap SAW, and consumable
guide ESW. Work is progressing on this phase, and initial

resultsindicate that we will attain our goal.
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The Benefits of a Modified-Chemistry, High-Strength,

Low-Alloy Steel
John C. Wegt
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In 1982 TWO sr%nrfrcant eventsin ship production oc-
curred, amost smultaneoud
Inthefirst event, the oaI of the Naval Ship Engineerin
Center's (NAVSEA) m en ncatronrmgboverer)r(entMF
&r agram lan for F 198d3 [tsa
educe shipbuil costs throu m rovement of
welding processes maten technol ogr , procedures, and
technr\()ues while srm[rltaneou e{y im rovrng guaht
ad found th 11 ercento the onstruc-
tion man- hours needed to build were devoted to struc-
turaI welding, which was domi nated by the manual ngocess
starn cP eat and Interpass temperature control
n? HY- 80 and HY-100 cost aRProxrmat )é
on ora arsrz vessdl, and argeru tsupto i
||on asoutlined by R. R. Irvrngrn |sNﬁ)
Itrr\c/)eI 5\ ent or HY-807""In the May 16, 1986 |ssueof
Inthe ond event, we at Beaumont were involved
|n worldvsr/?ge offshore dn? Irng and exploratron ]eetp oy 8
LPur;oo was to design,-build, and contrnuetorm rove
in o emctrrégu on1 ég alrg\)//ere%:ogorgé?gf il |ngdn
offshore diling and productron s I8 Jack ups severd OTS%H?I restrn 0” the seefloor, Is penetreted by the three
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Africa ?unt?t SBblrco China, ﬁﬂ%gg'fm 21(12'”2] < aﬁdAIoS EH36 e g
Frletw dm eb sub arcPrPthef ncatrn sho Ngtethe
Technica development P eetweent e erpatean column etw th e |
et'w \cr)vr

thisall late to move, or “flex.” The d
t ngftaci(?u JIgs etclzass(s)rffrtedetb reted waper denthy 150 ing cal it we percent ultraonic tesf in aectron
three leds or columns which a |erce(fa wrt(f)tch &\% eh e I er eld a t/8e decléés adeﬂ\{vrthh EdSOl8C -3 electrodes and
unrtrsegurltto permrt entr Rrejackrn%andfrxedwrns groun toa S O e lin o Hdier assembl

Surrounding each column |atform known nifidl veaP Patewas ﬁj
of thrsvr oint. It could be installed as a coaming on the
%afhrgjr%cnlfroﬂ%ae Thisisw erelr?ang andrfowenng of the ,umns passed through it and tied in by hetwo

P?Cet welg Later on this was ¢hanged as previously out-

rbeh Corporation % montYard mont, Texas. The ongrnal joint was desrgned to flex or breathe asthe
Eﬁ mbers rac 8 aIe er\gfefi

Lction mposrum Para%urg Vir- Far Ure 0 ?rtﬁér%ﬁ‘ﬁﬂéh ecgt}%er%nrﬁhe 08 ek and the deck
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fig. 2“Old" design mat connection

wrapper plate cracked through behind the upper part of the
deck to wrapper plate weld. Then the wrapper plate had to
be replaced, under difficult conditions, in remote parts of the
world such as Angola, Brazil, Egypt, Gabon, and Southeast
Asia. On many occasions, due t0 loca limitations, workers
had to be sent from the United States or Western Europe.
The vast costs incurred to our customers, plus the drop in
their “day rate” while laid up for repairs, plus American Bu-
reau of Shipping (ABS) insistence, led us to work toward a

new design for thisjoint.

The new design

Figure 3 shows a sketch of the new design, evolved at
Beaumont, which led to a search for asteel  1/2 in. thick
with a 65-kai yield point and a high toughness level.

Discussions between Armco and Bethlehem personnel led
to the selection of their W-COP” for this application.
_"NI-COP” was made to ASTM A710 for genera applica-
tions and ASTM A736 for pressure vessel use. A736 was cho-
sen for our application because of its stricter testing require-
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fig. 3 “New" design mat connection
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ments, At that time, Armco had not produced anything thicker
than 3 1/4 in. and were not sure that 5 1/2 in. Could be pro-
duced, rolled, and welded to atain a 65-ksi yield point.

_ After consultation with various metallurglcal _engineers
it was decided to purchase the 2314-in. and 51/2-in. materia
in the quenched condition only. We would rol| the 23/4-in.
and 3-in. at Beaumont and subcontract rolling the 51/z-in. to
Whyatt Industries in Houston. Wyatt's -rolling preheat of the
5%+. plate, because of job I|m|tat|onsl was limited to 500"F.
We would weld up the subassembly, including the dia-
phragm, a 15-in. section of deck plate,”and the lower portion
of the column tube. We would then precipitation-harden the
{stt]Jbassem, Olelg[ly_lm our furnace. The section view of Fig. 3 shows

isin detail.

We accomplished this with the three column-to-mat 45-ton
stub subassemblies for the fmt rig being welded and heat-
treated by March 8, 1982. Succeeding subassemblies were
also done in this fashion at a later date. No one had ever
donethisinthepast. ,

Average yield points attained were 83.2 Wi for 2314-in., 77.1
kai for the'3in., and 70.7 ks for the 51/2 in. TheSe are re-
corded on our ABSafgroved ‘Welding Procedures 335 and
336" dated April 12, 1982. V-notch values were excellent and
thera was no adverse heat-affected zone (HAZ) degradation.
~ Thereader is, perhaps, familiar with this material asit
is also known as HSLA-30 and being used on U.S. Navy ships.
The July 1985 issue of Welding Journal contains an excel-
lent t;))a_per, “An ImProved High Yield Strength Steel for
Shipbuilding” [2] authored by L. G. Kvidahl of Tngalls Ship-
building. In"the paper, test results are extensively detailed;
and when compared with HY-80, a better product for less
money results.

The new chemistry

These aforementioned findings were fed back to Armco to
assist them in their product development work. On March
28,1983, we were advised that Armco had developed a mod-
ified chemistry for A710 that could atain a guaranteed min-
imum yield point of 100 ks through 2 in.; and that the stan-
dard chemistry could now be sold at an 80 yield point
minimum through 1 1/4% in. We were informed thal Armco was

lanning to sl this to the U.S. Navy in place of HY-80.
erbal quotes a that time were 58 cents/Ib for the standard
chemistry and 63 cents/Ib for the modified.

In |ate September/early October of 1983, it was learned
that Armco would close ifs Houston works and that the above
products would be no more. At that time we received some
of Armco’s development data and documents that further en-
dorsed the belief that this product really had the potentia
to replace HY-100.

Request for MarAd study funds

_ The precedi %events led us to propose to the 5P-7 Weld-
mg Panel of SNAME on November 10, 1983, the stu(d)y
YEvaluate the Benefits of Higher-Strength HSLA Steels” On
February 13,1984, we were advised that 5P-7 had approved
the study and a formal contract for $95000 for the f~t-year
funds would be forthce-tink fkom the Maritime Administra-

tion (MarAd , _

- Workresrrenepd in August 1984 to accomplish the goal's
listed in Table 1, without using sustained preheat andlim-
ited hear Thput.

Accomplishments

In May 1986, we met our goals and completed Phases 1
and 2 within budget.



Theweldi n% processes used were manual, gas metal-arc
with pulse, and submerged arc (single, dua arc, and narrow
gap). Heat inputs varied from 50 kJ/in. to 200 kJin. Some
plates were welded in the quenched-only condition, and pre-
cipitation-hardened after welding others vice veraa. Test re-
sults obtained in 3-in. material”show a minimum yield of
84.7 ks welded at 200 kJ/in. with dual arc to 94.7 IcA" welded
a 75 kJin. with the same process. Char5p6y V-notch values
ere well ahove the ABS values for EQS6 plates.

Table 2 gives test results of Phases 1 and 2. Note that
results for welding before and after precipitation hardening
are listed. Beaumont haa done this in production runs as we
have a17 x 17 x 85-ft car bottom furnace. We do not rec-
ommend this practice for overall general use. The soak times
and temperatures plus cooling rates are exacting and criti-
ca. Undivided attention, accuracy, and constant monitoring
are required to be successful. There Is no room for error. These
items may be too costly or difficult to atain in a production
environment. _ _

In general, it is best to order plate with the desired prop-
erties (yield point, percent reduction of area, V-notch, and
%%mperatulrie) in its fd precipitation-hardened condition from

e mill.

Future plans

In May 1986 we were advised that MarAd funds would no
longer be available. We have revised our estimate to perform
Phsse 3 from $70000 to $51000 of SP-7 funds available from
canceled or completed projects with a December completion.
Our god will be'to prove that A710 modified chemistry plate
with'a minimum 100 ksi yield point through 3 in. thickness
can be successfully welded without sustained preheat and no
heat input limitafions. S
~ We have the materia on hand through 53/4 in. thickness;
it took almost one year's time to procure this,
We were unableto fmd aU.S. producer willing to make
anything less than 100 tone of modified-chemistry 100-kei
yied _Ip0| nt material, therefore, a foreign producerfilled the
gap. The 22 tons were delivered in two lots, one costing 52
cents/lb and the other 58 cents/lh. o
A_comparison of the modified -Chemistry plate is given in
Tatt>le 3 de:bT rTmanlcaI properties for material over 2
in. thick in Table 4.
~ Completion of Phases 4A and 4B is dependent on addi-
tional funds becoming available. It is strongly believed that
this work needs to be done. The potential ‘savings that can
be realized are enormous. Beaumont is unable fo carry on
without MarAd support. We can supply 100-kei yield point

late in 39/,in., 411,In., 4% in., 511,in., ‘and 59, in: thickness

0 whomever MarAd selects to finish the job.

Benefits and potential savings

1. The savings outlined in the May 16, 1986 issue of Iron
Aggal'l] are factual. Specification and use of A710 or ita mod-
ification will make them a redity. _

2. Increased weld metal "in place” per man-hour. Possible
doubling of the "in place” metal with sub-arc. As much as
50 percent more for qut-of-position manual welding. .

3. Decreased schedule time and shorter delivery times.

4. Decreased weMing wire costs.

5. Fewer welding repaira.

When A710 or its modification replaces a lower-strength
material, the following savings will accrue, as a reduction
in material thickness will be realized ,

6. The use of lighter material decreases the deadweight
of the unit, thereby increasing its payload or reducing the
power requirements to propel t.
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Table 1 Panel Sp-7 study goals
Goal .and Plate Scheduled .
Phase T%g{gness cost Time
1 8%% L}éﬁ 3in $95000 1 year
2 75 ksi Yﬁ . $75000 9 months
thré)ug 5in.
through 6 in.
i , 70000 6 month
.
4A 90ks YP . $100000 1 year
8%ro 5in.
through 6 in.
4B Publish results $50000 9 months
Totds $390000 4 years
Table 2 Phase 1 and 2 results

ALL CHAEB@SE-E&E:L”T&NSVERSE
PRECIPITATION HARDEN AT 1050°F FOR 165 MIN. A% ER g¥ELE 4(5 .
JRLGK PROCESS Ky ¥ T.5.% % -0 F

A WF 1TM/M 3M/NM S5MM

2-3/4 DCSEWAC 208 872 107 22 63 9 8 30 41 22

2-3/4 . . 175 89.2 108 22 58 Il 10 64 27 20

P/H AT HOOCF FOR 165 MIN. AFTER WELDING, CHARPYS AT —40°F

2-/ADC&AC 135 93.21082669239863 103 103
2VAVERT-STICK 65 $9.610026 7215173136 1Bl 1

P/H AT 1050° F FOR 165 MIN. AFTER WELDING. CHARPY SAT -40DF
2-34DC;,ACIS0 91 10726 673[5153  4s 43

2-3/4 * 15 87.9 107 24 66 28 46 52 48 43
2-3/4 n 100 93210726 67435877 38 3
2-3J4DCONLY 75 94.3106266S291546 33 29

PIH AT 1050°F FOR 165 MIN. PRIOR TQ WELDING. CHARPYS AT -40*F
2-J4DCSWACIOO 9761092467765450 80 103

2-3/4 * 150 88 10824697810974 64 102
3 - 200 84.7 106 23 67 4094 88 95 56
3 DCONLYT5 94.7106246774S652 72 4
3 DC&ACI125 89.7107246386% 76 64 %4
3 OCNG. 75 93410625666168112 73 67

2-34VERT.MIG.9S  88.71022358 79 NO 10993 69

ALL CHAPMSE/% QEEU]%SV ERSE

Eéllé(TN EQR 135 MINS PRIOr 0 ELDIN\(;V CHPRSAT Q.
4 DCswAC 192 84 99 30 86 94
4 VERT. MIG. 55 87 100 84 83 82
412 SAW-NGT3 781 90 71 .8 134
4-1/2 VERT - STICK 55 79690 3 1 w
4-1/2 VERT. MIG. 73 76588 59 160 129

5  0C,AC W 7a4S6 3- 1 @
5  SAW-NG75 794 90 87 1 N
6  DCAAC 1)  SO99s 64 77 K9
6  SAW-NG75 6 927 51 71 89




7. Lighter material increases the length or width of plates
ordered from the mill. This in turn reduces the number of
butts or seams required in the unit's design. Therefore,
welding requirements are further reduced.

8. Thinner higher-strength plates of greater surface area
to construct a unit will reduce plate handling times at the
site. Incoming freight bills will decrease as less tonnage is
delivered by the carrier.

In addition to the above, less time and effort will be ex-
pended by architects and designers in producing the most
economical preduct.

References

1 Irving, R. R., "A Cost-Effective Replacement for HY-80?" Iron Age,
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Table 3 Modified-chemistry plate comparison

AT10 Grade A AT710 Grade A
Class 3 Modified

C 0.07 0.07
Mn 0.40-0.70 1.20-1.70
P 0.025 0.025
S 0.025 0.025
Si 0.40 0.40
Ni 0.70-1.00 0.70-1.00
Cr 0.60-0.90 0.10--0.50
Mo 0.15-0.25 0.20-0.50
Cu 1.00-1.30 1.00-1.35
Cb 0.02 0.02
Al N/A 0.015-0.65
B N/A T

Table 4 Mechanical properties for material over 2 in.

TS min 75 ksi 125 ksi
YP min 65 ksi 100 ksi
Metric Conversion Factors % gAml“lZI” %?/ A %g
1ft = 03048 m "V’;?ftélb 50 @ -80°
lin. =254 mm - °F «“L”
11b =045kg “V” ft/1b 0L
1kJ = 0.948 Btu ABS — FQ70 20 T
1ksi = 6.9 MPa @ -76°F MODU
oc = (;F - 32) X 5/9 1985 Table B.2
Discussion

A. D. Wilson, E. G. Hamburg, and J. H. Bucher, Lukens Stee!
Company

The information reported by Mr. West is of great interest
to us because of our similar alloy-development efforts. Dur-
ing the past year, we have also evaluated a “modified” A710
chemistry in order to extend the strength and toughness limits
particularly for thicker plates. The chemistry that we have
explored is given in Table 5 here with, which compares the
range for ASTM A710 Grade A and the typical chemistry of
our production heats of HSLA-80 (A710A-3, MIL-S-24645).
All of our A710-type steels are produced with low-sulfur,
calcium treatment practices and are vacuum degassed. Al-
though the copper and nickel levels are slightly higher than
typical, the significant changes in our modified chemistry
are the manganese (1.45 percent) and molybdenum (0.45
percent) levels, which were made to increase the hardenabil-

Table 5 Chemistry (weight percent) of select A710 modified-chemistry

steels
Typical
Lukens Lukens ASTM
HSLA-80 Modified AT710
AT10A-3 ‘ A710 Grade A
C 0.06 0.06 0.07 max
Mn 0.55 1.45 0.40-0.70
P 0.007 0.012 0.025 max
S 0.003 0.002 0.025 max
Cu 1.10 1.25 1.00-1.30
Ni 0.85 ' 0.97 0.70-1.00
Cr 0.70 0.72 0.60-0.90
Mo 0.20 0.45 0.15-0.25
Si 0.30 0.35 0.40 max
Cb 0.035 0.040 0.020 min

ity. The levels of these increases are similar to those re-
ported by Mr. West; however, our chromium content re-
mained at about 0.70 percent and no boron was added.
Plates from 0.5 to 8 in. in thickness were rolled from an
ingot cast heat. The 0.5, 1, and 2-in. plates were heat-treated
by austenitizing at 1660°F, water-quenching, and aging be-
tween 1120 and 1160°F. The 4, 6, and 8-in. plates were twice
austenitized at 1660°F and water-quenched, prior to aging
at 1140°F. The results of the tensile and Charpy V-notch
(CVN) testing are shown in Table 6 and graphically sum-
marized in [Fig. 4. ]t is apparent that 100-ksi minimum yield
strength camrbemet through 8 in. The microstructures of
these plates are principally bainitic in all thicknesses as
shown in Fig. 5. As the plate thickness increased, there was
the expected increase in grain size and decreased toughness.

Lee G. Kvidahl, Ingalls Shipbuilding

The benefits of a modified-chemistry, high-strength, low-
alloy steel are many. Ingalls Shipbuilding has fabricated
several thousand tons of this type of material during the
construction of U.S. Navy ships and offshore drilling plat-
forms. Based upon this experience, concurrence is offered with
Mr. West’s basic position that use of this type of material
will reduce costs.

The development of these high-strength steels in the
thicknesses described in this paper b~ *he potential for ma-
Jor reductions in costs for drilling pl.iv.: construction. Ship
fabrication does not require the same thickness in plates as
the large jack-up platforms. The ability to weld the heavy
plates without a sustained preheat and not risk a propensity
for cracking provides the fabricator an opportunity to use
more cost-effective joining methods. The excellent weldabil-
ity and fabricability of these materials reduce rework and
the associated costs of repairs and increased inspections.

A limiting factor in the use of this type of material could




Table 6 Mechanical properties of A710 modified steel (optimum heat treatment)

CVN (ft-lb), avg/min

Thickness YS, UTS,
in, ksi ksi Orientation 0°F -50°F ~120°F
N 117 121 L 140/135 116/102 82/62
T 116/96 82/66 62/35
1 110 117 L 166/137 152/128 103/84
T 136/126 113/97 72/58
2 104 117 L 110/97 91/85 69/54
T 111/98 85/77 61/39
4 94 106 L 107/93 76/54 42/8
T 94/83 79/75 18/8
6 88 99 L 1177112 89/69 16/8
T 86/78 53/8 20/4
8 87 99 L 97/51 79/63 10/3
T 98/79 72/55 9/4

YS = average yield strength.
UTS = average ultimate yield strength.

Strength ksi CVN Energy (Transverse}at =50°F. ft-b
150 Heat Chemsiry (Wesght Percent) 150
L Ma Cu Ni Cr Mo Cb Si P _S. 30
130 06 1456 1.25 .97 .72 .46 .040 .35 .012 .002 1
110—SA— — 110
/ \“
%0 / \Yb ”
70 = 70
\AN
50 Y T T : 50
0 2 4 6 8
Thickness, nches
1 Yield Strength {0 Utimate Tensle Strength

Fig. 4 Mechanical properties of an A710 modified, quenched and aged
(1120-1160°F) steel

be the welding materials. Although not specifically ad-
dressed in the paper, a review of the test data seems to in-
dicate that the weld material impact properties may not be
as tough as the base material. The experience gained by Navy
research work and shipyard producibility studies have dem-
onstrated similar results. For this reason, specifications have
been developed that define limits on process parameters due
to filler material properties instead of base material prop-
erties.

To fully utilize the advantages of this type of steel, it is
suggested that research work be accelerated in the devel-
opment of improved filler materials that would provide com-
patible properties for the full range of applications.

David Y. Ku, American Bureau of Shipping
In accordance with ASTM supplementary requirements for

A™0 Grade A Class 3, the CVN impact values shall meet
2" rage minimum value of 50 ft-1b (69 J) at —80°F (—62°C)
for longitudinal specimens, if specified in the order. How-

3 £ DL —ane
ever, a review of Phase 1 test results at —80°F (transverse)

indicates that some of the CVN values of the weldment may
not meet this requirement. Therefore, can it be said that this
material can be welded without sustained preheat and al-
most unlimited heat input as indicated in the abstract?
The A710 type steels obviously have attractive features
for offshore and ship applications. However, high toughness
levels and excellent weldability are also achievable with the
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ical microstructures for modified A710 plates

]
(bottom) 8 in. thick; nital-pical etchant, X375

lower-cost thermomechanically controlled processed steels.
Would the author care to comment on the relative merits of
the two different approaches?



Table 7 Tensile properties of 1.25-inch-thick A710 Grade A plate with various heat treatments?

Lower Yield Ultimate Tensile Elongation Reduction
Heat Treatment Point,” ksi Strength, ksi inlin., % of Area %
Q
Water-quenched from 1650°F 73.6 98.9 29 79
Q&PH .
Q and Harden @ 1100°F for 30 min 93.1 104.8 28 8
Q&S&PH
Q and Strain 12% and Harden @
1100°F for 30 min 102.0 109.9 26 1

°0.250-in.-diameter by 1!/;-in. parallel section machined from !/,T.
%0.2% offset yield strength rather than yield point.

George E. Kampschaefer, K & L Associates

This is a most timely paper in view of the fact that the
ASTM A710 Grade A Class 3 type steel evaluated has now
been adopted by the U.S. Navy as a HSLA-80 grade with
slight refinements that will be used selectively in place of
HY-80 in order to save material and fabrication costs [3] (ad-
ditional references follow this discussion). Also, the find-
ing that this alloy steel has the capacity for higher heat in-
puts in welding without significant loss of notch toughness
means lower production welding costs for marine-type con-
structions, where thicker platings are required that have
significant levels of notch toughness. These findings and ex-
periences confirm the results of extensive welding research
tests which Jesseman and Schmid reported at the 1983 An-
nual AWS convention in Philadelphia [4]. Their work sug-
gested that heat inputs up to 125 kJ/in. could be used for
welding plates 2!/, in. thick without significant effects on
the HAZ microstructures and toughness. Also, these tests
suggested that high heat-input procedures, combined with
esgentially no preheat, interpass, or post-heat temperature
control requirements, make the alloy an ideal material for
reducing weld fabrication costs.

Mr. West’s paper alludes to another very important char-
acteristic of the A710 alloy steel that should be expanded
upon. This concerns the cold-forming capabilities which the
A710 alloy provides. Approximately 3500 tons of 1!/,-in.-thick
A710 Grade A Class 3 plates were successfully cold-formed

2 3n wndivea fen Fam 2son o abard cmarmhiave fas
t6 an outside radius of 71/2 111, 107 US€ as Cnora memoers 10T

lattice-type legs for Friede & Goldman’s L-780 mobile off-
shore rigs. Approximately 99 percent of these chords were
successfully cold-formed without any serious surface crack-
ing problems. This severe cold-working (more than 9 per-
cent outer fiber strain) did not adversely lower the Charpy
V-notch toughness below the ABS requirements at —40°F,
as established by actual tests conducted on the cold-formed
plates. ABS at that time limited cold forming to 3 percent
maximum, without test data, to prove the material had not
lost its minimum specified toughness.

For the Bethlehem application, the A710 Grade A plates
were formed in the as-quenched condition where the yield.
strength is lower and consequently easier to form; and after

< 1. 1NAANOTY
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fuxm.lus, € plawes were preclpitaﬁun hdrdened w 1ivuvr,
which increased the yield strength to the required minimum
value. This characteristic of precipitation-hardened (PH) steels
lends itself to easier cold-forming of thicker plating or the
use of sharper radii for formed sections. In addition, the A710
Grade A alloy can benefit from cold-forming prior to its PH
heat treatment and actually provide a higher increase in yield
strength without any loss in notch toughness. I do not know
of any other construction steel on the market today that re-
sponds this favorably to cold-forming! Bethlehem was the first

o
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fabricator to take advantage of this benefit and it is a trib-
ute to their aggressive position as a producer of top-quality,
economical mobile drilling platforms.

Armco’s extensive research on the metallurgical charac-
teristics of the A710 Grade A alloy, as far as cold-straining

..... ™

30 AnTamee— wran nvsconiad £~ L. T a1 2t . D
is concerned, was presented to the Petroleum Division of

ASME in 1974 when an industrial group was looking for an
X-65or }2-7‘0 steel linepipe for the Canadian Arctic Gas Line

[5]. The{following data illustrate the unique characteristic
of A71(§1 Table 7 %ves the tensile properties for the standard
Class 3 heat treatment and the PH heat treatments. It should
be apparent that the cold-straining has increased the

strengthening response of the prec; i dening heat
treatment by approximately 10 ksif Figure 6 iFIustrates the
full Charpy V-notch transition curves for the same three
treatments and confirms that no significant degradation in

it 1¢ of +h
transition temperature has occurred as a result of the severe

cold forming.
Additional references

3 "High Yield Strength (HSLA-80) Age-Hardenable Alloy Steel Plate,
Sheet, or Coil,” DOD Specification MIL-S-24645 (SH), Sept. 4, 1984.
4 Jesseman, R. J. and Schmid, G. C., "Submerged Arc Welding a Low
Carbon, Copper-Strengthened Alloy Steel,” The Welding Journal, Nov.
1983, pp. 321-s-330-s.

5 Jesseman, R. J. and Smith, R. C. “Effects of Straining, Aging, and
Stress Relieving on Mechanical Properties of Steels for Arctic Service,”
ASME Paper No. 74-Pet-9.

CouwlLr VLI uIc STyl co

Author’s Closure

The particular steel modification presented and discussed
by Messrs. Wilson, Hamburg, and Bucher is one of several
that appears to have the ability to produce a 100-ksi yield-
point steel. All of those used to date, such as Armeco’s mod-
ified “Ni-Cop,” the Lukens product, Laval University’s Pro-
fessor Krisnadev’s work, and the Kawasaki product we are
introducing, are of the extra-low carbon, nickel-copper com-
binations. All are produced with low-sulfur, calcium treat-
ment processes, and precipitation-hardened. All are weld-
able without sustained preheat and no heat input limitations.
Due to the low carbon content of these steels, carbon equiv-
alency calculations can be dispensed with. All have the po-
tential to replace HY-100 at a greatly reduced cost. As has
been stated, the Kawasaki steel costs $0.58/1b, delivered in
Beaumont.

The discussion of Mr. Kvidahl centers, and rightly so, on
the fact that the welding materials are somewhat inferior to
the base metals. Therefore, the welding materials become a
limiting factor in obtaining the maximum cost reduction made
possible by the base materials. There is full asreement on
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this point; the observation that “a chain is only as good as
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Fig. 8 Charpy V-notch energy curves for ASTM A710 Grade A plate versus heat treatments

its weakest link” is definitely the case in this matter, and
accelerated research work is suggested to be directed to this
factor. However, it must be realized that our industry is only
a very small and declining part of the welding market. Elec-
trode manufacturers and steel producers are volume-profit
oriented; therefore, alternating the status quo” is not one
of their strong points.

The discussion of Mr. Ku questions the Charpy impact re-
sults at —~80°F. As was noted, these values were obtained by
nrpmmfahnn hardening slffpr wp]d-ma They reinforce the
pomt  made by Mr. Kvidahl in that the weldmg materials
are not as good as the plate matenals As shown in the same

s AL wanelia dha wladn $4oa 18 awleihidad cndicafnadaces o
Broup o1 resuucs, wie pxaw u.acu. €X1iniled SavisiaCuiry re-

sults. The relative merit of steels produced by the thermo-

mechanically controlled process must be evaluated thusly:
1. What is the on-site delivered cost/pound of the mate-

rial?
2. What is the yield point, percent R of A in the “2” di-
rection? What are the CVN values in the weld and heat-
affected zones?

. Will these steels be readily available? Some U.S. pro-
ducers are dismayed by the huge costs that they must
incur to become competitive in the very limited mar-
lrat

AT ve

4. What is the in-place cost of fabrication and assembly

o)

oo

of these steels? How do they compare with the modi-
fied-chemistry steels?
Only this type of analysis will lead to the proper judgment
of these types of steels.

Mr. Kampschaefer broached the subject of the cold-form-
ing ability of the modified-chemistry steels. This unusual
trait occurs because of the increase in yield strength that is
brought about by the precipitation-hardening process; ex-
amples of this trait are:

1, A 3-in.-thick A710 Grade A Class 3 plate will have a
yield point of about 62 ksi in the quenched-only condition.
After preclpltatlon hardemng at 1050°F, the yleld strength

snemmam male QO Vool .o PN

will approach 86 ksi and have a minimum ylem. point of 80
ksi. Thus, 80/62 = 1.29, which provides a minimum of a 25
percent increase in the formmnr ability when using existing
equipment; a similar percen awe ,'ecrease in the fabrication
costs will result.

2. A 3-in. modified-chemistry plate, as shown, will have
a yield point of about 74 ksi in the quenched condition. After
precipitation hardening at 1025°F, the yield strength will
approach 120 ksi and have a minimum of 100 ksi. Thus,
100/74 = 1.35, which provides a minimum of a 30 percent
increase in the forming ability when using existing equip-

a fales 43 men amsdo
ment; a similar percentage decrease in the fabrication costs

will result



In electing to take advantage of these potential cost re-
ductions, it must be remembered that the precipitation
hardening still must be done. It is imperative that adequate
equipment and facilities be either on hand, procured, or built
to %ccomphsh this task, which is normally done by the steel
producer.

Cold-forming using these materials needs much more ex-
loration. The potenfia is beyond imagination. The savings
0 be realized in other industries such as mining, steel struc-

tures, bridges, refinery, and chemical operations need to be
pursued. We at Beaumont are proud to have been a pioneer
In this effort. We know that it works.

When first proposed, this project was to extend, in four

hases, over a four-year period. The results of Phases 1 and

have been detailed in this presentation. Plans have also
been outlined for Phases 3, 4A, and 4B, provided funds be-
come available.

In the last part of Phase 4 (B), we would show that steels
using extra-low-carbon (0.07 and down) combined with var-
ious nickel-copper combination additives could be_produced
to amost any yield point desired, while maintaining notch

D-9

toughness. These yields, and other properties, would be at-
tained by variations in the precipitation-hardening soak times
and temperatures, _

Then we would advocate using these products to replace
dl_other steel plates, running the gamut from ASTM A514
517, and 709 down through the 50- to 65-ksi yield point level
(A572, 588, and 633). The savings by eliminating preheat
and heat input limitations while welding are beyond com-

rehension. Replacing basic steels, such as ABS ordinary

rades A, B, CS, D, DS and ASTM .+36 with a50-ksi yield
oint nlck_el-coEper would produce measurable material and
abor savings. | esswaPh and less welding time required
to complete an item would also reduce scheduled time to pro-
duce the same item. o

We redlize that some of these products have a very limited
use in oux industry. However, by showing users (architects,
engineers, fabricators, and erec orgz in other steel industry
segmenk the merits of these products and the potential sav-
ings possible, broader markets for these products would de-
velop. Such a move would benefit not only shipbuilding but
the rgslt of the steel industry, including state-side producers,
as well.
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