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In addition, papers and panels related to ASME Codes are of particular interest. Suggestions for sessions and the
names of possible contributors or session developers should be directed to the appropriate Conference Program
Chairman.

Abstracts of proposed papers (50-150 words) are due prior to October 1, 1977. Full papers that conform to ASME
Manual MS-4, ‘**An ASME Paper’’, are due on or before December 1, 1977. All accepted papers will be printed and
made available prior to the meeting. Those of permanent interest wili be published in the ASME Transactions, those
of current interest may appear in Mechanical Engineering. Abstracts and papers should be submitted as follows
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1978 ASME/CSME

Pressure Vessels and Piping Conference
with
Nuclear and Materials Divisions

June 25-29
Montreal, Canada s

The ASME Pressure Vessels and Piping Division with the participation of the Nuclear and Materials Divisions will
hold its first joint conference with the Canadian Society for Mechanical Engineering at the Sheraton-Mt. Royal Hotel,
Montreal, Canada during the week June 25-29, 1978. Forty technical sessions covering a broad range of interest will
be developed for this conference. In addition, short courses on ASME Codes and their applications will be offered.

Paper and panel sessions are solicited on the following topics:
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PRESSURE VESSELS AND PIPING DIVISION

Design and Analysis: Seismic Design, High Temperature Design, Fracture Mechanics, Flow-induced Vibrations,
Sodium-Water Reactions, Analysis Techniques, Reliability, Mathematical Modeling, Random Vibration, Sys-
tems Analysis and Optimization, Design with Non-Metallic Materials, Design Problems in Advanced Energy
Systems.

Operations, Applications and Components: High Pressure Technology, In-Service Inspection, Quality Assur-
ance, Operation Considerations, Experimentation, Component Design, Seal and Closure Designs, Failures,
Cryogenic Equipment or Systems.

Materials and Fabrication: Non-Destructive Examination, High Temperature Material Properties, Welding,
Corrosion, Material Degradation Due to irradiation.

Computer Technology: Advancement in Finite Element Techniques, Fluid/Solid Interaction, Residual Stress
Computation, Computer Graphics, Numerical Contro! and Data Reduction in Fabrication, Dynamic Response,
Creep Analysis, Safety and Accident Analysis.
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NUCLEAR ENGINEERING DIVISION

Advanced Reactors: Engineering, Thermal Cycles, Safety, and Commercial Development of the LMFBR, MSBR,
Gas Cooled Breeder and Fusion Reactors.

Nuclear Heat Exchangers: Steam Generator Design, Material Selection and Testing Programs, Operating
Experience, Effect of Contaminants in Coolant, Corrosion or Vibration Problems.

Mechanisms and Reactor Servicing: Engineering Design, Operating Experience, Materials Selection and Weld-
ing.

Pressure Vessels and Piping: The Design and Analysis of Pressure Vessels, Piping, Pumps and Valves in Nuclear
Service. Related Topics such as Licensing, Operating Experience, In-Service Inspection, Seismic Design, Vibra-
tion Problems and Heavy Water Systems.

Radwaste Systems: Design and Maintenance of Existing Systems, Proposed New Systems, Decontamination
Methods and Analyses, Personnel Exposure Limits.

MATERIALS DIVISION

Fracture Mechanics: Fracture Toughness, Fatigue Crack Growth, Environmental Effects, Temperature Effects,
Irradiation Effects.

Reliability and Failure Analysis: Service Behavior, Seivice Failure Investigations.

Test Methods: Elastic-Plastic Fracture, Crack Arrest, 1Dynamic Fracture, Serveillance Programs.

Mechanical and Physical Properties: Fatigue, Tension, Corrosion.
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Cuccezsful helf- or temper-bead
technique weld repairs performed to Tre-
tion LI of the American lociety of ifechun-
necrs Boiler and Presowre Vesscl
fill\."L“TL‘ Hovere mauae to Lwo Hewvy-

oo Gheel 'Mochnolory Propgram veossels
snoa qualificanion prolonmation. Inter-
medinte slzed venoels, cquivalent in
thickness to nucloar pressure vessels

were vepair welded and subsequently flawed
and pressire tested to approximately 2 1/L
Limes desilen pressure before leaknge
ocoeurred.,
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eriects, Claw test, criterlon, pressure
tails nnd re and recommendo-
Tor further uevo]oncnt work for a
application
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Key Words: AODHE Code Section X¥I Weld
Her=airgs half-bead welding; half-bead weld

revairs; H3E8T vessels,
nuclear vessels, weld
vensels, weld rﬁpairs;
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w2ld repairs;
epairs; pressure
temper-bsad weld-

Lemper-bead weld repairs.

situ repair of o
Tarre nuclenar prosours vessel

The In flaw in a
could be a
For normanl
a thermal stress relief is
reduce neak welding stressen;
accomplishing this task under
field conditions could result in diffi-
culties related to warpage of the vessel.
Consequentl;r, Section XI of tlie ADMI
Boiler and Pressure Vessel Code (1) has
provided guidelines for making major

cotplenr undertaid
fabrication,
used to
hovwever,

Lng. shop

repairs by welding without a bsequent
thermal stress relicl. This repair weld

rrocedure employs a technique known as the
"alf {or temper) bead" technique. In
principle, this procedure involves apply-
ing each weld pass in such a manner that
it tempers the preceding weld pass. Thus,
brittle transformation products created
during welding will be rendered more
ductile. Although this technique 1is
currently used in the repair of petro-
chemical pressure vessels, a demonstration
of the practicality und effectiveness of

this repair technigue has not yet becn
made for a full scalce nuclear pressure
vessel.

The Heavy-Section Steel Technology
(1ISST) Program conducted by the Oak Tidge
National Laboratcry (ORNL) and sponsored
by the Nuclear Regulatory Commission (NRC)
has been pressure-testing deliberately
flawed intermediate sized vessels having
wvall thicknesses of 152~mm (6-in.). Cne
such vessel, ITV-T. contained a deep
extoernal surface flaw oriented in the
axial direction, and was hydraulically
pressu zed to failure. Leakage occurred
when tl : vessel ressurized to 2 1L/L
times tne de 1gn pressure (2). The through-
wall flaw wa. subsequently repaired accord-
ing to Section XTI procedures and the
vessel reflawed identically, away from the
repair weld, 'The repaired versel, redes-
ignated vessel ITV-TA, was pneumatically
pressurized to failure, with leakaye
occwrring through the below-flaw ligament
at a pressure almost identical to the leak
presswre of vessel V-T. No abnormalities
were noted in the region of the half-bead
weld repair (3). TFollowing another Sec-
tion XI through-wall half-bead weld repair,

Was
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The feasibility of performing L
Y1 repair welds was demonstynted for
horizoutal or vertical vessels. This
raport documents details of the procedures
used in the half-bead weld repair~, diﬂm
cussaes resultant metallurpgicul and 458
wlieens, flaw eriterion, nre
detalls and resulbs, and offers vecomaendo—
tinns Tor rurther develoument Loward
application process for woelid
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WO
noupeedior
repairs.

BACKGROUTLID

Description of Test Vessel

Intermediate test vessel V-7 reopre-
sents one vessel in o series of ten ves-
sels produced for the ORNL HSST program.

o

he desipn of the internediate test vessels
nrovidoes for (1) material variation in
maborial and weldine: seams, (@)
cylindrical shell thicrness npproximately
the o an licht-water resctor R
venseln, (i) cpocial hewd and closure
desien to give rewsonable assurance bhab
these components would il prior to

bune

not

failuwre of the ceylinder at the test {law,
sl () achiovement of economy by com-
petitive dunp swn bidding,

The peneral Tewtures ol tne 99-cm
(3y-iu.) oubside Jdimm, 15.0-cm (O=in.)
wull thickness x ”rh—cm 1100-1n.) nverall

lewrth vesnel are shown along with the

various weld repair and flawing detadils in
¥ig. 1. dore detaile~d design and procure-

ment activities
ol oble

for achioving the fore-
arce covered in Ref. 5
. Phe nosembloed vesael welghs about
13,300 Vessel weisht lens head is
approximately 10,400 1bs. Vessels consist
of AJTM ASN8 clans 2 forgings for the
hemispherical head, the cover closure, and
the cover flange and of elther A508 class

elbives and

s,

2 Forging or ralled ACTHM AS33, grade B,
cluss 1 Jow alloy plate lor the cylin-

drical toest sectlons, the
teeexd for vessel V-T.

latter being
The two prolongrua-—

cions used in conjunction with the two
vessel repairs were cul {rom two vessel

cylindricnl sections, and were manufac—
tured and heat trcuated concurrently.

Fxcept for vesscel V-6, the eylindrical
shell cowrses contained one longi-
tudinal These welds and the

CHOH
seam weld.

two circumferential scam welds juining the
head and flange ends were welds made with

submerged-are ESCLY NM filler red. The
fabrication seauence consisted of welding,

preliminary weld seam ulbrasonic inspec-—

tion, weld repair, conveutional post-weld
heant treatment, intermediste weld seanm
wltrasonic inpsection, radiomraphy, hydro-

shatie testing, final weld seam ultrasonic
lnspection manetic particle inspection,

and leax testing

ithe V=T

Thg 1nltlal teost of ITV-T
crack~initiation fracture test in vessel
shell plate material with a sharp outside
surface flaw LS. T—cm (18-in.) long and
about 13.5-cm (5.3-in.) deep, leaving a
minimum wull-thickness ligament of approxi-
mately 18-mm (0.7-in.) depth Tor tlaw

WS A



peopaation.  Fluw location, shape and
dimensions are shown in ¥ig. 1. The
veusel was heatoed to 91°C (196°F) and
ressurizoed Lrirnudllically witil lealage
roush the below flaw ligament terminated
tue test al w« peul pressure of 14T MPa
(21,350 psi), a failuwre pressure equaling
2.2 times design pressure, ‘e vessel, as
expected, did not nurst. Upon dcprg"%url—
zutlon, the rupture lifpoment closed 5o as
te maintain static pregssure without leak-
aeme at about 109 MPuw (18,700 nsi). The
deronstrated leak without break, at a
loading for wiich inside surface of
thr vesuel wan avout to vield, and at a
cerature higher than the Churpy
shelf terperature which cliosen
specimen

toushneos in
bo Lnat dn o overating rewctor
More complete details of the V-7
test are covered in Ref. 2.
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V-T REPAIRS FOR V-T7A TEDT

Underlyin: Informition
Vesoel V=TA was the {Tirst of the
intersediate test vessels to be produced

Ly repuir of a vessel (Yezsel T7) +hat had
been previously tested to the point of
F&ilure. Vesgel T was suitable for fur-
ther testings because, in the initial test,
tho Vo,;el had developed a rupture through

tlie wall onily immediately beneath the
prepared {law and ¢rons recidual distor-
tion and plastic deformation of the vessel
was limited to the region of the flaw.

Thus distortion did not affect the removal
and rescaling of the head, or the repair

of the flaw itself. After being repaired,
vessel V=T was redesipnated V-TA.

The cylindrical test section in
renio remote from the flaw had reached
strains of 0.27 to 0.47% on the inside
surface and about 0.1% on the outside.
rermanent, set in the vessel prior to weld
repair indicated straln distributions of
N.307 on the inside and —0.02%7 on the
outside in the location 135° Trom the
original V-7 flaw which was therefore
selected for the V-TA flaw to minimize the
influence of residual strain on the V-TA
test. The V-TA Tlaw location, relative 1o
the old flaw, and typical flaw details are
snowr in Fig. 1.

Weld Repair Program
The original flaw in el V-7 was a
S-mm-wide (l-in.) michined trapezoidal
shaped noteh sharpened by a cracked elec-
tron-beam bead. 'The cross section of the
flaw lay in a radial-axial plane of the
test section 180° from the longitudinal
submerged-arce vessel sean weld. Conuidera-—
tion wun piven to meking o vepoir of

the

fracture zone by the most economical means
consistent witn the objectives or the

subsequent test. Alternatively, the
vessel could have been repaired by wvro-
cedures applicable to nuclenr vessels.

The latiter course wis chosen, since the
test beiny plamned for V-TA would be a
rare opportunity to test a repair weldment
to a high overload.

A repair weldment was designed for
vessel V-7 to utilize the half-bead pro-
cedure precceribed by Subarticle IWB-L4L20,
Procedure Mumber b, "Welding Low Alloy
Stecls," of Section XI of the 1974 ASME
Loiler and Pressure Vessel Code (1). This
procedurc is intended to Le used for

epairing components for which it is
impractical to perform the usual post-weld
heat treatment at 590 tc G30°C (1100 to
1150°T"). ORNL Welding Stecifization No.
W-1B~100, based upon this procedure in the
Code, was written and issued especially
for the repair of vessel V=T (3).

The welding procedure incorporated in
the specifications was doveloped with the
advice of the PVRC Advicory Task Groun on
Weld Repair of Pressure Vessels, under the
chairmanship of E. Landerman of Weoting-
Liouse Electric (Llﬁordul The Hlectric

Tpnotitute (&1

Power RI), as Uubcontractor
to Union Carbi:le Corp., hitclear Rivision
(UCCND) under purchase order, had the

repair made by Combust
Ine., (CE) at

on rngineering,

i
no cost to hc goverument.

R. E. Smith was rvroject lender for FEPRI,
and W. D. f ¥ directed the weld

Goins o
prepavations, procedure qualifTication,
repair welding, nondestructive exami-
nation., A dt')liud account of the work
done Uy CI is given in Ref. 7.

Section XI of the Code requires the
prepuaration of 1 welding procedure gquali-
fication piece similar to the repzair
weldment. The cylindrical prolongation of
intermediate tect vessel V-9 was chosen
for this purpose, since it was fabricated
from the same heat ag vessel V-7, whose

uxl



prolongation had already been cut up for
material charncterization. Cince vessel
V=T wau not o "Code" vessel in the striet
rence of it fubure use in Cracture bests,
the vessel did nob demand o Deetion X1
repalir. Henes, the nrocedure qualilf
tion piece was not pretested ws required
Ly the Code for Lhe purpose of quualifying
the procedure used on tie vessely instead,
both the vensel and the prolongation were
prepared SLded concurrently.  Yhe
prolongution was eventuully nectioned for
some material reoperty tests of the type
normally requicced by Dectlon NI, for other
material pronertv u1udLv‘, for the
measuroment of residual ctresses,
Due to H » zhort l‘:nr‘u uf tne
lonsation | 635-mn (A;)—-in-”, i1 wou
sary bo weld raints on cach
L0 repitiva, b nlmdate the V-

3
rectraint.  10C-mm (h=in.)

jCi-

and w

ariid

nro-—-

et D—

rest

rrior
vestel

crul,

Sguure carbon

tenl bars were welded to the ends of the
prolongution with shielded metul arc
fillet welds, with the prolongation pre—

heated to 149°C (300°F) for this
The cavity containing the
Plaw was cnlarvied usinge o
nanual air-carbon arc process Lo provide
uccess for manual ohiclled metal are half-
vead repnir welding {(8).  In the air-
carbon arc procens, o DUC. arc 1o main-
tuined between the work plece and a copper
conted carbon el=ctrode. 'lThe nolten
materiul is blown away by high velocity
Jets of compre The vesscl
prolongation test plece (V-9 prolongution)
cavity was also excavoted using the air-
carbon arc mrocess, and an oxygen lance
(8) was used to pierce a starter hole
througsh the prolongation. Preheat was
maintained hetween 177 and 204°C (550 aud
LOO®F) during lancing and air carbon-arc
pouring. The surface ections of the
final wir-arc cnlarped cavities were
rectanmles, approximately 102-mm X 405-mm
(h=in. x 19 l/?—in ) on the outer, and
apnrn"imu*hly Do tepm % 2hl-mm (3/8-in. x
9 1/ -in.) on the inner vessel surfaces,
and apiroximately 102-mm % 292-mm (h-in. x
11 1/2-in.) and 9.5-tm % 38-mm (3/B-in. »
1 1/2-in.) on the respective prolongation
surfaces. Longitudinal cavity ends vere
sloped at approximately 1730° included
angles with the cavity bottom and the
sides at approximately 105°.

vork.
vessel T
conventional

gzed adir.

inters

<(./

In order to assure complete removal
of the air-arc surface, carburizatlion, and
any hent-affected zone resulting from the
aiveare Troceuss, = minimwn of O hemm (1/4-
in.) of metul wues ground from tne surface.
Metal renoval was pored by grinding grooves
into the cavity walls Gulimmn (1/h—in.)
deep,  The cavity was then ground smooth
after the prooves vere completely elimi-
nated. Linuid penetrant and magnetic
rarticle examinations Collowed. Final
vessel prerepair cavity dimensions are
shown in Pig. 1, along with 6 lemm (1/4=
in.) thick steel backing bars which wvere
tacked to the vessel and prolongation
inside surfaces.

The prolonisation!
eXterior win

interior and

instrumented with strain
pares adjacent to the renuir cavity. In
addition, a palr of ecircunferential gages,
one inside and onc outside, were placed
1807 from the repair cavity. TFour outside
surfoce gages were used newr the cavity's
edges. CE installed thermocouples at cach
strain gage location to allow for adjust-
ments of apparent strains for tcmperature.
ATLTECH type SC 425 (900°F waximun tem-
perature tolerunce) pares were used within
S—rm (#-in.) of the cavity and vype 2G 125
(600"F maximum temperature tolerance)
pages for other locations. A total of &
high temperature and & intermediate tem—
perature o re used. Strain ohserva-
tions were made atl several stages of the
repalr process and were uszed subsequently
in the residual stress study described in
Cection 5.

Two 11 kilowatt olectrical resislance
heaters wvere placed inside the vesscl.
Channel clement resistance heating for the
vessel and prolongation were subcontracted
by CE to lleat Engineering, Inc., sub-
sidiary of Electric Arc, Inc., heat-
treatment specialists, of Cedar rnolls,
IT.J. The heaters were tack welded to
supports placed inside the vescel and
welded to the vessel weld cavity backing
har. ‘'f'wo additional units of 1 1/2 kilo-
watt each were placed in the flange open-
ing to trim and balance the heat flow in
tlhe vessel, The prolongation wus preheated
by placing Tive 3 1/2 kilowatt heating
elements across the end braces. Approxi-
mately five hours were required to bring
both the vessel and prolongation from room
temperature up to the required preheat -

LTen Wer



crabuare rance of 177 to 260°C {350 to

chieees

witjucent Lo w

welil d‘u‘~d1.BCuLJ ZOUES

Y e
s A e

s

heatod to o a
critical
oidine.  In

rolutiore] spall

u' =
lower TUML—

robure during

porribagte z).bo‘”' L

“ormation

Lempe

nny lnree metal onjeon, o

inutum&qr\uﬁ

o devatioed

nrogacha o Bl a0
nohead poesiidtng snvoensoen, Whion owno o Lo
st Lo Lueedor heat treatnent

no v Lhe caoe of Lhe

roniroll

cerpiendt weldd dlavors snd dg
tomper procedure,

- =
Jra ‘L ihtere !

el L
chullow,

metul using o

uju;uuwr vopeelrons Ly prenduce g

arlform HAY. one-half of
Lidn Lo removed Wy ocrinding,
nhun Teent from o second

"

pubttorin: Jay o poncbrale
L prodtaens L
HAZ . A Iarc-cr elechrode ii,::

the noxth woeld

. A
AL

4, i
s Pt

rent, in the
thnen used
provide addi-
tenpering. Yhe
renailnine luy s oarc posited
rode, waere
ttional Lemporing
Tmproved weld rod chemistry
unod Eo minimire translormation
nroblems wnd to plend acuccessive
Weld denosin lusers withoub inducing
clenificant effects.
Ly the

SR, P ey
L0505, PHe

iayoer Lo
aul heat Lunuh for

il ed

HAD
s

Lurger eloch;

posaible, o orovide addi

L also
rroduct

inter-larer adverse
Wediioo o
rys ,l

[

necomolisned
cioledded motad e

-0

1 i . 1t - ~ ~
S Dpabhueraeds with 2L 20-
ut [e/%0-00. ) elecurodes. ALl old-

cus done in the Tlab, or horizontal
Sloun redde, lend sogiences storted

S lde dilanecber ecutouts, alop the
b owdony the stiort end
et anlotys The longiltudinal sloped
ends. Initially, cne-half of the cavity
v bubtered with the horizontally posi-
tioned vessel rotated Tor flat positlion
welding,  Thereafter, the vessel was then
rotated 15279 to wutter the other half

the cavity, Punched reference gage marks

wore applicd and
cavity dimensions
ing. A gmre

nessurenents wero tamon

uped {or measuring the

Lelore wand after butter-

was plucod in Lhe cavity and
Trom caci

will referoence point o the cavity center-

line. Approximat. onz-nulf of

butterin: layer was rrinding

side

the

4 St d e
removaed Ly

and additional measurencnts wvere taken
ufter grindi tn aooure that the remain-
ing weld %Ll was o avyropeiate. It

p}
proved ruther dLilivul to t
reproducible measurcwents in the cavity at
about ©uk®C (HOO°TF).

After one-nall of the layor was
pround of ', the cavity was incpected by
na.xgti rarticle (AT) examinoation and
3 weld 1+ deposited
over Lhe cavioy TR Repm iy

diwn (1/8-100) cliectrode.  The wvesscel

(\

rotatlon, il woeld bead ceguences used for
Lhe vecond layer were the same as for the
firot. Bead starts, however, were stap-—

sered from the initisl passes. After tue
sccond luyer of butterings was completed
and MT inspected, the cavity was rotated
t6 the 12 o'cleoek position and the welding
completed using 2.18-mm-diam {1/8-in.) and
3, O7 —mm—dium \)/JL-Ln } enuted electrodoes.
The firet head derosited Vorulcal
layer war nlac>d next 1o tue cavity sile
wall and the subscauent beads were se-
meneed inward nter of lue

cavity. M inspection rformed on
sround

in each

toward thoe cer
WL pe
alternate laver: and on
layoer.  Thore were no G
detected in
tlon point.

CE teoal special autions to weep
the electrode molsture lovel as
practicnl to reduce the oo
hydrogen delaved
and ultrasonic

S
cither cavity at any incpec-—

prec
low as
sgibility o
Drnckinq. Tostweld X-ray
evaminations (UT) showed no
indications of uny All
conthed eluectrodes cecordance
with the ers
apecitled Y(4) of
Orction WY and

Loaced in senled

imach

ing.
weve in a
£
3

3

Che eloctroacs were

voouwm pacragen. AT cmoval from the
vaceurn packanes, Lo ClQCbTOdCS were

nlaced in portable hieating ove.s operating
in the temperature ranse of 107 to 1L9°C
(225 to 300°7). wlectrodes left in a
portable oven for over an hour were dis-
carded. Hiectrode sarmples werce periodi-
cally removen from tho pertable holding



Y o

and Lhe molature in the
measure] woing the polcture 2
in parasraph 25 of SFA=S.5, ”:pec1ficution
for Low Alloy Uteel l
Mlectrodes, T ALRE Code
ults of thane

Qv

s

(,1,‘[-‘[(,\. f
TuctLon (f Ll
nverchecks were

The ren

compurea with tle: 90080 mazimuon moishwre
level in Lne odectrode cdatings prior Lo

viacuws pacraglne.  Highest moicture deter-
winetlon wus O.140, abhont o fuctor of
tiree Less thoan bhe O04 raximum speeificed
for thin type of work.

After the welding was completed, the
weld surfuce Wi :,IOxu‘d smoobtn while
mieintalining: the ghine In Lhe range
of 177 to 500 . The final
sround suriace: reelncpanted by W1

L1 relids ther

henbed in
o0 (Lo
temperathu s of
repair welds were con
(£20°0) of the vessol
at all times, The
rates were approximately b
Mnally, the backing bars wei

HHSTEIAIRATS AT

i - . .
fyne of 2EF Lo
\w»‘\

) for four hours,
=1 and prolongutlon
trolled within M11K
averase hemperature
heatup and cooldown
(‘mﬁhwmn
sround from

e

the vessel ID's uoing o pole grinder. The
{inal ground inner surfaces were 79 in-
spected using au AC yoke =0 as not to
leave prod murks on the final IL weld
surfucec.,

The entirve weld and 1/201 of udjucent

I
Lase metal of bhoth the vessel and nrolongu—
tion were examined ultrasonically in
accordance with the requirement of parn-
fraph TWA-2232 and Appendiz T of Ocetion
LI (l). The required examination was
performed three times: (1) a2 soon as the
vessel and prolongation curfaces reached
room temperature; (2) L8 hr after both

surfaces returned to room temperature; and
(3) approximately b wecks later. There

vere no recordable indications detected
during any of these inaspections.
tadiopraphic examination was per-
Tormed with a 7 1/2 eV Varian linear
accelerator and Fodul "u" film in accord-
ance with tne requirements of paragraph
TWA-2231 of Section ¥I {(1). Ho major
defects were found in the vessel weld, but
minor porosity was detccted near the

inside surface of the weld in the prolonga-
tion. Tt is believed that thic porosity

vwas caused by the restricted access avail-
able to the welder in the deep, narrow
portion of the cavity.

To provide sulficient material for
churacterizi; tive wroperties of the weld
metal, Lwo plutes were

additional test

also weldel und heat treated, using the
same parameters thut vere uned Lo repair

the

re v (R}
voenael. 5w

: roion wnd radiog-
1o fdj f

ravhy veveuled whle indications
in these plates.  The base muterial in
these plabos came from the 3/47 depth of
section Ul of HOST olute 02 (10,11), a
plato guite sindlar to the AS32 plate

sections of the vesscel and prolonsation.

RHepair Wold Charactocizadion
The welding procodure gqualification

prolonpution and une of the two weld metal
Losh plabos by Cl were used fov
properties of the weld
MPISEE investipgating the
through-the~thickness residual stress in
thie ULt imote and yield stresses
Charpy impact encrpgy, and lower bound
(equivalent energy) fracture toughness
measurements of the weld metal were made.
V-Th test plute (weldment W-1 repair
reld wmaterial) tensile test results, for

prepared
Ll
and for

churachorizing

ropair

weldnent .

the W oorientation (axis perpendiculsr to
the welding direction and parallel to the
plate surface) and for the temperature

—73 to 177°C (=100 to 350°F),
shown in Fig. 2. Charpy V-notch
specimens, with the notches located
weld conterline, were testoed in the

range {row
are
at the
VL

orientation (axis as in the tensile speci-
men, crack nropagating in the weld direc-—
tion). Cruroy V-notch impuct properties

are glven Wig. 3. Precracked Charpy
specinens of the same orientation wer
also tested statically with the results
shown in Fig. 4. The fracture toughness
and hardness date proved to be very simi-
lar to the resuldts from the V-7 repailr,
hence these are discussed in Section U of
this revort. Detailed accounts of the
V-TA repair characterization studies are
given in Chapter 3 of Ref. 3.

V-TA Test Swmary

The V-TA (weld repaired vessel) test
was generally o repeat of the initi.io V-7
test, with identical flaw preparations in

a base metal region of the vessel cylin-
der, and a vessel test temperature of 91°C
(196°F), except that pneumatic pressuri-
zation was used instead of hydraulic
pressurization. The V-TA test was a




dned- toad tesk las I'eR V=78 TEST

of approximately 80 hours, comparerl vl'bh
2.2 hours for the V-T test. The V-T test CJeneral Information

is fully described in Ref, 2 and the V-TA T‘ollo{r’iﬁé tho V- 'TA test, vessel 7

R R T
; hc ol J_glnal

nmwhh g on the vessel's inney s

R

i1 llr-a‘nnnb Becane noticesble the outer swrface. Permanent strain at

the remnm

at about 115 MPa (16,700 psi). Azial the boundaries of the subsequently pre-
craek extension was negligible below 138 pared cavity for V-TB half-bead weld
MPa: (26,000 psi). Pefore the final maxi-  repairs was on the order of 50% of those
mwa pressure was reached, there were values.

A through-wall wedge plec:e approxi-~
mai‘:ﬂl ¥ lJ L-mx, v

ultrasonic indications of bout 9 mm (0. 35

are g@ugun for detalled study of’ crack
propagasion. Both ends of the wedge

, cutott catity were gowge-tapered at 112°
The halﬂ)eam *rclcl repalred vofxc was qm_et. (head end) ang 122° (dome end) included

Strain measurements on the weld repair angles for a T68-mm—long (30 1/U=in.)
inmer surface zone indicated that yielding vessel top surface cavity opening. Cavity
. began there only well above design pres- sides were cut on radial surface planes,
sure [66.9 MPa (9710 psi)], when consider- Thereafter, an additional 6 to 8 mm {1/4
able yielding had already occurred in to 5/16 in.) of material was removed by
other wnflawed parts of the test vessel grinding or milling along and-adjacent to
cylinder. In evaluating the nonlinear the cutout's voundary surfaces to elimi-

behavior of the veld repair 1tuelf' one nate flame induced carburization and heat-
1 ' / : -afffeched BORCE. - Hachine o g Vas
gelected along the radial plane swrfa
‘ tral eavity edges to e:.tab
lisk a.ccm ate reference planes for Tlawing
within the center portion of the heat-
affected zone of the vessel V-TA weld
repair for the V-TB test. The main ob-

e;, of the fla.w zegmn. was

removed from Y=Th after the pneumsiic Jjective for the V~TB test was to demon-
susbadned=load test. The specimen was strate the structural integrity in the
chilled in liquid nitrogen, split in a upper shelf temperature range cof a vessel
press=brake,; and exsmined by lLight micros- containing a large flaw in the heat-

copy and scanning electron microscopy. affected zone of an inservice repair weld.
The fracture surfaces of the flaw region The preweld repair cavity is shown in Fig.
formed during the test have a dimpled 1.

morphology that is caaracteristics of

cracks exztended by ductile tearing. Weld Repair Frogram

Posttest ultrasonic examinations of the Westinghouse Tampa Division (WTD),
weld repair areas revealed no irregulari- under conmtract to UCCND, ORNL (Contract
ties. UCCND P.O. 75Y13494V), used in "Half-Bead

Temper Welding Technigue' ‘o weld repair
two intermediate test Vessels and one
stolongad 1 5L
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und asLrasonic | vlectrodes when welding in the horizont
Luirs revealed no rovition, WTD welders welding Ver"icall
rruciing.  n TeDnoa reported that after burning a Lemm (5/32—

1) Glectpode Tor about 76 mm (2 in.),

welds, ) reduce the
GATAL/GARD, Inc.,d usecd acoustic Lowerdnz ¥l
emigslon equipmoat to record sounds emit- made Tt o
ted durin. weldine., No sipgnifizant or arcy henge 1t _
rejectupae Indicationg were iJ ntified welding operations
v inctrumentation T in.) elecirodes exclu 1ve1ﬁ.
tion-1nduced resicual s portant to note that Vestinghouse walacr
Lue repgir ogeruntlons ar required 62 total layers to fill tle V-TB
Loy ersonnel. cavity, compared to a 68 layer Till hy
. orome irtTleuwdnics in Comtustion Frngineering welders for the
of the helf-besd tecnnigue caually desn. i L
(1) the determination of
LWow to meazure or judge vhen half of the - \5is
butter-layer was rrouna off, {7) welding per pass tban the CE welds
ing hori tally, depo

with h-mm—cism (5/37-in.) coated elec- wald

trodes in the vertical pouition, (3) per pass

porosity Tormationc especially in weld electroae

tart, and stop ang in btacking plate sloped 3. Precautionaty mea

nd houndaries, and (4) proulemz of limited weld lavers and to contain starts and .

ar rastricbed aocess for the weldcr to stops within a layer {and a4t the corners)

reach potton areas of a throush-wall in-line for ready grindout did not elimi

repalir. nate porosity formation problems entirel

1. ‘'ne devermination of when the Despite continuous acoustic emission

first or "bLutter" layer hazs bern ground sur~ “.lance and alternate pass magnetic

up as a ]udngnL decision. It is particle 1n9pectlon some pOTOaltJ formed
X 5 initiallys

”buubﬁr lafc : Bale

¢ised not to gring off the ent
Eetuwal ground layer measuxemenﬁs@ Lhere—
after, should not be reguired. The use of two stacLea and contetred ‘
small electrodes for the bubfering leyer bvacking bafs for the cavity b ,
followed by z second buitering layer bars were chozen Ffor WID repairs to eli
applied wi.t a lairper dismeter electrode nate time consuming postweld bar grindout
mzy achieve adequate tempering to the based on CE is work experience during
initial layer and the adjacent base metal. which only a single 6.35-mm (1/b=in.)
t may even he possible to omit grinding backing bar was used. The imer backing
for the first layer altogether. bar dlsborted,and,separaued from,the outer

Eﬁ Sen. tnoubh CE encounﬁered few ; C




welding the v .if-wall thickness cavity in
vesaerl V- did not

probler:

the prolonration and in

preaent, weelding

for

undasuig CRIL0a,
i Wisl 'AI[\E’

S o

tre

y-8 nrolongmtlun and in vesasl VTR,
however, presented considersbie problems
for the welders., Their primary diffieul-
tics wore the' of limited ace ss far
welding, the lLe-mm repair depth, the
narrovness of the area to be repaired, and
the ,L/?0 anrles on each of the cavity's
side wallo. povertienl vopair welds
vhich are Lo Le done narnnally chonld have
erenter neccon o weldoers which can be
providet by using a lavger wall anple. 1%
should be noted, however, " hrough-—
wall" repairs are not permitted under Code
rules, hemece, in "rewl life" it is gquite
unlikely that problems of this nature will
oceur. The V=-TA and V-TB vessel repairs
were selected €0 produce extreme condi-—
tiona. Where such repairs withstand
subsequent pressure testing, confidence
can be poined for repaire or lecser depth
as may be required in operating facility
work.

ORNL/HUREG-TM-1TT repnrt (12} pro-
vides complete chromological listings, job
photographs, and discussions of all the

had Wﬁld L@pd&fs and rcl ted V@rk

PR
biu’.l. L

£ A typical
roe tdhen acrogs the
hase metal-repair weld HAZ of the V-TB
prototype half-bead repair weld in the
V-8 prolongation is shown in Fig. 5, which
indicates that the hishest hardness values
oceur in the dark etched 2.29%=mm {0.090-
in.) wide region which is the heat affected
Zone.,

occurs twice with a dislance of 0.25
(0010 in.). This is in agreememt with
hardness dasta. obtalned from three trav-

Fracture toughness investigat ions.
ie frecture toughness (K. ) results
also obtained usine rre cracxeu
rrr=y 'Jtigued

specinens witn Lie

The highest DPH value, 314 (R_ 31.6),

Ehe —L

_TEtaEe
Lrucketed the proposed Le
for vessels V-TB and V-8

for Lhe VeB 31mul4tionfwﬁl&;
Lemperalburas
temperabures
respectively.
Static fracture thowhness \Fl“ )

coults from the V-TB weldment specimen
sted indicate o range fxom 115 to 301
ﬁu. l/m vLUh to 27*-1 Lires)

~50°F), both
rep@1“ weld s bl o
(150 to 2509F) tempetuty range., :
values ranged between 219 to 382 MPa.
(199 to 348 ksi
ness vaiues ocour 1n.uhe base meha1~t
weild HAZ and the lower valties in the -
repair weld metal. .

The static fracture toughness test

from the V-8 weldment specimens indicat
range from 4l to 366 MPa vm (LO to 333
Vin.) in the —18 to —101°C {0 to —150°F)
temperature region. The lowest KTCd
values were obtawneu from upccmenj re—

valu Ry UC AW
weld HAZ. All of the values that fcll
below 110 WPa Vi (100 ksi /in.) vere
obtained in the original prolongatlon
fabrication weld. Also, the repalr weld
metal and the HAZ appear to be as tougk
or tougher than the vessel base metal.

V-TB Test Swmary

the flaws in the earlier two tests, but.
was “laced ccntered 1n the heau—affcct'




Teak develoread

Lhrough

—an .-

v@sldv°*
(0,- L0

PR

flaw in V-7B had a
of from v to 11 mm
was bewring nceoerly unstably
slowly, bepinning in the plane of the
oririnal flaw apd extending mlong either
pdime (pacont met weld mcu¢L, ro-
cpectivelr) of tne HAZ, froguently crosse-
Lhe zone at appro “1A¢Lkl
o

enbire

and ¥

een romidnea

uLL=-Lest oonvent il Wl urusonice
3 . N Al -
eXioninations of o wedge removet “ro Lhe
e -“l P R LT A TR 70 L N P T ST Weelid
AN 2 and conts X Tl Lt repalr aily
mrer ireed SLot ot Phaw -0 from tne wutaoide
ey ~ . M}
Suriace - openeener coeraek ntoa reteetable

level outside the ends of Lhe cavity,
amplitudes between 20 and 63% of the
referenc: level. More sorhisticated UT
schemes noted that the cracks extond
aprroximatly 809 and 160 mm (3 and 6 in.),
or even slightly more, from the respective
slot ends. Radiograpny showed that the UT
detected cracks are of o rageed nature,
which enuld aceount, in part, for the
generally low rualitudes of some of the
indications. Oiices cut from the wedge
confirmed tne presence of a erack along—
side ona side or othrr tne HAZ of
the repuiz weld, extending uhuut 80 mm (3
in.) beyord each end of the hS5T-mm-lons
(18 in.) trapezoidal slot opening. Hore
detailed test results will be published in
Ref. L.

at

ur

- 3 o
tLhae of

RESTDUAL STRESSES

General conclusions from residual
stress measurements in the vicinity of the
half-bead weld repairs made to the vessels
and prolongations are:

l. 1inw tensile and conmpressive
circumferential and axzial residual stresses
existed in the repair weld metal;

2. The metal adjacent to the weld
repairs had tensile residual stresses
close to the yield stress;

3+ The highest tensile residual
stresses in the metal adjacent %o the
repair welds tended to occur at distances

of approximately 25 to 50 mm (1 to 2 in.)
from the he

stresses were determined
post-weld sirain gage mea-
Suretients and (on the prolonﬁatlonD) from

Residual
frorm proe-

vl

stress
measuremeuns, 1neludlng Slassede]
sectioning, were in genevad,.
the surface strain gage stress determi=
nations.

With regard to residual stress mea-
surement techniques, it was noted that:

1. The hoie drilling technique for
measuring residual stresces is versatile
cffective, N compensation for ficti-~
tious stresges that are 1nt“oducea b
drilling should be ampleoyed- fic
cal drill is used.

2. Cutting or g

.at are to be used as sxtes for hole—

drilling type residual str
can cause mis leadlng resul
gradual removal of swrface in L. v
a very effective means for reducing or
eliminating these spurious skin effects.

Complete residual. stress discussions
for these half-bead weld repairs, includ=
ing illustrations and stress values, are
published in Ref. 13.

and

HALF-BEAD WELD REPAIR PRODUCTIVITY
STATTSTICS VD COMEENT

a1l repalr
halx—bead.vcld repair
From €1 (i OTFG :
(vertlcal p051t10n mode) Worh at 1ilke
cavity depth and compensating for cavity

e

extremely slow for

wveldup volwuesy one notest

1. kore than double time is requlred
for vertical work.

2. Reduced-size through=wall pro-
longation "practice" repairs offer serious
welder access problems, hence take longer
to complete.

3: Based on aetual arc time, large
volume vessel repairs progressed at £ill
rates of 150 cu ems/hr (9:1 ein ;

horlzontal-mode velding and at 79 cu




TR, T Lively, siower,  Pates Cor
Verse s o fewnlr=lnlednens vertionh auviuy
Pt 0L W (:'l\l:'i"l.l_"h', Lesounr el l
Veprtionl reeairn s e e

4. ABBuaLLY, however, are b
distically emounts to ozﬂ.f 33% cf
welaer clockbine for verticul=node wilds

ing, and 50% of clochiime For horizonbnl—
mode work. Productivity bzoed on welder

2t station time,
Lo l/;_‘ QF Lhe
thase munber:s
welders

nboul 1/3
stated rates. Combining
an ectimate of two
per shift Lo pe coavinuity of
progress, for rect breoks,
eles, plun bime an approxinately hol -
Lime inopeetor, and bhe
ductivity, baoed an
(netual manhour: « apnnded on ot
bo onty 0% wwd 19 L/40,
Lhe intlislly stated r ‘Le .
Even though hall-tewi work offors an
adequate and succesgful means of repalring
vessels withoul conventional PWHT needs,
the execution requirements call for many
veller and inspector hours. 1T such work
were L0 voeome necossary for o nue.ear
system component, in the prosence ol g
radioretivity buekeround which limits
Opera.or exposure Sime, many people would
have to be trained and mualificd. Addi-
tinnal rescaren and develonment, work
should be sponsored to roduce
required for such a ropair , or Ltu combine
features of the process, or o modified
process, with accelersied, perhaps auto—
mated, or semi-automated final welding
mebhods .
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Y1ELD STRESS
ULTIMATE STRESS

. 12.8 mm (0,505 in) GAGE DIAMETER
L/D~4
¢:0.022 min~!
4.52 mm {0178 in) GAGE DIAMETER
L/D~7
¢ =0.016 min! o
SPECIMENS W ORIEMTED

{ksi)

i

ENGINEERING STRESS (MPa)
ENGINEERING STRESS

Fig. 2. Variation of tensile properties with temperature for half-
bead test weldment W=l in weld metads




ORNL-DWG 76-5877

Fig. 3. Variation of Charpy V impact energy with tempetrature Tor
half<bead test weldment V=1 in weld metal.
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TEMPERATURE (7F)
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Fig. 4. Variation of fracture toughness with temperature

mined from slowr bend tesbs ol mﬁ,[mgmmﬁm% Charpy specimens from
test weldient W=l in weld mebad.
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across

Fig: 5: Hardness traver
areas of a cross=section of the V-IB 1 } -5
bead weld repair in the V-8 prolongation. (Insert
pyramid hardness indentations across the HAZ.)




