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'% ABSTRACT.

w
??

4 The usefulness of intermediate annealing to periodically mitigate the
j deleterious effects'of nuclear radiation on reactor pressure vessel steels is
6 explored. Test materials are intermediate and high copper content weld
E deposits made commercially. Irradiation and reirradiation exposures were at

k 288'C. Annealing induced properties recovery and resistance to'

p reembrittlement -by irradiation- are qualified for 454 C and 399'C. heat-
2treatments and a total fluence of 2.7 x 101'n/cm ,

5 Tendencies toward a saturation of radiation embrittlement were observed
.

h in annealed material. With 454 C annealing, embrittlement levels were lower
i than those observed af ter irradiation to 1.5 x 101*n/cm2 without intermediate

annealing. - The method shows high promise for radiation sensitive pressure
} vessel steels for increasing their fracture-safe service lifetimes.
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). INTRODUCTION

In the United States (US), the steels and weld deposits forming
reactor pressure vessels are required by law to exhibit a certain
minimum fracture resistance throughout vessel life. For example, the
Charpy V (C ) upper shelf level of vessel materials must be at leasty
68 J (50 ft lb) for unrestricted vessel operation. Minimum

,

requirements are set forth in the US Code of Federal Regulations :
(Title 10 Part $0) and the American Society of Mechanical Engineers I

(ASME) Boiler And Pressure Vessel Code. For those cases where i

properties could be reduced by radiation service to below minimum
values, postirradiation heat treatment for the restoration of vessel |

safety margins is one option available for continuation of vessel !
operations [1].

Postirradiation heat treatment has been shown effective in' '

mitigating radiation induced embrittlement in low alloy steels and
,welds such as those forming early production (pre 1972) reactor ;

pressure vessels [2,3]. The method has been applied successfully to i

the vessels of two light water cooled and moderated power reactors
;(the US Army SM 1A and the Belgian BR 3 reactors) whose rate of j

embrittlement accrual exceeded initial estimates
260,4,5).[ The service

temperatures of these vessels (224*C and C, respectively), |
however, were significantly lower than the nominal service temperature
(288'C) of larSe commercial power reactor vessels. Prior irradiation '

temperature is known to be a factor influencing annealing recovery
[2]. That is, the extent of notch ductility changes by a given
postirradiation heat treatment generally is smaller with a higher
irradiation temperature in the range of about 200 C to 320'C.

t
<

Embrittlement by irradiation typically is judged by the
degradation of C notch ductility, that is,

the elevation of the C}
y

41 J transition temperature and the reduction in the C upper shel !y
energy level. The amount of improvement in properties through heat
treatment (annealing) is dependent not only on the prior irradiation
exposure (irradiation temperawre. and neutron fluence) but also on the
temperature and duration of the heat treatment applied. Studies to
date have focused largely on 399'C annealing. Originally, this

' temperature was judged to be an upper limit for annealing for most
vessels. A more recent MEA survey of reactor vessel fabricators and
system suppliers found that annealing at a higher temperature is now
considered possible for many vessels. Two vendors stated that
temperatures in excess of 427 C are practical for a " dry" anneal, that ,

ic, with reactor internals and coolant removed. Annealing at 454*C !

appears feasible for many plants constructed to date. Vessel design
temperatures typically are 343*C. Design aspects of some systems may
prevent annealing at 454'C because the temperature limit is governed
in part by the thermal behavior of piping, supports and the biological
shielding in addition to the thermal considerations for the vessel
Ref. [6, 7).

Exploratory studies of 454*C annealing by MEA and others have
indicated that, in addition to the possibility for a higher percentage
recovery in properties, material resistance to reirradiation

1

i
.
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embrittlement may be significantly different from that following 399'C ,

annealing. Certain data also suggest that a radiation embrittlement !

saturation may occur upon reirradiation and that the saturation level !j

! may be lower than the embrittlement level before the postirradiation
'

anneal [6,9,10). One known complication is the variability of steels-
>

| (and welds) in their response to 454*C and 399'C annealing af ter ,

irradiation [11). !
;

I
,

The present study of irradiation annealing (IA) and irradiation-
; anneal reirradiation (IAR) behavior was mounted for the US Nuclear i

b Regulatory . Commission (USNRC) in 1984 to help resolve three issues:
firstly,- the extent of differences between (and the variability of) ,

i454*C vs. 399'C annealing recovery for submerged arc (S/A) weld metals
typical of early US . vessel fabrication; secondly, re embrittlement
trends and rates following 454*C vs. 399'c annealing; and thirdly, the ,

significance of weld metal type and fabrication history to the ,

recovery obtainable and to reirradiation' embrittlement
susceptibility. The research test matrix was formulated to test
critically the existence and nature of radiation embrittlement
saturation. Obviously, strong embrittlement saturation tendencies
with IAR treatments, if confirmed for high radiation sensitivity
steels, could have a major impact on future reactor vessel annealing
decisions and goals by the industry.

2. MATERIALS

The focus of the investigation on weld deposit materials reflects
the US primary interest in this component for reactor vessels. Thick
section welds encompassing the four generic types found in early

. reactor vessels were obtained. The welds are identified by MEA code

number, composition and welding materials in Table 1. Nickel contents
and welding flux types depict the range of these variables found in
early vessel welds. Each weld has a high or an intermediate copper
content synonymous with high radiation sensitivity. High copper ,

Icontent welds are found in several US reactors built before 1972; the
high content is a direct result of using copper coated filler wire.
This type of wire ~was abandoned when the detrimental effect of copper
on the radiation resistance of steel became known [12).

Table 1 Submerged Arc Weld Deposit Materials

Wold MEA Nominal Welding Welding
No. Code Composition Filler Flux

(wt-t)
Cu Ni

1 WBA 0.39 0.65 MnMoNi Linde 80
2 W9A 0.39 0.65 MnMoNi Linde 0091
3 W4 0.15 0.65 MnMoNi Linde 124
4 W7 0.35 0.11 MnMo Linde 80

!

i

2
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The four welds were commercially fabricated. Three of the four
were produced with copper-coated weld filler wire. The remaining weld
(high copper, low nickel content) was fabricated by welding with a low ,

copper, low nickel filler wire coupled with a cold wire feed of high ;

purity copper to obtain the desired copper content in the deposit.

.

This special method of fabrication was . necessary since prototypic ;,

[ welding . wire (copper coated, low . nickel content) is no longer ,

e available commercially in the US. The weldment fabricator (Combustion ;

! Engineering Inc.) used the special method previously developed and '

employed for making prototypic high copper content velds for the j

Electric Power Research Institute (EPRI) for radiation effects studies
{ 13,14 ] .. ' Weld deposit compositions are given in Table 2 along with !

'

information on postweld stress relief heat treatments. Fabrication
details and other information for the four veldments are given in

.'Appendix A.
i

It will be noted that Welds WBA and W9A were intentionally
produced with the same lot of welding wire but with different welding
flux types (Linde 80 or Linde 0091). Accordingly, the significance of

'

this welding variable could be assessed directly. .

3. MATERIAL IRP.ADIATION
-

,

Test specimens were irradiated 'in -the light water cooled and
moderated, 2MW pool rype reactor known as the UBR located in the ,

Buffalo % erials Research Center (BMRC) at Buffalo. New York. The !
experiment irradiation facilities employed are within the fuel lattice

,

(Fig. 1); both B 4 and C 2 facilities were used. Fuel enrichment of '

the UBR is about 6 percent. Nnutron spectrum conditions in the two
,

. facilities have been established [15,16,17). :,

!

Specimen types included full size C specimens (ASTM Type A) fory
r.utch ductility determinations and 5.74 mm gage diameter tension test
specimens for tensile properties determinations. (See Fig. 2 ;

and 3.) Specimens were irradiated in temperature. controlled capsules '

at 288,C (target); thermocouples welded to specimen midsections were
used for temperature monitoring and control. Individual specimens
were placed within the specimen arrays of the irradiation capsules as
shown in Fig. 4 to 7; thermocouple placements are illustrated in
Fig. 8 to 11. At full reactor power, temperature differences were .

less than t 10*C.
,

The annealing of specimens between irradiation cycles (cycle 1
and 2) was performed in a special underwater furnace. The entire
-irradiation arsembly was inserted in the furnace. Thermocouples
attached to the specimens again provided electrical signals for ;

temperature control. Specimen temperatures typically were within
+7C of the target heat treatment temperature. Postirradiation
annealing for IA condition evaluations was accomplished in the hot
cell using a recirculating air furnace. Specimen temperatures were
held within 3*C of the target temperature in this case.

(text continues on page 16)
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(Fe D0sitetry)
r-

g #A ggW7g
-- Fe t.34*CPREUBR-62

WBA WW7 WBA dw?
465 60 400 41

; - s

C I 37_
WV7 d8A dw7 WBA
61 463 42 498

48A JV7 48A WW7
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Fe 1.42WW7 W4 WW7 d8A
2"44 63 494

dY7 WW7 WV7 VW7

hh hh --( 2 38U) (1.50) ,

'*" '*'46 59
-

Fe 1.50dBA WV7 W4 JV7
"' 47458 54

WV7 dBA WV7 WBA
55 462 48 464

Fe 1.53=
W8AWW7 dBA WW7
493 49 466 56
JV7 d8A WV7 W8A
50 468 57 496

48A dW7 48A JVp Fe 1.60=

499 58 501 51

B CAPSLLE 49A W9A W4 WBA V4
396 390 144 V30 109

Fe 1.55V4 V4 dBA V4 W8A
169 148 420 115 419
dBA dBA W4 W9A V4
410 did 142 416 112

Fe 1.47_
V4 W4 W4 48A W9A

h --- ( VI (1.52)
395 504 ^^' ' * > ' 502
48A V4 #9A dBA V4
518 147 392 503 110

0 3
,_

V4 W9A V4 48A W9A
168 388 145 522 386
dBA W9A W9A V4 V4
412 417 '** 141 114

8 30W4 W9A W4 d8AW9A
| 170 393 165 391 415

{ W9A W4 49A V4 W4 I
'

409 166 351 143 116
~~ E 0 1 35V4 WBA V4 dBA #9A

172 394 146 418 V24

L Cy TENSILE" I
| :
-

I

Fig. 4 Placement of C and tension test specitnens in Irradiation Assembly ,

y
UBR-62. (Capsules A and B; elevation view). Average neutron i

fluence values at various locations, based on iron dosimetry, are
shown. Determinations, based on a s sU dosinietry, are also listed.
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0 1.77,_
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'
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''' 'n' 82 94157
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V21 88 453 100 376
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,

l' 20 23 47 24 34
.

1

Cy , TENSILE
|

I

| Fig. 5 Placement of C and tension test specisnens in Irradiation Assemblyy
l LER-70. (Capsules A and B; elevation view). Total neutron fluence

values at various locations are shown in this figure and Fig. 6. I
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of and tension test specimens in Irradiation Assembly |Fig. 6 Placement
(Caps (ules A and B; elevation view).UB R-71.
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Fig . 7 Placement of C and tension test spe cime ns in Irradiation Assemblyy
UB R-7 2. (Capsule A; elevation view). Ave rage neu tron flue nce
values at various locations are also shown.
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(n/cm , E < 1 MeV) received by the specimens2Neutron fluences
were determined from iron and nickel dosimeter wires placed in the
V-notches of the C specimens and from 2:aU dosimeter capsules placedy
within ~ the specimen arrays (see Figs. 4 to 7). Neutron spectrum

cs
calculations indicate that the calculated spectrum fly 8ence, e (E > 1
MeV), is 1.43 times the fission spectrum fluence, t The exposure
equivalent in terms of displacements per atom (dpa, E > 1 MeV) is 1.62
x 10'21 ocs. The average neutron fluence rate, n/cm s~1 is on the2

order of 8.5 x 1012, E > 1MeV. Thermal neutron fluences were
determined from cobalt-aluminum and silver aluminum dosimeter wires
located in the C specimen notches.y

4. IRRADIATION MATRIX

Figures 12 and 13 illustrate schematically the research questions
addressed by the planned group of experiments. The target first cycle
fluence was 1.2 x 1018 n/cm , E < 1MeV; the target reirradiation2

2fluence was 0.3 x 1018 n/cm2 or 0.7 x 1012 n/cm . As the irradiation j

program progressed, a matrix modification increased the higher of the
two target reirradiation fluences to 1 x 10** n/cm2 for reasons
discussed below. The irradiation matrix also called for the ;

irradiation of virgin material to a fluence matching this value for an i

assessment, based on 1:1 comparisons, of the embrittlement sensitivity
of heat-treated (annealed) vs. non-heat treated material. A total of
7 irradiation assemblies was required. The I and IAR treatments of
the assemblies are indicated in Table 3; the detailed reactor
operations history of each capsule is given in Appendix B.

Neutron fluences . reported herein carry uncertainties, based on
counting and assumed cross section c.omponents, of t 8%, t 71 and +5%
for the Fe, Ni and 2seU dosimeters, respectively, at the
1 a confidence level. Fission spectrum averaged cross section values
for neutrons having energies greater than 1 MeV are essumed to be
115.2, 156.8, and 441 millibarns for the three dosimeter types,
respectively. Dosimetry postirradiation measurements and analyses
were performed by EC&G Idaho, Inc. (J. W. Rogers) for MEA under
contract; Appendix C lists the average neutron fluence rate
determinations from the dosimeters.

5. NOTCH DUCTILITY TEST RESULTS

Observations on notch ductility for the I, IA and IAR conditions
are summarized in Table 4 Individual C test results are tabulatedy
in Appendix D.

The analysis and discussion of C data trends given below arey
based on visual best-fits to the data. Computer curve-fits of the
data and the values of curve-fit parameters are provided in Appendix
E. Comparisons of the hand drawn vs. computer-fit curves in general
show good agreement in the independent 41-J transition temperature
determination (see Table 1 of Appendix E).

(text continues on page 21)
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Table 3 Exposures Histories of Irradiation Assemblies

First O ele Inte rmediate Second O ele Totalf f
a

Irradiation Irradiation Anneal Irradiation Fluence Postirradiation
c d c d b

Assembly Fluence Duration Fluence Duration Test Conditions

(x10I9) (hours) ("C) (x10I9) (hours) (x10I9)

1
I( UB R-62A,B )* 1.44 447 -- - 1.44 1, IA(399 C)

and IA(454 C)
2

(UB R-72A) 1.068 318 . - - - 1.06 1

3 h 0
( UB R-70A) 1.42 423 399 0.37 111 1.80 IAR (399 C)

4

(UB R-70B) 1.42 423 454 0.37 111 1.80 IAR (454 C)

5
I

(UB R-71 A) 1.52 449 399 1.09 322 2.61 IAR (399 C)

6
( UB R-71B) 1.57 449 454 1.12 322 2.69 IAR (454 C)

I
168-hour heat treatment Irradiation Test Ia

g

8 Irradiation Test 1b I - as-irradiated; IA = irradiated + annealed; IAR = reirradiated 2
2 h ~c Calculated spectrum fluence , n/cm E > 1 MeV Reirradiation Condition 1

d I
Exposure time at full reactor power Reirradiation Condition 2

* MEA irradiation assembly m1mber

_ _ _ . _ , . _ _ . . . , . , - __ _. . -~ __ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ . - _ - -
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Table 4 Charpy-V Notch Ductility of Welds in Irradiated, Annealed and Reirradiated Co".alitions

Q 41-J Transition Teaperature Q Upper She1f Energy
Weld Test Initial Final Change Initial Final Change

Condition ("C) (CY) ( C) ( t) (a b) (a E) (J) (ft-lb) (J) (ft-lb) (aJ) (aft-lb)

i

W8A 1 -23 -10 91 195 114 205 79 58 53 39 26 192

I -23 -10 96 205 119 215 79 SS 52 38 27 20g

IA(399) 96 205 34 130 42 75 52 38 ~79 ~58 27 20

IA(454) 96 205 13 55 83 150 52 38 87 64 >27 >20

IAR (399) 54 130 93 200 39 70 ~79 ~58 60 44 19 14g

g IAR (399) 54 130 ~93 ~200 ~39 ~70 ~79 ~58 58 43 21 15
'

2

IAR (454) 13 55 35 95 22 40 87 64 75 55 12 9y

IAR (454) 13 55 41 105 28 50 87 64 76 56 11 82

W9A 1 -62 -80 27 80 89 160 ISE 115 117 86 39 292
1 -62 -80 27 80 89 160 156 115 114 84 42 313

IA(399) 27 80 -21 -5 48 85 114 84 ~145 ~107 31 23

IA(454) 27 80 -29 -20 56 100 114 84 ~165 ~122 >42 >31

IAR (399) -21 -5 10 50 31 55 ~145 ~107 118 87 27 20y

IAR (399) -21 -5 18 65 39 70 ~145 ~107 117 86 28 212

IAR (454) -29 -20 -23 -10 <10 10 ~165 ~122 153 113 12 9g

IAR (454) -29 -20 -21 -5 <10 15 ~165 ~122 ~153 ~113 ~12 ~92

. __ _ .. _ _ . . ~ . _ . _ .. _ . . . . .. . . _ . _ _ _ _ . _
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Tsble 4 Charpy-V Notch Dictility of Welds in Irradiated, Annealed and Reirradiated Conditions (cont'd)

g' 41-J Transition Temperature Q Upper Shelf Energy

Weld Te st Initial Final Cheme Initial Final Cha se

Condition ( C) ( F) ( C) ( F) (at) ( a# ) (J) (ft-lb) (J) (ft-lb) (AJ) (aft-lb)F

W7 1 -15 5 60 140 75 135 84 62 68 50 16 12
2

I -15 5 66 150 81 145 84 62 60 44 24 18
g

IA(399) 66 150 21 70 45 80 60 44 85 63 >24 >18

IA(454) 66 150 7 45 59 105 60 44 103 76 >24 >18

IAR (399) 21 70 54 130 33 '20 85 63 68 50 17 13
g

$ IAR (399) 21 70 60 140 39 70 85 63 74 55 11 8
2

IAR (454) 7 45 27 80 20 35 103 76 84 62 19 14
g

IAR (454) 7 45 38 100 31 55 103 76 ~66 ~63 17 13
2

W4 1 -37 -35 4 40 41 75 129 95 108 80 21 15
2

1 -37 -35 13 55 50 90 129 95 1% 78 23 17
1

IA(399) 13 55 -34 -30 47 85 106 78 142 105 >23 >17

IA(454) 13 55 -34 -30 47 85 106 78 148 ~109 >23 >17

IAR (399) -34 -30 2 35 36 65 143 105 117 86 26 19
g

IAR (399) -34 -30 16 60 50 90 143 105 111 82 32 23
2

IAR (454) -34 -30 -7 20 27 50 ~148 ~109 129 95 19 14
g

IAR (454) -34 -30 16 60 50 90 ~148 ~109 ~129 ~95 ~19 ~14
2

! ;

- , _ _ . . . . .-, _. . . . . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . __
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5.1 As Irradiated (I) Condition

The welds exhibited a range of radiation embrittlement
sensitivities. Increases in C 41-J temperatures are illustrated iny
Figure 14.

.

As expected, a high sensitivity to embrittlement was induced by a
high copper content. A high copper content coupled with a high nickel
content, represented by Welds WBA and W9A, proved particularly
detrimental to radiation embrittlemene resistance. A $0 percent
higher 41 J transition temperature elevation was found for the high
nickel content Weld WBA compared to the low nickel content Wald WW7
having the same welding flux type. The effect of different welding

, fluxes can be discerned from the data for Weld W8A vs. Weld W9A. Flux
h type, in part, governs the as-deposited weld metal composition (see

Table 2) which, in turn, has a direct effect on radiation
embrittlement resistance.

In terms of observed embrittlement by irradiation, the two,

independent I-condigon tegts were found to be in good agreement. A
fluence of 1.1 x 10 n/cm (Irradiation Test I ) pr duced a slightly2

sagler 4} J transition tempirature elevation than a fluence of 1.4 x
10 n/cm (Irradiation Test 1) for three welds. The two exposures
produced essentially the same' embrittlement in Weld W9A. Large
differences due to fluence level were not expected for this fluence
range.

5.2 Irradiation + Annealed (IA) Condition

The recoveries in 41 J transition temperature by 454*C and 399'c
postirradiation heat treatments also are illustrated in Figure 14.
The residual embrittlement after the anneal is depicted by the height
of the bar; percentage recovery was computed as: [ transition
temperature reduction (deg. C) divided by the original radiation-
induced elevation (deg. C)) x 100.

A key determination from these data is that C 41-J transitiony
not be significantly greater with a

temperature recovery may or may'C anneal.454 C anneal compared to a 399 Notice that the recovery
appears roughly independent of the annealing temperature for Welds W9A
and W4 but not Welds W7 or W8A. It can be speculated that this
division of behavior is due to welding flux type. The former were
produced with welding fluxer (Linde 0091 and 124) normally associated
with a "high" preirradiation C upper shelf level; the latter were
produced with a welding flux (Linde 80) normally resulting in a " low"
C upper shelf energy level. A high C upper shelf level is
considered to be one in excess of 135 J y(100 ft-lb); the energyy

absorption range for the low C upper shelf welds is about 80 J toy

115 J (60 to 85 ft-lb).

Referring to 399 C annealing effectiveness, full transition
temperature recovery was obtained with Weld W4 but only partial
recovery was obtained for the remaining materials. This is believed
to be a direct consequence of their respective copper contents.

21
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Fig. 14 Summary.of notch ductility changes observed for Welds W8A, W9A, W4
and W7 after irradiation and after postirradiation annealing at
4540C or 3990C (UBR-62).
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Studies of composition effects on annealing, using A 533 B plate i

materials from split laboratory melts, have shown that copper content
is one key factor governing residual embrittlement level after an :
anneal [18). Phosphorus content, on the other hand, is not. i

.

5.3. Irradiation Anneal-Reirradiation (IAR) Conditions

5.3.1 IAR Condition 1 (IAR )i

Figures 15 and 16 illustrate the amount of reembrgtlemegt
produced by a second cycle of neutron exposurpe of 0 4 * 10 "/ * '

9 2The total fluence (cycles 1 and 2) was 1.8 x 10 n/cm .

Two general observations are made. Firstly (Fig. 15), the extent ,

of embrittlement or 41 J transition temperature change by the second ,

cycle exposure (IAR condition) is much less than that produced by the
,

first exposure cycle (I condition). This observation applies for '

454*C and 399'C intermediate annealing. Secondly and mog
impogtantly, the extent of reembrittlement by a fluence of 0.4 x 10 ;

n/cm after a 454*C intermediate anneal is less than that after a
.

399'C intermediate anneal. (Inviewofthis,thetargetreirrgiatiog
'

fluence for IAR Condition, 2 (below) was increased to 1.1 x 10 n/cm
to test this trend more closely.)

In Figure 16, the results clearly show a benefit of IAR
procedures with 454*C intermediate annealing. The benefit is less
dramatic for 399'C

annealig /cm ,cogditions;
however, the fluence

difference, that is, 0.4 x 10 n between the IAR-condition data
and the I-condition data must not be overlooked. This adds

"

significance to the indicated transition temperature benefit by the
lower temperature anneal. Another conclusion from the IAR-condition
(399'c anneal) data is that the' material reembrittles at a
relatively rapid rate. Notice that the 41 J transition temperature is
returned to gar thg pre anneal level by a second cycle fluence of
only 0.4 x 10 n/cm . For some reactor vessels, this may correspond
to only a few fuel cycles.

Figures 17 to 20 provide the actual notch ductility trend curves
from which Figures 15 and 16 were constructed.

5.3.2 IAR Condition 2 (IAR )2

Figures 21 and 22 111ustratp9 the geembrittlement produced by a
second cycle fluence of 1.1 x 10 n/cm . Thp total luence (cycles

10 g n/cm Again, tg1 + 2) for this IAR condition is 2.7 x
I-cogdition shown in the figures represents a fluence of 1.4 x 10

j. n/cm or only 52 percent of the IAR2 fluence.

Referring to Figure 21, it is immediatgy apparent that the
increase g reir{adiation fluence from 0.4 x 10 (IAR Condition 1) to
1.1 x 10 n/cm (IAR Condition 2) produced only a small, additional
increase in transition temperature for the high copper content Welds
WW7, W8A and W9A. The small increases are viewed as indications of a
possible trend toward radiation embrittlement saturation. Relative

(text continues on page 36)
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differences in notch ductility between the two IAR conditions are,

illustrated further in Figures 23 threugh 26 (compare open symbols vs.
filled symbols).

The reembrittlement of the tl{ree higp coppar content welds by theg,
'

second cycle fluence of 1.1 x 10 n/cm is less than 50 percent of
L that observed for- an equivalent. exposure of virgin material as

illustrated in Figure 27. Accordingly, the driving force toward ;

embrittlement is less in heat-treated material. -The significance of
this observation-to probable radiation effects mechanisms is discussed

-

in a latter scetion.

In Figure 22, the total transition temperature elevation with IAR
-(399*C intermediate annealing) is slightly less than that determined
for the first cycle exposure (I -Condition). Nonetheless, a

t
significant benefit of the IAR procedure is suggested because of the
relative' difference iu the total fluences. The total- transition
temperature . elevation with IAR (454 C intermediate annealing) is
markedly less than that for the first cycle exposure condition (by 30
to .50 percent), Coupled with the material indications of
embrittlement saturation with IAR, the results do have high
significance to further reactor vessel annealing decisions.

Of further interest (Fig. 27), the reembrittlements of the three
high copper welds by_ the second exposure cycle after 399 C
intermediate- annealing (IAR Condition 2) are identical (A39 C,
A70 F). For 454 C intermediate annealing, the reembrittlements of the
Linde 80 welds-(high and low nickel versions) were the same but differ
from that-of the Linde 0091 weld.

The IAR data for the intermediate copper, high nickel weld (W4)
describe annealing recovery and reembrittlement behavior patterns
unlike those of the high copper welds. Full recovery was obtained
with both annealing treatments. A comparison of embrittlement

produced by the second exposure cycle (IAR Condition 2) g . thag
producod in virgin raaterial -with a fluence of 1.1 x 10 n/cm
indicates about equal . radiation sensitivities (Fig. 27). Unlike the

- high- copper welds. the reembrittlement sensitivity of this weld is
relatively independent of the annealing temperature. Its propensity
to reirradiation embrittlement after 454 C annealing is somewhat e

greater than that of the remaining welds. The total transition
temperature increase (exposure cycles 1 + 2) was less than that of the
high copper welds in the case of 399 C intermediate annealing but was
equal. to or more than that for the high copper welds for 454 C
intermediate annealing Thus, the pattern of IAR behavior is shown
material dependent. Recalling an earger 28gC irradiation test of
Weld W4 (13), a fluence of 2.2 x 10 n/cm prodttced a transition
temperature elevation of 97 C

(9p*(still denotes a significant benefit
175 F). Thus, the transition

temperature elevation of gC F) found for IAR-treated material
with a fluence of 2.7 x 10 n/cm
of IAR procedures.
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6. TENSION TEST RESULTS

The tension test results are summarized in Table 5. Unirradiated
+(U) condition strength values are the average of duplicate tests in
each case. In general, the changes in yield strength agree with the
C notch ductility determinations with respect to indications ofy
variable radiation embrf ttlement sensitivity and variable annealing
recovery among the materials.

' A superior benefit of 454 C annealing compared to that of 399 C
annealing is evident in both IA condition and IAR-condition results.

.'

, Referring to the IAR Condition 2 data, the yield strength of each high
copper content weld for the 399 C intermediate annealing case is

.within 5 percent of the yield strength of'the I2 condition. However,
with 454 C intermediate annealing, the yield strengths of the welds
are no' more than 91 percent of the corresponding 12 condition
values. This is not the case for the Weld W4. Here, the IAR
Condition 2 yield strength ' changes for 454 C and 399 C intermediate
annealing cases are about equal' to the 1 Condition strength2
elevation.

7. DISCUSSION

The_-experimental results obtained by the investigation, when
applied to the experimental issues outlined at the beginning of this
report, describe a complex picture for IA- and IAR-behavior. Several
metallurgical variables appear to be contributing to each. Subtle i

effects of welding flux type are also indicated. Tests of additional
welds are in order to see if the behavior categories suggested by the
present set of data are appropriate to all RPV weldments.

For most but not all of the weldments, a significant difference
was observed in 454 C vs. 399 C annealing recovery and in
reirradiatic,n embrittlement sensitivity. Because the specimens of the
welds were commingled in each assembly, observed behavior differences

_

cannot be attributed to some " variation" in experimental procedure or
individual irradiation history. ,

One interesting aspect is the general difference in the benefits
of IAR (454 C annealing) vs. IAR (399 C annealing) procedures found
for the high copper content welds vs. the intermediate copper content

| weld. With the former, a difference with annealing
399* pronouncedtemperatures of 454 C vs. C was evident for both IAR1 and IAR2

Conditions. This - is not the case for the intermediate copper weld.
; This would support-arguments for two mechanisms of properties recovery

by intermediate annealing.

Referring to the process of radiation damage, it is well
recognized that copper causes an enhancement of steel sensitivity to
radiation-induced embrittlement at typical RPV service temperatures,
and secondly, that nickel (in amounts up to about 0.9 percent), while
not contributing independently to radiation damage, causes a

38
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Table 5 . Tensile Strengths of Welds in Irradiated, Annealed and Reirradiated Conditions

Yield Strength Ultimate Tensile Strength

Weld Test Final Change Final' Change

Condition (MPa) (ksi) ( AMPa) ( Aksi) (MPa) (ksi) ( AMPa) ~ ( Aksi).

W8A U" 498 72.2 - - 617 89.5 - -

(Linde 80 4) 1 625 90.6 127 18.4 721 ~ 104.6 104 15.12

1 A( 399) 568 82.4 '57 . 8.2 678 98.3 43 6.3

IA(454) 521 75.5 104 -15.1 638 92.1 83 12.5
b b-IAR (399) 596 86.5 28 4,3 705 102.3 27 4.0g

(98)c ( g4,3)c (88) (12.8)'
IAR (399) 623 90.3 55 7.9 719 104.3 41 6.02 (125) (18.1) (102) (14.8)
IAR (454) 532 77.2 11 1.7 649 94.1 14 2.0gg

e (34) (5.0) (32). (4.6)
IAR (454) 558 80.9 37 5.4 660 95.7 25 3.62

(60) (8.7) (43) (6.2)

aW9A U 574 83.3 - - 656' 95.2 - -

(Linde 0091 4) 1 704 102.1 130 18.8 771 111.8- 115 .16.62

I4(399) 644 93.4 60 8.7 728 -105.6 43 6.2

IA(454) 581 84.3 123 17.8 681 -98.7 90 13.1

IAR (399) 665 96.5 21 3.1 753 109.2 25 3.6g

(91) (13.2) '(97) (14.0)
IAR (399) 666 96.6 22 3.2 756' 109.6 26 4.02

(92) (13.3) (99) (14.4)
1AR (454) 597 86.6 16 2.3 696 101.0 15 2.3g

(23) (3.3) (40)- (5.8)
IAR (454) 613 88.9 32 4.6 705 102.3 25 3.a.y

(39) (5.6) (49) -(7.1)

., - .- .. e _ . ~. - _ . -.- ..
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Table-5 Tensile Strengths of Welds ' in Irradiated Annealed and Reirradiated Conditions -_(cont'd) ' l

Yield Strength' Ultimate Tensile Strength 7

Weld ~ Test Final Change Final _. Change

Condition (MPa). (ksi) ( AMPa) ( Aksi) (MPa)_ (ksi) (AMPa) (Aksi).

W7 U* 509 73.8 - - 612 88.8 - -

(Linde 80 $) 1 617' 89.5 108 15.7 710 103.0 99 14.22

IA(399) 578 83.8 39 5.7 679 98.5 31 4.5

1A(454) 531 77.0 86 12.5 639 92.7 71 10.3

IAR (399) 603 87.4 25 3.6 698 101.2 19 - 2. 7g

(94). ( 13. 6) (86) (12.4)
1AR (399) 604 87.6 26 3.8 701 101.6 21 3.12

(95) (13.8). (88) (12.8).
IAR (454)a 556 CO.6 25 3.6 656 35.2 17 2.5g

(47) (6.8) -(44) (6.4)
IAR (454)a 562' 81.5 31 4.5 663 96.1 23 3.43 2o (53) (7.7) (50) (7.3)

aWW4 U 479 69.5 - - 592 85.8 - -

(Linde 124 $) 1 527 76.5 48 7.0 630 91.4 38 5.62

IA( 399)a 480 70.0 47 6.5 593 86.0 37' 5.4

IA(454)a 461 66.8 66 9.7 578 83.8 52 7.6

IAR (399) 532 77.1 52 7.1 632 91.7 39 5.7g

(53) (7.6) (40) (5.9)
IAR (399) 543 78.7 60 8.7 643 93.2 50 7.22

(63) (9.2) (51) (7.4)
IAR (454)a 505 73.3 44 6.5 608 88.1 30 4.3g

(26) (3.8) (16) (2.3)
IAR (454)a 523 75.9 63 9.1 523 90.3 '45 6.52

(44) (6.4) ( 31) (4.5)

b c Total increase over U-conditionAverage of duplicate tests -Increase by second exposure cyclea

, _ . _ _ _
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reinforcement- of the copper content contribution to radiation
sensitivity. . Interactions between other alloying elements (Mn, ho) .

' and . copper impurities ~ have also been demonstrated experimentally by j

MEA [ 19 ) .. When the copper content is low, a significant detrimental
influence of phosphorus on radiation resistance at 288*C can also be |
expected. The level of the - . phosphorus ' contribution is invercely
dependent'on the level of copper content (19).

Mechanistically, it- is- generally accepted that a radiation-
induced- copper procipitation is responsible for . the observed elevation
of embrittlement sensitivity in plate and weld materials. Studies by
a joint MEA Oak Ridge National-1.aboratory University of Florida under-
taking have established that a precipitation and. hardening mechanism
likewise is. responsible for the phosphorus contribution [20,21).-
Sn.all Angle Neutron Scattering (SANS) tests have helped reveal further
that the " copper precipitate" is in fact a copper-rich precipitate
also containing -the elements manganese and nickel in significant<

proportions - [22) . Whether or not the chemistry of the copper-rich
precipitates is a fixed . stochiometric ratio or conversely, varies in
proportion to weld metal composition, has yet to be determined.

The two mechanisms of properties recovery which appeat to be
operating are (1) the overaging of the copper rich precipitate
(Ostwald . ripening) and (2) re-solution of copper. The overaging of
precipitates has been- observed in SANS [22); the ' potential for -

dissolution is under investigation. If assumed to be proceeding
'jointly during heat treatment, the two mechanisms could explain the

IAR trends and naterial variability observed here. In the case of the
high copper welds, the overaging mechanism would ~oe predominant and
the growth of precipitates would occur more rapidly at 454 C than

-399 C. In turn, the ripening process would effectively remove copper
from taking part in the reembrittlement process upon reirradiation.
Reembrittlement sensitivity would be expected to be less with the
454 C intermediate anneal. In the case of the intermediate copper .

(0.16% Cu) weld, the. amount of copper tied up by' precipitation would
be much less. Dissolution could account for the observed cycling of

embrittlement between two levels (the irradiation or reirrndiation
legl vs. the annealed level) for the fluence increment of about 1x
10 n/cm , independent of the anneal temperature. That is, the
driving force for reembrittlement of annealed material remains as
great as that for the embrittlement of virgin material. A key to this
behavior is- the essentially full notch ductility recovery obtained
with the intermedicte anneal. A significant benefit of IAR
. procedures, nonetheless, is described for intermediate copper content
material compared to material irradiated without annealing as shown by
the Weld W4.

1

|

|
|
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8. CONCLUSIONS

*
1AP. procedures can ' be very effective for controlling total
radiation-induced property changes of weld deposits in 288 C
pressure- vessel service. The data for two IAR fluence
conditions .suggest. a trend toward radiation embrittlement
saturation at a-level lower than the embrittlement level reached
priorito annealing,

'' ~A 454*C 168 hour intermediate anneal is much more effective than
4 a' 399 C 1f8 hour- intermediate anneal, in terms of residual

embrittlement after the anneal and in terms of sensitivity to
reembrittlement by reirradiation, for welds having a.high copper
content but not- for velds having an intermediate copper content.

* Large differences in notch ductility and' yield strength recovery
by postirradiation annealing- are- evident among the welds
investigated and ' can be attributed to copper content, nickel

. content ~ and composition differences traceable to welding flux
types.

* Two mechanisms appear to be responsible for properties recovery-
,

by annealing and subsequent reirradiation behavior: overaging j

of the copper-rich precipitates and dissolution of copper.

;

!
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Fabrication of Weldments W8A and W9A

1. Ceneral

The weldsents were ' produced commercially by Lukens Steel Company under
contract. The welds were made using buyer supplied 210 mm (8. 25-in. )- thick
A 533 Grade B Class 1 plate and contractor-supplied welding fluxes and filler
wire. The filler wire was copper-coated by other subcontractors to the buyer
(see Section 4, below). The purchase specifications for the plate are given
in' Attachment 1; the mill test report is given as Attachment 2. The purchase
specifications for the set of Linde 80 welds which included Weld 48A are given ;

' in Attachment 3; the same specifications except for welding flux type were
used for the Linde 0091 Weld, W9A.

The same lot of weld filler wire was used for both welds. The wire was J

made from Steel Melt 3P8393. The filler wire composition before copper
coating as determined by Airco Welding Products is given in Attachment 4. The
weld joint design is .shown in Figure A-1.

'

2. Fabrication of Weld W8A

The _ Lukens Steel Company report documenting fabrication details for Weld
W8A is,given as Attachment 5. No particular problems were encountered in the
production of this weld.

The post welding stress relief anneal (SRA) of 621 C (1150 F) for 24
' hours was performed by the buyer after veld receipt, using a recirculating air
furnace. Workpiece temperatures were monitored using chromel-alumel ,

thermocouples attached to the weldment at several locations, Cooling rates

after the SRA were less than ~6 C (100 F) hour. ,

3. Fabrication of Weld W9A

The . Lukens . Steel Company report documenting fabrication details for Veld
W9A is given as Attachmant 6. No particular problems were encountered in the
production of this weld.

The post welding SRA of 621 C (1150 F) for 24 hours was performed by the
buyer - after weld receipt using the same furnace and procedures employed for

[ Weld W8A (above).

4. Special Note on Copper Conting of Filler Wire

, _

. Copper-coated Hi Mn-Mo-Ni filler wire was no longer available at the time
| this proj ect commenced. The acquisition of wire that was prototypic of the

copper-coated wire used in early vessel construction proved very difficult and'

time-consuming.

The first subcontractor, Airco Welding Products, resurrected equipment
from storage and after considerable effort, was only able to provide one-half
of the total wire lot in an acceptable coated condition. The remainder of the
wire lot either did not have the required coating thickness or had a poorly
adherent coating which easily flaked off in the welder wire feed apparatus.
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; The. second subcontractor, Techalloy Maryland, Inc, reprocessed the
|- remainder of the wire successfully but with difficulties stemming from two |
L sources. One difficulty was .the attainment of sufficient coating thickness

without a flaking propensity. The second difficulty was the ready
determination of "as-deposited" copper conten, without production of an actual
weld. Trial weld pads provided inconsistent copper content results; the
production of " button melts" for spectrographic determinations ' gave highly
misleading results. In the case of~the latter, it was subsequently determined
that the cross-sections of.the melts were highly inhomogereous with regard to
copper content. Ultimately, the problem of copper content determinations for-
the' clad wire was solved by resorting to wet chemistry determinations. Each
coil produced was checked at the start end and at the finish-end. Because of
the extreme difficulties encountered in the production of copper-clad wire
yielding uniform as deposited copper contents in the range of-0.30% Cu or
higher, it~ is recommended for any future efforts of - this type , . that close
attention be - given to all details in the production of such wire and its
usage.

.
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Attachment No. 1

BASE PIATE PURCHASE SPECIFICATIONS

1. . Melt / Chemical Composition

Lukens Steel Company Melt No. D-2819 representing electric furnace ~, vacuum
degassed melting practice will be the' source melt for the ASTM A 533 Crade
B plates. The copper content will be in the range of 0,20% to 0.26% Cu;
the nickel content will be in_the range of 0.60% to 0.65% Ni.

'2. Dimensions of Plate Sections

i

u -Thickness: 210-mm (8.25-in.) ,

! Width: 406-mm (16-in.) |
I

Length: 1829-mm (72-in.)a
'

a Length direction to be parallel to primary plate rolling direction.

3. Heat Treatment

The as-rolled plate will be heat treated by water quenching and tempering
using Lukens procedures for A 533-B Class 1 plate. For the austenitizing. *

treatment _and the tempering treatment, the plate will be- held at
temperature for a minimum of 0.5 hour per inch of thickness.

4. Mechanical Property Tests

Tensile tests will be conducted to verify A 533-B Class-1 strength
0

properties. A drop weight NDT temperature of -1 0 (30 F) will be
guaranteed.

5. Non-destructive Tests

Ultrasonic excminations will be conducted to determine if the plate is
sonically sound and in compliance vith ASME Paragraph NB 2532-1.

6. Stress Relief Anneal-

Testspecimene(onig))willbestressreliefannealedfor40hoursat621C(1150 F) + 14 C (25 F prior to testing.

7. Report

One (1) certified copy of reports from destructive and non-destructive
test examinations and the verification of the cource of the plate (melt

.

number) is required.
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66743 1 10-20-78' MP 61179'BT E
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A-533-76 OL.1 TYPE-B

; ee nsr .emoaeerv use

i CHEMICAL ANALYSl1
MMT NO. C MN P 5 Cu 5s f4 Ca Mo- V Te XAM AAE BASIC VRULL55

D2819 .22 1.40 .010 .008 .20 .19 .63 54 VIP iTEEL ELEC.

vi
H

. PHYSICAL PEOPERTIES
'

MElf NO. 7 " , , " % RA GMN O E S C RIP TION
. .

i 02819 6 701 940 24 | I S-1/4" x 12 x 18
'

782 970 22 | j

LONG. DROP 4EIGHT TESTS PER EdO8CS IZEP3)0+3p*F. E (HIBIT NO 3REAK.
N.D.T IS +200F. )R BEL 3W. ; *

.

- :'
! :
: ;

PLATE AND TESTS HEATE ) 1625 'F./1675*F. 1 ELD L/2 HR PER NCH ti lH. AND WA FER
QUENCHED, THEN FEMPER ED 122 )* F . HELD 1/ 2 HR. PER 1(ICH MI(4. AtlD WATER QUE14CHED.

TESTS STR ISS RE IEVED BY HE LTING IO 110 30F3/ L175c rj. ' HELD * fl0 liR s. At4D FOR IACE-
COOLED TO 600*F . ; ;

*

| |
; ;
; i.. .

w. her.by c.rsey sh. .tm. informoson is corr.ce.
_
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Attachnent. No. 3

WELDMENT PURCHASE SPECIFICATIONS

'l. Submerged Arc Weld Using Linde 80 Welding Flux

Electrode diameter : 3.18 mm (1/8-in.)

Welding flux type : Linde 80 (20x200, Baked) (one lot only)

Welding process : Submerged are using single electrode

Filler type : liigh Mn Mo-Ni (one melt only) {

Electrode connection : AC |
.

Welding voltage : 30-35V, AC
1

|

Welding current : 500 575A

Travel speed : 254 305 mapm (10 12 ipm)

lleat input : 80 Kilojoules/in. (minimum)
95 Kilojoules/in. (maximum)

Weld joint : Offset double vee, 134-mm 5.25-in.) deep
from one side and with 5 deg, bevel and
25,4-mm (1-in) minimum gap by mild steel
spacer. Spacer to be back gouged and
refilled with weld metal. ,

,

Weld-joint gap : 25.4-mm (1-in.) minimum

Weld configuration : Full thickness weld; weld crowns will not
be removed by contractor.

0Preheat temperature : 121 C (250 F) minimum, 205 C (400 F)
maximum, 149 C (300 F) aim

0
_

Interpass temperature : 121 C (250 F) minimum, 260 C (500 F)

i maximum
.

Restraint Full.
,

1

Postweld stress relief : 538 C (1000 F) maximum for 4 h, followed
by slow cooling

Inspection : Radiograph to acceptance standards of
ASME Section III (NB 5320).
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Weld deposit composition' : Element- Minimum Maximum Aim

f. - .(wt-4)
i: Copper 0.31 0.39- 0.35 .

'' Nickel- ;0.60 0.80 0.70-

Filler wire' composition- : Element Minimum -Maximum -I

:(wt 6)
Carbon 0.14 0.19

-Manganese 1.80 2.10 ,

0.010 [i Phosphorus -

. Sulfur 0.015-

' 0.10 i' Silicon -

L Nickel 0.60 0.85 !

Molybdenum 0.45 0.60
t

Repairs- : None allowed '

<

"U Documentation and report : Bead by-bead record of welding conditions
"

and materials will be furnished together
with full descriptions of filler / flux
qualifications,

t

-
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h ~ Attachment No. 4'
|

'

; . Composition'of'F111er Wire for Fabricating Weld WBA and Weld W9A.*

~

.

(Before' Copper Coating; Steel Melt 3P8393)

(||)
1

-

: Element Content'(wt-%)a

. Carbon' 0',135-

~ Manganese 1.983
,

.; .. -Phosphorus 0,007 y
, ..t

-

. Sulfur 0,011 ''

,

Silicon- '0,053
,

Nickel' 'O 602 ~i

Chromium 0.110 5

D' . Molybdenum 0,488

. Tungsten 0,012 f

b h: Niobium 0,000
. Si
.

b"'
Vanadium 0,000

Copper 0,044

Cobalt 0.013

Aluminum 0,007-
x

Titanium 0.002 .,

.. . Zirconium 0.004
' l:--

Tantalum 0.004
,

Tin 0.004

Boron 0.0000

" Determinations by Airco Welding Products (1981).
b Content below detection limit.

,
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Submerged-Arc Wald in 8-1/4" Gage.-
A533 Grade'B Class 1 Plate- |

,

* : Item 1- Base Plates fliand'#2,
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CONTRACT NO. N00173-79-C-0218 ~ !

'
|

r

,

i .

!

!
1:

1 LUKENS STEEL COMPANY
l' Research Service Group

|;
Coatesville, PA 19320

|
March, 1982
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I

Materials i

Buyer furnished the following base materials and wire for completion
of the contracti

(A) 12 pieces - A533-B Class 1
Apprcximately 8-1/4" x 15" x 72" with machined bevel on one !

*

edge. Problems occurred with the spacer-bar procedure.
'

therefore the bevels.were resachined at Lukens to an unbal-
anced double J preparation. This witi be performed on each j

piece. .

Pieces are numbered consecutively, #1 through $12 and each
,

!pair will follow in sequence regardless of type of flux
employed..

i

(B) 1/8" dia, copper-coated High Mn-Mo-Ni wire -
Approximately 3000 lbs. all from one heat. Since attempts
by Techalloy Raco to rewind the wire from the wooden spools [
to 12" dia. - 60 lb. coils resulted in flaking-off of the

copper-coating, a holder for the wooden spools was improvised.
Some flaking of copper was also noted on the spooled wire.

'

(C) Linde 80 and Linde 0091 fluxes will be used in the six
weldments, three welds with each flux.

'

Thers were 3000 lbs. of each purchased by Lukens Steel Co. i

andeachtypewasfromthesamegotandcontrol. All
fluxes wero bgked in pans at 800 F., held 1 hour, furnace- 6

cooled to 300 F., then air-cooled to ambient temperature

to minimire moisture content.

The Certificate of Acceptance Inspection forms are presented
'

on the next two pages.

|
L

t

1
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LINDE DIVISION Pg. 3

P.O. Box 747, Niagara ' Falls, New York 14301

.
CERTIFICATE OF ACCEPTANCE INSPECTION

;i

Shipped to: Lukens Steel Company Shipper's No.: 024552 A
Central Stores . Quantity shipped: 3,000 Lbs.
Coatesville, PA 19320 Date Shipped: . 6/16/81

'Ycur Order No.: 4543-P |
J

REPORT OF TESTS OF GRADE 80 UNIONNELT WELDING COMPOSITION |
|

Idantification of Haterial Tested - Grade 80 , Size 20x200 , ;

j

Lot 0418 , Control 8556 I.

'

This certifies that the Welding Composition Identified above has been tested
fcr conforming to specifications as follows: ;

Siz!ng: 20 Hesh Hinus 200 Mesh
_

.

1.7% 0.4%

5.0% 3.5%
'

Uniformlty: Si0, Ca0 A1.0
- .,

*''37.8Ct 20.961. 18;.471
,

32.4-39.6% 19.8-24.2% 12.4-18.6%
*

Lower line gives specification limits - single values are maximum. 3

.

t

State of New York
Csunty of Niagara

Sworn to before me this
,

17 day of June , 19 81

a bem mat r - h %%,

} ] Consumables Quality - Electric Welding* ~

i DCEO.W4 L. CCOrr?'

N.n fd'.c. 5::a s.f. k . V M

%M2'.sT3f2 n.ir$p s8

:
. - . _ . . _ . . . _ . - . _ _ . - . - . . _ . - . . .-. .. - - . - . -
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!
|
!UNION CARBIDE CORPORATION Pg. 4

LIN05OlVill0N ,

P.O. Som 747, Niagere Falls, New York 14301 |t

J. !

!

CERTIFICATE OF ACCEPTANCE INSPECTION ,

Shipped to: Lukens Steel Company Shipper's No.: 014551 A
Central Stores - Quentity Shipped: 3,000 lbs.
Coatesville, PA 19320 Date Shippod .6/16/81 :

.

'
I Your Order No.: 4543-P

:

REPORT OF TESTS,0F GRA05 onel UNIONMELT WELDING COMPOSITION

,

| Identification of Material Tested - trade cost , Stae sannoo .

Lot asna , Control yyat .

: This certifies that the Welding Composition Identlflod above has been tested
for conforming to specifications as follows:

8talng: 32 Mosh ha Mesh Minus van Mesh
,

o.&t 14.11 ta.no

53 404 10-204

Uniformity sto ,ggp _
,

' ' ' 'ini bi t 44.40% ~

34-40% 43-49%

Lower line gives specifle.ation limits - single values are maximum.
.

State of New York r

County of Niagara

$ worn to before me this
'

17 day of June ,19J

,%n0 ,,'k a b m .

., , consu. .ies Ou.n tv - m e.t,r. wei.ingy
a ismL,..

|:,c c T; h J J

- - . - . - - . . - - . - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ - _ _ _ _ -
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Preparation for Weldina

Base plates were grit-ble.sted prior to re-machining of the bevels.
The pair of base plates to be used in each weldment were aligned on
edge so the 1/2" 3 ands would be aligned, making the fit-up of each
weldment simple'r and at the same time compensating for the slight out-
of-flatness of the plates.

~

Two lifting lugs were welded to the long edge (72" dimension) of-
one plate of the pair to facilitate the turning-over of the weldsent
several times during the fabrication of the test.

Since the lugs were always kept at the back side of the test, the
start and and finish and of the passes were reversed with each turn.

The start and and finish end, however, were standardized for
orientation Purposes as being those on the face side.

]
Run-out tabs vara **elded at s. tart _end )nd finf ah apd. on the

:deepest side (face side), six (6) passes deposited, then the weldment |
turned over, moved to cutting table, arc-air'd from root side to sound |
metal and ground, then set-up and aligned on welding table (root side !
up), and at this point the run-outs were welded at both ends of the |,

weld test on the root side.

A 1/2" thick carbon steel place was empicyed in the run-outs as
an extension of the 1/2" land. Upon arc-airing of the root side, only
a small. distance (1/2" to 1") was arc-aired in the 1/2" plate. This
was reflected in the junction chemical analysis for copper and nickel'
in the run-outs due to dilution with the mild steel.

,

|

5

,

i

|

|
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Pg. 6 }

|

Weldina Procedure !

Item 1 - Base plates 1 & 2 Linde 80 (Baked) j

Prahost 300'F. - Interpass 325"F. - Heat Input 85,000 Joules / Inch !

:

i

(AC) Start Copper !

Pass i Amps Volts Speed (ips) and Spool No. Wire Consumed (1bs.)
.

?

1 500 33- 16 .39 14
2 500 33 11

3 to 6 500 34 12

Turn - Arc-Air 1/2" deep - Crind

7 500 34 16 :
'

8 500 34 14
9 to 14 500 34 12 ,

i
Turn ,

15 to 22 500 34 12
:

Turn
(thru pass #27)

23 to 33, 500 34 12 .33 13 53
,

Turn
.44 15 (thru pass #62)

34 to 66 500 34 12 .42 chk. 15 63

Turn ,

r

.hb * kk I*46"67 to 101 500 34' 12
102 500 34 16 ;

Turn

(thru pass #135)
103 to 140 500 34 12 .35 17 65

(thru pass #140)
8

253 Lbs.Total =
g

1 Defect - Face side, pass #138, lack of fusion with bevel, 2-1/4" from
start end - 7/8" long, approximately 1/8" deep.

61
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i : 4. .. .

.. .
i.

; ; Pg. 7. .

'

Base 71stes i cad 1 Item i. . .

. o
" . Spool or Coil 14.- 13.15.16.17 Flux Linde 80,

Wire Consumed 253 lbs. Et. Input 85.000 J Ag.. . i

Sf3 ._ m. , --
"

,

g, Ni .#f F Cu _Ni
-

r =
j , g .

-
.

8t:rt .43 . 69 39, ,66 Finish., .

:Run-out Run-out*

n . . . . . .
s ,

.

* 2 .40 .66 '~//* O /d ~ '
.43' .74

' /h ,,--- na-', ;- . . . .

-

/od N /af !

r sog x - .

} /RB /*Y
|

1/'L * 3 .43 , .69 6p2 m&F [ .43' .66 I-

, , .

1 6/ ~ 62'
:.

;

f y -- .

. . . .u-
J

,ys, - ss . . . . . . .

- ,, = - ,

4 4 .40, .66 -*b - I ! .41 5 i 468-- - -

m m < rr
- ' W ! | |

! gay . . .

w. ~ = ,

==~'",,";-- - *
. . . . . . .

;
,-

.- - . . .3 rm '
, , _ == ;

;
CL * 5 .43 .68 ,, c L"- .40 .60.

t - n,. ~ , , . - . . . . . . t... _

J N W f, w -y

f

Jurctica e 6 . 41 - .56 7
'

A .36 .49-

A |. . . .

$ l. .

...! .;_.._ , M "1
. . .

-

, . . . . ,
- . . . . . ., _ , ,

! ! . .

1/4L *7 .43 .68 - _. Z 4 i .45- .70
]

ma .

,

|. . " " - L .-

,, na
N'Y ~75 \

'

wW_ -7t

t8 .43 .68 8 8/ . 4 '4 - .69
[ 8.9 gy-

-

34 gy"
4 74%n .

Wp 7,
,

4

..'0 .65 4 '

* 9 4 .40 .65

Sida -
,.. n *- .

.

,, e g ,, , ,

62
. . . ,

. ! I-

'
. . : .

Start Date 't/26/82 Finish Date 2/10/82'

| | 4- ' i : i i- i i t .

1
I
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I
j

post-Weld Heatina
,

j

Uponcompletionofthewelding,tgeweldsentwasdrapedwithas- !
bestos blankets and maintained at 375 F. for 24 hours. The heat was I

th o turned off and the asbestos blanket was kept on the surface of
the weldment which slowly cooled to ambient temperature (approx. 70*F.). )

Run-Outs *

Both start end and finish end (based on face side) run-outs were
|. . band-saw cut off and identified by stamping as followst start,
|- surface, root, and base plate numbers.

l

A 1/2" thick x 1-1/4" wide x full weld thickness acetion was saw-
cut and ground in preparation for spectrographic checks of nickel and
copper throughout the total weld metal, surface to surface, adjacent
to the main weld.

,

>

The results of these analyses are contained in the bead-by-bead
record.

The remainder of each identified run-out was sent to the attention
of Mr. R. Hawthorne. '

.

6

I

i
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Prenaration for Radiography

' The two lifting lugs were removed by flame-cutting and the veld-
'

ment was shipped to the Birdsboro Corporation for radiography ptr
- ASME Section V., Article 2, NB5000.

Upon completion, the films were sent to Lukens Steel Compar.y for
. evaluation and interpretation by the Inspection personnel.

The weldsent was held at Birdsboro until the evaluar. ton of the
films was determined to be of satisfactory quality. The weldment was
than shipped.*

The reinforcement varied from essentially none to 1/8" maximum
on both the face and root sides.

.-

Film Interpretation

'

The films were interpreted by Level 11 personnel. The non-fused
area at the top surface (pass #138) was noted at Position V1-V2 and a

_

caall crack-like indication noted at Position V5-V6. .. copy of the
interpretation is presented on the next page.

The films were sent to Mr. Russ Hawthorne.

_

.
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Attachment'No. 6

'
s

Submerged-Arc Wald in 8-1/4" Cage
*A533 Crade B Class 1 Plate

Item 2 - Base Plates #$ and #6 i

t

i

!
!

:
]

I

i

i.

CONTRACT NO. N00173-79-C-0218

.

LUKENS STEEL COMPAhi
Recearch Service Group

June, 1982
,
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UWl0N CARBIDE CORPORATION
|LINDE DIVISION
I

P.O. Box 747, Niagara Falls, New York 1430%

CERTIFICATE OF ACCEPTANCE INSPECTION |

Shlpped to Lukens Steel Company Shipper's No.: 024552 A ;

Quantity shipped: 3,000 lbs.Central Stores *
.

Coatesville, PA 19320 Date shipped: .6/16/81
'

:

Your Order No.: 4543-P -
,

,;

REPORT OF TESTS,0F GRADE 0091 UNIONNELT VELDING COMP 05fT10N ;

identification of Haterial Tested - Grade 0091 , size 65x200 ,

Lot o206 , control nct .

This c2rtifies that the Velding Composition Identified above has been tested .

!for conforn.Ing to specif! cations as follows:

Sizing: 32 Hesh 48 Hesh Minus 200 Mesh

P

0.41 24.2% M.ot
-

,

St 40% 10-20%

Uniformity: $10 Ca0 _

' ' 'i g . 'o's t 44.40%

34-40% 43-49%

Lower line gives specific.ation limits - single values are maximum.
|

[
l i

:
1. State of New York
! County of Niagara |

\

)Swore to before me this l

17 day of June , 19,,81 |

kw0 e w
e

"/ w Consumables Quality - Electric Welding
fj
i
#:-riLccrtE 67
s,s f,- .t . . N,w YttE

) .r|. 4 1 . .s; l' ch 30. (9
.

|

s

,
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Weldina' Procedure

Item 2 - Base Plates 5 & 6 - Linde 009? (Baked)
.

.

Preheat 300'F. - Int'erpass 325'F. - Heat Input 93,500 Joules / Inch

4

!

(AC) .:

Pass # Amps Volts Speed (ipm) Lopper Spool # Wire Consumed (1bs.) ,

R
1 350 34 15 .34 10

2 to 6 550 34 12
1

Turn - Arc-Air - Grind - 7/16" deep

7 550 34 15 .

8 to 26 ' 550 34 12

,

Turn

(thru pass 43) !

27 to 43 550 34 12 59 |
1

Turn
.

44 to 49 550 34 12 .39 11
'

1

Turn

| 50 to 82 550 34 12
_i

Turn

i; .83 to 91 550 34 12 (thru pass 93)
; 92 & 93 550 34 10 69

f
'

128 Lbs.! Total Wire =

i
i

. - . - . . _ .- . . - - - - - - - - - . . . - .
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: e- Sase Plates 5_ and 6 ! Sub sige Ites 2~

.

i

spool or Coil 10 & 11 Flux 0091
. .

Et.. Input 93500 J/inWire Consumed 128 lbs. . ! i . .
'am" ~
\ 'Ste- # ~x -

g, E ' 79 U ,gg, iti )
.35 .60 Q?, J _ .39 .62'

' '

. Finich-Stet: d ,
Run-out jW . .'

Run-out _ ,
:. . . . . . .. ,
!60_

- 4h - - -as .36 .63 .36 .,62gg- ,
, , ,- .

*

I AB. N di ;'4 .. .

|- _rg .

W,mse : :'
. . . . . .

;

ss , ; , 2
.

, .

1/4L. * .40 .65- As T #7 .39 ' .62
'

. . . . ,

FM ~
I ' pp T gl . . . . .

,

p~_,

gfme x . . . . . . . .

'3 . ,, ~ .

4 .36 .65 .as N36 .38- i .63 : i- ' - - - -

7 M .y : : : :. . .

iw .m a
;i &. . . .g

ar ne |. , . . . .

s s
CL * .34 .58 .37 .61

'

3 f .
,

a.

I.
;

Junction * 7 '
.28 .26 .28 .44*

L m
| L/

'

M, . ..

.

/6 191/4L * ' - - -
.

.39 .64 /f .37 .62 .

t4 at 3 . . . .
.

-- e -- ,
~

Ar I
-

- i

9 .37 .61
,
,

99_
ft { .41 .64 ,

,

Of 5-(~

ss' , 'er " ,

4[
e

''+ ,'* .40 .62 fARoot sc f3 J .41 .63
,

Side
'69 >

i

1 >

Start Date 4/27/82 . Finish Date 5/6/82
I * '

. . . . . .
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e m saa g w re) . LUKENS STEEL COM' ANfP

RADIOGR APNY INTERPRETATION
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; RE AFTER AFTER AFTER

-FATUS | ORIGINAL

REMARMSFIL t2 RATING g 3 3

/--2 I '' A . /, Tun .- - -

2- h f4 2.1 1 st Mr
b Seh ho2*

i

.

t,

'
__

.

.

_

I

|

|
.

!

.-

t M O
,*ACCiniAeLE V I ' | f~sI |*

3 * REJECTED INTERPRETATION M C A'.* E J.I
.nerAxe 70 V / -

-. - . . , - . . . . - . . . . _ . - - .. . . .. . . . - - - . - . _ . - -



. ~.

,
i

, )

4

1
;
iW- r

. i: ! .g 4p-

,. :
-

!,

i .,

A A |
r-

1

!

r

:

.

4

i

!

4%' |
.

t

,

I
I

i

k
-

y
.

n
[1, h!/ |

,

l ,

r iv a
,

Fig. ' A-1 Weld joint design for Welds W8A and W9A
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Fabrication of Weldment W7

.

1. General

This weldment was produced commercie ly by Combustion Engineering, Inc.
(CE) under contract. The weld was made using buyer supplied 216-mm (8.5>in.)'

,

;f' thick A $33 B Crade B Class 1 plate and contractor supplied welding flux and
L filler wire. The ill test report for the plate is given as Attachment No.

7. The chemical compositions of thebase plate, the filler wire and the
weldments made.for this project are indicated in Table A 1.

i The filler wire was not copper coatec. The target copper content (0.35%
Cu) for the weld deposit wu obtained by using special welding equipment which

i can feed two filler wires irdtaneously into the weld pool, in this case, a
low-nickel, low copper primaty wire and a high purity copper auxiliary wire.

,

Because the velding equipment had been idle at CE for several years beforehand i

and because new welding materials were involved, the contract called for a
phased approach (Table A-2). Phase 3 showed a good uniformity of copper '

deposition along veld beads produced by the welding apparatus (see Fig. A-2)
and _ that the filler vire feed rates produced a copper content approa;.hing the
target copper conteat value. Phase 2 demonstrated the capability of the
equipment and welSir.g materials to yield the proper copper content and
required mechanical properties in a 76 mm (3 in.) chick trial weld deposit.
The 1780 mm (70-in.) long main weldment fabricated in Phase 3, was found to i

-fully satisfy the purchase specifications given as Attachment 8.
'

2. Fabrication of Trial Welds and Main WeM

A report by C.T. Ward. " Fabrication Records: A - 533-B Weldments",
Combustion Engineering Report MML 85 195, of 13 December 1985 contains full -

details of the welding program. Excerpts from this report are provided here. -

for cocumentation of Weld W7.

* Filler wire source melt: SP2320.

0o Welding flux: Linde 80, probaked at 177 0 (350 F) and held at
temperature during the entire welding period,

e lleat input and are conditions: 630A, 32V, 13 ipm travel speed, 93
kJ/in, travel speed. Arc conditions held constant for all weld passes.

e Set up: Single arc, 6011z alternating current.

0Prebeating and Postheating: 149 C (300 F) minitaum and 204 C (400 F)*

maximum preheat and interpass tempacture. Temperature was measured
and controlled direcc on the surface of wold passes previously,

0

(1150 F() r+p) 6 C
deposited. One postweiding heat treatment of 621 0

316*C (600 ,e0(10 F) for 24 hours with heating and cooling above
56 C (100 F)/ hour maximum. The postwelding hear treatment was
performed in a furnace equipped with fan recirculation. Temperatures
were monitored with thermocouples placed over the length of the weld
seam.
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e ' Wold joint: lSin & e Vee, zero bevel, root opening of 33.0-me (1.3 in.)-
minimum.

et
R s Veld passes:' 17. total, where 3 side by sido passes formed each weld ' '-

. layer,

'o ' Inspection: . No defects were detected by the various examinations,- j
, ' ,

- includir.g radiography and magnetic particle testing. <
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Litt; ENS STEEL CD. CDATESVILLEr>PA. 19320

E. .
PHYSICAL TESTING RECDRD - INSPECTORG 05-17-77 x

?
w

HILL GRDER 6 9185-74564 1
CUST. PURCHASE ORDER 4 .00173-77-C-0072
UFECII". A-533-74 LL. 1 TYPE-D

i

HELT C MN P G CU SI HI CR Ho V TI 5 AL PE ZR CO CB |

A5401 .'? 1.40 .005 .004 .25 .70 .57

,

i

$

t

i

REQUIREt1ENTS - TEN. 80/100 YD. 50 MIN. ELG. 10% IN 2

i

2"
HELT CLAD YD. TEN. ELG-Ek R.A. PENU UHR TYPE IMPACTS FEA. APP LAT.EXP.IN.

2
A5401 2 726 930 -22 TV420*r, 56-64-42 60-60-60' .031 .058 .055 >

716 929 24 .

3

smor usicer y cauts ImL EW3R E208 ( Sise P-3 ) i

.ssur.. *s
. s'r. m,aseek ;

: -le*r. We Broek
-30*F, We Break
,30*r;' Es Essek
-40's. steek ;

'

3.p.T. Is -4F F.
,

3rrasmucs vuur. ;4er.
'

l
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Table A-1 Cheefcal Compositions of Base Plate, _ Filler Wire,
76-am Trial Weld, and 216-mm Main Weld (Code WW7)

Chemical Composition (Wt %)
;r

'

i
Base Plate Base Plate Filler Triag Main

(Trial Weld) (Main Weld) Wire * Weld Welde

c' O.24 0.21 (0.22)d 0.15 0.08 0.08
Hn 1.44 1.40 (1.40) 2.08 1.53 1.56
Si 0.29 0.17 (0.19) 0.07 0.59 0.60
P 0 011 0.017 (0.010) 0.009 0.014 0.013
s 0.005 0.007 (0.008) 0.006 0.009 0.008
Ni 0.70 0.61 (0.63) 0.09 0.11 0.10
Cr 0.12 0.11 0.12 0 12---- ----

Mo 0.54 0.55 (0.54) 0 53 0.53 0.54
Cu 0.10 0.18 (0.20) 0.03 0.34 0.35
V ---* 0.006' O.006 0.006--- --

Sn 0.002 0.002 0.002---- ---- ----
;

As 0.004 0.001 < 0.001 ;
- - - - ---- ----

B '< 0.001 < 0.001 < 0.001---- ---- ----
,

-,

L
s

a 4.76-am dia. Heat No. SP2320, Type 80S-2RC
.^ 76.2-mm thic a 0.51-m long, single Vee joint
c 216-am thick, 1.78-m long, single Vee j oi nt , average of 4

determinations through the thickness
d Mill melt analysis
* Not determined

|.-
,

r

l:
76
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m

Table A-2 Details of Three-Phsse Approach to Fabrication of Weld

Phase Action Acceptance Criteria

1 Objective: Qualify Assemble, calibrate, test cold rire Weld deposit analyses show a uniform
proposed welding feed, welding apparatus. Prepare copper content (1 0.02% Cu) over the
equipment. two-layer deep, bead-on-plate weld weld lengths.

stringers using specified heat input
and a cold wire feed rate for
0.35% Cu in the deposit. Analyze
weld deposit (upper layer only) for %
copper at eight predetermined points.

!

d 2 Qualify cold wire Fabricate and postweld heat treat 41-J transition temperature and C,'

feed rate; qualify a 76.2-s.m (3-in.) thick x 0.51 m upper shelf energy are < -7'C (< 20*F)

filler wire flux (20-in.) long trial weld. Test and ) 81 J () 60 ft-lb). Copper
combination for for tensile properties and content is uniform and b-tween 0.32%
A 533-B Class 1. Charpy-V notch ductility. Test for and 0.39% Cu.

as-deposited chemical composition.'

3 Fabricate main Fabricate, heat treat, X-ray and Weldment was fabricated in full
weld seam. chemically . analyze the 216-num compliance with specifications, is

(8.5-in.) thick x 1.78-m (70-in.) reasonably free of defects; and
Icag weld seam using welding represents good welding practices and
parameters / conditions qualiffed' ' in workmanship.
Phase 2.

.
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WELD PASS,

SEQUENCE
*

BEAD NO3 MACHINED TOo

THIS LINE FOR CHEMICAL3 0 7/ 3 2" - - ANALYSIS.BEAD NO. ,- | 2 3/32"
:

I }L a a. -

COPPER ANALYSIS *

| LOCATIONS
: ;

'

j. + 6" -*3a. ,

f / / I
,

i- WELD START END V// - - - M- ' /'

(3 BEADS,TYP) aty% f'"'" - '- "

;~1 < rey y _<< d G , j
twu e eaccx:ec: n.m ,

,2cf|I yk << c O

H'+ %J
16"= :

Fig. A-2 Phase 1 bead on plate weld tests for
qualifying cold wire feed apparatus for
producing a high c>pper content weld
deposit. Analyses of bead no. 3 at the
eight points shown, indicated copper
contents of 0.33% or 0.34% Cu, (Note:
in. x 2.4 - mm)

'

,
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Attcchment No. 8
?

SPECIFICATIONS WELD NO. 1 .

I

FINISHED SIZE : 8.5-in. thick x 70-in. weld (seam) length; finished '

[ weldsent width will be approximately 41 in. Weldsent i

length is exclusive of run-in/run-out end tabs.

BASE. PLATE : A 533-5 Class I steel (furnished by Buyer, complete with
edge' preparation).

ELECTRODE Th E - 2 The wire (provided by Seller) will be the high manganese
,

molybdenum type (low nickel) used for welding A 533-B
steel. The specific heat of wire used will be autually
agreed upon by Seller and Buyer. The filler wire to be - ;

used will have a nickel content of 0.09% Ni by a check 1

analysis of the Seller.

ELECTRODE SIZE : 3/16-in. diameter

COLD WIRE FEED : lgh purity copper (provided by Seller; Seller chooses
,

diameter)

WELDING FLUX : Linde 80 (size 20 x 200), (provided by Buyer, 370-lb
total) baked (baking provided by Seller).

_

|
,

PROCESS : Single arc, AC, cold wire feed

SPEED : 10-13 ipa

VOLTAGE : 31.5-35

AMPERAGE : 500-650

JOULES / INCH : 85,000 (min) to 93.500 (max) (93,500 aim)
]

PREHEAT : 250*F (min) - 400'F (max) (300'F aim) )
l

INTERPASS : 250'F (min) - 500'F (max) l

JOINT : Single Vee, machined, straight-sided joint; root gap to
be 1.312-in. (minimum). Each weld layer is to consist of
three, nominally side-by-side weld passes. All required '

copper content determinations (main weld and 3-in. thick

trial weld) will be on the vertical centerline of the
weld deposit. Backing strip to ba mild steel or low-i,

alloy steel (provided by Seller). Backing strip will be
removed af ter welding, the root area excavated by 0.5-in.

,

deep (maximum) and examined by MT. Root area will not be
| back welded. End tab mold material to be mild steel or l

| preferably A 533-B steel (provided by Seller). |

|- RESTRAINT : Pieces being joined may be restrained by heavy clamps
initially at the Selle r 's option, iovever, an initial

| preset will be the method used by Lie Seller to keep the
' weldment flat. 1

79
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DEPOSIT CHEMISTRY: Range of copper content will be established during |

phase 2 (see Approach below). Nickel content should be
as low as practical. Deposit chenistry will be
consistent with that required for attainment of A 533-B
Class 1 weld mechanical properties.

WELD DEPOSIT For chemical analyses, the run-in/run out tabs will be
COMPOSIT!ON removed from the weld seam (by sawing or equal) at the
DETERMINATION immediate juncture of the runoff and the base plate

end. The sawed surf aces will then be ande smooth af ter
which f our locations in the weld run-in/run-out tabs will
be tested on the * sawed surf ace" for chemical composi-
tion. Analyses will be made f or %C, %Mn, %Si, %P, %S.
%Ni, %Mo, %Cu and %Cr at a minimum. Locations in the
run-in tab (and in the run-out tab) are: 1.00, 3.2, 5.3,
and 7.5 in. above the bottom surf ace of the base plate;

measurements will be made on the vertical centerline of
the weld joint. A 5/8-in. thick, full cross section
slice of the weldment will also be saw cut at the mid-
length of the weld seam for chemical analyses. The slice
will be sent to the Buyer within two weeks af ter it has
been removed f rom the weldment.

POSTWELD HEAT- : The veldment will be postweld heat-treated by furnace
TREATMENT treating at 1150'F t 25'F for 24 hrs. Heat-up and cool-

down will be at a rate not exceeding 100'F/hr above
600*F. Air cooling is permissible once the workpiece has
cooled to 600'F. Weldment length can be saw cut in half
for heat-treatment at Seller option provided that mating

edges of the halves are permanently marked for

identification.

MONITORING OF : A minimum of two (2) thermocouples will be attached to

HEAT-TREATMENT the weldment to monitor temperatures throughout the
TEKPERATURES stress-relief anneal. A strip-chart temperature recorder

will be used to record temperature indications from the
thermocouples. The temperature charts will be made
available to the Buyer for his review. Thermocouple
locations on the workpiece (approximate) will be recorded
and the workpiece orientation in the furnace (edge near-
est the furnace door) will be identified for the Buyer.

X-ray inspection of the weld seam will be performed after iPOSTWELD :
INSPECTION the stress-relief annealing operation. Radiography will

be to acceptance standards of ASME Section V. NB5000 or
current equal.

REPAIRS : None are allowed without Buyer's prior permission except
for the following case:

If a short undercut (2-in. max in length) is

observed, the Seller will record its location (depth and
position along the weld seam length) and will repair the

|

|
undercut on the spot. A maximum of three such repairs
are allowed.'
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' Defects observed in X-ray will not be repaired but *

will be marked on the weldment. Defects observed in ,

X-ray *also will _be reported to MEA verbally and in
writing before the weld is shipped to the Buyer.

,

WELD : The weld deposit will be full thickness and will' have a
' CONFIGURATION 1/8-in. thick (min) crown on the top surf ace.

'

DOCUMENTATION : A detailed, bead-by-bead record of welding conditions for
the weldment will be furnished to the Buyer. Documenta- *

tion will include results from chemical analyses made on
,

the weld run-in/run-out tabs, the results of X-ray analy- .

ses, and a confirmation by the Seller that heat treatment !

and other specifications, given here, were satisfied.
.

APPROACH : A three-step approach will be followed in the determi.na-
tion of the necessary welding procedures, mate rials and t

control settings to help assure proper fabrication of the
8.5-in. thick x 70-in. long weld seam. '

The three-step approach it detailed in the Attach-
,

ment. '

,

1 -

|
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Fabrication of Weld W4 |

1. General
,

i

U' This submerged are weld was fabricated ' commercially by a reactor . vessel'
- fabricator. Details ' of weld fabrication procedures other than the welding ,

0flux type (Linde 124) and the postwelding heat-treatment (607 0'and 50 h) are;

not available. The weldment supplier has offered that the weldment is-
prototypic of some welds found in reactor vessels. .i

.!
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API'lNDIX H

Reactor Operations llistory:
[Irradiation Asseinblies UBR 62, UBR 70, UBR-71 and UBR-72 k
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C ;,;|{p+. ;IIPOSURE. HISTORY. "
. ,

Dw . ;.
-

tj, a ;4p 4 :.

[f.) <( - MEA- UBR' 62' A & ?:

(;
u c

.

gg ' . lI
' '

. m:.,
.

'

'Udsta . time- : date. tiine : axposure. sig=a' ;.co r e
; cin -- in' out- out' 'hohr6- .houis position

w
$9-29-85.; 1728-. 10- 1-85 ~. 2307- 53.65 - 53.65 C-2-

#
14 5" spacer:

,

ic

Q [10-2-85- :0l!3' ~10-4-85 ,1300 -59.7S l l3i43.p -
, . .- '

jg 1076-85 ,'1632 10-10-85 1312 92.33 :205.76
'

-

.f. 4

'$,. "
::10 ~10-85 :1536' - 11 10a 25 '1700 3.40 209.16n-

,.
'

L ~'
10-10 85 '2012' ;10-11-85 '1010 13.96 223.12

>

,

s

y' a
. ..

~ 62 A'6 B Rotated- '
-

\ y

R .' '

'

E10-13-85: -1708- 10- 18-85 0800 1!O-87 333.99 ')
'

., ,.

:10-20-85' 1700 ' 10-25-85 0933 112.55 446.54
Y.
'

'.

[. 62-~A & B' Out END ~g..
w

'
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EXPOSURE HIS70KT :

I '

U BR 7 0 A . E --

==-,

'DATE' TIME- DATE TIME EIPOSURE SICMA COPE
-

IN IN- OUT 0VT HOURS' . HOURS . POSITION. NOTES
._

-2-14-86 70 A,B LOADED B-4- 6 3/8".Sp;
;;

^',.-

r
.

. .

! -17-86' 1649 2-21-86- :0900- 88.18 88.182

!
!

__

"

70 A,B ROTATED 180'
.

t

t

2-23-86" 1709 2-28-86 0800^ 110.85 199.03 T.C.

:3-2-86- l658' 3-3-86 'l030 17.53 216.56

I"' 3-3-86 1306 -3-4-86 2224 33.30 249.86

i3-4-86- 2314- 3-5-86 1906 19.87 269.73

-3-5-86J 1937' 3-7-86~ 1241 41.07 3s0.8b i
,

L.

.

,

10 A.B ROTATrn 190'

,

1.o.nA 164 1- 3-14-86 0900 112.32 423.12

_.

70 A,B OUTFOR_AXhEAL T.C.
_

,

!

,2;"4-36 10 f. INTO OVEN

.

70'S INTO OVEN

4-18-86 70 A.B BACK IN B-4

I
,

-20-60 1700 4-23-66 0000__ 55.00 478.12 ,

,

_

1

70 A,3 ROTATED 180'
.
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M

EIPOSURE HISTORY

UBR 70 -A,B PACE 2'

DATE TIME DATE TIME IIP 05URE SIGMA CORE

IN IN OUT OUT * HOURS' HOURS POSITION NOTES-

4-23-86' 0028 4-23-86 1545 15.28 493.40

4-23-86 1642 4-25-86 0945 41.05 5 34. t. 5

__

,

70 A.B OUT T.C.
.

.

--

.

p

|

|

|

|

._

'

}, |
-

.

!

- .

. e sur %-

1

samuse

e
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EXPOSURE HISTORY: NEA 71 A & B

DATE IN TIME IN DATE OUT TIME OUT EXPOSURE SICMA CORE

HOURS HOURS P0.91 TION NOTES

71 A & 1 into B-4 B-4 6 3/8" SPACER
_

i-91-86- 1700 3-25-86 0704 38.07 38.07

'g.9g.ng 0745 3-78,86 0930 73.75 111.82 T.C.

g gn.ng -- 17 n0 4-4-96 1200 115.00 226.82 l

'4-6-86 ~ BOTH ROTATED 180*

4-6-B6- 1558 4-7-86 1123 18.41 245.23

'4-7-86 1342 4-7-86 2217 8.58 253.81
'

t.-7-86 2249 4-8-BA 1400 15.18 268.99

"4-R-R6 1611 4-11-86 0900 66.48 335.47

-6-13-36 1653 4-16-86 1100 66.12 401.59

4-16-86 1152 Il-18-86 |130 47.63 449.22 i

4-18-86 71 A & L OUT T.C.

4-29-86 A UNIT ANNEAL

9-8-86 __

B UNIT ANNEAL

5-16-86 71 A& B BACK INTO B-4

5-18-86 1720 5-19-86 0830 15.16 464.38
1

5-19-86 0910 5-23-86 1340 99.67 564.05 !-
!

3-23-86, 7! A& B ROTATED

5-26-86 1643 5-26-86 1650 .12 564.17

5-26-86 | 1710 5-30-86 2103 99.88 664.05 T.C. [
i

6-1-86 1700 6-2-86 1300 20.00 684.05 .

'

6-2-86- '1314 6-4-86 i 1000 44.77 728.82

ROTATE 71 A & B |

6-4-86 1050 6-5-86 1000 23.17 751.99 ;

6-5-86 1141 6-6-86 0700 19.32 771.3i T.C.

6-6-86 71 A & IL OUT (DONE i

l

87

- - - - - -

. . . . . . . . . . . ... .. . . . . . . ._



. .i'

!

EXPOSURE HISTORY,

MEA UER 72 A'

i

OAIS TIMI DATE TIME EXPOSURI SIGMA CORE |

ib 1H .IN- OUT OtIT * HOUP.S HOURS POSITION NOTES>

_

-4-4-86 72 A IN"O C-2 C-2'

_.

4-6-86 1658 4-7-86 1173' 18.41 18.41

L 4-7-86' 1342 4-7-86 2217 8.58 26.99
t:

1-7-86 - 72 A OUT

4'B-86 72 A BACK IN I-

4-8-86 1431 4-11-86 0900 66.48 93.47

4-13-86 '1653 4-16-86 1100 66.1: 159.59

i !
A-16-86 72 A ' ROTATED 180'' 'i

!
l

4-16-86 il52 4-18-86 1130 -47.63 207.22
}

~

4-20-86' 1700 4-23-86 0000 55.00 262.22 ,

<

i

4-23-86 0028 4-23-86 1545' '15.28 277.50 j

1,

6-23-86- 1642- 4-25-86 0900 41.05 318i55
'

i. j'

72 A OUT
L

.e

,i. --

_ __ .

,
_

!
'

,

!

.

*
?
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3Neutron Dosimetry Determinations: ;

' Irradiation Assemblics UBR-62, UBR 70, UBR-71,and UBR-72 |
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P

UBR-62 @ M V,"7%
~ ~ f** "'^' "

6

' ,;W8AWW7 W8A WW7
ci.

405 60 160 41 ,

fe. COAT,_

WV7 WBAWw7 W8A
S1 463 ?2 498 {

'

W8A WW7 V8A WW7
467 43 500 6? ;

Fe, Mi e
,_

WV7 v4 Vv7WsA
44 ''' 63 494 *

WV7 'm"W 7 WV7 WW7 .

230g.~
' ' " 5946

W8A WV7 W4 WW7
~

*
* 'Q' 47458 54

WW7 W8A VV7 wha
d5 46? 48 464

,_ fe . COA l,W8AWW7 W8A WV7
493 49 466 5J
WV7 W8AVV7 V8 A'

50 468 57 406
,_

W8A WV7 W8A VW7 *

499 58 501 51

B CAPSULE wsAWBA w4 W8A v4
396 390 144 V30 109

-- Fe. 00AI, AgAt
'.14 v4 Wer v4 weA
169 148 420 115 419

.V9A WBA V4 VBA W4
410 4l4 i42 416 112

_ 0' -' V4 W4 W4 V8A WBA

O ~~ g g

395 504 'Rh t" 502
VBA W4 VBA W8A W4
'i l 8 147 392 503 110

__

W4 WBA V4 W8A W9A *

168 388 145 5?? 386
'

VBAVBA W9A V4 W4
412 417 'a 141 114

-- Fe, COAL, AgAl
V4 WBA V4 W9AWOA
17 C- 393 165 391 4l3

W9A V4 WBA W4 V4
400 166 351 143 13 ,_

V4 W9A V4 W9A WBA '

172 394 146 418 V24

_

C
_

TEtellEy

i-.

Fig C-1 Irradiation Ausembly UBR-62 showing neutron
fluence-rate monitor locations,
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' ' Ttble C-1 ' Irradiation Assembly UBR-62 Capsule A Fluence-Rate
.

Monitor _.Results (Ref.1)'

- - - - -

h- Monitor / Segment" Fluence Rate x 1012 Monttor 1.ocatior. 4.n
,

, '(Average) Specimen Array

A1 (Fe) 5.81 Immediately above
T(Ni) 5.80 layer 1

A21 '(Fe) 5.97 Between layers 2 and 3
(AgCo)- 3.02c

~3 (Fe) 6.18 Between layers 4 and 5 !A

'(NL) 6.18

'A4 (Fe) 6.51' Between layers _7 and 8
-(Ni) 6.61

'A5 (Fe)_ 6.65 Between layers 9 and 10
C(AgCo) 3.31

LA6. (Fe) 6.94 Between layers 11 and 12
.(N1) 6.94

dVial (2.aaU) 8.18 Between layers 6 and 7
(9.33)"

(Fe') 6.53
(Ni) 6,54

?

a 2ssU results are basedSee Figure C-1 for monitor locii. The Fe, Ni ar a

on > 1 MeV 2ssU fission _ spectrum-averaged cross sections of 115.2, 156.8
and 441 millibarns, respectively.

' b' 2Fission spectrum assumption; n/cm -s-2 (E > 1 MeV) unless noted.
C Thermal: fluence rate corrected for epithermal neutron contributions based

on 108Ag and 88Co reaction rates and their cross s e c ti.ons . Single
determination value.

*

' d Determination from 187 Cs results (only).

* Calculated spectrum value.
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Table C 5' Irrad'ation| Assembly UBR-71 Caprule A Flunnee Rate
S-: ; Monitor Results-(Ref. 3)

,

a b,' Monitor / Segment Fluence Rate x 1012- Mor.if .c Location ins

(Avera68) SPocimen Array :

AB (Fe)- 5.90 immediately above
( - (Ni) - 5.6F- layer 1

A9 (Fe) 6.13 Between layers 2 and 3
(AgCo)' 3.01c

All (Fe) 6.42 Between layers 4 and 5'
(Ni) 6.18 -

A10 (fe)' T 77 Between layers 7 and 8 |
(NL) 6,48 i

A12 .(Fe) 6.97 Between layers 9 and 10
C

g+ (AgCo) 3.89

.A13 _(Fe) 7.26 Between layers 11 and 12
(Ni) 7.00

dVial (assU) 8.12 Between layers 5 and 6
(9.26)*

(Fe) 6.54
(Ni) 6.60 l-

1

J-- -

*
See' Figure C 3 for monitor locii. The Fe, Ni and 2seU resulta are based
on > 1 MeV sssU fission spectruc-averagad cross sections of 115.2, 156.8

.

,

and 441 millibarno, respectively.
-{

b Fission spectrum assumption;.n/cm .s s-(E > 1 MeV) unless noted,2

c . Thermal fluenco rate corrected f or epithermal neutron contributions based (on 188Ag and 58Co reaction rates and their crors sections. b'

d' Average determination from 187Cs, tosRu and 86Zr results,
i

-

* Calculated spectrum value. Iy
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1 Table C-6 Irradiation Assembly UBR-71 Capsule B Fluence Rate .

./ Monitor Results (Ref. 3)cy

h ,

>I.
k
n

bMonitor / Segment'' Fluence Rate x 1012 Monitor location it.' ,

G- (Average) Specimen Array

$d -

!$
4 B1 (Fe) 7.42 Between layers 1 and 2 ..

(AgCo) 3.74c ;

!}f
|.

B2 (Fe) 7.07 Between layers 3 and.4
@h (iii) 6.90 :

R
D B3 (Fe) 6.87 Between' layers 6 and 7
,; (Ni) 6,67
,

{F
O B4 (Fe) 6.64 Between layers 8 and 9

0(AgCo) 3.13
t}t
k' B5 (Fe) 6.40 Between layers 10 and 11

()- (Ni) 6.27

d
Y Vial (assU) 6.83 Betweca layers 7 and 8 '

s? (10.07)*
<

(Fe) 6.83g
(NL) 6,74

,

#,
y See Figure C-3 for monitor locii. The Fe, Ni and assU results are based-a

W on > 1- firV 2asU fission spectrum averaged cross sections of- 115.2, 156.8
_g anc' 441 millibarns, respectively.
+

b' Fission spectrum assumption; n/cm .3 (E > 1 MeV) unlees noted.2 m
,

g'.
y Thermal fluence rate corrected for epithermal neutron contributions basede

d Ag and 88Co reaccion rates and thiir cross sections, i208on
9
'|l : d Average' determination fro 187Cs, sosRu and usZr results.
's

*}j Csiculated spectrum value.
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LTable'C-7_ Irradiation-Assembly UBR-72 Capsule A Fluence-Rate
Monitor Results-(Ref. 4) v

i

an 3

bMonitor / Segment" Fluence Rate x 1012- Monitor Location in -j
(Average) Specimen Array

'

s

A1 (Fe) 6.51 Immediately above
.(Ni) 6.42 layer 1

A2 '(Fe) 6.45 Between layers 2 and 3
(AgCo)- 4.20c ,

.

A3 (Fe) 6.54 Between layers 4 and 5
(Ni) 6,46

t

AS (Fe) 6.49 Between layers 7 and 8 ;

(Ni) 6.43
.

A6 (Fe)- 6.46 Between layers 9 and 10
!(AgCo) 3.99c.

A7- (Fe) 6.52 Between layers 11 and 12-
(Ni)- 6.48 .

dVial (aseU) 7.96 Between layers 5 and 6
(9.07)*

(Fe)- 6.60
(N1) 6.65

a - See Figure C-4 for monitor locii. The Fe, Ni and 2saU results are based
on > 1 MeV 2:aU fission spectrum-averaged cross sections of 115.2, 156.8
and 441 millibarns, respectively.

l' Fission ' spectrum assumption; r.j'em .g-1 (E > 1 MeV) unless noted.s

c Thermal; fluence rate corrected for epithermal neutron contributions based
108on Ag and 88Co reaction rates and their cross sections.

d Average determination from is7Cs, losRu, 140BaLa and 88Zr results.

*: . Calculated spectrum value.
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Code WSR' (Uni rradi at ed Condit ion) Y

|H ). Specimen Layer Cassule Test Temp. Enerav Lat. Exp. Shear- 1:

-Humber ('c) (*F) (J) (ft-lb) (mm)- (mtis)- ( */. ) ]
|

't 4 4 -40 -40 19.0 14.0 0.33 '13 5
---

i

2' 11 11 -40 -40 24.4 18.0 0.43 17 .5 |
---

b '3 30 6 -23 -10 35.3 26.0 (HD) (HD) l
---

----

4 5 5 -18 0 48.8 36.0~ 0.94 37---

|
----

5' 12 12 -18 0' 43.4 32.0 0.79 31 20 '---

6 23 11 4' 40 28.5 21.0 (TID) (HD)----
----

7 18 6 4 40 52.9 39.0 (HD) (HD) l
---

----

-8 10 10 27 80 40.7 30.0 0.74 29 35---

9 3 3 R27 80 56.9 42.0 1.09 43 45----

10, 6 6 49 120 70.5 52.0 1.27 50 80---

-11 1 1 49 120 63.7 47.0 1.19 47 60 -f
---

'12 9 9 93 200 75.9 56.0 1.47 58 100---
-

13 2- 2- 93 200 81.3 60.0 1.55 61 100---

14- 15 3 204 400 70.6 58.0 1.68 66 100'---

15L 22- 10 204 400 78.6 '58.0 1.52 60 100---
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Code W9R (Unirradiated Condition)
, ,

.H3. Specimen Layer. Capsule Test Temp. Er.erav Lat. Exp. Shear
Humber ('C) (*F) (J) (ft-Ib)- (mm) (miIs) ( *4 ) i

1- 5 5 -62 -80 39.3 29.0 0.71 28 20---

2' 15- 3 -62 -80 38.0 28.0 0.64 25 10---

3 .3 3 -46 -50 - 71.9 53.0 1.09- 43 50---
,

-46 -50 67.8. 50.0 1.07 42 204 19. 7 ---

24 75 130.2 96.0- 1.85 73 955 18 7 --- ,

=6- 27 3 24 75 149.1 110.0 1.96 77 99.---

7 6 6 71 160 154.6 114.0 2.18 86 100---

204 400 169.5 125.0 2.21 87 100-8 16 4 ---

204 400 169.5 125.0 2.21 87 1009- 29 5 ---

204 400 168.1- 124.0 2.16 85 10010 35 11 ---
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n .4'
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Code WW4 (Unirradiated Condition). ;

F- . Humber'
"

Capsule. Test' Temp. Energy Lat. Exp.
.

She ar'- ]b< Ho.;" Specimen' Layer
'

,(*C) ('F) .(J) (ft-lb) (mm)- (mils)' ( *4 ) ' - i-

.!
'~

N. ., 1 -| 20 8' -- : -62- -80' 9.5 - 7.0 .0.23 9' ----

F
12 :- 1 . it .-51 -60 23.0 17.0 0.43- 17---: --- -

3- 33 9' '
-40 -40 46.1- 34.0 '0.76 30'--- ----

:-4 ? 66' 6- -34 -30: '55.6 41.0 0.94. 37---- ----

.5- -49 6 -34 -30 55.6 41.0 0.94 37
'

----: ----

6' 62 '2 -18 0 .39.3' 29.0 0.74 29':--- ----
t

: 7' 72 - 12 . -18 -0 89.5 66.0 1.40 55---- -----

'8< -40 4 ,-1 30 111.2 82.0 1.75 69_---- ----

.9 - 53 5
'

16 60- 120.7= 89.0- 1.83- 72
. ;

'' --- ----

.:10 : 7- 7'' 49 120 124.7 92.0 2.01- 79----- ----

11 12' 12 60 140 141.0-- 134.0 2.16 '85--- j----

- 12- 46 10 121 250 143.7 106.0; 2.18 86 '!---- '---

:: l'3 27 3- 149. -300 128,8 95.0 2.06 81 - i---- ----

' 14i 14 - -2 204 400 128.8 95.0 2.06- 81--- ----

21 5 59. 11 204' 400 153.2 113.0 2.29- 90--- ----
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Code WW7 (Unirradiated Conditlon)-'

'

H 6. .: . Specimen -Layer Capsule Test ~ Temp.- Enerov- -Lat. Exp. Shear,

'Humber? (*C) (*F) (J) (ft-Ib) -(mm) (atIs). ( *.< >
'

'
,

* : 1. . CEB- .75; -34 -30 31.2 23.0 - (HD)- .(ND)- -<100
-

---

| , * |2' 111' 11- - - - -

. : 3. .3- -18 0- 39.3 -29.0 0.76 30= :34---
'

3 -18 0 33.9: 25.0 0.76 3 0 -- 43-
- 4; LCE5i .25- -18- 0- 40.7. 30.0 :(ND)~ (HD) < 100.:-- .s

'5 'CE4. .75'
= - 18 - 0 40.7 30.0 (HD) (ND)- < 10 0 -- :

---,

u'.- '6; CE7 . 2 5 :'
'

4 40 61.0 .45.0 (HD) (HD)- <100----
,

i7:- CE67 .75 4 40 59.7 44.0 -(HD) -(ND)' <100- :'
----

8 2 2 .10 50- 63.7 47.0 1.12 44: 70---

-9- 9 9- ,
10 50 62.4 46.0 1.17 46- 66 ;

- ---

let -4' 4 99 -210- 85.4 63.0 1.78- 70 100- ;
---

7
'-11 <12 D 12 99 210 80.0. 59.0 1.57 62 100. -1

---

12 1: 1.
'

99 210 78.6 58.0 1.57 .62 100.--- *

,13 10 10 99 210 .88.1 -65.0 1.68 66 -100 :
---

' 14 CE1 .75 -- : 100 .212 89.5 - 6 6 .' O (HD) (ND) 100' :
'

-15- CE2: . 25 - 100 212 88.1 65.0 '(ND) (HD) 100- i---

11 6 ' CE3 . 2 5 =:
'

100 212 88.1 65.0 - (HD). (HD) 100:----
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Code WW4 (Thermelly Aged 288 C - 2160h)

No. Specimen Layer Capsule Test Temp. Enerov Lat. Exp. Shear ,

Humber- (*C) (*F) (J) (ft-lb) (mm) (mils) (%)

1. 31 7 -46 -50 13.6 10.0 0.36 14
---

----

2 5 -5 -34 -30 70.5 52.0 1.12 44---
----

3 44 8 -34 -30 61.0 45.0 0.94 37---
----

4. 18 6 -23 -10 58.3 43.0 0.94 37---
----

-5: 57 9 -7 20 89.5- 66.0 1.30 51.---
----

6 61 1 -1 30 97.6 72.0 1.55 61---
----

7 24 12 49 120 143.7 106.0 2.11 83---
----

8 11 11- 116 240 135.6 100.0 2.21 87---
----

9 70 10 199 390 160.0 118.0 2.18 86.---
----

10 74 2 199 390 136.9 101.0 2.01 79---
----
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Code WBR (UBR-62, Capsules A & B, As-I rrad i at ed )

Ho. Specimen Layer Capsule Test Temp. Energy Lat. Exp.' Shear
Humber (*C) (*F) (J) (ft-lb) (mm) (mtis) ( *4 )

1 493 1 62A 49 120 16.3 12.0 0.23 9 <100
2 460- 4 62A 57 135 21.7 16.0 0.33 13 <100
3 498 6 62A 71 160 32.5 24.0 0.61 24 <100
4 502 10 62B -82 180 25.8 19.0 0.48 19 (100
5 500 0 62A 93 200 42.0 31.0 0.74 29 <100 >

6 501 9 62A 107 225 47.5 35.0 0.76 30 (100
7 468 12 62A 138 280 52.9 39.0 0.94 37 97
8 510 2 62B 204 400 50.2 37.0 0.97 38 100

Code W8A (UBR-62, Capsules A&B, 399 C Annealed)

No. Specimen Layer Capsule Test Temp. Enerov Lat. Exp. Shear
Humber (*C) (*F) (J) (ft-lb) (mm) (mils) 0;)

1 464 8 62A 27 80 35.3 26.0 (HD) (HD) <100
2 462 6 62A 49 120 66.4 49.0 1.17 46 <100
3 503 11 62B 60 140 48.8 36.0 0.84 33 (100
4 494 2 62A' 71 160 51.5 38.0 1.07 42 <100
5 457 1 62A 138 280 74.6 55.0 1.32 52 100
6 499 7 62A 204 400 78.6 58.0 1.65 65 100

Code WSA (UBR-62, Capsules A & B, 454 C Annealed)

No. Specimen Layer Capsule Test Temp. Enerov Lat. Exp. Shear

Number (*C) (*F) (J) (ft-lb) (mm) (mils) ( *4 )

1 465 9 62A -7 20 36.6 27.0 0.61 24 <100
2 496 4 62A -1 30 20.3 15.0 0.43 17 (100

3 467 11 62A 21 70 46.1 34.0 0.86 34 <100
4 466 10 62R 21 70 38.0 28.0 0.69 27 (100

5 504 12 62B 32 90 61.0 45.0 1.04 41 <100
6 458 2 62A 54 130 62.4 46.0 1.09 43 <100
7 463 7 62A 204 400 92.2 68.0 1.57 62 100

8 522 6 62B 204 400 81.3 60.0 1.96 77 100
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Code W9A.(UBR-62, Capsule A, As-I rrad i at ed)

Ho. Specimen . Layer Capsule Test Temp. Energy Lat. Exp. Shear
Humber (*C) (*F) (J) (ft-lb> (mm) (mtis) (%)

1 391 7 62A 4 40 23.0 17.0 0.33 13 (100
2 419 11 628- 27 80 38.0 28.0 0.66 26 ----

3 414 6 62A 38 100 61.0 45.0 0.84 33 <100
4 392 8 62A 49 120 73.2 54.0 1.12 44 (100
5 412 4 62A 71 160 77.3 57.0 1.24- 49 (100
6 418 10 62A 82 180 78.6 58.0 1.24 49 <100
7 386 2 62A 138 280 100.3 74.0 1.60 63 (100 1

-8 V30 9 62A 204 400 113.9 84.0 2.01 79 100 |

Code W9A (UBR-62, Capsule B, 399 C Annealed)

No. Specimen Layer Capsule Test Temp. Enerov L at . Exp. Shear

Humber (*C) (*F) (J) (ft-lb) (mm) (mtis) (%)

1 409 1 62B -29 -20 36.6 27.0 0.53 2 11 <100

2 416 8 62B -18 0 42.0 31.0 0.64 25 <100

3 395 11 62B -7 20 62.4 46.0 0.91 36 (100

4 388 4 62B 27 80 92.2 68.0 1.32 52 (100
5 396 12 62B 182 360 136.9 101.0 1.88 74. 100

6 V24 9 62B 204 400 160.0 118.0 2.21 87 98

I

Code W9A (UBR-62, Capsule B, 454 C Annealed)
|

| Ho. Specimen Layer Capsule Test Temp._ Energy Lat. Exp. Shear
!- Number (*C) (*F) (J)- (ft-lb) (mm) (mils) (%)

1 385 1 62B -29 -20 36.6 27.0 0.64 25 <100
'2 417 9 62B -23 -10 77.3 57.0 0.99 39 (100

i.

|- 3 410 2 62B -21 -5 50.2 37.0 0.84 33 <100
1 4 415 7 62B -12 10 84.1 62.0 1.24 49 ----

5 394 10 623 7 45 16.3 12.0 0.28 11 <100
6 393 9 62B 10 50 119.3 88.0 1.60 63 ----

7 390 6 62B 21 70 116.6 86.0 1.63 64 (100
8 420 12 62B 204 400 155.9 115.0 2.18 86 100
9 351 37 62B 204 400 174.9 129.0 2.21 87 100

,
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Code WW7 (UBR-62, Capsule A, As-Irradiated) '!

'Ho. Specimen Layer Capsule Test Temp. -Enerov Las. Exp. -Shear ,

Humber (*C) (*F) (J) (ft-lb) (mm) (mils) (%)

-1 58 6 -62A -1 '30 10.8 8.0 0.20 8 (100
2 63 11 62A 27 80 27.1 20.0 0.48- 19 <100
3 47 8 62R 49 120 28.5 21.0 0.53 21 <100
4 43 4 62A 63 145 40.7 30.0 0.74 29 <100

.5 49 10- 62A 71 160 47.5- 35.0 0.81 32 <100
6 41- 2 62A 82 100 44.7 33.0 0.84 33 <100
7 57 5 62A 138 280 58.3 43.0 1.02 40 97
8 61 9 62R 204 400 59.7 44.0 1.19 47 100

Code WW7 (UBR-62, Capsule A, 399 C Annealed)

No. . Specimen Layer Capsule Test Temp. Enercy L at . Exp. Shear

Humber (*C) (*F) (J) (ft-lb) (mm) (mils) (%)
>

1 42 3 62A -4 25 32.5 24.0 0.48 19 (100

2 54 2 62A 13 55 36.6 27.0 0.53 21 <100

3 45 6 62A 21 70 40.7 30.0 0.66 26 <100

4 59 7 62R 43 110 51.5 38.0 0.79 31 (100

5 51 12 62A 71 160 65.1 48.0 1.12 44 <100

6 62- 10 62A 138 280 84.1 62.0 1.57 62 100

7 55 3 62A 204 400 88.1 65.0 1.40 55 100

|
|

Code WW7 (UBR-62, Capsule A, 454 C Annealed)

Ho. Specimen Layer Capsule Test Temp. Enerov Lat. Exp. Shear ,

Humber.' (*C) ('F) (J) (ft-Ib) imm) (mils) (%) |

.1 46 7 628 -12 10 21.7 16.0 0.43 17 <100 J
2 44 5- 62A 4 40 28.5 21.0 0.58 23 <100

3 64 12 62A 4 40 47.5 35.0 0.76 30 <100 |

4 48 9 62A 13 55 51.5 38.0 0.84 33 <100 |

5 56 4 62A 21 70 59.7 44.0 0.89 35 <100

6 16 1 62A 32 90 56.9 42.0 0.97 38 (100

7 60 8 62A 204 400 107.1 79.0 1.42 56 100

8 50 11 62R 204 400 100.3 74.0 2.01 79 100
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Code WW4 (UBR-62, Capsule B, As-I rrad i at ed)

No.- Specimen Layer Capsule Test Temp. Enerov- L at . Exp. Shear
Number (*C) (*F) (J) (ft-lb) (mm) (mils) (%).

1 170 6 62B -34 -30 46.1 34.0 0.76 30 (100
2 172 8 62B -18 0 14.9 11.0 0.25 10 <100
3 169 5 62B 4 40 36.6 27.0 0.64 25 100< y

4 142' 2 62B 16 60 39.3 29.0 0.69 27 <100 '

5' 171 7 62B 27 80 56.9 42.0 0.94 37 <100
6 168 4 62B 49 120 71.9 53.0 1.22 48 <100
7 109 1 62B 138 280 101.7 75.0 1.50 59 <100-
8 143 3 62B 204 400 141.0 104.0 1.70 67 100

|

Code WW4 (UBR-62, Capsule B, 399 C Annealed)

| Ho. Specimen Layer Capsule Test Temp. Energy Lat. Exp. Shear
Number (*C) (*F) (J) (ft-lb) (mm) (mils) (%)

1 116 6 62B -34 -30 46.1' 34.0 0.76 30 <100i

L 2 145 5 62B -18 0 61.0 45.0 0.99 39 <100
| 3 115 7 62B -12 10 63.7 47.0 1.02 40 (100

4 110 2 62B -7 20 46.1 34.0 (HD) (ND)~ <100
,

5 112 4 62B 16 60 86.8 64.0 1.42 56 <100
| 6 141 1 62B 204 400 142.4 105.0 1.91 75 100

Code WW4 (UBR-62, Capsule B, 454 C Annealed)
f

Ho. ' Specimen Layer Capsule Test Temp. Energy Lat. Exp. Shear
Humber (*C) (*F) (J) (ft-lb) (mm) (mils) (%)

.

~ 't 146 6 62B -48 -55 24.4 18.0 0.41 16 (100
2 147 7 62B' -34 -30 46.1 34.0 0.66 26 (100

3 114 6 62B -29 -20 47.5 35.0 0.74 29 (100
4 167 3 62B -12 10 66.4 49.0 1.04 41 <100
5 148 8 62B -1 30 75.9 56.0 1.17 46 <100
6 144 4 62B 21 70 112.5 83.0 1.65 65 ----

7 165 1 62B 204 400 154.6 114.0 1.52 60 100
8 166 2 62B 204 400 141.0 104.0 1.70 67 100
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Code WBA (UBR-70, Capsule A, 399 C Annealed & Reirrad.)

HS. Specimen Layer Capsule Test Temp. Energy Lat. Exp. Shear
Humber ('C) (*F) (J) (ft-lb) (mm) (mils) (%)

-

1' 441 9 70A 38 100 24.4 10.0 0.51 20 <100
2 '439 7 70A 49 120 35.3 26.0 0.50 23 <100
3 436 4- 70A 66 150 27.1 20.0 0.48 19 <100

'

4 434 2 70A 82 180 32.5 24.0 0.71 28 <100
5 444 12 70A 93 200 36.6 27.0 0.69 27 (100
6 517 1 70A 99 210 43.4 32.0 0.79 31 <100
7 440 0 70A 104 220 59.7 44.0 1.07 42 98
8 433 1 70A 116 240 54.2 40.0 0.94 37 <100
'9 443 11 70A 149 300 59.7 44.0 0.86 34 100

-10 438 6 70A 204 400 66.4 49.0 1.22 48 100
11' 442 10 70A 204 400 56.9 42.0 1.09 43' 100

Code W8A (UBR-70, Capsule B, 454-C Annealed & Reirrad.)
.

'No. Specimen Layer Capsule Test Temp. Enerov Lat. Exp. Shear
Humber (*C) (*F) (J) (ft-Ib> (mm) (mtis) (%)

1 453 9 70B -18 0 9.5 7.0 0.20 8 (100
2 34 10 70B 4 40 19.0 14.0 0.46 18 <100
3 520 4 70B 27 80 32.5 24.0 0.61 24 (100
4 47 11 70B 29 85 38.0 20.0 0.69 27 <100
5 454 10 70B 32 90 17.6 13.0 0.48 19 <100

-6. 451 7 70B 38 100 59.7 44.0 1.07 42 (100
7 450 6 70B 49 120 66.4 49.0 1.22 48 98

-8 456 12 70B 49 120 46.1 34.0 0.97 38 (100
9 445 1 70B 57 135 52.9 39.0 1.19 47 <100

10 452 8 70B 66 150 70.5 52.0 1.50 59 <100
11 446 2 70B 82 180 59.7 44.0 1.14 45 (100
12 455 11 70B 204 400 71.9 53.0 1.52 60 100

'13 -448 4 70B 204 400 75.9 56.0 1.40 55 100

!

I
L

.
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Code W9R (UBR-70, Capsule A, 399 C Annealed & Ret rrad. )

E Ho.- Specimen Laper Capsule Test Temp. Enerov Lat. Exp.- Shear
,

h Humber (*C) (*F) (J) (ft-lb) (mm) (mils) (%)
L

I 1- 361 1 70A -18 0 25.8- 19.0 0.36 14 ----

L 2 366 6 70A -7 20 32.5 24.0 0.51 20 <100
; | 3- 362 2 70R 4 40 31.2 23.0 0.58 23 (100

70A 16 60 43.4 32.0 0.71 28 (1004 V18 ---

5 367. 7 70A 16 60 50.2 37.0 0.84 33 <100
6 372 12 70A 27 80 56.9 42.0 0.84 33 (100

L 7- 368 8 70A 49 120 85.4 63.0 (HD) (HD) <100
l' .8 369 9 70A 71 160 112.5 83.0 2.01 79 <100

9 371 11 70A 116 240 115.2 85.0 1.75 69 (100
10 364 4 70A 204 400 118.0 87.0 1. 91 75 100
11 370 10 70A 204 400 119.3 88.0 1.60 63. 100

Code W9A (UBR-70, Capsule B, 454 C Annealed & Retread.)

Ho. Specimen Layer Capsule Test Temp. Enerov L at . Exp. She ar

Humber (*C) (*F) (J) (ft-Ib) (mm) (mils)- (%)
|-

70B -40 -40 19.0 14.0 0.30 12 <100
1 Y21 ---

2 383 11 70B -18 0 43.4 32.0 0.66 26 <100

3 374 2 70B -18 0 51.5 38.0 (HD) (HD) (100

4 23 11 70B -18 0 48.8 36.0 0.74 29 <100

5 381 9 70B -7 20 67.8 50.0 1.02 40 <100

6 373 1 70B 4 ~40 44.7 33.0 0.74- 29 (100

7 382 10 70B 4 40 59.7 44.0 1.04 41 (100

8 378 6 70B 16 60 86.8 64.0 1.37 54 <100

9 384. 12 70B 27 80 86.8 64.0 1.40 55 <100

10 379 7 70B 49 120 132.9 90.0 2.41 95 (100

11 380 8 70B 204 400 151.9 112.0 2.01 79 100

12 376 4 70B 204 400 154.6 114.0 1.57 62 100
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Code WW7 (UBR-70, Capsule A, 399 C Anneated & Referad.)

No. Specimen Layer Capsule Test Temp. Energy L at . Exp. - Shear
Humber ('C) (*F) (J) (ft-lb) -(mm) (mils) (%)

1 77 12 70A -18 0 16.3 12.0 0.28 11 (100
I '2 74 9 70A 4 40 19.0 14.0 0.28 11 <100

3 70 5 70A 27 80 29.8 22.0 0.53 21 (100
4 66 1 70A 32 90 27.1 20.0 0.53 21 ----

5 67 2 70A' 49 120 43.4 32.0 0.74 29 <100
6 71 6 70R' 60 140 43.4 32.0 0.74 29 <100
7 78 13 70A 71 160 48.8 36.0 0.84 33 <100
8 73 8 70A 93 200 51.5 38.0 0.94 37 <100
9 69 4 70A 138 280 63.7 47.0 1.27 50 97

10 75 10 70A 204 400 70.5 52.0 1.37 54 100
11 72 7 70A 204 400 66.4 49.0 1.45 57 100

,

Code WW7 (UBR-70, Capsule B, 454 C Annealed & Reirrad.)

No. Specimen Layer Capsule Test Temp. Energy Lat. Exp. Shear
Humber ('C) (*F) (J) (ft-lb) (mm) (mtis) (%)

1 84 6 70B -34 -30 8.1 6.0 0.15 6 <100
2 24 11 70B- -18 0 21.7 16.0 0.38 15 <100
3 86 8 70B 4 40 24.4 18.0 0.41 16 <100
4 91 13 70B 16 60 28.5 21.0 0.64 25 <100
5 82 4 70B 27 80 40.7 30.0 0.74 29 <100
6 87 9 70B 38 100 50.2 37.0 0.89 35 <100
7- 80 2 70B 49 120 56.9 42.0 1.07 42 <100
8' 83 5 70B 60 140 56.9 42.0 0.99 39 <100
9 90 12 70B 71 160 59.7 44.0 1.14 45 <100

- 10- 20 7 70B 93 200 75.9 56.0 1.30 51 98
11 79 1 70B 138 280 73.2 54.0 1.35 53 98
12 85 7 70B 204 400 84.1 62.0 1.52 60 100
13 88 10 70B 204 400 85.4 63.0 1.55 61 100

|

;
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Code WW4 (UBR-70, Capsule A, 399 C Annealed & Retrrad.)

No. Specimen Layer Capsule Test Temp. Energy L at . Exp. Shear
Number (*C)- (*F) (J) (ft-lb) (mm) (mils) (%) i

1

-1 86 2 70A -18 0 23.0 17.0 0.53 21 (100
2 91 7 70A -7 20 31.2 23.0 0.53 21 <100
3 88 4 70A 4 40 43.4 32.0 0.71 '28 <100
4 90 6 70A 4 40 44.7 33.0 0.71 28 <100
5 153- 5 70A 27 80 58.3 43.0 0.97 38 (100
6 159 3 70A 38 100 73.2 54.0 1.24 49 <100

'7 156 8 70A 49 -120 84.1 62.0 1.40 55 <100
'O 85 1 70A 104 220 97.6 72.0 1.73 68 -99
9 92 8 70A 149 300 120.7 89.0 2.18- 86 100

10 149 1 70A 182 360 119.3 88.0 1,91 75 100
11 162 6 70A 182 360 111.2 82.0 2.24 88 100

Code WW4 (UBR-70, Capsule B, 454 C Annealed & Referad.)

Energy Lat. Exp. ShearHo. Specimen Layer Capsule Test Temp.
.

(J) (ft-lb) (mm) (mils) (%)Humber (*C) (*F)

1 99 7 70B -40 -40 8.1 6.0 0.20 8 (100

2 161 5 70B -23 -10 24.4 18.0 0.46 18 ----

3 154. 6 70B -18 0 32.5 24.0 0.61 24 <100
4 151 3 70B -7 20 50.2 37.0 0.89 35 <100

5 93 1 70B 4 40 48.8 36.0 0.94- 37 <100

6 94 2 70B 16 60 62.4 46.0 1.07 42' <100
7 96 4 70B 27 80 71.9 53.0 1.12 44 <100

l 8 100 8 70B 49 120 107.1 79.0 1.73 68 <100
| .9 98 6 70B 104 220 120.7 89.0 2.06 81 <100

j 10 163 7 70B 182 360 127.4 94.0 2.08 82 100

| 11 157 1 70B 182 360 132.9 98.0 2.36 93 100

L
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Code W8A (UBR-71, Capsule A, 399 C Annealed & Retrrad.)
!

No._ Specimen Layer Capsule Test Temp. Enerov Lat. Exp. Shear
Number (*C) (*F)__ (J) (ft-Ib) (mm) (mils) (%)

-1 469 1 71A 38 100 24.4 18.0 0.46 18 (100
2 477 9 71A 54 130 33.9 25.0 0.61 24 <100

,

3 523 7 71A 77 170 46.1 .34.0 0.81 32 (100
4 478 10 71A 88 190 27.1 20.0 0.58 23 <100
5 472 4 71R 93 200 32.5 24.0 0.64 25 -<100
6 476 8 71A 104 220 59.7 44.0 0.99 39 <100
7 475 7 71A 104 220 56.9 42.0 1.27 50 100
8 470 2 71R 121 250 54.2 40.0 1.04 41 <100
9 480 12 71A 160 320 58.3 43.0 1.52 60 100

10 474 6 718' 20T 400 61.0 45.0 1.24 49 100

,

Code W8A (UBR-71, Capsule B, 454 C Annealed & Retrrad.)

No. Specimen Layer Capsule Test Temp. Enerov L at . Exp. Shear
Number (*C) (*F) (J) (ft-lb) (mm) (mils) (%)

1 35 11 71B -9 15 12.2 9.0 0.25 10 <100
2 489 9 71B 4 40 14.9 11.0 0.30 12 <100
3- 490 10 71B 16 60 25.8 19.0 0.56 22 (100
4 487 7 71B 27 80 42.0 31.0 0.79 31 <100
5 48 12 71B 38 100 23.0 17.0 0.56 22 (100
6 482 2 71B 49 120 43.4 32.0 0.74 29 (100
7 524 8 71B 49 120 54.2 40.0 0.91 36 <100
8 492 12 71B 66 150 52.9 39.0 1.12 44 <100
9 486 6 71B 77 170 69.1 51.0 1.32 52 97

10 488- 8 71B 104 220 78.6 58.0 1.22 48 99
. 11 484 4 71B 149 300 70.5 52.0 1.09 43 99

12 491 11 71B 204 400 78.6 58.0 1.12 44 100

.

|
|
|
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Code W9A (UBR-71, Capsule A, 399 C Annealed & Retrrad.)

,
. Ho. Specimen Leyer Capsule Test Temp. Enerov Lat. Exp.,_ Shear

| Humber (*C) (*F) (J) (ft-lb) (mm) (mtis) (%)
l

1 405 9 71A -18 0 16.3 12.0 0.28 11 <100
2 400 4 71A 10 50 32.5 24.0 0.51 20 <100
3 406 10 71R 21 70- 35.3 26.0 0.56 22 <100
4L 398 2 71A 27 80 54.2 40.0 0.81 32 <100
5 404 8 71A 38 100 69.1 51.0 1.09 43 (100
6 402 6 71A 49 120 93.6 69.0 1.45 57 (100

71A 66 150 88.1 65.0 1.32 52 (1007 V27- ---

8 408 12 71R 88 190 92.2 68.0 1.80 71 (100
9 407 11 71A 160 320 119.3 88.0 1.75 69 100

19 397 1 71R- 204 400 113.9 84.0 1.88 74 100
11 403 7 71A 204 400 139.6 103.0 2.24 88 100

Code W9A (UBR-71, Capsule B, 454 C Annealed & Reirrad.)

No. Specimen Layer Capsule Test Temp. Enerov L at . Exp. Shear
Humber (*C) (*F) (J) (ft-lb) (mm) (mils) (%)

,

1 430 10 71B -32 -25 24.4 18.0 0.38 15 (100
2 428 8 71B -18 0 55.6 -41.0 0.84 33 (100

3- 422 2 71B -12 10 47.5 35.0 0.71 28 <100
4 429 9 71B -7 20 73.2 54.0 1.17 46 <100
5 431 11 71B 4 40 51.5 38.0 0.76 30 <100

6 427 7 71B 10 50 99.0 73.0 1.42 56 <100

7 424. 4 71B 18 65 09.5 66.0 1.42 56 (100

8. 432 12 71B 38 100 120.7 89.0 1.24 49 (100

71B 66 150 124.7 92.0 1.83 72 1009. V33 ---

10 155 11 71B 160 320 135.6 100.0 2.01 79 100
7 11 421 1 71B 204 400 151.9 112.0 2.39 94 100

12 426 6 71B 204 400 155.9 115.0 2.54 '100 100

|

,

|

|
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Code WW7 (UBR-71, Capsule A, 399 C Annealed & Retrraj.)
,

HD.. Specimen Layer Capsule Test Temp. Enerov Lat. Exp. Shear
.Humber (*C) (*F) (J). (ft-lb) (mm) -(mtis) (%)

1 104 11 71R 2 35 20.3 15.0 0.38 15 <100
2 96 4 71A 27 80 29.8 22.0 0.48 19 <100
3 95 3 71A- 41 105 33.9 25.0 0.56 22 (100
4 103 10 71A 49 120 29.8 22.0 0.56 22 <100
5 92- 1 71A 57 135 38,0 28.0 0.76 30 <100
6 93 2 71A 66- 150 51.5 38.0 0.84 33 (100
7 = 97 5 71A 74 165 54.2 40.0 0.94 37 (100'
8 100 8 71A 88 190 51.5 38.0 0.91 36 <100'

-9 99 7 71A 127 260 70.5 52.0 1.14 45 99
10 101 9 71A 160 320 77.3 57.0 1.02 40 100
11: 98 6 71A 204 400 73.2 54.0 1.04 41 100

i

Code WW7 (UBR-71, Capsule B, 454 C Annealed & Reirrad.)

No. Specimen Layer Capsule Test Temp. Enerov Lat. Exp. Ghear
Humber (*C) (*F) (J) (ft-lb) (mm) (mtis) (%)

1 26. 13 71B -18 0 19.0 14.0 0.53 21' <100
~C 114 9 71B 10 50 31.2 23.0 0.74 29 <100
3 116 10- 71B 27 80 33.9 25.0 0.64 25 <100!.

| 4 109 4 71B 27 80 -28.5 21.0 0.53 21 <100
| 5 105 1 71B 43 110 -40.7 30.0- 0.69. 27 <100
| 6. 106 2 71B 49 120 56.9 42.0 1.02 40 <100

7 117 11 71B 54 130 55.6 41.0 0.97 38 ----

.8 108 3 71B 66 150 58.3 43.0 0.99 39 <100
9 113 8 71B 104 220 71.9 53.0 1.27 50 <100

-10 112 7 71B 121 250 74.6 55.0 1.35 53 <100
11 22 9 71B 160 320 86.8 64.0 1.75 69 100
12 111 6 71B 204 400 96.3 71.0 1.91 75 <100
13 110 5 71B 204 400 81.3 60.0 1.42 56 100

134
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Code WW4 (UBR-71, Capsule A, 399 C Annealed &-Reirrad.)

No. Specimen Layer Capsule Test Temp._ Enerov lat . Exp. Shear
Humber (*C) (*F) (J) (ft-lb) (mm) (mtis) (%)

1 138 6 71A -12 10 38.0 28.0 0.81 32 <100
*

2 101 1 71A 10 50 32.5 24.0 0.56 22 (100
3 104- 4 71A 10 50 38.0 28.0- 0.61 24 <100
4 13 1 -71A 27 80 48.8 36.0 0.76 30 (100
5 164 0 71A 32 90 59.7 44.0 0.99 39 (100
6 108 8 71A 49 120 78.6 58.0 1.27 50 <100
7 102- 2 71A 60 140 70.5 52.0 1.17 46 (100
8 152 4 71A 71 160 88.1 65.0 1.45 57 (100
9 139 7 71A 160 320 115.2 85.0 1.88 74 100

10 6 6 71R 182 360 111.2 82.0 1.96 77 100
11 158 2 71A 204 400 104.4 77.0 1.70 67 100

Code WW4 (UBR-71, Capsule B, 454 C Annealed & Reirrad.)

No.- Specimen Layer Capsule Test Temp. Energy L at . Exp. Shear
Number (*C) (*F) (J) (ft-lb)- (mm) (mtis) (%)

-! 132 8 71B -9 15 44.7 33.0 0.74 29 <100
-

3 128 4 71B -7 20 43.4 32.0 0.64 25 (100

3 155 7 71B 4 40 39.3 29.0 0.74 29 (100
4 26 2 71B 16 60 31.2 23.0 0.58 23 <100
5 130 6 71B 27 80 67.8 50.0 1.12 44 <100
6 37 1 71B 29 85- 56.9 42.0 0.91 36 <100
7 160 4 71B 38 100 77.3 .57.0 1.83 72 (100

8 125 1 71B 66 150 70.5 52.0 1.30 51 (100

9 126 2 71B 71 160 81.3 60.0 1.42 56 (100
10 131 7 71B 160 320 138.3 102.0 1.73 68 100
11 150 2 71B 204 400 122.0 90.0 1.93 76 (100

.

-

|
|

|
|
|
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Code WBA (UBR-72, Capsule A. As-Irradiated) |

No. Specimen Layer Capsule Test Temp. Enerov L at . Exp. Shear
Humber (*C) (*F) (J) (ft-lb) (mm) (miIs) ( *4 )

*

1 513 9 72A 27 80 16.3 12.0 0.33 13 (100
2 *515- 11 72A 27 80 43.4 32.0 0.84 33 (100
3 510 6 72A 49 120 31.2 23.0 0.48 19 <100
4 506 2 72A 60 140 24.4 18.0 0.48 19 (100
5 516 12 72A 71 160 31.2 23.0 0.53 21 <100
6 508 5 72A 82 180 32.5 24.0 0.64 25 (100
7 512 8 72A 93 200 43.4 32.0 0.06 34 <100
8 511 7 72R 104 220 52.9 39.0 0.97 38 (100
9 514 10 72A 121 250 47.5 35.0 0.81 32 99

10 505 1 72A 204 400 54.2 40.0 1.14 45 100
11 527 11 72A 204 400 51.5 30.0 1.12 44 100

t

* Post Irradiat ion Annealed at 454*C (-168 hr)

.

Code W9A (UBR-72, Capsule A, As-Irradtated)

Ho. Specimen Layer Capsule Test Temp. Enerov Lat. Exp. Shear

Humber ('C) (*F) (J) (ft-lb) (mm) (mtis) ( *4 )

1 *352 4 72A -34 -30 23.0 17.0 0.36 14 (100

2 *357 9 72A ~29 -20 63.7 47.0 0.91 36 <100

3 356 8 72A -23 -10 13.6 10.0 0.13 5 (100

4 360 12 72A 4 40 16.3 12.0 0.15 6 (100

5 354 6 72A 27 80 43.4 32.0 0.74 29 (100

6 358 10 72A 32 96 38.0 28.0 0.61 24 (100

7 350 4 72A 54 130 67.8 50.0 1.07 42 (100

8 349 1 72A 77 170 86.8 64.0 1.17 46 (100

72A 121 250 111.2 82.0 2.11 83 <100 ,

9 V15 --- '

10- 359 11 72A 204 400 116.6 86.0 1,42 56 100

11 355 7 72A 204 400 116.6 86.0 1.78 70 99

|

* Post Irradiation Annealed at 454'C <-168 hr)

{
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Code WW4 (UBR-72, Capsule A, As-Irr adi at ed)

H2. Specimen Layer Capsule Test Temp. Enerov Lat. Exp. Shear
Number (*C) (*F) (J) (ft-lb) (mm) (miIs) ( *. )/

L 1 136 4 72A -18 0 24.4 18.0 0.41 10 (100
2 52 4 72A -7 29 33.9 25.0 0.69 27 <100
3 134 2 72A 4 40 42.0 31.0 0.79 31 (100
4 50 2 72A 21 70 39.3 29.0 0.66 26 (100
5 133 1 72A 27 80 54.2 40.0 0.94 37 <100
6 106 6 72A 32 90 66.4 49.0 1.14 45 <100
7 140 8 72A 49 120 88.1 65.0 1.47 50 <100
8 19 7 72A 93 200 107.1 79.0 1.70 67 100
9 107 7 72R 204 400 113.9 84.0 2.18 86 100

10 39 3 72A 204 400 101.7 75.0 2.01 79 99

Codc WW7 (UBR-72, Capsule A, As-I rr ad i at e d )

N). Specimen Layer Capsule Test Temp. Energy Lat. Exp. Shear
Humber ('C) (*F) (J) (ft-lb) (mm) (mils) ( '4 )

1 118 1 72A -18 0 5.4 4.0 0.00 3 <100
3 *121 4 72A -7 20 29.8 22.0 0.51 20 <100 *

3 +130 13 72A 10 50 46.1 34.0 0.91 36 <100
4 119 2 72A 27 80 24.4 18.0 (HD) (ND) <100
5 126 9 72A 49 120 31.2 23.0' O.66 26 (100

,

| 6 123 6 72A 66 150 47.5 35.0 (ND) (HD) <100
| 7 129 12 72A 77 170 48.8 36.0 0.94 37 <100

8 125 8 72A 121 250 59.7 44.0 1.04 41 (100
9 127 10 72R 204 400 67.8 50.0 1.24 49 100

10 124 7 72A 204 400 69.1 51.0 1.45 57 99
|
'

.

* Post Irradiation Annealed at 454*C (-168 hr)

l
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OVERVIEW
f

i
;

The data curvc fitting procedure empicyed the hyperbolic tangent (Tanh) curve i

fitting method as given by:

'

C - A + B tanh O
y

C ,

,

!
'

Parameters A, B, C and T are determined from non linear regression analysis.o

The quality of the fit to each data set generally depends upon the number
of specimens tested and the availability of data defining the upper shelf and
lower shelf for the data set. For many of the present data sets, both
requirements are satisfied and an acceptable curve fit results. In other
cases, either few tests were conducted or the data did not adequately define
the lower shelf for the data set. For such cases, the lower shelf from a
standard Tanh fit gives a lower shelf which is either above 27 J (20 ft lb) or
negative. Since such results are not satisfactory from either engineering or . ,'

aesthetic standpoints, two modified curve fits can be applied. One (Case A) '

is illustrated for certain data sets of the plate Code 68B, SC and 6A
materials.

'

Case A is the result- obtained when four fictitious data points with 7 J
(5. ft-lb) of energy absorption are added at a temperature that is 28*C (50'F)
below the intercept with the abscissa, of a line representing a linearized |
transition region. The line in this case is an eyeball fit to the data; the
choice of a larger temperature shif e (up to 56 C or 100*F) was found not to

I
| infuence the result appreciably. Case B represents use of a fixed lower shelf
t . of _7 J (5 ft lb); this lower shelf is attained at a temperature of -=.

The use of the modified curve fits serve to force the curves to a
reasonably low, positive value in the lower shelf region. This device is
particularly useful for.those cases where data are lacking in the lower shelf
region for guiding the computer in its setting of bounding conditions. .It
should be noted that the American Society for Testing and Materials has not
issued a standard method or a standard guide for curve fitting C data for they
irradiated condition.

Within this appendix, the curvefit sheet immediately following the data
table represents a standard evaluation using the Tanh equation. The second
curvefit sheet if present, gives the Case A results. For Case A, the
fictitious data points are denoted by "0" on the graph and "*" in the data
tabulation on the curvefit sheet. Table E-1 compares the 41-J temperatures
indicated by the hand drawn curves from Table 4. (See main text.)
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Table E 1 Comparison of Charpy V Transition Temperature Indications From
Two Dr.ta Curve Fitting Methods

t

.

Ff C 41-J Transition Temperature (OC)y

.

I Wold Test- Hand Drawn Computer Fit Difference
! Condition Curve Curve

' (a) (b) (a b)
<

[ WBA 1 91 90.7 -(92.4)a 0.3 -(-1.4;a
2

i .- I 96 94.6 1.4
s'. 3)-3g)(12.5;96g) (84.7)-1 (399) 93IA

(80.5)2 (399) -93IAR ---

IAR-i-(454) 35 35.0 0.0
IAR - (454) 41 41.5 0.52

27 30.5 (29.2)- 3.5 ( 2.2)- W9A 1 2
I 27. 20.8 6.E

IAk-(399)- 10 11.4 -1.4
i

IAR2.(399) 18 14.2 3.8
1 (454) 23 20.6' 2.4IAR

IAR (454) -21 -22.2 1.2
2

60 47.9 12.1W7 12
Ig 66 64.4 1.6

c

IAni (399) 54 54.2 -0.2

p. 2 (399) 60 57.2 2.8IAR

1 (454) 27 27.6 -0.6IAR

2 (454) 38 34.8 3.2IAR

W4 1 4 15.0 (8.7) 11.0 (-4.7)2
1 13 1.1 11.9

IAk (399) 2 1.5 0.5
i

2 (399) 16 11.0 (10.7) 5.0 (5.3)F IAR

1 (454) -7 7.4 -0.4IAR

2 (454) 16 -10.7 (0.2) 26.7 (15.8)IAR

" Value using comp. iter force-fitting procedure.
b. Not established,i
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Te mp e r at u r e (' C )
************************************************************************

CV = A + B t anh t < T - To)/C 3

Engitsh Metric _ ;

A = 24.85 ft-lb 33.69 J
13.67 ft-Ib 18.53 JB =

'

C = 53.08 'F 29.49 *C
To = 181.30 *F 82.94 *C

Cv = 30 ft-lb (41 J) at T= 202.3 'F 94.6 *C
= 38.5 ft-lb 52.2 JUpper Shelf Energy

*****************************************************>******************
PT Temp Energy

# C'F) (ft-Ib)
1 120 12.0
2 135 16.0
3 160 24.0
4 180 19.0
5 200 31.0
6 225 35.0
7 280 39.0
8 400 37.0

0 = Fictitious Point Added * = Test Point Not Included
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Te mp e r atu re (' F )

B 100 200 300 400 50B
100

fI I I i

125 -

WeId, Code WOR
(IR, 399'C - 168h Annealed. UBR-62)

BG-
n, , .

S- 1ee -

8 i
w e

N - 60
~'

st 7s -

6 t
E |>.

[ se x* g )
"~

-

6 i

6*
;

20-25 -

I d' I I I I I0 O i

O 50 100 150 200 250

Temperature (' C ) "

.

'
************************************************************************

Cv = A + B tanhC(T - To)/C3

English Metric >

A = -771.73 ft-lb -1046.32 J
B = 832.87 ft-lb 1129.22 J
C 272.15 'F 151.20 *C=

To = -455.61 'F -270.89 *C
.

Cv = 30 ft-Ib (41 J) at T= 83.3 'F 28.5 *C
Upper Shelf Energy 61.1 ft-lb 82.9 J=

************************************************************************
PT Temp Energy

# (*F) (ft-lb)
1 80 26.0
2 120 49.0
3 140 36.0
4 160 38.0
5 280 55.0
6 400 58.0

0n Fictitious Point Added * = Test Point Hot Included
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Te mp e r atu re (* n ;

O 100 200 300 400 500
IOO

f I I I I f

133 -

Weld, Code WOR
,

(2R, 454*C -l68h Rnnealed. UBR-62)
80' - -

,m

f- 100 -

8 i -

w- M +3

M 60x -

st 7s -

6 t ;

x x c
>. W L

40* -

g; se -

6 h .

M 2 *

U
20-

25
x

I d i I I I Ig g
O 50 100 150 200 250

Te mpe r at u r e (*C)
'

********************************************.***************************
Cv = A + B tanht(T - To)/CJ *

English Metric,

'

A = 36.78 ft-lb 49.07 J
27.06 ft-lb 36.69 JB =

C = 93.15 *F 51.75 *C
| To = 84.71 'F 29.28 *C

CV = 30 ft-1b (41 J) at T= 60.8 *F 16.0 *C
63.8 ft-Ib 86.6 J| Upper Shelf Energy =

| ******e*****************************************************************
PT Temp Energy

# (*F) (ft-Ib) ,

1 20 27.0
2 30 15.0
3 70 34.0
4 70 28.0
5 90 45.0
6 130 46.0
7 400 68.0
8 400 60.0

0 = Fictitious Point Added * = Test Point Not Included
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Tempe rature (' r)
e tee aee see 4ee See

125
I i i i ;

Weld, Code W9R15e --

(I. 288'C Irradiated. UBR-E2) t

100- >

m
'3-- 125 -

8 i t

w w
- p i

N tee 75e --

6 x
e o >

'b

*
| x 75 - =

| t se-

we x' a
6 5e |s-

x
X

25.-

!25 -

*
l

| | | | | | I

e ee 5e lee 15e 2ee 25e

Te mp e r atu r e (' C )
'************************************************************************

CV = R + B tanht(T - To)/C3
;

| Enalish Metric
| R = -546.10 ft-lb -740.41 J

B = 633.72 ft-Ib 859.21 J .

C 266.95 'F 148.31 'C=

To = -336.88 'F -204.93 *C

CV = 30 ft-Ib (41 J) at T= 69.5 'F 20.8 'C ;

Upper Shelf Energy = 87.6 ft-lb 118.8 J
*************************re**********************************************

PT Temp Energy
# (*F) (ft-Ib> -

1 40 17.8
2 80 28.8
3 100 45.0 |

4 120 54.0
5 160 57.0
6 180 58.0
7 280 74.0
8 400 84.0

0 = Fictitious Point Added * = Test Point Hot included

.
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Temperature (* f)
,

-tee e les aee see 4ee see,se
71 i i i i

338 -

Weld, Code W9R
(IR, 399'C - 16Bh Annealed.-UBR-62)

,

160-

L
m

aam -

b i *

&w
4- ,

N 12e *- -x
$| t 152 -

6 g :
' *

>. w ,

sea. -

g$ les -

6 . .
'x

O
48-

50 -

i E I I I I I I
g g

-5e e 5e 100 15e 200 25e

Te mpe r atu r e (*C)
************************************************************************

Cv = A + B t anht (T - T0)/C3

Enalish Metric
.

A = ~600.19 ft-lb -813.74 J
718.93 ft-1b 974.74 JB =

329.02 'F 182.79 *CC =

To = -458.47 'F -272.48 *C

Cv = 30 ft-1b (41 J) at T= -10.8 *F -23.8 *C
118.7 ft-lb 161.0 JUpper Shelf Energy =

************************************************************************
PT Temp Energy ,

;
e (*F) (ft-lb)
1 -20 27.0 ,

'
2 0 31.0

'

3 20 46.0
4 80 68.0
5 360 101.0
6 400 118.0

0 = Fictitious Point Added * = Test Point Not Included
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!

Temperature (O F ) I
'

;- |

; -lee a les see see 4ee see )
800 |i i i i i

33" ~

} Weld, Code W9R |

(I A. 454*C - IS8h Annealed. UBR-62) ;
_

' - am :-
.

W I '
.

w # ;

A D
'

*

120 ien -

* y |$ 15e -

6 { b
;

c '

A 1 x w
0. 8e-

g . |.t lee -

6 hx
x .c

v
I 4050 -- x ,

x !

f

x

0 -I l ! i | ! i
0

-50 0 50 100 150 200 250
-.

Te mp e r atu r e (* C)
.

****.******......******* .******************..** ********************...
Cv v A + B t anht (T - To)/C3

Enolish Metric
A = 74.50 ft-lb 101.01 J
B = 35.50 ft-1b 48.13 J
C * 45 'F . 25 *C
To = 49.82 *F 9.90 *C

Cv = 30 ft-lb (41 J) at T=
-9.00000000000E+99 4D.D i
*p

-5.00000000000E+99 4D.D
'*C

Upper Shelf Energy 119.0 ft-lb 149.1 J=
>
'************** **************************************************a*4.*** .

PT Temp Energy *

# (*F) (ft-lb)
1 -20 27.0
2 -10 57.0
3 -5 37.0
4 10 62.0
5 45 12.0
6 50 89.0 4

7 70 86.0
8 400 115.0
9 400 129.0

0 = Fictitious Point Rdded * = Test Point Not Included
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Tempe rature (' F)
,

i

-100 0 100 200 300 400 500 !

2ee .

fI I I I I :

250 -

Weld, Code W9R i

(IR. 454*C - 168h Annealed. UBR-62) !
168 i-

m
'.O

- 200 -- -
,

b 8 iw e >

k
_

+ ;x
*

12e-

x xt '150 - o
6 L

'

g
x x x w ,

88n. -

$$ 100 -

;

6 h 1x
x x ,

*v
"O~

50 x-

X 5

x t

I d I I I I I Ig g j
~50 0 50 100 150 200 250

Temperature C' C)
,

*

************************************************************************
CV = A + B tanht(T - To)/C3

English Metric
A = -122.72 ft-lb -166.38 J -

253.40 ft-1b 343.56 JB =

C = 32J.65 *F 179.81 *C
To = -257.78 'F -160.99 *C

CV = 30 ft-Ib (41 J) at T= -32.1 *F -35.6 *C
130.7 ft-Ib 177.2.JUpper Shelf Energy =

************************************************************************
PT Temp Energy

e ('F) (ft-lb)
1 -20 27.0
2 -le 57.0
3 -5 37.0

'

4 10 62.0
5 45 12.0
6 50 88.0 :

7 70 86.0
8 400 115.0
9 400 129.0
10 0 -78 5.0
11 0 -78 5.0

,

12 0 -78 5.0'

13 0 -78 5.0

0 = Fictitious Point Added * = Test Point Hot included
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a

Tempe ratu re C' F)
.

-1se e les aes see 4er see
tseaos i 7 i i i i-

Weld, Code W4
(I. 288'C Irradi ated. UBR-62) ,

120 m ,

S'
- 150 -

6 I
w A i

D 9e
u u .

!-

,

W 9 -

g fiS tee *-

x w >

$ 6e- .x
e x a .

'

.6 h*

652 -

x
30x* -

:

x

i 1 1 I I I ie e
-Se e 5e 100 15e 200 25e

Te mp e r atu r e (' C ) L

************************************************************************
'

Cv = A + B tanht(T - To)/CJ

English Metric
A = 72.59 ft-lb 98.42 J
B = 76.10 ft-1b 103.18 J f

C = 346.06 'F 192.70 'C
To = 253.39 'F 122.99 *C i,

CV = 30 ft-1b (41 J) at T= 34.0 'F 1.1 'C
Upper Shelf Energy = 148.7 ft-Ib 201.6 J

************************************************************************
PT Temp Energy

'
# (*F) (ft-lb)

: 1 -30 34.0
1 2 0 11.0

3 40 27.0
4 60 29.0
5 80 42.0 -

6 120 53.0
7 280 75.0
8 400 104.0

0 = Fictitious Point Added * = Test Point Not Included
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,; Tempe ratu re (* F)'

t

-tee e les see see 4ee see
1seaos i i i i i-

Weld, Code W4
(IR. 399'C - 169h Annealed. UBR-62)

120-
m

f150 --

8

r .i.-

N 9e-

i. x
e n i

d 100 g
'

-

x :< w
S. 5e-

x
e a
6 j |ixx

650 - .x x
3e-

,

i l | I I I I Ig g
-Se e Se 100 15e 200 25e |

Te mp e r at u r e (*C)
************************************************************************

Cv = A + B tanht(T - To)/C3
,

English Metric
~

A 72.50 ft-Ib 98.30 J=

32.50-ft-Ib 44.06 JB =

C = 3.79 *F 2.11 *C
To = 61.02 *F 16.12 *C

CV = 30 ft-1b (41 J) at T=
-9.00000000000E+99 4D.D ,

*F j
-5.00000000000E+99 4D.D

*C i

105.0 ft-Ib 142.4 J lUpper Shelf Energy =

***************************************************a.******************** |
PT Temp Energy |

# (*F) (ft-lb) '

1 -30 34.0
2 0 45.0
3 le 47.0
4 20 34.0
5 60 64.0
6 400 105.0

0 = Fictitious Point Added * = Test Point Not Included

:
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Temperature (*F)

-200 -100 0 100 200 300 400 500
150200 | 9 i I I i

-

.

Weld, Code W4
(IR. 399'C - 168h Annealed. UBR-62)

120-

;m

8
_

f- 150 -

i -

( $
90m -

,
s. x ,e a

.t5 lee g-

,

>. x w
& 6B-

x ;e a .

6 |i
650 -

x
30-

t

1' Ih I i 1 1 I i.g g
-100 -50 0 50 100 150 200 250

Temperature (*C) '

****.******************************************************************* ,

Ce = A + 3 tanht(T - To)/C3
,

Enolish Metric
A = 41.31 ft-lb 56.01 J
B = 66.94 ft-Ib 90.76 J

213.43 'F 118.57 *CC =
*

To = 1.05 'F -17.19 *C
.

Cv = Se ft-Ib'(41 J) at T= -35.4 'F -37.4 *C
Upper Shelf Energy 108.3 ft-lb 146.8 J=

e***********************************************************************
| PT Temp Energy

e (*F) (ft-lb)
i 1 -30 34.0
l'- 2 0 45.0
1 3 10 47.0
'

4 20 34.0
5 60 64.0
6 400 105.0
70 -128 5.0
80 -128 5.0
90 -128 5.0
10 0 -128 5.0

| 0 = Fictitious Point Added * = Test Point Hot Included
1
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|

Temperature (* F) !
'

-lee e lee see see- 4ee see
200

fI I I I I ,

Iase -

Weld, Code W4
I(IR, 454*C - I68h Annealed. UBR-62)

160-
m

f- 200 -
.

% i
w p .,

+
N

'*
120-

*
t 150 s-

*
6 I

c
A Ld
a- 80-

% 100 g-
,

6- b
'

.c ,

V 4

'

40-50 -

I b I I I | | |
'

O O
~30 0 50 100 150 200 250

Temperature (*C) -

,

.......*****..**** **...*******...** ......***.................****..... >

Cv = A + B t anht (T - To)/C 3

English Metric. ,

A = 56.55 ft-lb 76.66 J
52.70 ft-lb 71.45 JB =

C = 95.55 *F 53.08 *C
To = 23.43 'F -4.76 *C

CV = 30 ft-lb (41 J) at T= -29.5 *F -34.2 *C I
Upper Shelf Energy = 109.2 ft-lb 148.1 J i

....... ................................................................ l
PT Temp Energy ;

# (*F) (et-Ib) !
1 -55 18.0 |

2 -30 34.0
3 -20 35.0

| 4 10 49.0
| 5 30 56.0

6 70 83.0
| 7 400 114.0
|- 8 400 104.0

0 = Fictitious Point Added * = Test Point Not Included
,

|

'
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|

Te mpe ratu re (' F ) i

:e les see see 4ee See
les

I f I I i

133 ~

Weld, Code WN7
(I. 288'C Ir radi ated. UBR-62 ) '

80-
m

a !Im -
'

b i
,#w ,

,

M
*

se-

$ |t 75 -

0 | |

x - w
4ea. -

g3 50 - x *
6 b !

x
V

* 2ex -

25 -

1 I E I I | |e e
0 50 100 15e 20e 25e

i

Te mpe r at u r e (' C)
******************************************************************o*****

Cv = A + B t anht (T - To)/C)
,

English Metric
A = 20.10 ft-Ib 27.25 J ,

!24.79 ft-lb 33.62 JB =
|. 127.75 'F 70.97 *CC =

To = 93.92 'F 34.48 *C *

t

| . Cv = 30 ft-1b (41 J) at T= 148.0 'F 64.4 *C
44.9 ft-1b 60.9 JUpper Shelf Energy =

************************************************************************
PT Temp Energy

# (*F) (ft-1b)
1 30 8.0
2 80 20.0
3 120 21.0
4 145 30.0
5 160 35.0
6 180 33.0
7 280 43.0
8 400 44.0

0 = Fictitious Point Added * = Test Point Not Included
.

|
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Te mpe ratu r e (*F)

e les see see 4ee see
100fI I I I

125 -

Weld, Code WW7
(IA, 3990C - 168h Annealed, UBR-62)

88-
,

1m e--.

6 iw
#

-

4+-

k 7 se
"

-

t 7s g-

0
$A Lan. 4g-

a se g-

6 h
6

2e2s _ -

i di i I I I Ig g
O 50 1e0 15e 200 25e

Te mp e r at u r e (*C)

************************************************************************
CV = A + B t anht (T - To)/C3

English Metric
A = 40.74 ft-1b 55.23 J

_

B = 24.56 ft-1b 33.29 J
C 115.89 'F 64.39 *C=

To = 124.42 'F 51.34 *C

Cv = 30 ft-lb (41 J) at T= 70.1 *F 21.2 *C
Upper Shelf Energy 65.3 ft-Ib 88.5 J=

*******************************************************e****************
PT Temp Energy

# (*F) (ft-Ib),

1 25 24.0
2 55 27.0
3 70 30.0
4 110 38.0
5 160 48.0

l''
6 280 62.0
7 400 65.0

|
L 0 = Fictitious Point Added * = Test Point Not Included

i

I
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Te mpe ratu re (* n )
. ;

-100 0 100 200 300 400 500
100

I fI I I i

125 -

Weld, Code WW7
(IA. 3SS'C - 168h Annealed. UBR-62) !

80-
m

S100 --
,

8 i,

w # |
4 i.

"

60 .cm -

'g7s -

6 t ',

C
A W r

* 40-

|;; 50 g-
,

.6 .

.c
U i

20-25 - ,

t

6

i I d i I I I Ig g ,

-50 0 50 100 150 200 250

Temperature (* C)
.

************************************************************************
Cv = A + B tanht(T - To)/C3

English Metric
A = ' 31.41 ft-lb 42.59 J
B 36.16 ft-lb 49.02 J=

C = 179.77 'F 99.87 *C
To = 73.11 'F 22.84 *C

|

Cv = 30 ft-1b (41 J) at T= 66.1 'F 18.9 'C
Upper Shelf Energy 67.6 ft-lb 91.6 J=

************************************************************************
PT Temp Energy

e (*F) (ft-lb)
1 25 24.0
2 55 27.0
3 70 30.0
4 110 38.0
5 160 48.0 '

6 280 62.0
7 400 65.0
80 -93 5.0
90 -93 5.0
10 0 -93 5.0
11 0 -93 5.0 >

;

O = Fictitious Point Added * = Test Point Not Included
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p Te mp e r atu re (* F) !
.

0 100 200 300 400 500 '

125 ;

| | | | |

Weld, Code WW7. 3 5e -

'(IR. 454* C - 168h Anneal ed. UBR-62) !'

100 ;-
m

,

3i 125 --
'

6
w W

D !x --

75 ;
x
en les -x-

6 x
G tn -

I0 y
x 75 - w ,

'
5BS -

x
e x a,

6 5e .- |a-

.c
U

25-

*
25 -

/

IE I I I I I [g g
O 50 100 150 200 250

Te mp e r at u r e (* C)
************************************************************************ !

CV = A + B t anht (T - To)/C3

Enolish Metric
A = -365.47 ft-lb -49S.51 J

444.28 ft-Ib 602.36 JB =

C = 233.88 'F 129.93 *C
To = -291.33 'F -179.63 'C

Cv = 30 ft-1b (41 J) at T= 41.4 'F 5.2 *C
#

= 78.8 ft-lb 106.9 JUpper Shelf Energy
************************************************************************

PT Temp Energy
# (*F) ((t-lb)
1 10 16.0'

2 40 21.0
3 40 35.0
4 55 30.0
5 70 44.0
6 90 42.0
7 400 79.0'

0 400 74.0
i

0 = Fictitious Point Added * = Test Point Hot included
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Computer Curve Fittings of Data from Irradiation Assembly UBR 70'
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p x ;

[g r>
v '+

. ..E. Te mp e r at u r's ' (9 F ) .
(

i ;-

m
* '

e: :les c ase see see see
tee,

j, . g ;

-125 -

Weld, Code W8R :
(IRR. . 399'C Inter. Annealed..UBR-70) |

80 x -i-
,

100- - e
,

. . %- , ,

w: p-
,

*

' ?/ h.
Ge-cn -

.

g; :7s'"-
-

w y. g
x - Ex. 4

x,

4ea x -

[% :- 5e- -
.

L 6- b
'

U
'

cn
x u~

20* -

25' - x
e
.

i.

.

1 I E I l- I. i-. e e
O 50 100 15e 2ee 25e i

.

Temperature (*C)
F, *********v************************************************************.**

.Cv== R + B tanht(T - To)/C3

English Metric
'33.15 ft-Ib 44.94 JR =

10.99 ft-lb 14.90 JB =

C = 10.71 *F 5.95 *C
To = 209.32 *F 98.51 *C

Cv = 30.ft-Ib'(41 J) at T= 206.2 *F 96.8 *C
44.1 ft-lb 59.8 JUpper Shelf Energy =

,

.*****************************************>******************************'

'PT Temp Energy
'( # (*F) (ft-lb)

| - 1 100 18.0
2 120 26.0
3 150 20.0
4 180 24.07,3

'

5 200 27.0
'

9 6 210 32.0
7 220 44.0
0 240 40.0
9 300 44.0

10 400 49.0
11 400 42.0

0 = Fictitious Point Added * = Tesc Point Hot Included
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i L Tomp e rttu r e F F" ) -1
.

-100- 0 :- 100 200 300 400- 500 '

100 :
I l- -fi 1 I

125 -

Weldc Code W8R :

(IRR, 399'C Inter. Anne al e d , UBR-70) !

80-. m

S !100 '
-w

w s
v- 9

4- '

N 60 7 .
-

t 75 ''p-

d' x _ %
- c-x x
x ww x - 4e

$ 50- *

g.-

6 t
6* '

x
x - 202s. _

'T I I dI I I IO O
-50. O. 50 100 150 200 250

.

~

Te mp e r at u r e (' C )
************************************************************************ .

Cv = A + B t anht (T - To)/C 3
.

Eng1ish Metrie
A 24.96 ft-lb 33.84 J=

B 22.93 ft-1b 31.09 J=
.-

C 140.96 'F 78.31 *C.=

: To = 152.99 'F 67.22 'C

L. Cv = 30 ft-lb (41 J) at T= 184.5 *F 04. 7 * C' i

! Upper Shelf; Energy = 47.9 ft-Ib 64.9 J
************************************************************************

PT Temp Energy
# (*F) (Ot-lb)
1 100 18.0
2 120 26.0
3 150 20.0
4 180 24.0 -

i

5 200 27.0
6 210 32.0
7 220 44.0
8 240 40.0
9 300 44.0

10 400 49.0
11 400 42.0
12 0 -28 5.0
13 0 -28 5.0
14 0 -28 5.0
15 0 -28 5.0

0 = Fictitious Point Added * = Test Point Not Included

166

el'



. .
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' "f '-<f s

- - Te mpe r at u re (*F')

-100 0 100 200' 300 400 500 -- '

100
I f -l I i ,

133- -

'We1d. Code NOR-
(I AR. 454* C Inter. Anne al ed . UBR-70) '

80-
m

S~ 100- - ,

6- I *
v .p

I
$- 60 --

at 7s x-
.

E
'

hx
jx xx

40" -x *6- 50 -

80 x Q.
, ' ,'

6 h
, x

v
20-

-25 -

x

i I de | I I l Ig g
-50- 0 50 100 150 200 250

,

Temperature (* G)
************************************************************************1

A + B t anhC(T - To)/C3CV =
_

English Metric ;.

A = 29.52 ft-lb 40.02 J
'

B = 22.88 ft-Ib 31.02 J
52.10 *F 28.94 *CC =

To = 93.84 *F 34.35 *C

.Cv = 30 ft-lb (41 J) at T= 94.9 *F 35.0 *C
52.4 ft-lb 71.0 JUpper Shelf Energy =

************************************************************************
PT Temp Energy

# (*F) (ft-lb)
1 0 7.0
2 40 14.0

i 3 80 24.0
'' 4 85 28.0
| 5 90 13.0
1 6 100 44.0

7 120 49.0
8 120 34.0
9 135 39.0i.

10 150 52.0'

11 180 44.0
12 400 53.0
13 400 56.0

0 = Fictitious Point Added * = Test Point Hot Included
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ti4
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it,
'

- Te mpe r at u r e (*F)q ,

-100' B- 100 200 300 400 500
125i f I I I i

Weld, Code W9RL -15e --

'

(IRR. 399'C Inter. Annealed, UBR-70) '

* 100-

m

125
' #

'-
8 : I
w *x *
A:

75m tee --

w xe. o-

E 5.
dw 75 -

~$ 50 ;
-

xe a.

6- 50 Ex-

.c
U !

25* -
x

25 -

.

.

I 11 1 I I I Ig g
-50 0 50 100 150 200 250

Temperature (*C)
.-

no*****************>****************************************************
Cv = A + B t anht < T - To)/C 3

English Metric.

A = 52.36 ft '.b 70.99 J
B 35.00 ft-Ib 47.45-J-=

C 59.07 *F 32.81 *C=

To = 97.19 *F 36.22 *C

Cv = 30 ft-lb (41 J) at T= 52.5 *F 11.4 *C
Upper Shelf Energy 87.4 ft-lb 118.4 J=

************************************************************************
PT Temp Eneegy

# (*F) (ft-lb)
1 0 19.0
2 20 24.0
3 40 23.0
4 60 32.0
5 60 37.0
6 80 42.0
7 120 63.0
8 160 83.0
9 240 85.0

10 400 87.0
11 400 88.0

0 = Fictitious Point Added * = Test Point Hot Included
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.

,
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,

y
.

! Te mp e'r at u r e (* F) f
:

~100 0 100 200 300 400 500 i
200

f I I I I

'3" -

Weld, Code W9R
(IRR. 454* C Inter. Anneal ed . UBR-70)- !

-

160-
m

:D200 --

b i-w p

x b i

120m -

t 150 N g-

:d hx

6.
x

|- * 80-

L :g 100 g-
.

6 h
.c ,x v .

4050 W -

--

x

X

l E1 I I I I IO O
-50 0 50 100 150 200 250

Temperature (* C)
************************************************************************

Cv = A + B tanhC(T - To)/C3

English Metric
A = 66.03 ft-lb 89.53 J
B 47.96 ft-Ib 65.02 J=

C = 79.71 *F 44.28 *C.
To = 72.71 *F 22.61 *C

,

CV = 30 ft-lb (41 J) at T= -5.1 *F -20.6 *C
Upper Shelf Energy 114.0 ft-1b 154.5 J=

************************************************************************
PT Temp Energy

# (*F) (ft-lb)

i .= 1 -40 14.0
" 2 0 32.0

3 0 38.0
4 0 36.0
5 20 50.0
6 40 33.0
7 40 44.0
8 60 64.0

| 9 80 64.0
| 10 120 98.0

11 400 112.0
12 400 114.0

0 = Fictitious Point Added * = Test Point Not Included
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.l .

~

' Temperature ~(* F)
1

-100 0 100- 200 300 400 I
125

I .I I |

/ ' Weld', Code W4>

35e -

(IRR, 399'C Inter. Annealed. UBR-70)
100-

m

;E125 --

% x x i-
w +3x +h .. v

75.cn gee -. - x x.e= m

.E E*
,

EA- 75 t-

'S 50-

x
* x o.

-

6 50
L.
*-

,e ,

'V
25- -

25 -
,

1 -

i E J l i I - gg
-50- 0 50 100 -150 200

|

h. Temperature (* C)
************************************************************************

| Cv = A + B t anht (T - To)/C3
|

t.

Enolish Metric.
_

A =: 15.71 ft-lb 21.31 J
| B = 73.08 ft-Ib 99.09 J
L C = 101.72 'F 100.95 *C

To = -1.33 'F -18.51 *C

30 ft-lb (41 J) at T= 34.7 'F 1.5 oCCV =

Upper Shelf Energy 88.8 ft-Ib 120.4 J=

************************************************************************
PT Temp Energy

# (*F) (ft-lb)
1 0 17.0

'

2 20 23.0
3 40 32.0
4 40 33.0
5 80 43.0
6 100 54.0
7 120 62.0
8 220 72.0
9 300 89.0

10 360 88.0
11 360 82.0

0 = Fictitious Point Added * = Test Point Not Included
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,

Te mp e r at u r e (* F)
1. -

-100 O' 100 200 300 400"

125
I f, I I I

,

Weld, Code W4' ;ise -

(IRR, 454* C Inter. Annealed. UBR-70) !

100 :-)
.,

--
x m

f I*
'125 -

- x i. ;w
+>v +x v9 75-

en 10e .
- xc ae

E E

5>, 75 -

x 50-

$ x
e o.

L.

6- 50 *x x- .c
'

U
25--

25 -

di 1 1 I I
O O

-50 0 50 100 150 200

Te mp e r at u r e (*C)

************************************************************************
Cv = A + B t anh t < T - To)/C 3

Enalish Metric.

41.19 ft-lb 55.84 JA =

55.29:ft-1b 74.96 JB =

C = 120.29 *F 66.83 *C
To = 43.31 *F 6.28 *C

Cv = 30 ft-lb (41 J) at T= 18.6 *F -7.4 *C
96.5 ft-lb 130.8 JUpper Shelf Energy =

************************************************************************
PT Temp Energy

# (*F) (ft-lb)
1 -40 6.0
2 -10 18.0
3 0 24.0
4 20 37.0
5 40 36.0
6 60 46.0
7 80 53.0
8 120 79.0
9 220 89.0

10 360 94.0
11 360 98.0

0 = Fictitious Point Added * = Test Point Not Included
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d

1

Temperature (* F )

-100-- 0 100 200 300 400- 500
1001 If I I i-

133 -

L- Weld, Code WW7 |
! (IRR. 399'C Inter. Annealed, UBR-70)

.|

80-

m

Etee -
.

8 iw p 1

M 60-

y 7s s J
-

'd' $x
C>. wa- 40-

g 50 * g-

6 h
*

6
x 20es --

;

-

I I d I i |- IO O-50 0 50 100 150 200 250-

Temperature ~ (*C)
************************************************************************

Cv = A + B tanh[(T - To)/C3
t

Enolish Metric
A 26.80 ft-Ib 36.34 J=

B 24.18 ft-lb 32.79 J=

C 139.42 *F 77.46 *C=

To = 110.97 *F 43.87 *C

Cv = 30 ft-lb (41 J) at T= 129.5 *F 54.2 *C
Upper Shelf Energy = 51.0 ft-Ib 69.1 J

************************************************************************
PT Temp Energy

# (*F) (ft-lb)
1 0 12.0
2 40 14.0
3 80 22.0
4 90 20.0
5 120 32.0
6 140 32.0
7 160 36.0
8 200 38.0
9 280 47.0

10 400 52.0
11 400 49.0

0 = Fictitious Point Added * = Test Point Hot Included
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'
Temperature .(* n

p

-100' O 100 '200- 300 400 500
100

i fl I i i

its Weld, Code WW7
-

(IRR. 454*C Inter. Annealed. UBR-70)'
,80-

m
.o

'100 --
-

1h pw 4+ .
v v>, 60-'m gx

tt 75 x-

h >b h
* W

40 'I>. x -
S x

. 'no ' 50- - x a -;
| b '

.6-"
.c
v

20x -

~25 -

x
|

|- d i I I I I 0- i

O
-50 O. 50 100 150 200 250 !

Temperature (* C)

..................*....................**.........***..***...........*..
CV = A + B tanhC(T - To)/C3

,

English Metric.-

29.19 ft-lb 39.57 JA =

32.50 ft-Ib -44.06 JB =

133.50 *F 74.17 *CC =

To = 78.37 'F '25.76 *C'

CV = 30 ft-lb (41 J) at T= 81.7 *F 27.6 *C |

61.7 ft-Ib 83.6 J |Upper Shelf Energy =

........................................................................
PT Temp Energy

# (*F) (ft-lb)
1 -30 6.0
2 0 16.0
3 40 18.0 i

|
4 60 21.0 !

5 ee 3e.e 1
6 100 37.0 ij

7 120 42.0 )
.

8 140 42.0 {I

L 9 160 44.0 1

A

10 200 56.0
|

11 280 54.0 j
'

12 400 62.0 g

13 400 63.0 ,

0 = Fictitious Point Added * = Test Point Hot Included ;
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h
,

m.
Tampereture'(*f)-

4[
=0. =100 200 300 400' 500!

" 100
,

..
g . | | |

125- -
# Weld, Code W8R .

..I (IRR, 399'C-Inter. Annealed. UBR-71)
BB3

-
, n

:D |w 100 -

5 6 | ,

w p:
5' 4
L b *

60-

t 75 y-

si i;>

E*>. M x,. o. x .- 4g5- 50- A-e x o. -

6 ki
.c* Un

20x
'25-

-
- x

.

I I I I I IO O !

O 50- 100. 150 200 250
.

Tempe r atu r e_ (* C )
************************************************************************

Cv . = A + B t anht (T '- To)/C J

Enolish Metric
A -= 33.43 ft-Ib 45.33 J .

B 9.23 ft-lb 12.52 J=

C =-1953.43 *F -585.24 *C
To =

-16301.7929586 M4D.DD'
'F -9118.77 *C-

CV 30 ft-Ib (41 J) at T==

-15970.1808453 4D.D
* F.

-8890.10046961 4D.D-
'C

Upper Shelf Energy = 42.7 ft-lb 57.8 J
************************************************************************

JT Temp Energy
'# (*F) (ft-lb)

1 100 18.0
2 130 25.0

;. 3 170 34.0
'

4 190 20.0
5 200 24.0
6 220 44.0,

'

7 220 42.0 l
b 8 250 40.0

i

; 9 320 43.0
| 10 400 45.0 |
t

! 0 = Fictitious Point Added * = Test Point Not Included |
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: Temperature (*F)* '

s
.

-100 0- '100 200 300 400 500
*

100--

I 1- fI I I
.

123 -

We1d, Cede W8R"

;

(IRR,.399'C Inter. Annealed. UBR-71)
80- >

m

.h I
,

;d- 100 -

w #
w

:D
"

60--

$t: -75 -

6 t,

x. g E^

4em.- -

%
'e 50 |-

s x a :'
o 6- b-

x
* Ux

20 -x -

25 -

t

,

I I AI I I I

'

O O
-50 .0 50 100 150 200 250

.

L Temperature (* C)
************************************************************************

Cv = A'+ B tanht(T - To)/C3

Enclish Metric .

A 23.35 ft-lb 31.66 J=

23.78 ft-lb 32.25 JB =

| -. C 146.03 *F 81.13 *C=

.
To = 135.00 *F 57.22 *C

Cv = 30 ft-lb-(41 J) at T= 176.9 *F 80.5 *C
47.1-(t-lb 63.9 Jl- Upper Shelf Energy =

************************************************************************
PT Temp Energy<-

# (*F) (ft-Ib)
1 100 18.0
2 130 25.0|-
3 170 34.0
4 190 20.0 ,

5 200 24.0
6 220 44.0
7 220 42.0

| 8 250 40.0

( 9 320 43.0
10 400 45.0
11 0 -13 5.0
12 0 -13 5.0
13 0 -13 5.0

i 14 0 -13 5.0
!

0 = Fictitious Point Added * = Test Point Not Included
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>

L.. ,

. Temperature (*F)

|, 0 100 200 300 400 500
100if. I. | |

las -

-Weld, Code WOR-
-(IRR, 454*C: Inter. Annealed. UBR-71)-

80- w
100' . :D

'
-

% i
-

" +>

A b.
80en- -

.x ,

p t- 75 g-

x x
3

~ v

8
,i, A w

a- x 40-x
% 50 g-

6 kx
.c
u

2025 -
-

x

*% ,

.i

I di i I 1 i0 0
0 50 100 150 200 250

Te mp e rat u r e (*C)
.

|************************************************************************
CV = A + B tanht(T - To)/C3 ]

Enolish Metric
31.54 ft-lb 42.77 J !A =

'B. = 25.50 ft-lb 34.57.J .

78.77 *F 43.76 *C .|C -=

To = :111.42 *F 44.12 *C i
!

CV = 30 ft-1b (41 J) at T= 106.6 *F 41.5 *C
Upper Shelf Energy 57.0-(t-lb 77.3 J=

************************************************************************ j

PT Temp Energy
,

# (*F) (ft-Ib) ;

|- 1 15 9.0
.'

| 2 40 11.0
3 60 19.0'
4 80 31.0

l '~ 5 100 17.0
6 120 32.0y

|- 7 120 40.0
'

8 150 39.0
9 170 51.0

10 220 58.0
L 11 300 52.0
| 12 400 58.0

0 = Fictitious Point Added * = Test Point Hot Included
1.

177

- - . _ . _ , . . _ . . _ _ ,, _ ,_



_

;> ,,

!

Te mp e r atu r e (*F).<

--100 O' 100- 200 300 400 500
150-200 | y | | | |-1

Weld, Code W9R
CIRR, 399'C Inter. Annealed. UBR-71)

_

8150 --
1b. x

, w g
4-

D
*

90-

s. - x x
- e a

E'd 100 -
X x C

-

A l.d
50B -

x
e a
6 h .

650 -

30-

x

x

' ' ' ' I' ' '

0 O
-50 0 50 100 150 200 250

Te mp e r atu r e C' C ) ;

************************************************************************
Cv = A + B tanht(T - To)/C3

.

English Metric
i3 8. 2 7. f t -' I b 51.89 JA =
,

53.73 ft-Ib 72.85 JB =

126.01 *F 70.00 *CC =

To = 77.05 'F 25.03 *C

Cv = 30 ft-Ib (41 J) at T = 57.5 'F 14.2 *C
92.0 ft-Ib 124.7 JUpper Shelf Energy =

************************************************************************
PT Temp Energy

# (*F) (Ot-Ib)
1 0 12.0
2 50 24.0
3 70 26.0
4 80 40.0

L' 5 100 51.0
| 6 120 69.0

7 150 65.0
l 8 190 68.0

9 320 88.0
10 400 84.0
11 400 103.0

0 = Fictitious Point Added * = Test Point Not Included
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'

, .

i

,

Te mp e r at u r e (* F )-.,

'

g -100 0 100 200. 300 400 500
200( y .I .I I I

250 -

We1d, Code W9R l!
i(IRR, 454* C Inter. Annealed UBR-71)

. l'60-

,m
200 -- --

o 8 .i

f' { !
"

I(;:. 'k
*l' 0 I2-

3 - $. t 150 -

k d I*

c| *x wo. 80-

a lee ix-

,

F
S b

* 6
*

|
4050 x -'

- x. 1

dc

i.

I 1 I I I I I i 1

'

0 0 i

-50 0 50 100 150 200 250
,

Te mp e r at u r e (' C )
,

i
*

************************************************************************
Cv = A + B tanht(T - To)/C3

Enolisn Metric-
A 12.78 ft-lb 17.33 J=

B = 97.65 ft-Ib 132.39 J
? C = 153.99 'F 85.55 *C I

To = -35.33 *F -37.41 *C
i

Cv = 30 ft-lb (41 J) at T= -7.9 *F -22.2 *C
Opper Shelf Energy 110.4 ft-lb 149.7 J=

**************************-*********************************************
PT Temp Energy

# (*F) (ft-lb)
1 -25 18.0
2 0 41.0 k
3 10 35.0
4 20 54.0
5 40 38.0
6 50 73.0 1

7 65 66.0
8 100 89.0
9 150 92.0

10 320 100.0
11 400 112.0
12 400 115.0

0 = Fictitious Point Added * = Test Point Hot Included
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n
K 5

^

* !E Tempe ratu re. (* F)

0 100- 200 300 400 500
125

.f I i 1 I

Weld, Code W4-15e ;
_.

(IRR; 399'C Inter. Annealed, UBR-71)
100 m.

1-

. 1251 . f l
b 1

'

w n p"
%-A x v

75m tee. --

6 x
c. a
d' N
x 75 -

*

x
B.- 50 -j-

xe x .a !

- 6- 50
'L. -

a-
;

.c ,

U
!x

25 'x -

25 -

.

Ib I I I i 10 00 50 100 150 200 250 e
t

Te mp e r at u r e (*C) ?
4

************************************************************************ ,

CV = A + B- t anht (T - To)/C3 j
Enclish Metric f

A = 50.64 ft-lb 68.65 J *

B = 30.64 ft-lb 41.54 J ',

C 81.48 'F 45.27 *C |
=

To = 118.33 'F 47.96 *C ,

'-

|- .

!

Cv = 30 ft-lb (41-J) at T= 51.7 'F 11.0 *C i
|- Upper Shelf Energy 81.3 ft-lb 110.2 J=

k ************************************************************************
PT Temp' Energy i

# (*F) (ft-lb) -

1 10 28.0
2 50 24.0 [
3 50 28.0 *

4 80 36.0 $

5 90 44.0 |

6 120 58.0
7 140 52.0 i

|- 8 160 65.0,

h 9 320 85.0
'

! 10 360 82.0 .

11 400 77.0
>

0 = Fictitious Point Added * = Test Point Hot Included

:
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t

:

n Tompe rature (* F)
j -100 0- 100 '200 300 400 500

125l y I l- 1 i
,

i We1d, Code W4150 -

f (IRR, 399'C Inter. Anneal ed. UBR-71)
100-

'

m

- - 125- f,-

8
ip w x

+>
.

.

g- A 4-
x vg. m 100 75- -y xs-

4 e-
en

6 h$( *A 75 b
-

x
p - S-f 50-

e- xi aa
fr . - 6 50 e

4n
-

- *
i .c
f X U
f 25x -

25 -

Ji -
3
Q i iE I I I I Ig gj -50 0 30 100 150 200 250

1{h
Temperature (* C)

- ************************************************************************
Cv = A + B tanht<T - To)/C3

t- Enolish Metric
@' A 40.55 ft-lb 54.97 J=

j B = 41.99 ft-16 56.93 J
%- C = 128.22 *F 71.23 *C
Y To = 84.08 *F 28.93 *C
3

0= Cv = 30 ft-lb (41 J) at T= 51.2'*F 10.7 *Cj- Upper Shelf Energy 82.5 ft-lb 111.9 J=

y ************************************************************************
PT Temp Energy,

,

e (*F) (ft-lb)
(' 1 10 28.0
[- 2 50 24.0
| 3 50 28.0
[ 4 80 36.0

5 90 44.0
6 120 58.0

. 7 140 52.0,

|- 8 160 65.0
e 9 320 85.0

10 360 82.0
11 400 77.0

i- 12 0 -68 0.0
!- 13 0 -68 5.0

14 0 -68 5.0
: 15 0 -68 5.0

0 = Fictitious Point Added * = Test Point Not Included
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Tempe ratu re . (' F ) .

.

B 100 200 300 400 500
150-i 2 OO y I I i |

Weld, Code W4
4

(IRR. 454*C Inter. Annealed. UBR-71)
'120 l

-

m.

- 150. S--
,

i ,
.

w- x p i'

. $.
4-

,~

*gox -

6 xe- a
6 '100- E

'
-

,

cA Wy 50.-x xm x c.-*
- 6- b

.c50 - u
30- x -

x

d'l I I I I I
'

O OO' 50 100 150 200 250

Temperature (*C)

************************************.***********************************
Cv = A + B t anhC (T - To)/C3

English Metric
A 60.47 ft-lb 81.99 J=

B = 37.54 ft-lb 50.90 J
.

~

!

L C 124.31 'F 69.06 *C=

To = 153.52'*F 67.51-*C

Cv = 30 ft-1b (41 J) at T= 12.8 'F -10.7 *C
Upper Shelf Energy 98.0 ft-Ib- 102.9 J=

************************************************************************
PT Temp Energy

|. # (*F) (ft-lb)
1 15 33.0
2 20 32.0

1 3 40 29.0
4 60 23.0:

|: 5 80 50.0
1

6 85 42.0
|

7 100 57.0 _

'

8 150 52.0
9 160 60.0

10 320 102.0
11 400 90.0

I
O = Fictitious Point Rdded * = Test Point Not included |

'
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, ,

9 Tomperature.('F)*

w
'J -100 B 100 200 300 400- 500:

150200 I f : | | |--.j
w

Weld, Code W4
(IRR.-454*C Inter. Anraaled. UBR-?!)

120 m.
-

150 :--

6 i
v M g< t

NJ
*

90x -

u x
0 0

-d 100. 5-

C
A w-

L

I 60x -

x x
e x o.*
6 h :

-
. i-50

* 30- 1

x

I I I' I I I0- O
-50 0 50 100 150 200 250'y

Tempe ratu re -(* C)
...**********************************************************************

Cv = A + B t anht (T - To)/CJ

Enolish Metric
A = 37.44 ft-lb 50.77 J '

,

'

B = 69.35 ft-lb 94.03 J
259.85 *F 144.36 *CC =-

To = 60.35 *F 15.75 *C

Cv = 30-(t-Ib (41 J) at T= 32.3 *F .2*C
= 106.8 ft-Ib 144.8 J-Upper Shelf Energy'

************************************************************************
PT Temp Energy i

# (*F) (ft-lb)
1 15 33.0
2 20 32.0

, 3 40 ~29.0
L 4 60 23.0
1 5 80 50.0

'6 85 42.0
7 100 57.0
8 150 52.0

| 9 160 60.01

10 320 102.0
11 400 90.0
12 0 -68 5.0
13 0 -68 5.0
14 0 -68 5.0

i 15 0 -68 5.0
|

O = Fictitious Point Added * = Test Point Hot Included
.
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<

| i 'z

1

Temperature (*F)

B' 100 200 900 400 500
100.

I f I I I
,

J

133 -

Weld, Code WW7
(IRR, 399'C Inter. Annealed UBR-71)-

80-
m

S- 100-

-

6 1 '
w +>

4- |

b *
60-

*
$t 75 -

x

b $
c

- >. W
o. x 4e-

* * *' 50 -

m c.
6 h* .c

20-

25 -

i I d, I I I I2 g g
O 50 100 150 200 250

Te mp e rat u r e ('C)
************************************************************************

Co = R.+ B tanht(T - To)/C3
.

Enclish Metric
A 34.10 ft-lb 46.23 J=

B = 21.87 ft-Ib- 29.65 J
95.11 'F 52.84 *CC =

To = 152.99 *F 67.22 *C

Cv = 30-Ot-lb (41 J) at T= 135.0 'F 57.2 *C
Upper Shelf Energy = 56.0 ft-lb 75.9 J

************************************************************************
PT Temp Energy

# (*F) (Ot-lb)
1 35 15.0

| 2 80 22.0
3 105 25.0

t 4 120 22.0
| 5 135 28.0
|- 6 150 38.0
| 7 165 40.0
; 8 190 38.0
l' 9 260 52.0
| 10 320 57.0

11 400 54.0

0 = Fictitious Point Added * = Test Point Not I r.c l ude d
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" Tempo ratu re -- (* F )
1, .
'

-100 0- 100- 200 300 400 500
125

i f I I i

. :3e- Weld, Code WW7_ _

(IRR. 454* C, Inter. Anneal ed. UBR-71)
100-

m

f125 --

,; 6
1. y 9

+
A' v i

75 >-

m - 100 - x xu -

,

e a

x 75 --
_

,

50.S
-

x
@# xx

6- 50 *-

.c
x U

25-

*
25 -

I I EI I I I I
O O

-50 0 50 100 150 200 250

Te mp e r atu r e (* C)
************************************************************************

Cv = a + B tanht<T - To)/CJ

English Metric
R = 34.26 ft-Ib 46.45 J

31.96 ft-lb 43.34 JB =
142.95 *F 79.42 *CC '=

To = 113.85 *F 45.47 *C

e Cv = 30 ft-Ib (41 J) at T= 94.7 *F 34.8 *C
= 66.2 ft-1b 89.8 J| Upper Shelf Energy

**********************************************************************e*
PT Temp Energy

# (*F) (ft-lb)
I 1 0 14.0
L' 2 50 23.0

i3 80 25.0
4 80 21.0
5 110 30.0
6 120 42.0
7 130 41.0
8 150 43.0
9 220 53.0

10 250 55.0
11 320 64.0

f 12 400 71.0
13 400 60.0

0 = Fictitious Point Rdded * = Test Point Not Included
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-Tompereture (*F)-

e lee- aee 'seeL -400 See :
100

m o p i i

1 125 -

Weld, Code W8R <

(I,[288'CIrradtated, UBR-72)
80 m

-

S -l,- 100 -

,-
w #

& |w
Secn -

s't 75 -

6 h
C

-A LsJ
- - 40 1a xx .

I) Se - x

6 %'
*

, .c
x & U

2e-

25 - x

x
.

1 -l sl< 1 1 I i
-

.g g .,

e 5e lee ise eee ase.
1

Teinp e r at u r e (*C)
************************************************************************ -t

Cv = A + B t anht < T - To)/C3

English- Metric
A = 29.84 ft-lb 40.46 J
B = 8.25 ft-lb 11.18 J
C' = 15.57 *F 8.65 *C
To = -194.92 *F 90.51 *C

-Cv = 30 ft-Ib (41 J) at T= 195.2 *F 90.7 *C
= 38.1 ft-lb 51.6 JUpper Shelf Energy

************************************************************************
PT Temp Energy

# (*F) (ft-lb)
,

1 80 12.0
2 80 32.0

i 3 120 23.0
L. 4 140 18.0 i
; 5 160 23.0

'

| 6 180 24.0
< 7 200 32.0

.. 8 220 39.0
9 250 35.0

10 400 40.0
11 400 38.0

0 = Fictitious Point Added * = Test Point Hot Included
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Toinp e r atu r e - (* F )

-100 0- 100 200 300 400 500-
100

1. I f- l- |

333 ~

WeId, Code W8R i

(I, 288'C Irradiated. UBR-72)
80 m

-

100 - :-

w I
.w- p

+
h *

60-

t 75 - $
'

6 t
C

A-
_

40
W

E- -x
|;; -50 g-*-

6- ,%
* *

u

A Xx U
2025 - x

-

x i

I I El i I Ig. g_.

-50. 0 50 100- 150 200- 250

Te rnp e r at u r e (* C)
;

************************************************************************
Cv = A + B tanhC(T - To)/C3

!
' '' - English Metric

A = 6.75 ft-Ib 9.16 J |
B. = 36.99 ft-Ib 50.16 J '

C 290.27 *F 161.26 *C 'i=

To = -16.04 *F -26.69 *C

' Cv = 30 ft-lb (41 J) at T= 198.4 'F 92.4 *C
. _

Upper Shelf Energy = 43.7 ft-lb 59.3 J _j
.************************************************************************ i

PT Temp Energy
# (*F) (ft-lb) j'

1 80 12.0 j
2 80 32.0

|- 3 120 23.0
| 4 140 18.0

5 160 23.0 !

6 180 24.0
7 200 32.0 i
8 220 39.0
9 250 35.0

10 400 40.0
11 400 38.0t

I
12 0 -28 5.0
13 0 -28 5.0
14 0 -28 5.0
15 0 -28 5.0

0 = Fictitious Point Added * = Test Point Not Included
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Te mp e r at u r e C' F )
.

-100t D 100 200 300 400 500 '

125
I

fl
i I i

- Weld, Code W9Rise --

(I, 288'C Irradtated, UBR-72)
100-

m

125- - 3--

h .is,

| [|-
.

D [

V- $

| x
75CD : 100 -

-'
-

s. x
e a
6: g.

.

I

x 75 - O
-

I 30* -

x x
n c.
6 50

L.
*-

#X
X.

25-

25- - x
X

X

1 I EI I I I Ig. g
-50 0- 50 100 150 200 250

Te rnp e r atu r e (* C)
~

>************************************************************************
Cv = A + B tanht<T - To)/CJ

English Metric
A = 53.24 ft-lb 72.19 J
B 31.84 ft-1b 43.17 J=

C = 60.76 'F 33.76 *C
To = 143.29 'F 61.83 'C

' Cv = 30 ft-Ib (41'J) at T= 86.9 *F 30.5 *C
Upper Shelf Energy = 85.1 ft-Ib 115.4 J

.****************************************************************,*******

PT Temp Energy .

# (*F) (ft-lb)
1 -30 17.0
2 -20 47.0
3 -10 10.0
4 40 12.0
5 80 32.0
6 90 28.0
7 130 50.0
8 170 64.0
9 250 82.0

10 400 86.0
11 400 86.0

0 = Fictitious Point Added * = Test Point Not Included
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3
Tomperature!(*F)

-100 0 100: 200 300 400 500
125i fl | I .I

' Weld, Code _W9R !15e- :

-

,W
(I 288'C Irrad t ated. UBR-72)

100-

m

125- - :-

% i
w #

+, .y ,

75m lee _. -

s. >.
e en !

b b ;

%. 75 - E
'

.I 50--

x x
as o.
6 se k- ;_.

.c <

* Ux
25-

25 - x
- - - . *x

| | 'd I l i I l0 0
-50 0 50 100 150' 200 250

.

Temperature (* C)
****************r*******************************************************

Cv = A + B tanht<T -To)/CJ

, -English Metric
A = 48.56 ft-lb 65.84 J '

B = 37.70 ft-lb 51.12 J
C =. 86.27 *F 47.93 *C

,

To = .131.06 'F 55.03 *C
~

Cv = 30 ft-lb (41 J) at T= -84.5 *F 29.2 *C
Upper Shelf Energy 86.3 ft-lb 117.0 J=

,

************************************************************************
PT- Temp Energy

# (*F) -(ft-Ib)
1 -30 17.0
2 -20 47.0

'

3 -10 10.0
4 40 12.0
5 80 32.0
6 90 28.0
7 130 50.0
8 170 64.0
9 250 82.0 -

10 400 86.0
11 400 86.0
12 0 -43 5.0
13 0 -43 5.0
14 0 -43 5.0
15 0 -43 5.0

0u Fictitious Point Added * = Test Point Not Included

190

|
- . . - .-. -



.. _ _ _ . _

,

4

, ,

Te mp e r at u r e L (* F ) |-

100 B- 100- 200 300 '400' 500
-

-

125
1. f I l- 1 i

a 15e -
Weld, Code WW4

.

(I. 288'C Ir radi ated. UBR-72)- :

100 x;" ' -

* 125 - 3.-,

' b .I ,

V x +) - i

x- D.- ,

'

- . 75xen 100 - ,

s x -
.. ..

|t3 $,e
g3

'

- x 75- -

50 ;x.I
-

p e . o.

6 :50
L.

-- *
. ,

'* U-x
25--

25- - x-i.
.f.

I l b I I I I l'
.O O

-5D 0 50 100 150 200 250

Temperature (*C)

************************************************************************
#

Cv = A + E-tanht<T - To)/C3

Enolish Metric
A =. 50.62 ft-lb 68.63 J .;

20.04 ft-lb 39.11' J-B =

41.60 'F 23.11 *CC =-

To = 96.31 *F :35.73 *C

Cv = '30 ft lb (41 J) at T= 59.0 *F 15.0 *C :

79.5 ft-lb 107.7 JUpper Shelf Energy =

************************************************************************-
PT Temp Energy

h # (*F) (ft-lb)
I 1 0 18.0 -

2 20 25.0
| 3 40 31.0|
'

4 70 29.0
5 80 40.0
6 90 49.0
7 120 65.0

L* 8 200 79.0
9 400 84.0

10 400 75.0

0 = Fictitious Point Added * = Test Point Hot Included
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.
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.

Tompereture (* F)
t -100' 'O 100: 200 300 400 500

125'; , I _ f - | -_- .l. I i

# Weld, Code-:WW4tse --

[ .(I. 288'C Irradtsted, UBR-72)
100, -

m
:~ '125 O. I

-

8-
i

x 4,j. (. 75' t
x

.m t ee - x-, -w
e x

x in
i g g
.. x 75 d-

--

W t 50 .-

"- e
.a

6- 50 L.- e-
.c .

x V
x ,

25--

25 x I
-

-i

f

I di i i l i Ig. g
-50- 0 50 100- 150 200 250

Te mp e r at u r e (*C)
1

****3************************************+****************************** iCv. = R + B t anh[(T - To)/C3
,

Enolish Metric
A = 41.58 ft-lb 56.37 J
B 39.58 ft-Ib 53.66 J=

C = ' 91.62 *F- 50.90 *C
To = 75.34 'F 24.08 *C

1

Cv = 30 ft-lb (41 J) at T= 47.7 *F 8.7 *C
Upper She80' Energy 81.2 ft-lb 110.0 J=

************************************************************************
PT Temp Energy

# (*F) (ft-Ib)
1 0 18.0
2 20 25.0
3 40 31.0
4 70 29.0 ?

5 80 40.0
'! - 6 90 49.0.

7 120 65.0
8 200 79.0
9 400 84.0

10 400 75.0
11 0 -58 5.0
12 0 -58 5.0,

13 0 -58 5.0
14 0 -58 5.0

0 = Fictitious Point Added * = Test Point Hot included
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Te mpe ratu r e (*F)

-100 0 100 200 300 400 500.

' 100
I if I I i

125' -

Weld, Code WW7 i

(I, 288'C Irradtated UBR-72)
,

_

S !
'

-- 100 -
4

%
w +3

4 !

b 60-
,

* !' 75 -

!

xw y
40" -

*' ' 50 --

C1
'8 x

6 / ) !

[1.
.- ' U

, -.
.

x
_

y
20-

1 a5,

- x- ,

[
|

1- I d 1 I I _ J_ g
*

g,

-50 0 50 100 150 200 250'

.i

Te mrse r at u r e (* C)
*********************************************,************************** ;

Cv = A + B t anht(T - To)/C3
i

English Metric
'

A = -349.2$ ft-lb -473.52 J
409.89 ft-lb 555.73 JB =

C = 496.42 *F 275.79 *C
To = -688.11 *F -400.06 *C

CV = 30 ft-lb (41 J) at T= 118.2 *F 47.9 *C
= 60.6 ft-1b 82.2 JUpper Shelf Energy

************************************************************************
PT Temp Energy
C (*F) (ft-1b>

'
l. 1 0 4.0

2 20 '22.0
3 50 34.0
4 80 18.0

'

,

5 120 23.0
6 150 35.0
7 170 36.0
8 250 44.0
9 400 50.0

10 400 51.0

0 = Fictitious Point Added * = Test Point Not included
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