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SUMMARY

This report describes the weld repair of the Heavy Section Steel Technology
(HSST) Program Intemediate Test Vessel V-8 and the making of a submerged-arc low

upper-shelf test weld as a long seam in the vessel. The development of the low
upper-shelf weld metal and its mechanical property characterization, including i

fracture toughness, is reported.

,

from replicate characterization weld test results it is expected ':w the
vessel seam test weld properties are likely to have the following values:

Room temperature yield strength (YS) )_66.3 ksi -

Upper-shelfenergies(USE) 143.5 ft-lbs
J 10.335 Kip /in. at 300*F1c

J = 50T 11.131 Kip /in. at 300*F

These values are not far different than those reported for some irradiated welds.

|

|
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1. INTRODUCTION

Intermediate Test Vessel V-8, shown in Figure 1, was tested hydrostatically
to failure at about -10*F by the Oak Ridge National Laboratory ( ORNL) as part of
the Heavy Section Steel Technology ( HSST) Program. The test vessel contained a
fatigue-sharpened, part-circular surface flaw in a weld repair region where -

residual stresses were high. The maximum test pressure was about 9470 psi,
slightly below the ASME Code design pressure of 9710 psi. The crack propagated
until it penetrated the wall and attained a length of about 20 inches. The flawed

region was subsequently cut from tht vessel, leaving a cavity as shown in Figure
2.

oRNL-DWG 82-s283 ETD

RI 9["
E n-
EE , |

T r

/_r - I p 15" (Dc=

R
$ - - - < -

/ 27" 1D
]___ , p

g , 39" OD

E- % e6" SHELL
=_

{ f 54"
18" TESTW

-~

AREA{ a

n y

V
{6L 27"

g

[ 4., <# " "

I- L /9% N t

h h
ir i

Figure 1 Intermediate Test Vessel V-8

\
0,

4

a

4

1

1
t

_



.- - - . _ ._

2

ORNL-DWG 82-5284 ETD

f ^ b
i

! Jk

[
,

, c
2 E

.I f

U

L / V

; =
a

4-1/2*
_

- -

/

f

i

i

Figure 2 Cavity to be Repaired on Vessel V-8

;

I

4

:

'

This report describes the work done to repair that cavity and make a
submerged-arc long seam weld having low upper-shelf properties for another test of
the vessel, V8A. The purpose of this test is to study crack growth in material
with low upper-shelf toughness, particularly material with Charpy V-notch upper-
shelf energy ( USE) and yield strength ( YS) similar to that found in some
irradiated weld metal. In addition to the vessel welds, replicates of the long

seam weld were made and tested to characterize the mechanical properties of the
low upper-shelf weldment.

1
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This program consisted of three principal phases of work:

Phase 1 -- Attainment of Properties in a Trial Weld
( Illustrated in Figure 3)

! This consisted of making three submerged-arc welds with the
same Mn-Mo-Ni welding wire with different mixtures of Linde

60 and Linde 80 flux. One-third of each weldment was then
given a different post weld heat treatment ( PWHT). After
tensile and impact testing, the optimum condition from the
combination of nine was selected to make a trial weld for
evaluation of mechanical properties.
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Phase 2 Making and Testing of Characterization Welds
,

1 (Illustrated in Figures 4, 5, and 6)

Five characterization and one flawing practice submerged-arc
!

welds were made with the same conditions as those used for
the trial and vessel long seam test weld. Four of the
characterization welds were made in Vessel V-10 ( SA533-B1
steel) prolongation as shown in Figure 4.

The fifth characterization weld was made from pieces of
6-inch thick SA533-B1 steel plate (Heat No. C6200-4) as shown

in Figure 5.

The flawing practice weld -- to be used by Union Carbide
Corporation - Nuclear Division (UCC-ND) in setting the
flawing parameters for the vessel long seam test weld -- was
made with pieces of SA533-B1 steel plate (Heat No. C6200-4) as

shown in Figure 6.
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Phase 3 -- Repair of Yessel and Making of Long Seam Test Weld
( Illustrated in Figure 7)

The repair to the vessel cavity was accomplished by manual
metal arc ( MMA) welding of a plug insert. The long seam test
weld was done by making a submerged-arc weld with the same

conditions as the trial weld except that it had MMA welds on
the ends,

oRNL-DWG 82-5289 ETD
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2. PHASE 1 -- TRIAL WELDS
1

!

2.1 PRELIMINARY WELDS AND THEIR TESTS

The effects of submerged-arc welding flux basicity and post weld heat
,.

,

] treatment ( PWHT) temperatures on tensile and impact properties were determined I

with three weldments made in 3-3/4-inch thick SA533-B1 steel plate for a
combination of nine conditions. The making of these weldments and their test,

j results are given in Appendix A.
;l

.I

The nine combinations, shown previously in Figure 3, are identified as,

follows:

Mean PWHT Hold Temperature. *F

i Flux Miature % Calculated 1135 1075 1025
, Nominal
j Linde 6o Linde 80 BN* Weld Designations

| 60 40 0.75 V811 V812 V813

75 25 0.70 V821 V822 V823
4

90 10 0.65 V831 V832 V833

|

Ca0 + Mg0 + CaF, + 1/2 MnD
* Basicity number ( BN) = ( All wt 1)

5102 + 1/2 A1 023

i

Increasing the proportion of Linde 60 flux decreases the basicity of the flux
and this results in both lower upper-shelf energies ( USE) and yield strength ( YS).

i

The effects of flux mixture composition (Basicity Number - BN) and PWHT on,

the impact properties and tensile properties are summarized in Figures 8 and 9.

1 Based on these results, the optimtsn conditions for low impact transition
temperature, low USE, and high YS were obtained with the mid-range conditions of
the test matrix, namely:

i e Flux Mixture -- 75% Linde 60 - 25% Linde 80

e PWHT Hold Temperature -- 10$0* - 1100*F

i

;

,

i

. - , - - - . . - - - - -- . - . , . - - _ . - . - - - - _ -
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These conditions were used for Weld V822 and were also used to make a trial
weld. A brief attempt was made to reduce the impact transition temperature so
that the upper-shelf start temperature would be below 200*F. Thi3 was done with a
different heat of welding wire. An attempt at using a lower heat input ( 70 - 85
kJ/in.) for the larger diameter ( 5/32") wire was unsuccessful. The result at
higher heat input is summarized below with details in Appendix B.

2.2 DIFFERENT WIRE HEAT

The effect of making a wire heat change on impact properties are shrwn in
Figures 10 and B-2 ( Appendix B) by comparison with the results of Weld V822 -- the
optimum of the preliminary welds. The effect on impact transition temperature is
illustrated in Figure 10 with a plot of shear versus test temperature for
specimens having less than 100% shear. There was apparently no benefit in making
the welding wire change and the trial weld was therefore made with the same
conditions as Preliminary Weld V822 except that a lower heat input (~76 versus 92

kJ/in.) was used.

2.3 TRIAL WELD

This weldment, with the same thickness ( 6 inches) as the Vessel V-8 wall, was
to serve as a qualification weld for the vessel test seam and is described in
detail in Appendix C together with test results. Comparisons of the trial weld
( V842) and its precursor ( V822) are shown in Table 1. The difference in heat
inputs between the two welds did not apparently have a significant effect. The
difference in manganese content between the two welds may be significa7t but this
is not reflected in the measured mechanical properties.

The objectives of 65 ksi minimum YS and USE value of 35 - 55 ft-lbs were

achieved with the trial weld.

Three of the four IT compact tension J-integral tests performed on WL
orientation specimens gave valid results and these are shown in Figure 11. Good
agreement and little effect due to test temperature differences was obtained.

- _ - - _ _ _ _
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Table 1

COMPARISONS OF AVERAGE VALUES
Weld

822 W42held Chemistry, 1

C 0.06 0.05
"n 1A1 1.50
P 0.024 0.028
5 0.017 0.016
51 0.65 0 . f,6
Ni 0.61 0.62
N 0.48 0.45
Cu 0.29 0.27

Plate (*1d) Thickness. in. 3-3/ 4 6

Hea t Input, kJ/in. 92 76

FVHT

Heating Rate *F/er 59.4 148.0
Hold Tim. hours 50 52
Hold Terperature. *F 1975 1083
Cooling Rate, *F/nr 12.2 10.2

Room Te@erature Tension Test
Vield Strength, kst 66.87 66.74
01timate Tensile Strength, ksi P1.87 82.39
Elongation, t 24.7 25.8

*Reddtion of Area,1 54.4 55.3

Charpy V-hotch Tests

USE, f t-Ibs (200* - 300*F) 42.2 42.8
LE, mit s (200* - 300*F) 47.9 49.5

_ _ _ _ _
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2.4 BASE METAL TENSION TEST RESULTS

A partial cylindrical piece, approximately 6" thick x 12-7/8" wide and
38-1/2" long, from Vessel V-8 was received from UCC-ND. About 9 inches was cut
off each end of the long dimension. The remainde s given the following PWHT
together with the weld designated as V8Q2.

2.4.1 Post Weld Heat Treatment ( PWHT) |

| The following PWHT was achieved for the base metal designated as V802:
;

Heating rate - 600* to 1050*F: 140*F/hr-

Hold time at 1050* - 1100*F : 58 hours
Cooling rate - 1050* to 600*F: 13.8'F/hr

The intended 100*F/hr maximum heating rate and 52-hour m6Aimum hcid time were

exceeded, but these are not significant.,

2.4.2 Specimen Locations
,

' Figure 12 shows the general location and orientation of the tension test
specimens.

|
2.4.3 Tension Test Results

i Three specimens each were tested at room temperature and at 250*F. These
results are given in Table 2.

i

|

|
|

|

4

.

|

| l

i

- - . - -. -. .

- .... __ , ._ .-.. . . . - - . .- _ .
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Figure 11 J-R Curves for Trial Weld Test Specimens ( V842J1/J2/J3)
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Figure 12 Cutting Diagram for the V802 Base Metal Tension Tests
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Table 2

BASE METAL ( V802) TENSION TEST RESULTS

Specimen Yield Strength Ultimate Tensile Elongation. Reduction of
Number ksi Strength, ksi % Area, %

Room Temperature

V802T1 65.10 86.31 28.0 70.2
2 65.74 87.10 28.0 70.6
3 65.90 87.07 27.5 70.4

5A 533 Bl .5pecification

50.0 Min. 80.0 - 100.0 18.0 Min. ---

250*F Test Temperature

4 60.18 79.62 25.0 69.5
5 60,13 80.10 26.0 69.9
6 59.88 79.30 26.0 70.7
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3. PHASE 2 -- FLAWING PRACTICE AND CHARACTERIZATION WELDS

.

Testing was performed in accordance with the requirements of the following -

,

specifications: .

.

e Tension Testing - ASTM E-8-80 or E-21-80

e Charpy V-Notch Impact Testing - ASTM E-23-72

e Plane Strain Fracture Toughness - ASTM E-399-78

e J-Integral - Charpy Y-Notch - ASTM E-613-81 (except that specimens
contained side grooves)

e J-Integral - Compact Tension - B8W's Single Specimen J-Test ( TP 367)

e Drop Weight - ASTM E-208-69

e Weld Bend Tests - sFA 5.17. Section II. ASME BPVC

e Chemical Analysis - NB 2432, section !!! ASME BPVC

e Radiography - section !!!. ASME BPVC ( except
indications up to twice that allowed by
Section III are acceptable)

e Mac rostruc ture - Surface grinding followed by etching in
10% nitric acid-ethanol solution

One flawing practice and five ma*:erial characterization welds were made at
The Babcock & Wilccy Company's ( B&W) Nuclear Equipment Division ( NED) production

shop: with the same conditions of electrode wire heat, flux mixture, welding
paruleters, and post weld heat treatment ( PWHT) temperature as those used for the
trial weld. The flawing practicf: weld was used by Union Carbide Corporation -
Nuclear Division ( UCC-ND) to evaluate the flawing procedure to be used on the
Vessel V-8A seam test weld.

The characterization welds consisted of four welds made in Vessel V-10
prolongation and one weld made in plate material. Details of the welding
conditions are given in Appendix D together with test results.

Figure 13 shows the cutting diagrams for four of the welds ( designated V852,
V862, V882, and V8102). The first three were made in the prolongation and Weld
V8102 was made in plate material. Weld V872 was intended for material
characterization tests but instead was used by UCC-ND for a second flawing
practice trial.



_ - _

a

18

ORNL-DWG 82-5295 ETD

C vssa

| " N2 Issss9' sUsssssi_ a NS9y
F3 76 |

'Ier
T2 -- Jg J7

12 F4 F7
*

. g3 J3

f E 5 2 Il
, ,

* T4 7- gg A
--

13 J2 Ayg
12 F

h " " ''' ;: 5555552 0: -_;

: 2s" REF :

| |LE GE ND

A - CHE M: CAL ANALYSIS

B - TRANSVERSE WELD SEND
C - CHARPY V-NOTCH

O - DROP HEIGHT

F - FRACTURE TOUGHNESS.
J-4N TE GR A L,

WL ORIENTATION

J - J-INTEGRAL, WL OR
WY ORIENTATION

M - MACROSTRUCTURE

$ - $ PARE MATERIAL
T - TE N1 TON
W - FRACTURE TOUGHNESS,

WT ORIENTATION

**c
t_-

PR57:#::W -
H ys, ss%s&x59MWWE91 -"'~-

' , ,d'

'3 'a
,

TU 't
---

Ji Wi n" " "
os os on ,.

. __ n=
* *

a si
e,

* g _T_U
x #

on 04 os _12 n W2 m

12 at

3 = = es r
_._N@M M mae'ssssssssss__ . -_.

I: -Ias REr
I I

Figure 13 Side-View Cutting Diagrams for Characterization Welds V852, V862,
V882, and V8102

._

.



_ _ - __ - - - - - - - -

19

ORNL-DWG 82-5295 ETO Waa'*n
C vesa
\"

y::,,,, j:h:! U 5%:55 52555:5:1:
,

<

b b #
,,

_-8
D1 D3 DS - 84

g

h J1 83

L 7 F, J2ei
# _

1 eD2 De De

_1 F4

3 ''

,_
, |'5: SFYNjd '_

es Sr_

'

?S' Rf F 2

( LE GE ND

A - CHEMICAL ANALYSIS
S - TRANSVtRSE WE LD SEND
C - CHARPV VMTCH
D - DROP WEIGHT

F - FRACTURE TOUGHNESS.
AtN T E i.A AL,

WL OP'ENTATION

J - AINTEGRAL, WL OR
WT ORIENT ATION

M - RAACROSTRUCTURE

S - 8FAR8 enATERIAL
T - TEhStose

W - FRACTURE To9GHNESS.
WT ORIENTATIO88

C JC VS '03
\ !

T Ng&: . _ < srsm_,,
,, ,,

77 J3
T2 J1

7_7_
T, 11 J. J.

| $ E i
* *

n a Ss

b T* a

T. 11 32
n.11 m

1 M''
-5 -8 m

h nw REF

Figure 13 Side-View Cutting Diagrams for Characterization Welds V852, V862,
V882, and V8102 ( Cont'd)

, .
--



-. . _ _ _

20

3.1 TENSION TEST RESULTS

Six room temperature and elevated temperature ( 300*F) tension tests each were

performed on Weids V852 and V8102. These results are given f ri Table 3.

Table 3

ALL WELD METAL TENSILE TEST RESULTS

Specimen Test Temp. Yield Strength Ultimate Strength Elongation Reduction of Area
Identification *f ksi k si i s

Weld V852

il 75 61.0 78.0 27.0 58.5

T3 75 62.0 78.5 28.0 57.5

15 75 64 ,0 81.5 25.5 57.5'

Average 62.3 79.3 26.8 57.8'

T2 300 $3.5 69.5 24.0 55.5 -

T4 300 58.0 73.5 22.5 54.0

T6 300 58 .5 74.0 21.5 50.5

Average 56.7 72.3 22.7 53.3 3

Weld V8102

2
T1 75 68.0 82.5 24.0 55.0

13 15 69.5 84.5 23.0 53.5

T5 75 10 .5 86.0 21.5 51.5
e

Average 69.3 84.3 22.8 53.3

T2 300 62.0 76.0 20.0 51.5

T4 300 63.0 77.0 19.5 49.5

T6 300 65.5 79.5 18.5 ';0.0

Average 63.5 77.5 19.3 50.3

4

.

.

d

1 --
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I 3.2 CHARPY V-NOTCH IMPACT TEST RESULTS

These results are shown in Figures 14,15, and 16 for welds V852, V862, V882,
and V8102. The variability at ene test temperature is mainly due to the depth
position within the weld.

The mean upper-shelf energies ( USE) values calculated from specimens that
exhibit 100% shear regardless of test temperature or location in the weld are
given in Table 4

3.3 FRACTURE TOUGHNESS PROPERTIES

3.3.1 Plane Strain Fracture Toughness Tests

Tests were performed near 0*F and ambient temperature (~75'F) with IT compact
tension test spectinens having 20% side grooves *. These results are summarized in
Table 5. Values for K were not calculated since Pmax/Pg > 1.10. Validg

equivalent eneroy ( KEQ), fracture toughness from J-integral ( K ) and J-integralg
values at maximtsn load were derived.

3.3.2 J-Integral Tests

J-Integral tests were performed with 20% side-grooved 3-point bend Charpy
V-notch, ITCT, and 2TCT specimens at temperatures of 73*, 150*, 200*, 250*, and
300*F. These test results are summarized in Table 6 and the J-R curves shown in
Figures 17 through 23.

Additional tests were performed on Weld V8102 with J-Integral tests of
3-point bend Charpy V-notch specimens having 5% and 10% side grooves; these test
results are given in Appendix E.

* Side grooves are in nonconformance with ASTM E-399-78 thereby producing invalid
plane strain fracture toughness results. This occurred because of a mistake in
machining instructions.'
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Table 4

MEAN UPPER-SHELF ENERGIES ( USE) VALUES

Specimen No. of specimens Average Test USE, ft-lbs
Weld Orientation Having 1001. Shear _ Temp., 'r M ITT5

i V852 WL 13 266 48.9 3.5
V862 WL 13 265 45.6 2.9
V882 WL 10 230 43.5 2.7
V8102 WL 5 276 31.4 1.1

WT 5 276 38.9 1.8
WL or WT 10 276 38.1 1.6

All 4 WL or WT 46 260 44.1 4.7
combined

Table 5

PLANE STRAIN FRACTURE TOUGHNESS RESULTS

S pec imen Test Temp.*

[g g , k s t g . [g , k s i [in._Iden t i f ica t ion *F J'*, k ip/in.

V852F4 7 169 151 0.763
V852F5 4 183 164 0.899
V852F1 5 142 92 0.512
V852F8 5 182 159 0.847
V86?W1 71 226 204 1.39
V862W2 71 221 199 1.32

V8102F1 5 105 124 0.282

* Average of start and finish temperatures.
** At maximum load. Some crack entension may have occurred.
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Table 6
;

: J-TEST RESULTS
,

!

Approntmate het Crack length. Corrected Jgg. Efp/in.'
. Specimen Depth in Talckness, in. Pk)4ulus Test Temp. J * SOT
! Identification Stre Orientation Weht, in. in. Initial Final 106 psg *F 1 2 3 Mran !! SD Nip /in. T * J/50
i

V842/J1 ITCT E 1.5 - 2.8 .791 1.004 1.529 32.00 250 .374 .376 .383 .378 .005 .857 174137<

| /J2 ITCT E 3.5 - 4.5 .797 1.003 1.496 31.75 250 .372 .350 .346 .356 .014 .906 18.120
! /J3 ITCT E I.5 - 2.8 .790 1.113 1.465 31.35 240 4G3 401 .393 .399 .005 .899 17.982

/J4 !TCT E Invalid Test - Irregular Initial Crack Front

V852/F1 ITCT E .5 - 1.8 .798 1.053 1.383 30.43 250 417 .419 .423 .420 .003 1.428 28.556

/F2 ITCT E 4.3 - 5.5 .800 1.065 1.483 30.58 400 427 .423 .422 424 .003 1.167 23.342

/F3 ITCT E O - 1.3 .797 1.048 1.369 29.48 200 .278 .293 .307 .293 .015 1.543 30.869,

; /F6 ITCT E O - 1.3 .799 1.048 1.367 29.62 200 .483 .491 497 490 .007 1.492 29.846

! /J1 ITCT WT Fractured at Load Line During Fatigue Precracking [

| /J2 ITCT WT Fractured at Load Line Ouring Fatigue Precracking

/J3 ITCT E 1.8 - 3.0 800 1.055 1.540 30.52 300 .408 405 .408 407 .002 1.313 26.250

/J4 1TCT E 3.0 - 4.3 .803 1.054 1.473 30.63 300 .660 .653 .657 .657 .004 1.216 24.323

/J5 2TCT WT 3.5 - 4.5 1.614 2.130 2.985 30.05 300 .281 .212 .289 .281 .009 1.430 20.607 y
i /J6 2TCT E 2.5 - 4.8 1.618 2.101 2.883 30.24 300 .422 .367 .422 .404 .032 1.315 26.300

/J7 ITCT WT Test not Completed - Machine Malfunctioned

/J8 ITCT WT 4.5 - 5.0 .798 1.107 1.578 30.79 300 .2 34 .250 .245 .273 .044 1.330 26.5 %

V862/F1 ITCT E .5 - 1.8 .792 1.047 1.362 29.63 250 .443 .431 .437 .437 .006 1.411 28.223

/F2 1TCT E 4.3 - 5.5 .799 1.057 1.433 29.49 250 402 .3% 402 .400 .003 1.318 26.366

| /F3 ITCT E 0 - 1.3 .798 1.042 1.311 29.80 200 462 .390 .392 .415 .041 1.711 34.229

/F4 ITCT E 1.3 - 2.5 .794 1.172 1.364 30.20 73 .450 .445 450 .448 .003 1.747 34.942,

/F5 ITCT E 4.8 - 6.0 .798 1.068 1.425 30.54 73 .399 .329 .398 .375 .040 1.372 27.431

/F7 ITCT E 1.3 - 2.5 .803 1.053 1.288 30.88 73 .545 .540 .553 .546 .007 1.888 37.755

.

/F8 1TCT E 4.8 - 6.0 .799 1.062 1.433 30.74 73 466 463 .459 .463 .004 1.303 26.068

/JI ITCT WT Fractured at Lead Line During Fat 19ue Precracking
/J2 ITCT WT Fractured at Load Line During Fatigue Precracking,

! /J3 ITCT E 1.8 - 3.0 .808 1.105 1.416 30.22 300 .310 .325 .347 .327 .019 1.368 27.360

/J4 ITCT E 3.0 - 4.3 .802 1.044 1.437 30.45 300 439 446 .445 443 .004 1.260 25.205
i /JS 2TCT WT 3.5 - 4.5 1.614 2.219 2.972 30.08 300 .264 .274 .274 .271 .006 1.335 26.701

/J6 2TCT E 2.5 - 4.8 1.609 2.166 2.949 30.38 300 426 .415 410 .417 .008 1.361 27.226i

j /J7 ITCT WT 1.8 - 2.3 .805 1.093 1.534 30.14 300 .346 .363 .352 .354 .008 1.666 33.321

/J8 1TCT WT 4.5 - 5.0 .800 1.140 1.523 29.92 300 .270 .270 .348 .296 .045 1.388 27.768

*J was determined by three indepes.Jent operators.gg

,

. -e - -



Table 6

J-TEST RESULTS ( Cont'd)

Approsisate ha t Crack Len9th. Correc ted Jg . Etp/in.*Specimen Depth in Thtctness, in. Modulus Test Temp. J . 507Iden ti fic a tion 512e Ortentation beid. ta. in. Initial Final 106 pst *F 1 2 3 Mean !! 50 tip/fa. T = J/50

V882/F1 ITCT K .5 - 3.8 .788 1.046 1.340 30.65 150 434 .383 .394 404 .027 1.656 33.126
/F2 ITCT K !.8 - 3.0 . 7'r8 1.046 1.378 30.81 150 .357 .354 .343 .351 .007 1.206 24.120
/F3 ITCT A 3.0 - 4.3 .80s 1.063 1.512 30.47 150 411 .335 .341 .362 .042 1.196 23.922
/F4 !TCT a 4.3 - 5.5 .799 1.040 1.427 30.50 !$0 442 428 .428 433 .008 1.381 27.610
/F5 ITCT a 4.3 - 5.5 .799 1.070 1.476 30.89 150 453 447 447 449 .003 1.254 25.071
/F6 ITCT A 0 - 1. 3 .808 1.084 1.468 30.57 200 425 413 .413 411 .007 1.268 25.3'4
/J1 2TCT WT 3. 5 - 4. 5 1.617 2.244 3.155 30.00 300 .279 .284 .353 .30 5 .041 1.12/ 22.534
/J2 2TCT E 2.5 - 4.8 1.618 2.263 3.131 30.38 300 .373 ~65 .368 .369 .004 1.058 21.163

V8102/F2 ITCT E Spectmen Broke During Test 73
/J1 ITCT WT 1.8 - 2.3 .800 1.104 1.578 30.14 300 .156 .150 .!?? .161 .014 .735 14.691
/J2 ITCT WT 4.5 - 5.0 .797 1.095 1.592 30.34 300 .339 .336 .285 .320 .030 .651 13.012 m/J3 ITC) E . 5 - 1. 8 .801 1.064 1.531 30.93 300 .269 .273 .274 .272 .003 .723 14.453 N
/J4 ITCT E 1.8 - 3.0 .805 i.073 1.521 31.2 300 .256 .257 .260 .258 .002 .753 i s.054
/JS ITCT K 3.0 - 4. 3 .795 1.062 1.565 31.43 300 .188 .192 .196 .192 .004 .675 13.500
/J6 ITCT K 4.3 - 5.5 .800 1.068 1.570 31.25 300 .273 .238 .240 .250 .020 .684 13.678
/J7 2TCT WT 3.5 - 4.5 1.628 2.2 76 3.197 29.67 300 .262 .259 .262 .261 .002 .662 13.232
/J8 2TCT WT 3.5 - 4.5 1.616 2.333 3.098 30.49 300 .261 .258 .269 .263 .006 .6% 13.923
/J9 2TCT K 1.3 - 3.5 1.617 2.153 3.056 29.93 300 .264 .262 .260 .262 .002 .815 16.290
/J10 2TCT K 3.5 - 5.8 1.614 2.147 3.265 33.00 300 .217 .237 .236 .230 .011 .734 14.679
/JC) Cv K . 5 - 3.0 .306 .201 .258 28.00 300 .153 -- -- -- -- .374 7.475
/JC2 Cv WT 1.0 - 1.2 .311 .192 .275 28.00 300 .171 -- -- -- -- .456 9.1:9
/JC3 Cv E I.5 - 2.0 Fractured During Fattgue Precracking
/JC4 Cv WT 2.1 - 2.2 .311 .203 .283 28.00 300 .206 -- -- -- -- 405 8.108
/JC5 Cv E 2.5 - 3.0 .307 .200 .280 28.00 300 .157 -- -- -- -- .356 7.116
/JC6 Cv WT 3.1 - 3.2 .309 .199 .281 28.00 300 .127 -- -- -- -- .397 7.933
/JC 7 Cv K 3.5 - 4.0 .311 .197 .282 28.00 300 .182 -- -- -- -- .377 7.549
/JC8 Cv WT 4.1 - 4.2 .310 .225 .284 28.00 300 .135 -- -- -- - .391 7.821
/JC9 Cv K 4.5 - 5.0 .310 .187 .271 28.00 300 .179 -- -- -- -- 412 8.244
/JC10 Cv WT 5.1 - 5.2 .311 .221 .297 28.00 300 .181 -- -- .. -- .411 8.214

*J was detemined by three independent operators.gg
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4 PHASE 3 -- VESSEL V-8 REPAIR AND LOW UPPER-SHELF TEST WELD

4.1 VESSEL WELDING

The through-wall cavity in the vessel ( approximately 8-1/2" wide by 22-3/4"
long), which was the result of removal of the test section of the Vessel V-8 test,
was repaired by manual metal arc (MMA) ( E8015 electrodes) welding in a plug made
from a V-9 prolongation. The submerged-arc ( SA) long seam test weld, located
about 130* f rom the plug weld, was made in a slot as previously indicated in
Figure 7 with the same conditions that were used for the trial weld. The SA weld
was cut back on the ends to form weld cavities for MMA welds. This procedure was
adopted because of the great possibility of weld defects at the starts and stops
of the SA weld.

The plug repair, test weld, post weld heat treatment ( PWHT), and radiographic
inspection were completed when an unacceptable defect was found at the vessel open
end MMA portion of the test weld. This required that the seam test weld be
remade. Figure 24 show', the completed SA portion of the seam test weld and MMA
cavities on the second attempt which was acceptable.

;' .

0 ( N N ', . \, , y

(,[h e' & j.?hf D@'%[d?
-

j,bN'i$;.51
[ .; / f i k n), f . : *

.

; i 1

.: [

H y[:. J.s tij ;;g ;;3 ,, .,,':
-

,

M 4 {@w w-
m~m ,

f p

' '
7QVp p o

,

~ ""
4.g, ,

Q- | ' 'g'
,

,.

k. ! 1;
,p f;

d, .:n

Figure 24 Completed Submerged-Arc ( SA) Portion of the Seam Test Weld and
Manual Metal Arc (MM) Weld Cavities of the Vessel
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The final dimensions achieved for the vessel seam test weld are given in

Figure 25.

ORNL-DWG 82-5306 ETD
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Figure 25 Dimensions at the Seam Test Weld of the Vessel

4.2 POST WELD HEAT TREATMENT

ine original and second ( final) PWHT conditions achieved are given in Table
7.

Table 7
s

PWHT CONDITIOWS FOR YESSEL V-6

Original Final

Heating Rate - 600* to 1050*F : 56.3*F/hr 40.9'F/hr
Hold Time at 1050' - 1100*F : 50.5 hours 49.8 hours

Average Hold Temperature : 1081*F 1077'F

Cooling Rate - 1050* to 600*F : 12.3*F/hr 12.0*F/hr

_ - _ _ _ . . . . .
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1

| These values ( Table 7) are the averages of four thermoccuples located around

| the seam test weld. These thermocouple locations are as shown in Figure 26.
Other thermocouple locations monitored during PWHT conditions are shown in Figures,

# 27 and 28. Thermocouple No. 8 was attached to a test piece ( designated V1051)

j taken from the V-10 prolongation which formerly contained Characterization Welds
|

| V852 through V882. Therefore, it was also subjected to two PWHT cycles as was the
vessel and its repair weld.

| 4.3 SEAL LEAK TESTING
.

Prior to shipment to Union Carbide Corporation - Nuclear Division (UCC-ND),
' the head and its seal were mounted on the vessel and a helium leak test was

| performed. No leaks were detected; the sensitivity of the Vickers Leak Detector

f used was demonstrated and verified by use of a probe sniffing and observing a
j calibration standard hel:um leak of 5.2 x10-7 standard cc/sec.
|
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4.4 COMPARISONS OF VESSEL V-8A TEST WELD TO OTHER TEST WELDS

Average values for welds made with the same conditions used for the Vessel
V-8A test weld are given in Table 8.

Table 8

COMPARISONS OF AVERAGE VALUES

Weld

V8?? V842 V852 V862 VR82 V8102 Vessel V-8A
beld Chest stry,1

C 0.06 0.05 0.06 -- -- 0.06 --
Mn 1.61 1.50 1.56 -- -- 1.52 --
P 0.024 0.028 0.031 -- -- 0.026 --
S 0.011 0.016 0.016 -- -- 0.014 --
51 0.65 0.66 0.?! -- -- 0.62 --
N1 0.61 0.62 0.63 -- -- 0.63 --
Mo 0.48 0.45 0.48 -- -- 0.47 --
Eu 0.29 0.27 0.25 -- -- 0.17 --
0 0.143 0.143 0.147 0.153 0.147 0.147 --

Plate ( Weld) Thtctness, (n. 3-3/4 6 6 6 6 6 6

Heat Input, kJ/in. 92 76 76 76 76 76 76

P WH f

heating Rate 'F/hr 59.4 148.0 ------~ 3 7 . 14 50.0 40.9--------
Hold line, hours 50.0 52.0 - - - - - - - - 5e.0 48.5 49.8--------
Hold Temperature. *F 1075 1083 -------- 1071 -------- 1068 1077Cooling pate, 'F/hr 12.2 10.2 -------- 15.5 12.4 12.0--------

Room fesperature tension Test

field Strength, tst 66.9 9. 62.3 -- -- 69.3 --Ultimate tensile Strength, kst 81.9 82.. 79.3 -- -- 84.3 --Elongatton, t 24.7 25.6 26.8 - -- 22.8 --Reduc tion of Area, 5 54.4 %.3 57.4 -- -- 53.3 --

Charpy V-Notch Tests

USE, f t-lbs (200* - 300*F ) 42.2 42.8 46.9 41.6 43.5 30.1 --LE, atis (200* 300*F) 47.9 49.5 53.0 53.7 52.1 48,1 .-

Jgg, tip/in. ( 300*F, IfCT, 2TCT) -- 0.378 0.404 0.351 0.337 0.24' --

( 240*i250 r
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5. DISCUSSION OF TEST RESULTS

5.1 EFFECT OF SPECIMEN DEPTH LOCATION WITHIN THE WELD

In testing the preliminary welds, it was noticed that there was a variation
in mechanical properties according to position in the weld. Figures 29 and 10
show the trends for upper-shelf energies (USE) and yield strength (YS). In
general, it was observed that higher USE and lower YS values were obtained for

bead overlap regions where there was more grain refinement and tempering. The
general trend of decreased USE and increased YS with increasing depth within the
welds may be due to increased tempering because of lower heat transfer conditions
as the weld cavity is filled.

The apparent effect of depth in the weld on impact energy is apparently
larger than for the tensile properties and this attributed to the greater
sensitivity of fracture on micro-macrostructure as compared to tensile yielding.

The ef fect of weld depth on the fracture toughness predicted from the
relationship:

II ~ " ) - 0.05)J 1c " E y

as shown in Figure 31 is seen to be small. The variation of test results is seen
to be greater than the total rang? of the predicted weld depth effect. Apparently
the predicted relationship gives an upper bound for the erperirientally detemined
values. The J value obtained for Specimen V852J4 is appa-ently too high when

3

compared to all of the other test results.

For the general case shown in Figure 32 (obtained by normalizing the WL-
oriented specimen J values to their averages for each weld and test

3c
temperature), the scatter is seen to be too great to demonstrate any trend of weld
depth.

. _ _
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On the other hand, the toughness at some crack extension does show a trend of

decreasing toughness with increasing depth. Figure 33 shows the trend for J at
J/T = 50. This trend is proportional to USE and inversely proportional to YS
trends. ORNL-DWG 82-5311 ETD
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Figure 33 Plot of Nornalized J = 50T With Respect to the Average for Each
Weld and Test Temperature in the WL Orientation

5.2 EFFECT OF MICRO-MACR 0 STRUCTURE

The effect of macrostructural variations is evident from the Charpy and

J-Integral fractures. For instance, Figures 34 and 35 show distinct examples of
the weld bead effects on fracture appearance and tneir relationship with J-R
curves. In general, specimens with WT orientation display less smoothness in the
load-displacement and J-R curves as compared to those with WL orientation. In
most cases, the instantaneous changes in shape of the load displacement and J-R
curves can be related to fracture topography.
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5.3 EFFECT OF SPECIMEN ORIENTATION

The effect of orientation on Charpy V-notch results detemined with specimens
from Weld V8102 tested at 240* and 300*F is not significant as indicated in Table
9.

Table 9

CHARPY V-NOTCH TEST RESULTS FOR WELD V8102

USE , f t-lbs

Orientation No. of Specimens Mean S.D.

WL 5 37.4 1.1

WT 5 38.9 1.8

The effect of specimen orientation on fracture toughness is shown in Table .

10.

Table 10 ,

EFFECT OF SPECIMEN ORIENTATION ON FRACTURE TOUGHNESS -

Jg , Kip /ta.
_ _ _ _ _ _ ,

' '
fest Icep. WL Orten;4t ton bi Orientation O t f 'erenc e

beld 'F ho. of Test s Nan el SD Ph. cf Test s Nan s' 50 pt ) - (hfl lijni f f r ance

vb52 300 3 0.499 0.14S 2 0.217 9.036 0.212 N5

V862 300 3 0.396 0.061 3 0.30) 0.043 0.089 h5

v%2 300 1 0.369 -- 1 0.305 --- 0.064 --

V8102-Ci 300 6 0.244 0.029 4 0.251 0.066 -0.007 N5

V8102-JC 300 4 0.168 0.015 5 0.164 0.033 0.ru us
>

J . 501, k t p/t n.

Vd52 300 3 1.281 0.056 2 1.380 0.071 -0.099 N5

V862 300 3 1.330 0.060 3 1.463 0.178 -0.133 NS

V882 300 1 1.058 --- 1 1.121 --- -0.069 --

v8102-Cf 300 6 0.731 0.051 4 0.686 0.038 0.045 N5

V8102-JC 300 4 0.380 0.023 5 0.412 0.026 -0.032 N5 ,

.

Although these differences are not statistically significant, it appears that

the WL orientation gives higher values for J and lower J = 50T values --
1c

particularly as the general toughness of the weld increases. For the low
toughness welds, orientation of the specimen has little significance.

9

.

. . , _
_
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5.4 EFFECT OF TEST TEMPERATURE ON FRACTURE TOUGHNESS

The effect of test temperature on fracture toughness determined with compact
i tension specimens is illustrated in Figures 36 and 37. It is assumed that

specimen size, specimen location within the weld, and level of toughness for each
weld is not significant.

One notable result is that obtained for Specimen V8102F2 tested at room
temperature. It fractured in half during J-Integral testing at "maximun load".
Apparently the toughness of this weld was low enough that this test was conducted
below the ductile transition taperature for the loading rate employed. In
addition, Figure D-33 ( Appendix D) shows the obvious load drop associated with the
" pop-in" of Specimen V882F2 tested at 150*F. Specimen V882F3, also tested at
150*F, demonstrated a like " pop-in".

The other results indicate a slowly decreasing toughness with increasing
temperature with the 250*F values being near those obtained at 300*F.

5.5 COMPUTATION REPRCDUCIB!LITY OF J
1

It was noticed that when the J-R curve analysis was performed for some tests,
the reproducibility of the J calculation, which is dependent on where the originyg
of the blunting line is placed, was sometimes poorer. This operation was
performed three times by independent operators and these results are as previously
reported in Table 6. The range of reproducibility of the IT and 2TCT specimen
tests is shown in Figure 38.

Inspection of the results shows that in general for the larger deviations two
operators gave nearly equivalent results with the third being much further away.
There was no apparent consistency of which operator was further away from the
other two. In any case, it would appear that the analysis would normally give
about a reproducibility of about 4%.

|

|
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i 5.6 SPECIMEN SIZE EFFECTS
1
h

] The results of tests performed on Weld V8102 (Table 11) show that there is

i little difference between IT and 2T compact tension specimens while there is about
a 30% difference in J values for the 3-point bend and compact tension specimens,1c
respectively.

i' Table 11

EFFECT OF SPECIMEN SIZE ON FRACTURE TOUGHNESS RESULTS
| (Weld V8102 - 300'F - WL and WT Orientations)

Jge, Kip /in. J = 50T, Kip /in.
. Specimen No. of
I Sire Tests Mean il SD Mean t1 SD

C, 9 0.166 0.025 0.398 0.029

1TCT 6 0.242 0.057 0.687 0.063

2TCT 4 0.254 0.016 0.727 0.066

,

J

r, _ -- , -..m.. ..-.w , .,_-r .- - , , - . , ,.- -- , ~ - , - - . .c . ,_- ,,.--y , -, - ,, , y ,,, -.. --- ___
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5.7 WELD TO WELD VARIABILITY

The use of low flux basicity and PWHT temperature was found to provide weld

; metal having low USE values at a reasonable YS value. The optimum condition
selected -- 75% Linde 60 - 25% Linde 80 flux mixture and 1050* - 1100*F PWHT
temperature -- used for the trial and subsequent welds gave the following '

properties (Table 12):

Table 12

AVERAGE VALUES FOR WELDS
.

V842 V852 V862 V882 V8102

USE. ft-Ibs 42.8 48.9 45.6 43.5 38.1

-- -- 69.3RT Yield Strength kst 66.7 62.3

J at 300*F. Kip /in. 0.378 0.404 0.351 0.337 0.247*gg
(240* - 250*F)

J = SOT at 300'F. Kip /in. 0.887 1.319 1.396 1.0925 0.713*
(240* - 250*F)

* Excluding 3-point bend C, test specimen resultsd

The reasons for differences in the mechanical properties between welds,
although within the range of nomal scatter of 25 ft-lbs for USE, are not
understood. The effects of variations in welding conditions within the controlled
parameters were probably not significant. Oxygen analyses made on specimens from
the preliminary and characterization welds (given in Table 13) show that the
effective flux basicity for welds made with the 75% Linde 60 - 25% Linde 80 flux
mixture (i.e., Welds V822, V842 V852, V862, V882, and V8102) was about the same.

Table 13

TOTAL OXYGEN CONTENTS OF WELDS

0xygen. Wt. %

V812 V822 V832 V842 V852 V862 VR82 V8102

% Linde 60 --- 50 75 90 75 75 75 75 75

Position in Weld
Top .13 .15 .16 .15 .14 .15 .15 .15

! Middle .13 .14 .15 .15 .15 .16 .14 .14

.13 .15 .15 .15 .15Bottom .12 .14 ---

Average .127 .143 .155 .143 .147 .153 .147 .147
i

5

f
,

'e r T =- --T - - - - .,, , . - . - ,
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The other important controlling variable, PWHT, was about the same for the

welds made with 75% Linde 60 flux mixture as shown in Table 14.

Table 14

PWHT wn0ITIONS FOR WELDS

V822 V842 V852 - VR82 V8102

lleating Rate - 600* to 1050'F *F/hr 59.4 148.0 31.0 50.0-

Hold ilme at 1050' - 1100'F, hours : 50.0 52.0 50.0 48.5

Average Hold Temperature. 'F : 1075 1083 1071 1068

Cooling Rate - 1050* to 600*F. 'F/hr : 12.2 10.2 15.5 12.4

The higher heating rate for Weld V842 and the higher cooling rate for Welds
V852 - V882 are considered to be insignificant.

If we take the average USE values for the six weids -- including Preliminary
Weld V822 made with the 75% Linde 60 flux mixture and 1050* - 1100*F PWHT, we
obtain an average value of 43.5 [13.6 (21 SD)] f t-lbs with the result for Weld
V852 being furthest away (48.9 ft-lbs or about 1.5 standard deviations away). It
has the largest, and perhaps undue, effect on the mean. This deviation is not
sufficient to call it an outlier, but it does suggest the average weld made with
these conditions will probably lie on the lower side of the mean. For this
reason, the following values are taken as the most likely for the submerged-arc
(SA) test weld made in the vessel:

Room temperature YS >66.3 ksi
(Average of V822 V842, VB52, and V8102)

USE <43.5 ft-lbs
(Average of V822, V842, V852, V862, V882,

--

and V8102)

J1c at 300'F <0.335 Kip /in.
(Average of V852, V862, V882, and V8102)

-

J = 50T <1.13: Kio/in.
(Average of V852, V862, V882, and V8102)

~
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S.8 COMPARISON TO IRRADIATED AND OTHER WELD TEST RESULTS

A thorough discussion of the relationship of the properties obtained for the
vessel SA test weld and irradiated welds is beyond this investigation. However,
Figure 39 is included as an attempt to place these test results in perspective
with respect to the fracture toughness of irradiated welds.
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6. CONCLUSIONS

1) The properties of the vessel seam test weld are likely to have the
following values:

Room temperature yield strength ( YS) >66.3 k si-

_

Upper-shelf energies ( USE) 143.5 ft-lbs-

J 10.335 Kip /in. at 300*F-

lc
J = 50T 11.131 Kip /in. at 300*F-

2) Ths J fracture toughness values determined with IT and 2TCT
specfNnsareaboutequal. The values obtained with 3-point bend'

Charpy V-Notch specimens were about 30% less than the compact
j tension specimens. The results of a few 3-point bend Charpy
'

V-Notch specimens having 5% or 10% side grooves indicate close
agreement to the IT and 2TCT specimens with 20% side grooves.

:

3) The yield strength, ultimate tensile strength, Jy , and J-R curves,

; can be correlated with USE values.

4) The fracture toughness values obtained for these welds are not far#

different than those reported for some irradiated welds.4

5) In general, YS increases, USE decreases, and the fracture toughness
! decreases with increasing weld depth. There is no apparent

consistent change in J with weld depth.g

| 6) The WL-oriented specimens may give higher J and lower J = 50T
results as compared to specimens of WT oriekation. This effect
apparently diminishes with decreasing toughness.

.

! 7) Crack propagation is apparently more sensitive to macrostructure in
| the thickness orientation as compared to the longitudinal weld

direction as evidenced by the variations in load-deflection curves
during J-Integral tests.

| 8)
Toughness decreases slightly with increasing *F is nearly the same

temperature over the
range of 75* to 300*F. The toughness at 250

; as at 300*F.

; 9) Apparently, if USE is low enough ( such as 38 ft-lbs for Weld
V8102), fast fracture is possible at room temperature with the

I loading rate used in J-Integral testing.
1

l

1
,

i
!

i

I
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7. RECOMMENDATIONS

The YS, USE, and fracture toughness values should be determined fore

the vessel test weld after Vessel V-8A test is completed. This
should increase the precision of predicting crack growth from
laboratory specimen tests.

If vessel and characterization welds are to be made in the future,e

they should be made simultaneously to increase the precision of
predictions made from characterization test specimens.

____
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9. QUALITY ASSURANCE

s

This work was performed under two contracts. Phase 1, done under Contract
76Y-57301 C, did not require a formal quality assurance program while Phases 2 and
3, performed under Contract 76Y-85813 V, were accomplished using quality assurance
pl an s. The equipment and nominal procedures used for Phase 1 were the same as

those for Phases 2 and 3, and the results are judged to be comparable.

Three tasks performed in Phase 2 were done outside of the contract and quality
.

assurance requirements:

1) 0xygen Analyses ( Table 13)

2) Computer Computations of:

C1(C2+a)- J + C aa + C=
4 5

.

- Tearing Modulus, T K dJ/da=

D

50T- J =

w

3) Tests of 5% and 10% Side-Grooved C J-Integral Specimens ( Appendix E)y

The results of these tasks are provided for information only.

The plane strain fracture toughness tests were performed on side-grooved
specimens in nonconformance to the requirements of ASTM E-399-78. The results
obtained indicate that the toughness of the specimens would preclude obtaining
valid K values regardless of whether or not the specimens were side grooved.g

.

The calibration of displacement gauges used for the plane strain and
J-Integral fracture specimens was done in a manner that is not traceable to
appropriate standards of the National Bureau of Standards ( NBS).

__



64

One of the gauges used for the J-Integral tests was in-calibration (by the
procedure used) before the start of testing and out-of-calibration by as much as
2.5% after testing the following specimens:

9

1TCT 2TCT

V852/F1,/F2 V852/J5,/J6

V852/J3 V862/J5, /J6

V852/J7,/J8 V882/J1, /J2

V862/F1, /F2 V8102/J7 - /J10
V862/J7, /J8

V8102/J1 - /J6

The J values for these tests may be as much as 2.5% too low. Inspection of the
test results does not indicate when the drif t in calibration occurred and it is not '

possible to determine which of these test results should be adjusted accordingly.

Comparison of compliance-determined initial and final crack lengths to the
ones measured on the specimen fractured faces (with a procedure that was traceable

'

to the appropriate NBS standards) showed that all of the J-Integral test results
met the validity criteria of ASTM E-813-81. The J results are therefore judged

1c
to be acceptable.

To the best of my knowledge and belief, and noting the above exceptions, the
work for Phases 2 and 3 was completed in accordance with the Quality Assurance
Plan.

/ S r / ? / ,2-2( f a

'N.W. Roberts
Quality Assurance Manager,
Alliance Research Center

__
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| APPENDIX A

:
; PRELIMINARY WELDS AND THEIR TESTS

,

A.1 MAKING OF WELDMENTS

Six pieces of 3-3/4" thick x 8" wide x 36" long SA533-B1 steel plate were
flame cut from a larger piece. Two pieces each were assembled with three equallyt

spaced strongbacks and 1/4" thick SA302-B steel backing straps to fom a single
I (7 / side) groove with a nominal 7/8" root opening. The following conditions and
i parameters wer3 achieved:

Base Metal: SA 533 B1 Steel, Heat C4173-3
;

Backing Strap: sA 302 8 Stee16 Heat 37388-43

Welding Electrode: 1/8" Diameter, SFA 5.23. EF-2,
Mn-Mo-Ni, Heat F60853

Welding Flux:

Mixture No. 1 - 60% 1:nde 60 - 40 Linde 80
No. 2 - 755 Linde 60 - 25% Linde 80 <

No. 3 - 90% Linde 60 - 10% Linde 80
(These mixtures were made by Rectron, Inc., from'

Lot 0894, Linde 60, which was ground to 48XD;

particle size and mixed with Lot 0592. Linde 80,4

,
'

to these proportions.)
1
4 Welding Parameters:

Preheat: 300'F Minim e
Interpass Tenperature: 500'F Maxime

Current: 575 1 15A
Voltage: 32 2 2 VAC,

Travel Speed: 12 IPM
4

One weldment each was made with the same nominal conditions except that the ,,

f flux mixture was changed for each weld as follows:

Weld Description Welding Flux Mixture

V81 1-6060(0894)4080(0592)
V82 2 - 7560 (0894) 2580 (0592)
V83 3 - 9060 (0894) 1080 (0592)

i

i

!

i
j

. . ,. .. ., , ..-. _ - _ _ _ _ _ , , - -. ,,m.7
- __ _ , .
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1

At the completion of welding, the preheat was maintained for a minimum of 16
hours. The strongbacks and backing straps were removed and the welds were then
each cut into three 12-inch pieces.

A.2 POST WELD HEAT TREATMENTS

One-third of each weld was given the following PWHTs:

PWHT

#1 #2 #3

Heating Rate
600'F to Hold Temp., 'F/Hr. 53.5 59.4 42.5

Hold Temperature. *F 1135 1075 1025

Hold Time. Hours 50 50 50

Cooling Rate

Hold Temp. to 600'F, *F/Hr. 13.0 12.2 11.5

Flux Weld Designations

6060 (0894) - 4080 (0592) V811 V812 VB13

7560 (0894) - 2580 (0592) V821 V822 V823

9060 (0894) - 1060 (0592) V831 V832 V833

A.3 NONDESTRUCTIVE EXAMINATION RESULTS

This examination consisted of radiography of the three weldments after
cutting into three equal lengths and milling of the top and botton surfaces. Its
purpose was to locate sound material for specimen cutting. The results are given
in Table A-1 and Figure A-1. No interpretation of the indications was made (slag,
lack of fusion, porosity, cracks, etc.).

A.4 MECHANICAL PROPERTY AND OTHER TESTS

Each of the test plates was cut by sawing to provide test specimen blanks in
the general relationship shown on Figure A-2. The orientation of the test
specimens with respect to the weld are shown in Figure A-3. In those cases where

extra Charpy V-Notch tests were performed, the spare material was used to produce
specimens continuing with the same numbering sequence. The specimen numbering
system adopted for the subcontract is given in Table A-2.

.
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Table A-1
i

SUMMARY OF RADIOGRAPHIC EXAMINATIONS

J

!!e_1d. Indications
V811 None

12 Two - short transverse in weld metal
l 13 None

V821 None

22 Mone1

23 One - Long longitudinal 1/4 to 1/2" deep

V831 Two - Long longitudinal 1/4 to 1/2" deep'

- Transverse in base netsi
32 Two - Longitudinal in weld Mtal
33 None

,
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Figure A-1 Approximate Locations and Radiographic Indications for
Preliminary Welds (Cont'd)



, - _ a . . - . -_,a .- . ._. = . - . - .~ . -

1

I
4

.I
'

A-5
.

.1

ORNL-DWG 82-5317 ETD
C.

i
,i 7 f.:/.:. .yj:. :.9_.:. ' ~

, , ,, SPECIMEN IDENTIFICATION
''ITII

# ,

* S-1 . 3 0 13 A - CHEMICAL ANALY11$
T-2 i C - CHARPY IMPACTI 4 3 14 4 M - MACROSTRUCTURE

5 10 16

5
-- I-3 8 * SPARE MATEntAL

S-3 7 - TENSION TEST

i !=

-..n
- .OTTOM

dir
1
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Table A-2

V-8 VESSEL CONTRACT SPECIMEN IDENTIFICATION SYSTEM

V8WPTN
i | Specimen in series (1. 2. 3....)|

; Type of Test specimen
' A - Chemical Analysis

B - Transverse Weld Bend
C - Charpy V-Notch
D - Drop Weight
F - Fracture Toughness or

J-Integral. WL Orientation
J - J-Integral. WL or WT Orientation
M - Macrostructure
s - Spare Material
T - Tension
W - Fracture Toughness. WT Orientation

,

Post Weld Heat Treatment (1, 2. or 3)

Weld
0 - Base Metal
1 - Preliminary Weld #1
2 - Preliminary Weld #2
3 - Preliminary Weld #3

, 4 - Trial Weld
5 - Characterization Weld #1
6 - Characterization Weld #2

I 7 - Characterization Weld #3
8 - Characterization Weld #4
9 - Flawing Practice Weld

to - Characterization Weld #5
P - Preliminary Weld #4
Q - Preliminary Weld #5

4

j A.4.1 Macrostructure
!

A macroetched cross-section of each of the welds is shown in Figures A-4,

A-5, and A-6. A visual examination of these sections performed at 10X

magnification did not reveal any discontinuities in the weld metal or base metal

heat affected zones (HAZ).
|
,

A.4.2 Chemical Analysis

Spectrographic chemical analyses were performed in accordance with ASME
NB2432, Section III, of the weld cross-sections at the top, middle, and root
locations. These results are given in Table A-3.

i !

|
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Table A-3

CHEMICAL ANALYSIS
(Weight %)

_ Identity C 74n P s si Cr Ni Mo Cu sn V Al

V822A1 Top .05 1.61 .025 .018 .65 .04 .62 .48 .31 .026 .009 .004
V822A1 Mid .05 1.61 .024 .016 .65 .04 .61 48 .29 .025 .009 .003
V822A1 Root .07 1.60 .023 .017 .65 .05 .59 49 .28 .023 .008 .003

V812A1 Top .06 1.62 .026 .020 .67 .04 .62 .49 .27 .027 .009 .004
V812A1 Mid .07 1.64 .024 .020 .65 .04 .62 .50 .31 .027 .009 .006
V812A1 Root .07 1.63 .021 .020 .60 .05 .57 .49 .11 .028 .009 .007

V832A1 Top .05 1.62 .025 .019 .68 .04 .62 .48 .25 .026 .009 .003
V832A1 Mid .06 1.65 .022 .020 .61 .04 .62 .49 .25 .025 .009 .004
V832A1 Root .06 1.61 .022 .019 .64 .05 .58 48 .30 .025 .009 .004

A.4.3 Tensile Tests

Room temperature tensile tests were perfomed in accordance with ASTM E-8-80.
In general, three specimens were tested; one each from the top, middle, and botton
weld. For the V83 weld (made with 90% Linde 60 flux), only two locations -- top
and middle -- were tested. These results are given in Table A-4.

A.4.4 Charpy V-Notch Tests

,

Charpy V-Notch tests were performed over the temperature range of 125' -
275'F in accordance with ASTM E-23-72. The results of these tests are given in

Tables A-5 through A-13. These results are also plotted as a function of

temperature in Figures A-7 through A-15.

In some cases, instrumented tests were performed to obtain load-time and

energy-time recordings. Inspection of these recordings failed to produce any
significant improvement in the visual estimation of the amount of shear reported
here.

- -. .--



_ _ _ _ _ _ _ _ _ ._

A-11

Table A-4

ROOM TEMPERATURE TENSILE TEST RESULTS

Spec. PWHT Loca tion
ho. 5 Linde 60 Terp., 'F In hield Y.S., ksi (ITS. ksi El . , t RA , ;e

V8111 60 1100-1150 Top 63.72 80.29 26.0 55.2
112 60 1100-1150 Middle 64.54 81 . 34 25.0 55.9
113 60 1100-1150 Bottom 65.25 81.43 25.0 56.5

Avg. 64.50 81.02 25.3 $5.9

V8121 60 1050-1100 Top 69.07 84.13 24.0 $2.5
122 60 1050-1100 Middle 71.08 85.74 24.5 54.6
123 60 1050-1100 Bottom 71.04 85.62 21.5 50.0

Avg. 70.40 85.16 23.3 52.4

V8131 60 1000-1050 Top 74.41 88.67 23.5 48.3
132 60 1000-1050 Middle 76.47 89.61 24.0 55.0
133 60 1000-1050 Bottom 77.58 90.95 20.5 49.5

Avg. 76.15 89.74 22.7 50.9

YB211 75 1100-1150 Top 60.78 78.10 25.5 55.4
212 75 1100-1150 Middle 62.50 79.30 25.0 57.3
213 75 1100-1150 Bottom 63.40 80.03 25.5 55.8

Avg. 62.22 79.14 25.3 56.2

V8221 75 1050-1100 Top 65.49 80.65 24.5 54.6
222 75 1050-1100 Middle 67.~2 81.92 25.5 55.1
223 75 1050-1100 Bottom 67.80 83.05 24.0 53.5

Avg. 66.87 81.87 24.7 54.4

V8231 75 1000-1050 Top 69.46 84,12 24.0 53.5
232 75 1000-1050 Middle 72.66 85.37 23.5 53.0
233 75 1000-1050 Bottom 72.63 86.29 23.0 53.2

Avg. 71.58 85.26 23.5 53.2

V8311 90 1100-1150 Top 60.14 76.86 27.5 55.1
312 90 1100-1150 Middle 61.23 77.47 27.0 55.7

Avg. 60.68 77.17 27.3 55.4

| V8321 90 1050-1100 Top 65.43 79.88 22.0 53.7
322 90 1050-1100 Middle 65.54 80.55 22.0 53.1

Avg. 65.48 80.22 22.0 53.4

VB 331 90 1000-1050 Top 71.01 84.82 23.0 52.5
332 90 1000-1050 Middle 71.56 84.90 22.5 51.0

Avg. 71.28 84.86 22.8 52.2
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Table A-5

CHARPY V-NOTCH TEST RESULTS

La teral
Spec. Test Energy Expansion,

No. Temp. , 'F Ft. Lbs._ Mils Shear, %

V811 - 60% Linde 60 - 1100-1150'F PWHT Top

4 125 85.0 50 95 1 6 11 16 21
9 125 44.9 53 95

2 7 12 17 2214 125 48.7 55 100
22 125 37.7 39 70 3 8 13 18 23
24 125 46.0 47 95

4 9 14 19 24
Avg. 125 44.5 48.8 91.0

5 10 15 20 25

17 150 42.0 41 65
19 150 48.0 50 95

Avg. 150 45.0 45.5 80.0

2 175 42.7 47 90
7 175 40.8 41 85

12 175 41.9 48 85
16 175 44.9 45 85
18 175 39.1 42 80
20 175 45.0 51 99

Avg. 175 42.4 45.7 87.3

6 200 41.8 48 95
8 200 42.4 44 95

10 200 48.9 57 100

Avg. 200 44.4 49.7 96.7

11 225 47.9 58 98
13 225 46.0 52 95
15 225 48.8 56 100

Avg. 225 47.6 55.3 97.7

1 275 49.2 59 100
3 275 44.5 54 95
5 275 52.0 62 100

Avg. 275 48.6 58.3 98.3
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Table A-6

| CHARPY V-NOTCH TEST RESULTS

Test Energy lateral
Spec. No. Temp., 'F Ft. Lbs. Expansion, Mils Shear, %

V812 - 60% Linde 60, 1050-1100*F PWHT

2 125 33.0 33 45
4 125 36.4 43 96

Avg. 125 34.7 38.0 70.5

7 150 35.1 38 65
9 150 35.4 41 98

Avg. 150 15.3 39.5 81.5

1 175 41.5 43 99
3 175 44.0 44 100
5 175 36.0 37 100

Av3 175 40.5 41.3 99.7

6 200 44.1 46 99
8 200 43.0 46 100

10 200 40.8 44 100

Avg. 200 42.6 45.3 99.7

11 225 41.0 45 100
13 225 44.0 50 100
15 225 38.6 43 100

Avg. 225 41.2 46.0 100.0

12 275 43.5 47 100
14 275 38.7 46 100

Avg. 275 41.1 46.5 100.0

-. _ _ _ _ _ _ _ _ _
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Table A-7

CHARPY V-NOTCH TEST RESULTS

Test Energy I a teral
Spec. No. Temp., 'F Ft. tbs . WaMor Mils Shear, %o

V813 - 60% Linde 60,1000-1050*r PWHT

2 125 28.0 31 65
4 125 37.8 45 99

Avg. 125 32.9 38.0 82.0

7 150 30.5 29 60
9 150 42.0 42 99

Avg. 150 36.3 35.5 79.5

1 175 34.3 37 90
3 175 43.2 45 99
5 175 32.0 35 99

Av9 175 36.5 39.0 96.0

6 200 35.2 37 95
8 200 36.8 35 80

10 200 36.9 42 100

Avg. 200 36.3 38.0 91.7

11 225 37.7 42 100
13 ??S 42.7 47 96
15 225 42.0 46 100

Avg. 225 40.8 45.0 98.7

12 275 40.7 46 100
14 275 42.7 51 100

Avg. 275 41.7 48.5 100.0
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Table A-8

CHARPY V-NOTCH TEST RESULTS

Test Energy La teral
Spec. No. Temp., 'F Ft. Lbs. Expansion, Mils Shear, 1

V821 - 75% Linde 60.1100-1150*F PWHT

4 125 45.0 52.0 95
9 125 40.7 47.0 95

14 125 44.8 56.0 95
22 125 35.0 37.0 75

24 125 41.1 46.0 87

Avg. 125 41.3 47.6 89.4

17 150 34.1 37 70

19 150 42.5 48 98

Avg. 150 38.3 42.5 84.0

2 175 34.8 41 75

7 175 34.G 40 75

12 175 40.' 44 85
1G 1 75 39 . t, 41 85
18 175 46.4 49 95
20 175 42.3 50 99

Av9 175 39.5 44.2 85.7

6 200 42.9 51 98

8 200 47.8 54 98
10 200 50.0 61 100

Avg. 200 46.9 55.3 98.7

11 225 46.9 55 98

13 225 44.8 52 95

15 225 48.8 58 100

Avg. 225 46.8 55.0 97.7

1 275 50.0 54 1^0
3 275 48.0 61 100
5 275 50.2 59 100

Asg. 275 49.4 58.0 100.0

_ _ _ _ _ _ _ _ _ _ _
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Table A-9

CHARPY V-NOTCH TEST RESULTS

Test Energy lateral
Spec. No. Temp., *F Ft. Lbs. Expansion. Mils Shear, t

V822 - 75% Linde 60,1050-1100'F PWHT

2 125 38.0 42 85
4 125 38.0 42 95

Avg. 125 38,0 42 90.0

7 150 37.4 42 90
9 150 42.2 47 100

Avg. 150 39.8 44.5 95.0

1 175 43.0 49 98
3 175 35.0 42 99
5 175 41.8 48 100

Avg. 175 39.9 46.3 99.0

6 200 43.1 48 99
8 200 36.8 42 100

10 200 42.1 48 100
Avg. 200 40.7 46.0 99.7

11 225 46.1 52 100
13 225 45.6 50 100
15 225 43.9 50 100
Avg. 225 45.2 50.7 100.0

12 275 38.5 46 100
14 275 41.6 47 100

Avg. 275 40.1 46.5 100.0
|

I

|

l

|

1
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Table A-10

CHARPY V-NOTCH TEST RESULTS

Test Energy La teral
Spec. No. Tenp. , 'F Ft. Lbs. Expanston, Mils Shear, %

V823 - 75% Linde 60, 1000-1050'T PWHT

2 125 29.8 32 60
4 125 31 .9 42 99

Avg. 125 30.9 37.0 79.5

7 150 33.0 36 h'
9 150 37.9 44 99

Av9 150 35.5 40.0 89.5

I 175 32.9 39 90
3 175 38.6 44 95
5 175 36.1 38 99

Av9 175 35.9 40.3 94.7

6 200 33.2 37 95
8 200 37.0 43 ga

10 200 37.8 42 100

Av9 200 36.0 40.7 97.7

11 225 39.0 43 100
13 225 39.3 42 98
15 225 39.0 44 100

Avg. 225 39.1 43.0 99.3

12 275 41.0 46 100
14 275 38.9 45 100

Avg. 275 40.0 45.5 100.0

4
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Table A-11

CHARPY V-NOTCH iEST RESULTS

Test Energy Lateral
Spec. No. Temp., 'F Ft. Lbs. Expansion, Mils Shear, 1

V831 - 901 Linde 60.1100-1150'F PWHT

5 125 45.4 56 100
7 125 42.2 51 85
9 125 30.0 38 65

Avg. 125 39.2 48.3 83.3

2 175 39.9 46 95
7 175 42.2 51 85

12 175 40.2 44 95

Avg. 175 40.8 47.0 91.7

6 200 40.3 54 91
8 200 43.1 52 98

10 200 41.1 54 92

Avg. 200 41.5 53.3 93.7

11 225 47.9 58 95
13 225 46.2 58 95
15 225 44.1 57 96

Avg. 225 46.0 57.7 95.7

1 275 47.6 56 100
3 275 48.8 55 100
5 275 45.4 56 100

Avg. 275 47.3 55.7 100.0

|
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Table A-12

CHARPY V-NOTCH TEST RESULTS

Test Energy Lateral
Spec. No. Temp., 'F Ft. Lbs. Expansion, Mils Shear, %

V832 - 90% Linde 60.1050-1100*F PWHT

2 125 35.') 39 88
4 125 31.3 36 99

Avg. 125 33.2 37.5 93.5

7 150 34.1 42 99
9 150 32.9 38 97

Avg. 150 33.5 40.0 98.0

1 175 37.0 41 95
3 175 37.7 44 93
5 175 37.9 46 100

Avg. 175 37.5 43.7 96.0

6 200 37.9 43 95
8 200 42.3 45 100

10 200 40.2 47 100

Avg. 200 40.1 45.0 98.3

11 225 41.1 46 97
13 225 41.0 47 100
15 22E 44.2 48 100

Avg. 225 42.1 47.0 99.0

12 275 40.E 50 100
14 275 39.2 46 100

Avg. 275 39.9 48.0 100.0
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Table A-13i

CHARPY V-NOTCH TEST RESULTS

!
I

i

A

'

Test Energy Lateral
Spec. Iso. Tese., 'F Ft. Lbs. Expansion, Mils Shear, t

! V833 - 905 Linde 60, l W -1050*F PtMT
2 125 31.9 32 70
4 125 33.9 39 85

Avg. 125 32.9 35.5 77.5
i

; 7 150 31.0 36 75
! 9 150 33.0 3d 85

Avg. 150 32.0 37.0 80.0
|
i

1 175 36.8 40 95
1 3 175 34.4 41 95
; 5 175 36.2 43 99
I Avg. 175 35.8 41.3 96.3

I 6 200 35.1 40 95'

8 200 34.3 40 98
; 10 200 .37.2 44 100

Avg. 200 35.5 41.3 97 7
>

11 225 36.9 42 95
13 225 34.5 42 95
15 225 37.6 45 100

,

Avg. 225 36.3 43.0 96.7

.' 12 275 40.9 46 100
; 14 275 37.1 44 100

Avg. 275 39.0 45.0 100.0
i
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APPENDIX B

WELD V8Q2 AND ITS TEST RESULTS

t

After the preliminary weld test results were obtained, it became evident that
a lower impact transition temperature was required for the top locations of the
weld to achieve 100% shear in the Charpy V-Notch impact tests at 150* or 200*F.

This could be done by either using a low heat input during welding or by use of a
more favorable welding wire composition. Weld V8P was attempted ( but not
completed) with another heat of Mn-Mo-Ni wire having a larger diameter ( 5/32") at
a heat input of 70-85 kJ/in., because it was unsatisfactory with respect to weld
appearance. A high heat (~100 kJ/in.) input weld with the same wire was made and

,

identified as Weld V8Q.

B.1 MAKING THE WELDMENT

The base metal pieces cut off of the Preliminary Weld V81 were used to make a

12-inch long submerged-arc single V-groove ( 7*/ side) weld with 7/8" root opening
as before ( see Appendix A) except that the following conditions were used:

Welding Flux Mixture No. 2 -- 7560 ( 0894) - 2580 ( 0592)

Welding Wire -- 5/32" diameter, SFA 5.17, EF2, Mn-Mo-Ni, Heat 442010
Current: 610 1 10A
Voltage: 331 2VAC

Following welding, the strongbacks were removed and the weldment was given
the following PWHT. No radiography was performed on this weldment.

_ _ _ _ _ _ _ _ _ _ _
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B.2 POST WELD HEAT TREATMENT

This weldment, together with the base metal piece designated V80, were given
the following PWHT:

Heat up rate - 600' to 1050*F 140*F/hr-

Hold time at 1050' - 1100*F : 58 hours

Cooling rate - 1050 to 600*F : 13.8'F/hr

The intended 100*F/hr maximum heating rate and 52-hour uaximum hold time were

exceeded but this is not significant.

B.3 TEST RESULTS

Figure B-1 shows the location of Charpy V-Notch test specinens for Weld V8Q2.
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The impact test results are given in Table B-1.

Table B-1

CHARPY V-NOTCll IMPACT TEST RESULTS

Abscrbed Energy La teral
Specirnen No. Tes t Temp. , *F Ft. tbs. Expansion. Mils Shear, t

Weld V802

V802C1 125 35.6 39 70
2 125 37.0 39 70

Avg. 125 36.3 39.0 70.0

3 150 33.8 37 75
4 150 34.9 36 70
5 150 36.6 42 85

Avg. 150 35.1 38.3 75.7

6 175 41.5 43 99
7 175 38.1 38 85
8 175 34.5 41 90

Avg. 175 38.0 40.7 91.3

9 200 43.0 46 100
10 200 41.3 47 100

Avg. 200 42.2 46.5 100.0

These results are also plotted in Figure B-2 together with those obtained for
Weld V822 which was selected as representing the optimum condition for the trial
weld. Apparently Weld V8Q2 had about the same upper-shelf start temperature of
200*F but with a higher fracture appearance transition temperature and was
therefore no improvement over Weld V822 in the desired results.

I

..
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APPENDIX C

TRIAL WELD

The conditions used to make Weld V822, previously described, were selected to
make the trial weld except that it was made at a lower heat input ( 70 - 85
kJ/in.) in an attempt to lower the impact transition temperature over that
obtained with Weld V822.

C.1 MAKING THE WELD

A single-groove submerged-arc weld was made in the Barberton shops with Plate
57E furnished by UCC-ND. This weld was 6" deep by about 25" long and was made
with the following conditions:

Weld V842

Base Plate: sA 533 B1 Steel (Heat C6200-4)
Preheat: 300'F Minime
Interpets Temerature: 500*F Maxim e

Current: 450-500A
Voltage: 30-34 VAC
Travel Speed: 11-13 IPM

Flux: 7560 (0894) -2580 (0592)
Electrode: 1/8" Diameter. $FA 5.23. MnMoN1. Heat No. F60853

C.2 POST WELD HEAT TREATMENT

The weldoent was given the following PWHT:

heating Rate. 600-1080'F 148'F/hr*

Hold Te merature 1080-1085'F

Hold Time 52 hours
Cooling Rate.1080 to 600*F 10.2*F/hr

The intended 100*F/hr maximum heating rate was exceeded, but this is not
significant.

,

_ _ _ _ _ . . . _ _
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C.3 NON-DESTRUCTIVE EXAMINATION RESULTS

Magnetic particle (MT) and radiographic examinations (RT) were made of the
weld prior to the PWHT. The MT results were clear; the RT showed a 1-inch long
entrapped slag region at one end of the weld about 1.2 inches below the top
surface, apparently at the weld-base metal interface. Other regions of the weld
were clear of rejectable indications. Since the indication was in a portion of

the weld to be cut off and discarded, it was not repaired; the weld was accepted
after PWHT and a second RT showed no further rejectable indications.

A visual exanination performed on the macrostructure sample, V842M1, using
10X magnification did not reveal any cracks in the weld or the HAZ.

C.4 MECHANICAL PROPERTY AND OTHER TESTS

Test specimens were machined from the weldment according to Figure C-1 using
the sane orientations (Figure A-3 - Appendix A) and numbering system (Table A-2 -
Appendix A) as previously used.
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C.4.1 Macrostructure

Figure C-2 is a photomacrograph of the weld. The nacrostructure appears
normal for this type of weld.

C.4.2 Chemical Analyses

Spectrographic chemical anai."ses were perforned in accordance with ASME BPVC,
Section III, NB 2432, of the weld cross-section at the top, middle, and root
locations. These results are given in Table C-1.

C.4.3 Transverse Weld Bend Tests

Sixteen transverse weld bend tests were made with specimens located at the
positions shown previously in Figure C-1. All 16 specimens passed the acceptance
criteria of QW 163, ASME BPVC.

| C.4.4 Tensile Tests
|

The tensile test results for all weld netal specimens are given in Table C-2.

C 4.5 Charpy V-Notch Tests

A Charpy V-Notch impact transition curve and additional tests near the upper
shelf start were obt61ned with specimens from locations near the top, middle, and
botton of the weld as previously indicated in Figure C-1. These results are given
in Table C-3 and Figure C-3.

C.4.6 Drop Weight Tests

Eight drop weight tests were performed with the specimens (previously
indicated in Figure C-1); these test results are given in Table C-4. Specimens 7

and 8 were nachined from a discard piece at the end of the weld. From the results
shown, it is estimated that the nil ductility tenperature (NDT) is +10*F.

- _ _ _ _ _ _ _ _ _ _ _ _ _
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Table C-1

CHEMICAL ANALYSES, WEIGHT PERCENT (V842)

i m E 5 E Et E a Eu Sn. 1 E
Top .049 1.51 .030 .017 .67 .05 .64 .46 .24 .026 .007 .006

Middle .048 1.50 .028 .015 .67 .05 .63 .45 .30 .025 .007 .006

Bottom .060 1.50 .025 .015 .65 .06 .60 45 .26 .027 .006 .007

.

|

Table C-2

TENSILE TEST RESULTS - WELD V842

Specimen 71 eld Strength Ultimate Strength Elongation Reduction of
identification Ks1 Ksi 5 Area. t

Room Temperature

V842T1 66.15 81.9 3 27.5 56.9
T2 67.61 82.64 26.5 54.7

T3 66.46 82.60 23.5 54.4
250*F Test Temperature

T4 59.15 73.87 24.5 55.8
TS 62.17 75.99 25.5 52.7
T6 61.33 75.88 23.0 51.9

_ - - - _ _ - - _ _ _ _ _ _ _ _ _ _ .
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Table C-3,

x

CHARPY V-NOTCH IMPACT TEST RESULTS - WELD V842

,

Specimen Test Absorbed La teral Shear
Identification Teap., 'F Energy Ft Lbs Expansion. Mils t

V842C5 -100 2.3 5 0
15 -100 2.2 3 0

Avg. -100 2.3 4.0 0.0

25 0 13.5 15 10
35 0 15.4 18 10

Avg. 0 14.5 16.5 10.0

1 100 26.5 32 45
10 100 31.4 38 70

Avg. 100 29.0 35.0 57.5

11 150 4 0. '. 50 85
*

20 150 37.6 48 90
Avg. 150 39.1 49.0 87.5

51 175 42.4 48 95
j 105 175 42.7 48 100

60* 175 41.3 49 98
Avg. 175 42.1 48.3 97.7

21 200 43.1 52 90
91 200 47.1 52 100
95 200 39.9 46 100
30 200 40.0 50 100

100 200 44.0 48 100
Avg. 200 42.8 49.6 98.0

61 210 43.9 48 100
81 210 47.0 51 100
65 210 38.5 42 100

i 85 210 40.1 48 100
70 210 42.6 46 100

>

j 90 210 42.5 49 100
Avg. 210 42.4 45.7 100.0

i 71 220 46.3 50 100
75 220 42.2 51 100
80 220 44.2 49 100

Avg. 220 44.2 50.0 100.0

31 250 44.0 54 100'
40 250 41.0 53 100

Avg. 250 42.5 53.5 100.0
!

41 300 42.6 54 100
50 300 41.3 51 100

Avg. 300 42.0 52.5 100.0

45 400 37.5 51 100,

55 400 38,0 50 100
Avg. 400 37.8 50.5 100.0

i 101 500 43.0 56 100
110 500 40.5 52 100

Avg. 500 41.8 54.0 100.0

*This specimen had a slag inclusion of 1/32* diareter on the back face of the
i specimen which apparently did not affect the test result.

i
:
|

|
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Table C-4

DROP WEIGHT TEST RESULTS - WELD V842

Specimen Test
Identification Temp., 'F Resul t

V842D1 0 NF
2 -40 F
3 -20 F
4 -10 F
5 0 F .

6 +10 F
7 +20 NF
8 +30 NF

q

o
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C.4.7 Single Specimen J-Integral Tests

Four IT compact tension specimens of WL orientation were prepared from blocks

as previously indicated in Figure C-1. Long times (cycles) were encountered in

fatigue precracking, particularly with Specimens V842J3 and V842J4. After fatigue
cracking, side grooves of 0.10 in./ side were machined and two specimens each were
tested at 240' - 245*F and 250* - 255'F using B&W's computer-controlled single

specimen J-test.

The fatigue crack of Specimen V842J4 was found to be irregular af ter the
test. Specimen V842J3, which had an initial compliance equal to the nachined
notch in the same nanner as the -J4 specimen, was fatigue cycled until crack

'extension was measured by compliance.

The fracture faces of all four specimens are shown in Figures C-4 through

C-7.

The test results are given in Appendix 0.

\

i
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APPENDIX D

CHARACTERIZATION WEl.DS

D.1 MAK!!iG THE WELDS

Four welds were made in the V-10 prolongation and one in plate material. The
same welding conditions as in the trial weld (see Appendix C) were used. Because
one of the welds (designated V872) had extensive radiographic indications in the
vicinity of the backing strap, a fifth characterization weld (V8102) was made from
base material cut off of the trial weldment (V842). Weld V872 was used by UCC-fiD
as a second flawing practice weld, The four welds mechanically tested were V852,
V862, V882, and V8102. They were all 6" deep by 23" to 25" long.

Welds V857 - V882 Weld V8102

Base Metal, sA 533 B1 V-9 Prolongation Hest C6200-4

300*F min.Preheat ----------------------------------

500'F max.Interpass Temperature ----------------------------------

450 - 500 ACurrent ------ ---------------------------

30 - 34 VACVoltage ----------------------------------

11 - 13 IPMTravel speed ----------------------------------

7560 (0894) - 2580 (0592)Flux ---------------------

Flux Batch First Batch Second Batch *

Electrode 1/8" Diameter, 5FA 5.23 Mn Mo N1, Heat F60853

* The second batch of flux was also used in the Yessel V-8A test weld.

The macrostructures of Welds V852 and V8102 are shown in Figures D-1 and D-2.

D.2 POST WELD HEAT TREATMENT

The post wela heat treatment of these test pieces was accomplished at
different times. The thermal cycles achieved are given in Table D-1.
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Table D-1

PWHT CYCLES OF CHARACTERIZATION WELDS

V-10 Prolongation

Welds V852. V862. V872. and V882 Weld V8102

Heating Rate - 600* to 1050*F, *F/hr 37.0 50.0

Hold Time at 1050* - Il00*f, hours 50.0 48.5

Average Hold Temperature. *f 1071 1068

Cooling Rate - 1050' to 600*F, 'f/hr 15.5 12.4

D.3 WELD BEND TEST RESULTS

Transverse weld bend specimen test results for Welds V862 and V882 are given
in Table D-2.

Table D-2

TRANSVERSE WELD BEND TEST RESULTS

Specinen Identification failed Passed

V862 B1 X

B2 X

83 X

84 X

| V882 B1 X

|
B2 X

83 X

B4 X

I

| D.4 DROP WEIGHT TEST RESULTS

The results of drop weight tests in Table D-3 indicate that the NDT of Weld
V862 is 0 or -10*F and 0*F for Weld V882.
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Table D-3

DROP WEIGHT TEST RESULTS

Specinen Test
Identification Temp.. 'F Result

V862 D1 +10 NF

D2 +10 NF

D3 -10 NF

D4 -30 F

DS -10 F

D6 -20 F

NOT = 0 or -10*F

V882 01 +10 F

D2 +10 NF

D3 -10 F

D4 0 F

DS 0 NF

D6 Not Tested

NDT = 0*F

D.5 CHEMICAL ANALYSES

Chemical analyses results for the top, middle, and bottom of Welds V852 and
V8102 are given in Table D-4.

Table D-4

CHEMICAL ANALYSES, WEIGHT PERCENT

C Mn P 5 Si Cr Ni Mo Cu Sn V Al

Weld V852

Top .06 1.53 .030 .016 .67 .04 .63 46 .17 .018 .008 .004

Middle .06 1,58 .036 .016 .77 .04 .64 .48 .28 .020 .009 .004

Bottom .06 1.58 .028 .017 .70 .04 .62 49 .29 .020 .008 .005

Weld V8102

Top .05 1.52 .026 .015 .65 .04 .64 .47 .18 .030 .006 .007

Middle .05 1.52 .025 .013 .62 .04 .64 .47 .17 .030 .006 .011

Bottom .07 1.52 .022 .013 .58 .04 .61 .47 .17 .027 .005 .045

. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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D.6 CHARPY V-NOTCH TEST RESULTS

Charpy V-Notch impact tests perf0med On the four characterization welds are
reported in Table D-5 and plotted in Figures D-3, D-4, and D-5.

Table D-5

CHARPY V-NOTCH IMPACT TEST RESULTS

WL Orientation Except as Noted

lateral Espanston,
Mils *

Spec tnen Test Absorbed Shear. %*
Identification Temp *F Energy ft-lbs 1 2 3 B 1 2 3 Avg

Weld V852

C1 -100 1.9 1 0 1 0.7 1 0 0 0.3

C2 0 14.5 15 14 14 14.3 10 0 $ 5.0

L3 100 38.7 47 42 43 45.7 65 65 50 60.0

C4 150 46.1 55 54 53 54.0 85 90 80 85.0

05 175 46.9 55 54 49 52.7 95 100 100 98.3

C6 200 44.8 56 49 49 51.3 99 97 98 98.0

C11 220 51.5 57 57 56 56.7 100 100 100 100.0

C12 220 56.5 66 64 57 62.3 100 100 100 100.0

018 220 48.8 57 57 56 56.7 100 MO 100 100.0

C19 220 47.7 $6 55 53 54.7 100 100 100 100.0

C20 220 46.1 54 53 53 53.3 95 so 95 95.3

C7 225 45.1 56 55 54 55.0 100 100 100 100.0

C13 240 49.9 59 $9 58 58.7 100 100 100 100.0

C14 240 51.6 61 59 60 60.0 100 100 100 100.0

CIS 240 49.5 63 62 51 58.7 100 100 100 100.0

C16 240 49.9 56 55 54 55.0 100 100 100 100.0

C17 240 50.4 57 55 55 55.7 100 100 100 100.0

C8 250 44.6 55 54 51 53.3 100 100 100 100.0

C9 400 45.0 60 56 54 56.7 100 100 100 100.0

C10 500 44.6 55 54 61 56.7 100 100 100 100.0

* Lateral expansion was measured and shear was estimated independently by three
technicians. The absorbed energy was read by Technician No 1.
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Table D-5

CHARPY V-NOTCH IMPACT TEST RESULTS (Cont'd)

WL Orientation Except as Noted

lateral Espansion,
Hils*

5pecimen Test Absorbed Shear %*
Identification Temp. *F Energy. ft-Ibs 1 2 3 3 1 2 3 Avg

i Weld V862
'

C1 -100 3.7 7 7 6 6.7 1 0 5 2.0

C2 0 14.2 16 16 16 16.0 10 5 10 8.3
i C3 100 35.9 42 40 41 41.0 50 75 40 55.0

C4 150 41.8 49 49 48 48.7 85 80 70 78.3

C5 175 46.8 55 54 53 54.0 99 97 98 98.0

C6 200 46.0 50 55 54 53.0 99 99 100 99.3

C11 220 49.2 55 55 54 54.7 100 100 100 100.0

C12 2.T 47.1 54 53 55 54.0 100 100 100 100.0

C18 220 42.0 51 50 49 50.0 100 100 100 100.0

C19 220 46.9 54 50 49 51.0 100 100 100 100.0

C20 220 43.9 53 51 51 51.7 100 100 100 100.0

C1 225 46.2 54 53 49 51.5 99 100 100 99.7

C13 240 38.9 50 50 52 50.7 100 100 100 100.0

Cl4 240 45.6 59 58 59 58.7 100 100 100 100.0

CIS 240 43.7 54 54 49 52.3 100 100 100 100.0

C16 240 44.0 55 53 55 54.3 100 100 100 100.0

C11 240 44.1 54 53 52 53.0 100 100 100 100.0

C8 250 45.0 54 54 53 53.7 100 100 100 100.0

C9 400 48.0 57 60 58 58.3 100 100 100 100.0

CIO 500 41.2 56 55 55 55.3 100 100 100 100.0

Weld V882

C1 220 43.8 52 52 49 51.0 100 100 100 100.0

C2 220 50.0 59 59 58 58.7 100 100 100 100.0;

C8 220 41.6 51 51 52 51.3 100 100 100 100.0

C9 220 41.0 51 49 47 49.0 100 100 100 100.0

C10 220 43.2 55 53 53 53.7 100 100 100 100.0
'

C3 240 44.0 56 55 53 54.7 100 100 100 100.0

C4 240 41.2 51 51 51 51.0 100 100 100 100.0

C5 240 44.9 53 52 53 52.7 100 100 100 100.0

C6 240 40.8 50 48 50 49.3 100 100 100 100.0

C1 240 44.0 53 51 46 50.0 100 100 100 100.0

* Lateral espansion was measured and shear was estimated independently by three
technicians. The absorbed energy was read by Technician No 1.

!

~ .
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Table D-5

CHARPY V-NOTCH IMPACT TEST RESULTS (Cont'd)

WL Orientation Except as Noted

Lateral Expansion,
Mils *

Specimen Test Absorbed Shear. E'
identification Ternp. *F Energy, ft-1bs 1 2 3 B 1 2 3 Avg

Weld V8102

C1 300 38.4 50 49 48 49.0 100 100 100 100.0

C2 WT 300 40.5 52 52 52 52.0 100 30 100 100.0
C3 240 38.6 50 49 47 48.7 100 100 100 100.0
C4 WT 240 39.9 51 49 49 49.7 100 00 100 100.0
C5 300 37.0 47 47 46 46.7 100 100 100 100.0
C6 WT 300 40.0 50 50 49 49.7 100 100 100 100.0
C7 240 36.9 48 47 47 47.3 100 100 100 100.0
C8 WT 240 36.5 46 46 45 45.7 100 100 100 100.0
C9 300 36.1 45 45 43 44.3 100 100 100 100.0

C10 WT 300 37.5 49 48 48 48.3 100 100 100 100.0

* Lateral expansion was measured and shear was estimated independently by three
technicians. The absorbed energy was read by Technician No 1.
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f D.7 J-TEST RESULTS
!

The following figures of load-displacement, J versus aa, and tabulated J - aa
; for each J-Integral test are arranged according to weld number and specimen

number.
i

The following J-R curves were obtained with three corrections:

i 1) Unloading compliance was corrected by adjusting the elastic
; modulus to give agreement between the measured initial length

and experimental derived values using a modulus expected for
the material and its test temperature in the following
expression:,

calculated
expected * assumed C

"
measured

|

| where:
,

i
E modulus value used during test=

assumed

Ccalculated specimen compliance calculated from measureda

initial crack length

j C specimen c mpliance measured at start of testa
sured

2) NRC J-Expression (Moving Crack Correction) '

J +1 = Ji + (a ,j a )1gi g g

i g = 2+.522 b/w
L

; y = 1+.76 b/w
b = w.a
A1,1+1 = incremental area between lines of constant displacement

at points 1 8 i+1
Sn = net specimen thickness
a = crack length,

!

l 3) Rotation Correction

C| measuredC =

hsin(e)-cos(e) sin (e).cos(e)C 0 "''

H = half span of loading points
R=* * radius of rotation
D = distance from crack plane to knife edge at zero load,

m +D
(h)e = sin- tan-

em a measured load-line displacement

i

i

4

i
e

-e v ume- wr-tb**t+--?'- ev-- v - cy w e-+e-?-wfte -'e-i r -m-mryw,-u-Wy w mr 7 1- T--"- -m"'N''''8"-Wv'"+' fF -'-PC'w-m"
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D.8 TEARING MODULUS CALCULATION RESULTS

The fit of the J-R curves with a power law was often found to be inaccurate
and the following 5-coefficient expression was used:

J=C1 (C2 + aa) 3 + C aa + C4 5

The results for the two types of fit are illustrated in Figures D-60 and D-61
for two typical cases.

The J versus T (tearing modulus) curves which follow were obtained with the
above 5-coefficient expression. Since tensile tests were not available for Welds
V862 and V882, the yield and ultimate tensile strengths for the T calculations
were estinated by using their Charpy upper-shelf energies in relation to those of
Welds V852 and V8102 and linearly interpolating between them.

!

|
,



- . _ _ _

D-653

OH N L- DWG87-5389 ETD

J-TEST... ...

t. .e
c . *-. 9a

* ~

o POWER LAU FITa o
V852FG

o C1= 3.51709
1.00 - 83 C2= 0

C3= 408451o
C4= 0.t t a
C5= 0

1.00 -

0.50 -

a
-2

11

JP 1 I to,co
0.00 1.00 2.00 3.00 4.00

DELTA A E-01

F. 4%e

d.S9

'* ~

POWER LAU FIT

V852FG

C1= .3388
1 9' ~

C2= .0279
C3= .5376

.y C4= .643
CS= 2.4192

1.00 -

0.50 -

6
3

11

JE f I fp,eo
0.00 1.00 2.00 3.00 4.00

* DELTA A E-Og

figure D-60 J Versus aa Fit for 2- and 5-Coefficient Power Law Fits for
Specimen V852F6

.. . _ _ _ _ _ _ _



D-69

ORNL-DWG 82-5390 ETD

J-TEST... ...

E On
i.25

*
~ 8 POUER LAU FITn

V8102J10
a

C1= 1.02338
0.75 - D C2= 0

C3= .191384
a C4= 0

~, CS= 0

0.50 -

a

O.25 -
''

11

41

si

I l i 1 i to,eo
0.00 0.25 0.5e 0.75 1.00 1.25

DELTA A E 00

E oa
i.d9

*
~ " POWER LAU FIT

, " W=. VdlC2J10

C1= .2047
g,,*g _ C2= .039

C3= .5515
C4= .2599

J CS= 1.3929

o.so -

0.25 -
'

'

il

4D

El
1 1 i e i io.co

e co e.as e.se e.75 1.ee 1.2s
DELTA A E 00

Figure D-61 J Versus aa Fit for 2- and 5-Coefficient Power Law Fits for
Specimen V8102J10

.

,,.r~ - . . . - - - . , ,



r-

D-70
.

ORNL-DWG 82-5391 ETO
j.tr51 J trsi

meen >> <se e, see ,1, ese e a.o 4

e d

J tee .r t a w s.e4 eef 3+f ese.f b f 4e 8 44 7J J tet .g e o ef 3.e.eef s.f ees.gg ti.44%
9 ses .S et s ias ste (2e9 f t/s I set .s eO J ie'iOm (3 0 tend
staieve s.O On i se 4 3 Pte stateue 4 9 ti f t. 4 este

meeteuse t=0 49 fee 9 fe69 see rme e.g te f e. 4 IJ s.

e 4 6 92 (5.g ge tse .g 904 (b.2 f 50# o,,, e+.

4 9

i

,

$
.$. -.

A %
e 5

CA .,g () 3.( o
m

U.e ,J

e

m. \ %

N * 4#1 *Se ett tJe B 40.B

.

g ed1.%4 et P c 1 P. P 99 91

1 I.

) . .

5
_

.u ec .m o
. .. . .

..'s *d 80 ** W"'e a to

1 I

J -lf SI J-IEST

semi se reeni .s ree r g
_

o

a6

j ser 41e to J.ee ee( ).( ees.f % Ile 4 % eel J lef ofIe IT 2 41ee( 3*(488.($ $Is $ $479
1 see .a ng),e, age f 2 0 tell f ees setsise #98 (2 3 9403
e enastas e.g gg ( 3. O poe9 Sleiseum e.9 Se (9 4 %49%
easteus e.g Jg ( 4. ,4 eg re esegnue 8 0 54

(4=,L se tt
,

e-o ,ee es.: one e.s evi s s. on:g

*. 8.
, .

# r
+- m
w %
e e
tb Oo7,o-
' ' ' . O. g J/t.lg . a20 556. 4. 4296

\* a

\-. g e

:- n.
i, v . se .i t ses. e eet, -

.

. 2 4
.

|
-x... .. .. ,, . ,3 e. e. .. .-

1 1

Figure D-62

. . . .



. _- - . - _ _ - __ L s___.,- . . - .. -1 . - _ . _ - ___ __ - _ . . . - - -- _ _ , _ . -u _ -. _:_ ~.

!
1

A.
a f

.<

D-711
't

>

9

d

I

&

f ORNL-DWG 82-5392 ETD
4 i

j Jeff57 J .1 f S T

..w i. . ._ . . _ _ . - - ._'I I. ~
. _ , .- - _ _ - _ - - , ~ _ - es..----

j
- . . . .

..s,., ,
.

.
.

J I4 eeC5.f ese (S Ile 4 40H J .8 8 +f l e et 7.a + oet $+( see-(1 t i e 4 98%4
i

9 <e' et se s( 7+e'e 9 68 .eeo s ees tpa g g.g c ieg
s asot a ses se f 7e4 441s4

i t".0 7492
-0. % ' t %s t a teus e*0. 94

ett'eum 4 4 96 ( De -4 %#gg
84

1 mes seem 4 8 34 (4+ 4 fi1 SaWieves tee. Bf

s et 4% (4*J 9449 9 5 0%$ (S k 4996
g g

se

i
W

|
. : 3. \

|.
,7, N

\
''

, s ,

$
' * ;

\ , J#' *%9 *'' is# e49 1 % 8''i * u,
j s o,

,j ,..
'\ 3-

|
e

I
I a

l
', a vas. eJ s seJ.s ish sN3

.

'

9 N .,'N

..
N,, 3, 'Ni .

j - N_ ~

) N
i 'w' w

9, ' . S.
,

4

I
9

) o.A .

eu - **y .
S[_ . . , -,. -- er -

- e
1 me , .. 4e ,

1
a,

d
1

4j J-ilSt !-if 51
.

e n%J )# M4 F
,

. ~ . - . 70s F . -._ . ,, ove%# 4 es

o._
.

m

J ee* et le et P.es set tot see.t 9 (4e 4 pies site *r s e et 2 4:eet 9.f .es.r t rto e is '9

t ses eee6 s itt ige (7 4 SJtt
1 tes -aec s en egg r p.g s tr 3

i D. -4 S1'S eisteus e.e. et r e, e 4,sa

6 wiske e.4 09
sief ' eve, e g. Si < s., t.o.ne, em.p ie.w,s a 6 og i a g 04 /,r e+4

e. , ( % ., 6, ,
. . . . . i ,,

s ..
, ,

~

2

s. - E-
,
, . ~

!

i. - .

'e

J ; *

!?1 jp
\

- \,,..%.. . , . . . . . . . , .
~

N,,,.. , , . , , , . . . . . .

N ,
. , x

N
|

. w.x e ,

2 N -a s '

\ ti
4

2 :.3
~, .

7

r a . . .e
a ,3 ., .. .. - . ,

1

Figure D-63

i

i
1

1

1

1

I

k

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



.. ._

D-72

ORN L-DWG 82-5393 ETD
J I f 's i J.i[!I

g sev *oe e
g m ya e

.

.i . . .r i .. i.. .. i.< e
.t n

ra-o ee..ne.n t .e. .r i . .cr.a i ..c s.c o...t s
,, ri . .o esse j, es. e een.....e.,t,e

sie, ..s vei roe
. c a.a. eiete ..e . .a ei e s. e

r e .e es e.r == ..m.
e.e. e s e s. 4 veiene r..e .o e s

E % .2 12 8
. e.e. se c a.e sisi*.4 417

y e.4 971 fl.7 %/07

=

,
I.

# R
Ue aE

tJ e.oe
3 ' qg Je f .%9 i s79 GST, t e 90

N
* N

in De l.49 a ." 4 tJ1 a d15.

N
N s. Ns

N'x
N 1

S,
4$

'

-

?.' a a su .. in ,. eh 6 em, .I I

W

J-IIST J.1F51
g

,_

etus 500 e . .au e one e
-

J ise .t . 'st y.s. ..e 3.g e.a.(g gl. 4 eier a sas r s e tr y.ai ..r s.t e.e .rg g e. .e rir e
t ia. .s et J te 'De ( P.O. g 3% t en .eeg a .ae ,De (240 et cemiers.e e.g 53 e t. .t %Dee

sou te m, s.3 79 f e.t,. eee.l etmious e.0. e f
t et f t. O t ae 8

l mes :** 4
f e 6. . e,.*'t.. . r..i . e...,, ts. ee ,

. -
~ ,

t n
,

,

a a
N

s.e

'!7
o- Th<

e>.
. vi.s. . ,a io . sis, ,,.%. .a . . . . s ie..

N,
_,

N
s ...

- s ..

x .

~. ~x.

2. 1
-

.,

? !.
.

s. ., i s. .a ., e 3 . ..-e ,.. to
. ..

1
1

Figure D-64

_ _ _ _ _ _ _ _ _ _



l

D-73

OnNL-DWG 82-5394 ETD
) - 1 E 's f J fEST

, * esse i iso e g .saie r nor
oj

_

I
| . ... .o s i.ai ..r s.t e

.t s
r i. -e. esi,s

j a .t i. it e i. -o. iso, J e .c i. < r.e,..c s.r o.a.cs
ves ri.e.es , e ,en t r.o. ese

a'...v eJ iano.t a = + = >= * e os r 3. * * * * e e.e. os c 3. -e. soie
. w e.e. Si t e i est, easie .e. as re. one

e.4 IIS t l.2 18 %4 e 8 6.779 cl.2. 51993, e<
~ ~

0< E.
m n

.F .F.

se e
w

\ o ,,*
i? CJ r .
2- J/ t.40 til 221. t estt 3-

g Jr'.46 :

N
'76. 385. 6. lisia

N'
i

,

\
s u. N.u. o

. N \
.

Is\ \
N.%r

, ,

.

= .

i

l

I

?
.

a> S 70 e1 89 #1 t ea as le 44 69 90 108
i !

J-ifst J -1 E S T

e s t* P' t 709 F o '94P 4 75 8
o ,

o

e *

J 'at et le iri.aiser 3.t e e-ti t I * e. 34e9 J '8i *< le etJ.ei.ec 3. teen.CS t t e -e. 269 3

e' ,''s'toim m a 8.' 9 3
** *P J ia /04 (7.s 9:32f re, .se9 J tte s08 (2e4 5796

statenne e.0 Se t h. 4 5'et E 3 4. 4919
**. t a rs' #.0. J1 t e.e. get 2 ''5818 * **e. 20 t e. g. ee n

8 =%. 64% (5.l.9415
e

a.s. t23 (g.J. Peeg a.a. e

m N

I
I

(

3. E.
m *.

p
3.P. J/'*sei i3e te2. t. ?s te

m g J/ f.40 : e34 379. I. Fil s
s.

-

s.
e, c.
()e OJ<

u. N e-
%

e 4

, ,

N
,; 2.

I

s, s.
,, .

- :
,- ,re.. ,a .-4 .e , > . .o a .a .. ..

T i

Figure D-65

___-_ -__ - ________ _



. . _ _ _ - _ . ~ _ . _ .. -- . . _ _ - . _ . . ~ _ - - _ _ _ . . _ _ _ - _ . . _ - . - . -__._. _ . - . . ...._ _ .

I

1
;

i,

- D-74 i
! 4

!
1

f

i i
) <

!

!
1

,.

! {

j OHNL-DWG 82-5395 ETD t
i

J-fEST J.fl5f

.an s me .n, n,g g
, .

! .....<,.....re...cs c... i,. . .< . .c s .. . ..< i.e . .r s c...,,,,,
. . . . . . " , .e......,= < i.e.,s,s..rs.e . ,,

. . .
e. . . . . . . . , .

. . . . . , .
e .v.e .: i..n .! ... .i.. ......i

r s.
. .. s

. ' ' ' ' " " ' ' ' ' ' ' '. .$. $7 2
{- -

,
1

i
i

t

i
1

; 3 2
* *

,e .w.....ns. en.

N, ,

N. .

\ ,';M "2<

<, <>~.- N ,, .w . .n . , . . v,.
,N' , ,

'N,

. s\ , s
, N

! N
L N S

~. -

\' ~
'

[

f'
7 9

.

.
1

i

: M[ O
.. r .> eo en . uo ik .h .. == me

f f
e

' |
t

'

!
4 J If 5T s It' I |

. . . , . . n. .. ..e,,, .,

I}- -. . - - . .-- . . . - U

. -

i ,.

. . . . . , . . . , . . . . . . .. , . . . , . .
. , , . . . . . . , , . . , . . . . . < . . . , , . . . , , , ,

. . . , .e . . reims . . ,. , , . . . .

4 m.edu .. 9 0.. . f . mee tme .,. e s e.t. . se t s
s. . Ile e-.

... $$ ( e.g *pe 33 ( .,
f % ., . e,9

.1

. * 4. . 4 ft.t 9.p. 8 6 tre ft e tg 7,

; . =

z .

em .e

# 2

%.e

t)7 8 A ,y
tD i7m.
as, s. a ,
" ~ J/ t .9. e,7 99.6 .

, , , . . . , . . , . . .

x ,,

x
%

_

N
~'~s .

N
::

> x.
j.

~
x

.

,

,

,

i

. ' _ .... l

. . . ,.. ... . . , , , . .. ,. . .. ~ .4

1 1 I

Figure D-66

.

,

!

! - . . _ _ ., , _ ._ _- _ _ _ _ _ _ , = _ - _ . . _ . _ . . . - - . . . - - _ , - _ _ . - _ _ - - . _ _ _



D-75

ORNL-DWG 82-5396 ETD

J . f r 51 J 1f $1

..s o ,. vn e a. _ ..--- . - - - sun _so. r - __. -- -.-

.

s ... .< i . .t r . .w be ....c s
J rs. 4 esas

s .i .e e i. e <.s.
......,i.....<e.t..<s r o.s e.s s. . i . i v e.s .s io.

. . . ti e e.,o

. v. , ,s,.*.
. es 4 esa

.seim .
e. vs t ..e ,e $.....a.e.. r s 4 ,. l tr.c .

s ..v = . - . .. $ 8 t %.7 . *%
n s. f %. s . r.1 gn

e2
,

k.S
,

,#
3

%. .%
o grs, (J e .

a

U# 42 ,

g - N
g # rte 4. 87% t98. 4 9999

,

gu e .s. y,

.n in. e m. ,

s .

E. \2 .,
. ~ s~%

~

%

$e
.

,

... . .4 ,-
. . .- .. ,, .. ,.

1
1

J -If SI J -l[ 51

**''#'' ' ' ' '
'''#" * * * '

2
..

. .. 9 4f I =.t .*f %=f .
.( ) fge .

, o. e 3.a..,J 8 4 *t
.1.. . o v( ).., e.t b( a...( l( 0 . .,.,d i. i .t g . , . . , . .e.e z..

n.,., ...v. , ,e..

s,...-. . . , , .e .i. ,.
.. . .

c ,.m..s
c n

. i . .. . e.i. . . ,$......,. .

e .i. . .
..

n.. . .. .. v.y 7
-

E f.
-,

I B
~ [ ti l .4 499 IJ A. 4 rq

. .

7N

E- N S-
g g JM.40 ett 77.. e 9 6 9

''
; N -.,

t N t
- N -

x
x

, x
'%'

s. :
. ~

l

!
,

:l
,. .3 .3 .. . .a .3 , . - .,

1 i

Figure D-67
I

I

i

I

e

,

_



D-76

ORNL-DWG 82-5397 ETD
irsi ;.n 3 r

< me* = = *
u

. . . , , , n. ,.

.,

, . .....,,.....,i.c..e, e ,i . . iu, 4 .. .c .,ic..e... ..u.c . .es e ,i . 4 .. ..
. , . e

. . . . , . , .
, i ,es, . .,. .,...-.e...., c .e.

.. . u.
. , . . . . .. e .~

,

,,...e . . . . , . . . - . . . . . . .
. .
1. .

s. . ,
.. i.

c s. . .n i., . . . es. , , . . ., t .!,s

- .

".
~

3.

_r. .a
; ; , m.se . . iii. .s..

- \sU2 83
\,,,.s......... o-..o

-

.

7

s

. S.
-

.

I.

.s

'.
_

4 8 i ce Ib .'s og es 1g3

g
' 'E #4

I I

J. TEST j.fg$r

3__.__.. _ _t" 7 3 858 '
,

g - m >' i nes -
,

J.e*stie et2.ee est 3 f .ne.(t r se 4. 3 59
l'#i .(lo et P38'm ( 9.t.e#=( 5

ee ti. . ? g?
f ees o.91tes e0s ( 2e0. 0 4 4% ' 88' .* ecl q4* s 0 (7.g epig
er.rmou e.e 33

g.to 4 .ost
g #letuaisi e.g, g3 g g. 9. . '0 ?

mes s aue s.e. p2 .g. 35 3 eise f ow e.0. 30 f ..t. Se et
bei 7 9 (Se t. 91 ? ?g g, e.g. 7.g rg.g. gu y

= .

.

~

2
*-* .E
% s
e e

G
l*o. t 3.,

# U e.
O. O-
* *

7 g Ad' 401 i7 3 76. t. 7061 -s g 3,,,gg , ,g g, g gy, , , , ,, ,

\s. a.
- -

N
~

.' .

.

i !

_ el I
-a .'. .4 .e .. . .. ,. .. .. .

i f

Figure D-68

_. . - . . _ .



f
I

D-77

09NL-DWG 82-5398 FTD
J-test J-if57

g ..a n , e ,e e g . ns ss e
a a

J s.n .f l. 'c 7sei f 9.c....c1
c t..

9/?9fi.

.t e.t ( i . st..)..,.i s.c 1.g ..a.f g
J ee f t . .g. Dr...

.t v.i .. ; eng <

c.le.ti 9. . .s.91 a.i . t ** ..
7

(q. 4. b.e.

t .e esJ : . ca.a .r..
f. e A .. 67 e-

c3
.or i m
9 es.1.m. ..g 3.

. *% 9..

e.g g 613 s nap t

ts.D wit o c sel. g 1 2er
* *

,

s. 2.
~ ~

# E

s.
.

s.
L3 OUS O*g.
- N,,,....,,...... -
o. o_

'N \ , v .s. . .it .. . .'
,

is . ,

!
i , NN'N \a :.

- N -
x

s %
Nm

.

N,
.._

3.
-

; .

... ,. ..
_ :: L___e

_

.. ... ,, , , , , .. . .. ><
--.

f 7

J-if 57 J.ifST

g . n. i.e r
: u, ma

. -

, .e . ,c , . . . ..n.c . .n
e,i . 4 . . . . ..c . . .r.i .. . ..< >.c . .n c,i . 4 n.,,

, , . . . e. . . . . , . . . , r

c...... ...;..,..,i.,.. c . . 4. . ,
.n

. . . . . . , c . s. . c ,.

..t*...,. n.,..n... .. . . . .
es. . .m. . .7 ...s>.3 s

O I.
~ ~

' \ '

sa %.
T,

, Nr."- N S-
N, .

gg y f s. i7t Ms. t 7...
9 \ 'S,

\ g Je t.4.s 577 si 8.3298

N .

's.-

N - N
N N

N NN,

2. :,
. .

..L e,f. ., .. ., .. .. ,. .. .. .
T f

Figure D-69

,

!

. - - - , --- - -- - - - - . . - - -



.:.. r -...

I

I
l

D-78

OHNL-DWG 82-5399 ETD
s f tST J.it st

g e.esn see * g ee,any ne
-

.

J ..s ef e e tt f e#'se( 9 f .e#+( % f f = 4 99
( f.S. 0 9 7.9 9 J 88 8 m( l o .f 7*4t eet 9*f .o.+(1 f ,s 4 B89)1 s.a .e s0

st.t es e .s ' s <0 f 44s ***0 J 'al /De C l*G 9% s t

ans to su ..g eI
( 9. -4 1,.7,9 e.I.l *J8 *=. 0 g..p

%9 4* f ** G,4 41 ( .*6. # g e s.p

e .1 9.m
..g. og gs g..g g r. I %+ 1 960 7 f S*1 9999g

* g ,t t +%# . e.8 PM. J. .q Ee

"
3.

~ =

*- .s.

8' ' -s .e%
e

3,

a..: a. | ... . |
1

s

e ue se .ti ist, e esse

. N _

x -
e

s

.

a .

**
rs#' .

_

i no ..o%ae to o se e.
VJi

i, .a sa e., ..:I
f

,I

i ini ;-ir si

*d . neesa "* ' y, wiwa e
.

.
-

, . . . . , . . , . . . . , , . . . < , , . . . , , . . . . .. . . . , , . . . . . . . . . , r,,....,,,
, ,

. . . . , . . . . . , . . . ~.. ..

. , . . , . , , , . . . , . , . . . . . , .
. . . . ,

. . . . . .. ..
. , . , < . . . . . ,
. .. . . .. .. . . . . . ,

, . . , . . , , . . . .
.. ....m,,

,

,

l'
.

n
-. ~

*- .a.
.

. s
t

1 *
tJp

.
. . .

...
oa**-

,

>

a

N . .. . .s. ,,,..,..s.
t x
I N ,- , , . . , , . . , , , , . . . . . .

s

! 'K, -

t
t

.. .
M , %. ,

. . . .
- .c .. . . , .. . . . , ., .. ..i i

Figure D-70

___



D-79

ORNL-DWG 82-5400 ETD
J-iF51 J-TEST

g g miwa son .nienne no e

. .s

D ios .f t e if t.ep eet tef eeeett E te S teil # 888 et L * Mies'oeC 9*t eetot l tie e.1944
f ee s .eet e sea #9e (det 91%e f tils **e0 J ete /98 ( f =0. 94 9%
eletteus 9 8 ge t 5 4 Sk7t eteleue 4 3.95 ( 3.-e 917%
esoteuse 0 4 es f eet f eed assimum 4 0. e4 te 9 eter

t=1. 997 (Sel Itale.4 CSE (Set. 99 71 3.,,
#.

* *s

8. 8.
n -

2.. -
2

% %
e e
t>n o m
ter Dr.

e.s . Oe ..

s

9

E.
.

xv. t .g3 vse es t g s31e 4 '#I'N ''I"8'' '

\
Nei es

o'

-
o
o

. .

va n e eb , og .4 ib en oc to ; e0

1 1

J-t E ST J-TEST

g,
_

seissa nos * g seiwse 70s r
- e.

J eee et t e st F.es eet t.t eeest s tie 4 egg 3 J oel et t e st p.e s eet tet eneets (se-G E099
t sei os e s ses /08 (7e8 07%4 f 'p i .e e0 J 'es eem tr.g ease
erstausu 4 0 BJ (3e.g ges3 stoIPJ88 eet.01 (9= 4. 8069

easteve, ese 49 e..s f utue #et. %4
(4

0.. J.eJ.2
t ese, se gg lee

e.... t s... . ,. . e. , t.. ..
.. ..
, .

8. s.
. .

- -
- -
%

%ee
o. c.()#. Oe.
4.J . 43. ,.

. .

, ,

z. 3.
. _

%,,..,.........,, . . .se .ii........e.
N

! 2. 2. N
N- -

. ~- s*%

8 8
<e se .. e3 . e. e. ,. ee .. .e ...

f 1

;.

Figure D-71

. -- ._ . - . _ _ .



D-80

ORNL-DWG 82-b401 ETD

J -17 S t J -TE St

"'"# *'3 3. "'''d *'
a se

J .e ner g o a(2eer aet ).t.se.(1 ( l e .4. 0952 Jiel et t o e(7.et eettet .eG*($ tie O. It tI
f sei .eep j <etiO8 (7 9 9000 f ses.esOJ ret /De (Pet Stit
8141*m n.0 et ( 3. -6. 4#\9 etelem 4 9. 9J ( 3. .t. e uc t
men teue e.g. 99 (4 9. b Pet ase leue e*0. ?? (4 0 6900
e.g. 30) (Seg. 6906 , e *%. 99J flel 006?g

e *.

e se

3. 3.
I se e.

1 3

-e
s
e

E~b O
f 5 3, al
tJ, o,
uma eg

9 4

7 %

?, o.
.

.i s sir. e. i. a se ' + i s $31. e e'e'N Jyr.s. N~s
3. 3. \

%'"n o ,

E E
ao 19 40 to th s oO e4 /9 th De 80 180

I 1

J-Test J-TEST

,o. misen im r e soiessie non e
n o
. s*

J r48 f e e tt i.ei ser ).r ese.f 4 f t. O f ee, J ee s et t e st 3.et ee( 3.t ees.[1 Cle-O 2641
F7 4 t te (3 0. 01e0
( 3 * .t' 8% s 'e' + set s ie s

f ees .seO J tes sDe

st er.e e.g 0,4, ,s 'l,l .e'a. ,t emp 8 3. go, ( 3. 6. 4,% 4 %
I

, . . . , e .. .,e. . . . . .
,, . . . (.. se,...e..

n. . . . . . . , ,e ., e,.y ,

:.-

- ~

-
.a. -

%
e.

) Oos.
. , . o__o_

.

, ,

v. .

s
-

y,, . s. . . . , . , . . . ,

, , , . . , . . . . . . . . . . . .

. s.
.

N '%~ ~
s

e.e
,6 ,, .6 .6 .. ,a .3 3 4 . . . .

1 1

Figure D-72

_ _ _ . _. ,_. _ ..



D-81 j

ORNL-DWG 82-6402 ETD

E-01
5.00

veio2 JC14.00 -

- J/T=5g, 300 F
(.373739,7,47479)

#Cl*(C2+A)**C3+C4*A+C5J
T=K*aJ/DA3.00 -

A MAX =.0527344,

A M1H=2. M M -03
y K=4.06005

$ .00 C1=13.99052 -

1 c2=.04
H C3=.596209

C4=-20
C5=-1.5 %76

1.00 -

i i i 1g_gg
0.00 0.20 0.40 0.60 0.00 1.00

T E 02

|

E-01
5.00

- J/T=50
(.4*S435,9.1207)

vs102 JC24.00 -

300 F

J=Cl*(C2+A)**C3+C4*A+C5
J T=K*DJ/DA

' 3.00 g gmx. 0759367-
. .

A M1H=2.15561E-03
K K=4.06005
1

$ .00 C1=-7.61700E-032 -

1 C2=.1
N C3=-2.02667

C4=-2
C5=.006813

1.00 -

' ' ' '
0.00

O.00 0.20 0.40 e.60 0.00 1.00
T E 02

,

f

Figure D-73

.



. .

D-82

ORNL-DWG 82-5403 ETD

E-01
5 tw

-
- ""4.00 5389,8.10777)

300 F

J=Cl*CC2+A)**C3+C4*A+C5
J T=K*0J/DA

3 00 A MAX =.0850.3. 3-
.

4 MIH=1.58420E-03
K K=4.66085
1

P C1=-1.65768E+23
/ 2 C2=2.5

h
.00 -

C3=-58.6923
C4=-4
C5=.83849

1.00 -

' ' ' '0.00
O 00 0.20 0.40 0 60 0.80 1.00

T E 02

E-01
5.00

4.00 - veio2 JC5
300 F

- J/T=50:
* - ACl*(C2 W ** N 4 W CUJ

T=K*DJ/DA3 00 -

A MAX =.0819239*

A NIN=1.89494E-03
f K=4.86085
P
.' a.00 - C1=-1.29381E-03
I C2=.4
" C3=-6.81864

C4=-2.5
C5=.766641

1.00 -

' ' ' '0.00
O 00 0.20 0.40 0.60 0.00 1.00

T E 02

Figure D-74

>

%

- _ _ _ _ _ _ _



____ -__-____ - -

D-83

ORNL-DWG 82-5404 ETD

E-01
5.OS

vs102 JC64.00 . #T=50'-

( 396634,7.93260) 300 F

J=Cl*(C2+4)**C3+C4*A+C5
J T*M

3.00 A MAX = 0016234
-

,

A MIH=1.65721E-03
K K=4.06005
I
P C1= .247827
' 2.00 - C2=.5
I

H C3=-3.34151 i
C4=-0
C5=2.50078

1.00 -

|

|

' ' ' '
6.Se

'

O.00 0.20 9.40 0.60 0.00 1.00
T E 02

E-01
5.00

veto 2 JC74.00
300 F- J/T=50

(.377467,7.54934)
J=C1*(C2+4>**C3+C4*A+C5

J T=K8DJ/DA
A MAX =.00037693.00 -

.

A MIH=3.61602E-03
K K=4.06085
I
P C1= .591661

; 2.00 c2 1-

C3=-18.2779H
C4=-2
C5=.702288

*

1.00 -

' ' ' '
9.00

O.00 0.20 0.40 0.60 0.00 1,00

T E 02

Figure D-75

.. . __ _ - - _ _ _



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

D-84

OHNL-DWG 82-5405 ETD
E-01
5.00

4.00 -

- J/T=50, vs102 JC8
(.391052,7.82105) 300 F

J=Cl*(C2+A>**C3+C4*A+C5
J T=K*LJeN

3.00 4 MAX =.062227-
.

A MIH=.0134847
K K.4.86085
I
P C1=-1976.59
' 2 - C2=3

h
.00

C3=- 637795
C4=-200
C5=900.945

1.00 -

8 ' ' '0.00
O.00 0.20 0.40 0.60 0.00 1.00

T E 02

E-01
5 00

- J/T=504'N (.412192,0.24384) vsto2 JC9~

300 F

J J=Cl*(C2+4)**C3 #.4*A+C5
T=K*DJ.'OA3.00 -

A MAX = 0875912
,

4 MIH=8.10026E-04g
g k=4.86085
P

2.00 - C1 25411

C3= .465268
C4= .5

"
-

'

1.00

' ' ' 'e eo
O.00 0.20 0.40 0.60 0.80 1 00

T E 02

Figure D-76

- _ _ _ _ _ _ _ _



|
.

D-85
,

I
I

ORNL-DWG 82-5406 ETD

E-01
5.90

- J/T=588 vs102 JC104.00 - (.410711,8.21421)
308 F

J=Cl*(C2+A)**C3+C4*A+C5
J T=KSOJ/DA

3,00 A MAX =.0068560-
.

' A MIH=5.03096E-03'

K K-4.06005
I
P

C1=-5.15834E+09/ 2.00 .

I C2=2
i

H C3=- R.6276,

C4=-3
C5=.006950

1.00 -

i
!

! 8.00 l ' ' ' '
4 e.e6 0.m 0.40 0.60 0.00 1.00

T E LG

!
Figure D-77

;

:

4

i

f

j

<

|

1

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



- _ _ _ . _

;

APPENDIX E

J-INTEGRAL TESTS OF CHARPY V-NOTCH SPECIMENS
WITil 5% AND 10% SIDE GROOVES

_ _ _ _ _ _ _ _



E-1

APPENDIX E

J-INTEGRAL TESTS OF CHARPY V-NOTCH SPECIMENS
WITH 5% AND 10% SIDE GROOVES

E.1 SPECIMENS

Additional specimens were prepared from a slice (V8102A1) previously taken
fron Weld V8102 for chemical analysis. Charpy V-Notch (C ) specimens werey
machined and numbered in the same sequence as before. In these cases however, the
side grooves (SG) were either about 5% or 10% as compared to the 20% previously
used. These tests were performed in accordance with E 813-81.

E.2 RESULTS

The results are given in Table E-1 and Figures E-1 through E-5.

Table E-1

J-INTEGRAL TESTS OF CHARPY-TYPE SPECIMENS
(All Specimens - WL Orientation - Weld V8102)

Side Appros. het Crack Length, in. Corrected Test

Id tion 5 . Ide . n Initial Final E in.

V8102 JCll 10 .5 - 1.0 .359 .232 .325 28.0 300 .329
JCl3 5 1.5 - 2.0 .378 .259 .311 28.0 300 .404

JCIS 10 2.5 - 3.0 .357 .264 .334 28.0 300 .190
JC17 5 3.5 - 4.0 .378 .239 .311 28.0 300 .268

JC19 10 4.5 - 5.0 .356 .244 .322 28.0 300 .311
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E.3 DISCUSSION OF RESULTS

The J results obtained for the 5%, 10%, and 20% side-grooved 3-point Clc y
bend specimens are compared to each other and the compact tension specimen tests
in Table E-2.

Table E-2

WELD V8102 J RESULTSic
(WL Orientation - 300*F)

Elp/in.

l!CT - 201 % 2TCT - 201 % C__ - 201 % C_ - los % C.. - 51 %

ho. Tested Mean 5.0. No. Tested Mean 5.D. No. Tested Maar, 5.D. M . Tested Mean 5. 0. ho. Tested Mean 5.0,
4 .244 .035 2 .246 .023 4 .168 .015 3 .2H .076 2 .336 .096

It appears that reducing the side grooves of C specimens produces closery

agreenent to the compact tension specimen results with 20% side grooves.

This is also illustrated in Figure E-6 which compares the J versus aa results
for various specimens taken from Weld V8102. It is seen that up to about
0.04 inch crack extension, the 5% and 10% SG C specimens give comparable resultsy
to the ITCT - 20% SG specimens.

Figure E-7 shows that with the exception of Weld V8102JCll (10% SG), the
specimens with 5% or 10% SG give higher J-R curves as compared to the 20% SG
specimens.

:
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