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ABSTRACT

Reactor pressure vessel (RPV) surveillance capsules contain Charpy-V :
(C )' specimens, but many do not contain fracture toughness specimens; iy
accordingly, the radiation-induced shift (increase) in the brittle-to-
ductile transition region (AT) is based upon the AT determined from
notch ductility (C ) tests. Since the ASME K and KIR referencey 7efracture toughness curves are shifted by the AT from C , assurance ,

y ;

that this AT does not underestimate AT associated with the actual i

irradiated fracture ' toughness is required to provide confidence that
safety margins do not fall below assumed levels,

,

To assess this behavior, comparisons of AT's defined by elastic- .

plastic fracture toughness and C[ch irradiations were made under testtests have been made using data fromRPV base and weld metals in wh
reactor conditions. Using "as-measure" fracture toughness values
(Kye), average comparisons between AT(C ) and AT(KJc) are:y

(a) All data: AT(KJc@100MPa[)-AT(Cy @ 41 J) +10*C
_

(b) Plates only: AT(Kyc@100MPa[)-AT(Cy @ 41 J) +15 C

(c) Welds only: AT(Kyc@100MPa[)-AT(Cy @ 41 J) -l'C
\

Fluence rate is found to have no significant effect on the
relationship between AT(C ) and AT(Kye),y

,
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1. ' INTRODUCTION

A' previous report (Ref. 1) investigated the relationship between the-

,

irradiation-induced transition temporature increase (AT) found with
.C) impact data and that found with fracture toughness(yCharpy-V

data. Reference 1 used data 'available at that time as an initial
assessment of the suitability of . using AT from Cy data - to estimate
that from fracture - toughness data. Among the initial conclusions in
Ref. 1 was a finding that the AT from C tended to yield reasonabicy
estimates of the AT from fracture toughness data for weld metals, such ,

as Linde 80 welds. In contrast, the AT from C tended to ry
underestimate the AT from fracture toughness for base materials, such
as plate and forging materials. This report provides a more complete
assessment of the relationship between the two measures of AT,

"

primarily by adding to the data bank that was used in Ref. 1.

Assessing the suitability of AT from C data as an estimate of thaty
from fracture toughness data is important to assure that non-
conservative estimates of the fracture toughness of irradiated reactor;
pressure vessel (RPV) steels are not made. The KIR (reference stress
intensity factor) curve in Appendix G of Section III of the ASME Code
is used as a lower bound estimate of the fracture toughness of RPV

curve in Appendix A ofsteels. This curve, and its companion.the Kye
Section XI of the ASME Code, is indexed by the reference temperature
or RT f the subject material. RT is defined in' the. ASME codo *

NDT NDT
as the greater of TNDT (the nil-ductility transition temperature of

2drop-weight tests) and TCv-60 F, where T is either the index atCv
which each C test (of three)' "shall exhibit at least 35 mils lateraly

j expansion and not less than 50 ft-lb absorbed energy" or the
| temperature at which the lower bound C curve exhibits 50 ft-lb and 35y
I mils. To account for irradiation effects, Appendix G of 10CFR50

(Title 10, Part 50 of the Code of Federal Regulations) states that
"adjus ted reference temperature" means the reference temperature as
adj usted for irradiation effects by adding to RT the temperatureNDT
shift (AT), measured at the 30-ft-lb (41-J) level, in the average
Charpy curve for the irradiated material relative to that for the
unirradiated material.

For calculation of pressure-temperature (P-T) curves, Appendix G of
the 10 CFR 50 assumes that the K curve of the irradiated material isye
defined by shifting the K curve as indexed by the "adj ustedIR
reference temperature" mentioned above. (For accident analyses, the
K curve in Appendix A of Section XI of the ASME Code is used as they
rekerence curve which is indexed at the "adj usted reference
temperature.") Since the K and the K curves are lower boundIR Ic
curven, a determination that the AT from C data is a reasonabley
estimate of the AT from fracture toughness data would give justifiable
confidence that non-conservative estimates of fracture toughness for
the case of irradiated RPV steels does not occur.
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2. MATERIALS

The materials used 'in this study havet been characterized over several ,

years,- initially at the Naval Research Laboratory - (NRL),, and more I

-recently at MEA (Ref. 2 to 8). Included in the study.are an'A 508 and'
a 20NiMoCr26 forging, several heats of - A 533-B and. A 302-B plate, and ,

submerged-arc welds made with Linde 80, Linde 0091_ and Linde,124 '

fluxes. A listing of the chemical.. composition : for the subject heats
is given in Table. l. All.of the irradiations were= conducted in test
reactors, under accelerated fluence' rate conditions,. at a nominal
temperature of 288'C, . although a data set : for the 20NiMoCr26L forging.
(CEB), specifically UBR-79 was irradiated at 275 C. Several different

lassified by ~ the bgad. catpgories offluence rates were used, ps
ngm-s'),1 low" (8 x 10 n/cm -s' ) and"high" (7-9 x 10 "

" intermediate" (2 8 x 10 n/cm -s* ).
i

3. DATA ANALYSIS PROCEDURES |

.

3.1 -Notch Ductility (C ly

Notch ductility was ' determined using Charpy-V impacts specimens. The
Charpy-V energy (C E) data for each heat and condition.(irradiated or .y
unirradiated) were fit to a hyperbolic' tangent function: .

.. ..
.

T-T
O

CE-A0+Al .g.tanh (1)y
2,

where Ao, A , A2 and T0 (are determined through a nonlinear regressiony
analysis. Both shelf upper and lower) and transition data were
included in the same fit to Eq. 1, as opposed to using only-transition
data for a transition region. fit, etc. Since few data were determined
in a lower shelf region, some of the fits drop to negative. C levelsy
at low temperatures. A non-negative lower shelfLwas not forced,psince
the purpose for using the chosen equation was to model the data and
not to force the data to a model. (The " negative" C levels given byy
some of these fits do not have any impact on.the results used here.)
A nonsloping upper shelf ' fit - was- used since justification for a
sloping upper shelf was generally not- evident - for . cases 'in. which-

sufficient characterization of the upper shelf trends was available.

Once a given set of data had been fit to Eq. 1, the upper shelf level
and the transition temperatures at any C index can be determinedy
from:

Upper Shelf Energy (USE) - A0 + ^1 ()

. .

Cg"x-g
Index 0 + ^2 tanh-1

y
T (3)-~

1

where CE was selected as 41 J (30 ft-lb per Appendix C ofIndex
10CFR50)y

2
?
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3.2 Fracture Toughness (KJc1

The fracture toughness data of interest here are only those within the
brittle-to-ductile transition region.. ' Data with stable crack growth
of more than 0.15 mm are generally not included.

The static fracture toughness data were determined using compact
toughness (CT) specimens. These specimens were full thickness 1T- and
0.5T-CT designs, with several differences from the standard ASTM E 399
design. The major - difference ' was in enlargement of the = notch region
to permit placement of razor' blades on the " load line" for mounting of .
a displacement transducer. -The enlargement of 'the . notch forced an
increaned spacing of the pin holes and in some cases a reduction in -
the pin hole diameter. The pin hole changes were required to maintain
sufficient ligaments above and below the holes to prevent bending or
bulging of the ligaments.

Because of the small specimen size forced by the constraints of the-
test reactor irradiation facility, the maximum K levels which could
be obtained by ASTM E 399 were below 50 MPa/m' (-. 45 ksi/in.), much- too

low to provide a meaningful result. For cases in which only a Yq
number- was obtainable, the J integral, an clastic-plastic fracture
paramoter, was used for data analysis. Specifically, the J value at
test termination was taken to be J since by definition that wasCritheinitiationof" crack, growth,"albeitfastcleavagethe J value at
fracture. AK value was then calculated from:Je

2./ (1 - v ) (4)~

Jc. Crit

where E is Young's modulus at the test temperature, and v is Poisson's
ratio, taken as 0.3 for all of these data. For cases in which a KIc
value could be determined . from the . test record, the K value fromJe
Eq. 4 (with v - 0.3) matched the K value within 5%.Ic

As with the C data, the K data were modeled with a mathematicaly Je
expression, in this case an exponential function of the form:

K -B0+ 1
e (5)ye

1.

where B, B, and B are determined through a nonlinear- regressionO 1 2
analysis. Since the regression results were not restricted to Bo a 0,
in many cases the resultant curve will.give negative KJe values at low

j_ temperatures.

The transition temperatures at various indices can be determined from
Eq. 5 in the following form:

~

Index 0
T -B " ) 'Index 2 B

1
_

4



. with a K .value of 100 MPa5 use'd. For comparisons.with Cy' datafShftlb), aK value- of 100 MPa5 was used, based uponat 41 J '

IndeN Novak- (Ref. 9)an - and Sailors and _Cortencorrelations ' from Rolfe
(Ref. 10). From Reference 9,

K - / 0.00022 E (C ) Wg y

and, with E - 206800 MPa and C - 41 J, then.y ,

KIc-109MPa%
From Reference 10,

!! c - 14.6 (C ) M (8)I y

and with C - 41 J ,y

KIc-93MPa5

l Theaverageofthesetwois-100MPa%. -
,.

4. TEST METHOD COMPARISONS

The focus in this section is on the change -in temperature (AT) at a
; specific index due to irradiation, as opposed-to the absolute tempera-
| ture at the index level. Comparisons - between AT's from C andy

fracture toughness are based on product form (i.e., plate, forging or

weld),withcomp%.arisons at a C level of 41 J|and a fracture toughnessy
level of 100 MPa The first group of comparisons will look at all
data from a given product form. 1.ater comparisons will examine the
various materials for which multiple data points are . available , ' as
compared to the overall data sets (weld or base metal as appropriate).

Data sheets for each of the C data sets are given in Appendix A withy
those for the fracture toughness data given in . Appendix B. These
sheets give the regression parameters from fit- to Eq. 1 for C data :y
and Eq. 5 for fracture toughness data. Also included on these sheets-
are a listing of the data used in the fit and a data plot comparing
the regression fit to the data. In some cases extra data points
(frequently upper shelf K data for fracture- toughness data) wereyc
included in the fit, or anomalous points were excluded from the fit.
These modifications to the data tended to result in modest (< 2 C)
changes in the temperature at the appropriate index level. The
regression parameters are given in Table 2 for C data and Table.3 fory
fracture toughness data.

Two of the data sets are considered anomalous at this time. The first.
set is for the A 508 Forging BCB. As described in Ref. 1, the data

5
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Table 2 Curve Fit Parameters for Charpy-V. Data

C - A, + Ay TANH-[(T-T )/A ) 'y o 2

A A A T @ 41 J -
(J$ (Jf. (*b)' ( C) ( C) ]

A 508-2 Forging (BCB) 2|

Unirradiated -114.88 314.71 101.59 -79.81 -24.8
Irrad. (BSR-6)- 92.22 85.55 128.31 13.97 -5.8

20NiMoCr26 Forging (CEB)

Unirradiated. 58.83 49.52 48.24- -9.71 - 2 8 .- 3 :

Irrad. (UBR-68) 52.82 44.73 52.67 27.57 12.9
IA 399 C (UBR-68) 60.57 57.03 43.85 2.54 -13.4
IA 454 C (UBR-68) 63.59 53.02- 40.42 -7.27 -26.0 [

'
Unirrad. (Check) 68.56 41.611 45.33 15.82 -21.0
Irrad. (UBR-78) 60.50 48.90- 57.97 20.30 -4.6
Irrad. (UBR-79, 275'C) 52.70 54.92 67.60 35.03 20.0

A 533-B Plate (CAB)
Unirradiated 63.06 72.01- 65.10 23.13 2.2'
Irrad. (BSR-2) 51.34 81.77 103.50 48.61 35.0
Irrad. (BSI-s) 73.69 57.88 49.09 94.54 62.7 -

Irrad. (BfR-5) 74.81 53.14 37.87 93.46 64.6

A 533 B Plate (CBB)
Unirradiated 76.83 59.07 31.02 22.83 0. 7.

Irrad. 67.69 54.91 18.16 101.19 91.4-

A 533-B Plate (3P) *

Unirradiated 76.51 73.36 57.86 31.331 0.4
Irrad. (SSC-1) 72.21 47.27 25.70 92.67 72.0
Irrad (SSC-2) 61.84 46.50 40.03 103.91 '84.2
Irrad. (Wall-1) 64.22 44.25 37.67 96.67 74.3
Irrad. (Wall-2) 57.85 54.43 .55.62 81.78 63.6
Irrad. (Wall-3) 72.23 53.76 40.17 80.35 53,3

s

A 533-B Plate (02G)
Unirradiated 74.95- 65.46 45.15 29.48 3.2
Irrad. (HSST 4th) 70.21 50.28 40.53' 96.51- 69.2-

A 533-B Plate (67C)
.Unirradiated 75.37 78.59 61.26 15.40 -13.7
Irrad. (UBR-58) 68.45 51.00 47.46 84.82~ 55.8

A 533-B Plate (68A)
Unirradiated 81.58 71.14 64.70 28.78 -13.6

,

Irrad. (UBR-61) 58.32 40.53 44.22 143.80 123.2'

<

|
~

,
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Tab 1'e 2' Curve-Fit Parameters for Charpy-V Data (dontinued)-- tj
' i

?C - Af + A1 T N [(T-Tf)/A 3-
'

y 2
~ Temp,- ?

'A .A ~A T @ 41 J. y

:(Jf -(Jf .('b)' ( C) (*C)! j

I~

A 533-B-Plate (680)
. . _

. 57.14' 23'.21 -9.8-
_ ;

Unirradiated- 76.95 69.59
_ .

Irrad. (UBR-58) 51.78 31.84 33.58 147.647 135.4 *

.

'

A 533-B Plate (23G)
Unirradiated- 74.72 73.98' 41'.14 L -8.43 -28.9.
Irrad. (UBR-38) 62.64 87 36 -97.96 45.87.- - 2 0. 7.-

'Irrad. (UBR 77) 177.98 54.05 29.99 31.45. 6'0f j.

A 302-B Plate "

Unitrad. (T-L, N, 1/4T) 36.94 23.29 .L 30.93' 8.48 13.5
Irrad. .(BSR-7)- 29.91 17.46 21.29 76.26 91.6 '

Unirrad, (L T, N, 1/4T) 64.00 51.63 29.75 '7~66 a6.8<
Irrad' (UBR-31) 49.19 32.29; 14.94 92.69 88.7. .

.Unirrad, (L-T, F23, 1/4T)'.57.17 51.67 -40.34 10.42- -2.9'
- '

Irrad. (SSC-1) 51.95 32.94 '22'.15 86.29 78.4 :

Irrad. (SSC-2) 45.24 29.28 12.18 192.23 -90.3
Irrad, (Wall-1) 48.01 35.38 32.62 .78.47 71.61
Irrad. (Wall 2) 37.59 '42.15 52.53 . 47 '. 5 5 - 51.4:
Irrad. (Wall-3)- 44.21 37.94 39.45 -.49.74 :46;11

'hirrad, (L T, 23F, 1/2T) 75.02 51.08 30.09 '10.67; .-13.9- j.

irrad.-(UBR-38)- 67.73 .48.81 29.07. 57.07- 38.9~
Irrad, (UBR'44) 55.27 54.64 51.83 57.28. 43.1-

Irrad. (UBR-46) 56.84 50,45 47.67 64.58 - 4 8 . 7. ; *

Irrad, (UBR-45) 57.11 39.25' 24.20- '70.33. 59.5:
,

Irrad. (UBR-65) 62.33 46.42 30.95- 46.64, 31.0
Irrad. (UBR-75) 61.10 47.91 37.21' 62.10 45.-2
Irrad. (UBR-76) 56.03 45.88 34.41 - 67-~ 75 : -55.8.

| A 302-B Plate (6A2)
Unirradiated 76.13 70.36 49.16 s41.59 514.3-
Irrad. (UBR-61) 58.36 61.91 67.44 .109.79' 90.0 *

|
Linde 80 Weld (E19) '

Unirradiated 52.83 33.31 51.41 4.37 -15.3
.Irrad. (BSR-8)- 35.47 28.11 62.18 '64.50 -76.2-

,

Irrad.-(BSR-9) 42.95 38.09 61.97 39.82 ,3 6 .1.
Irrad. (BSR-10) 36.13 21.46 50.24 93.01 103.8 .4

Linde 80 Weld (E23)
Unirradiated 53.99 37.27 40.84 L-0.96 '1622 .I-

Irradiated 45.15 -28.84 45.33 76.64 69.5

..

7
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. Table 2 Curve-Fit Parameters for Charpy-V Data (continued)

C -Ao+At TANH [(T-T )/A l
'

y o 2
Temp.

A A A T @ 41 J
(J$ (Jf (b) (*C) ( C)

-

Linde 80 Weld (71W)
Unirradiated 52.76 51.78 43.93 2.82 -7.6
Irrad. (HSST 4th) 42.89 73.95 81.54 17.60 15.2

Linde 80 Weld (W8A)
Unirradiated -481.36 563.39 139.53 -244.96 -17.0
Irrad.-(UBR-420) 35.82 14.79 8.74 111.84 114.8
IAR (UBR-41B).. 39.23 18.10 5.29 96.34 96~8.

Irrad. (UBR-410) 32.15 22.52 29.28 84.00 95.7
,

Irrad. (UBR-44) 31.76 20.77 24.90 89.86 101.3
Irrad. (UBR-46) 29.80 19.30 26.75 92.28 109.3
Irrad. (UBR-45) i 28.23 15.78 25.58 104.89 131.8
Irrad. (UBR-65) -261.58 324.34 119.02 -127.83 71.3
Irrad. (UBR-75) 30.96 24.77 63.50 71.41 97.7
Irrad. (UBR-76) 35.11 17.29 33.43 98.95 110.1

Linde 0091 Weld (E24)
Unirradiated 91.91 87.37 44.09 -43.86 73.5
Irradiated 69.83 74.78 77.42 37.66 5.8

Linde 0091 Weld (6BW)
Unirradiated 100.07 94.69 33.64 -34,67 -59.5
Irrad. (HSST 4th) 109.21 103.31 32.78 -22.93 -49.1

Linde 0091 Weld (69Wl
Unirradiated 78.61 69.54 31.70 -0.07 -19.5
Irrad. (HSST 4th) 70.36 76.44 54.45 28,96 6.6

Linde 0091 Weld (W9A)
Unirradiated -536.18 706.25 113.34 -191.29 -61.3
Irrad. (UBR-42C) 60.61 44.71 46.10 69.77 47.7
IAR (UBR-41B) 52.93 59.39 61.65 38.78 25.9-
Irrad. (UBR-41C) 51.16 67.16 82.97 44.65 31.6
Irrad. (UBR 77) 72.49 50.44 40.92. 33.52 3.1

Linde 124 Weld (70W)
Unirradiated 75.87 58.44 32.70- -16.74 -39.5
Irrad. (HSST 4th) 70.58 62.21 50.62 6.59 -19.9

Linde 124 Weld (E4)
Unirradiated 67.56 71.07 41.46 -21.24 -37.7
Irradiated 65.49 38.78 46.55 85.84 50.6

_-.
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Table 3 Curve Fit Parameters for Transition Regime
Fracture Toughness Data

a

n .. -

Kje - Bo + Bt exp[(T T,)/B I2
Temp, at

B B B 100MPa/s..
(MPahn) (MPaha) ('b) ( '0) '

,

!A 508 2 Forting (BCB)
.. ;

Unirradiated 372.73 559.44 402.05 68 "

Irrad, (BSR 6) 83.47' 4.4 $ 21.20 28 ;
_

20NiMoCr26 (CEB)
Unirradiated 39.61 -321.80~ '46 90 -78
Irrad. (UBR 68) 33.26 136.23' 42.71 30-
IA 399'C (UBR 68) 122.84. 300.90 209.33 63'

~ ;
:

IA 454'C (UBR 68) 169.74 345.97 300.41 75 ,

Unirrad (Check) -92.57 322.130- 172.76 89- '

Irrad, (UBR 78) 68.25 195.75 27.00 49 !Irrad. (UBR 79, 275'C) 37.05 75.18 55.73 10- !

A 533 B Plate (CAB) '

Unirradiated -557.95 735.41 412.40 46
Irrad- (BSR 2) 63.55 8.63 18.42 27

..Irrad. (B,tR 3) 40.98 8.70 24.65 47
Irrad. (25% 5) 2304.77 2355.45 1715.82 36.

,

,

A 533 B Plate (CBB) '

Unitradiated -372.59 577.99 248,50 50
Irrad. 30.86 16.69 -32.48 67 {

,

,

A 533 B Plate (3P)
Unitradiated 56.21 88.68 24.08 17' >Irrad. (SSC 1) 47.46 0.79 12.46 52 '

Irrad. (SSC 2) 13.61 50.00 159.76 87- [Irrad. (Wall 1) 35.75 9.81 .30.53 57 ,

Irrad. (Wall-2) 34.82 27.65 42.65 37 iIrrad. (Wall-3) 32.29 41.19 49.29 24

A 533 B Plate (02C)
:Unirradiated 35.87 107.86 46.72 24 i

Irrad. (HSST 4th) 52.38 3.12 23.65 64 '

A 533 B Plate (67C)

[
Unirradiated 34.68 166.83 38.79 36
Irrad. (UBR 58) 40.33 23.13 47.90 45-

|
A 533 B Plate (68A)
Unirradiated- 49.67 131.48 39.80 38Irrad, (UBR 61) 0.11 42.46 114.45 98

,

9
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Table 3 Curve Fit Parameters for Transition Regime r

Fracture Toughness Data (continued)

Kyc - B0+Il *XP[(T T,)/B I *

2 Temp, at
B B B 100MPa[m -f

(MPah) (MPah) ('b). ~('C)
,

i

A 533 B Plate (68C)
Unirradiated- 36.77 109.24' 58.51 . - 32, ,

Irrad.'(UBR 58) 32.12- 5.76 '50.81 125 [

,

A $33 B Plate-(230) .

276.59 60.83 83' i
Unirradiated 29.21'
.Irrad. (UBR 38) 41.25 51.03 50.92 :7 ,

Irrad. (UBR 77) 30.60 131.34- 84.53 -54 |

$A 302 B Plate
Unirrad. (T L N, 1/4T). -26.32 186.58 118.79 -46 ,

'

Irrad. (BSR 7) 30.63 6.45' 34.37 82

Unirrad. (L T, N, 1/4T) 59.99 240.24 115.90 -47' i
~

' 128.70 158.10 132.14 49- pIrrad. (UBR 31) -

Unirrad. (L T, F23, 1/4T) 13.82 275.26. 54.00 63 -;

Irrad. (SSC 1) 12.42 47.12_ 80.67 '50 -

Irrad. (SSC 2) 35.09 10.28 34.92 64

Irrad. (Wall 1) 31.44 26.62 46.36' 44

Irrad. (Wall 2) 43.92 19.64 31.42 33,

Irrad. (Wall 3) 20.17. 63,19 61.10. 14' ;

Unirrad. (L T, 23F, 1/2T) 34.31 211.21 37.31 -44 .

Irrad, (UBR 38) 33.34 54.49 55.01' 11 '!

Irrad. (UBR 44) 62.37 5.06 15.66 31- ,
'

Irrad. (UBR-46) 4.90 70.51 .109.48 33'
'

Irrad. (UBR 45) -21.45 94.06 118.56 30

| Irrad. (UBR 65) 94.80 209.40 175.56 -13- |
,

'!

| Irrad. (UBR 75) -41.11 129.66 103.43 9-

| Irrad. (UBR 76) 37.03 26.47 46.09 40 *

'

A 302-B Plate (6A2)
Unirradiated 34.48 89.47 =86.45 -27 |

{Irrad _(U3R 61) 79.12 142.53 250.21 57
-y

iLinde Su LTeld (E19)
Unirradiated -56.76 630.12 21.85 -59 i

Irrad. (BSR 8) 63.75 4.30 29.08 62' -|

Irrad. (BSR 9) 70.28 71.22 14.78 13 ' . I
1

L 1rrad (BSR-10) 58.47 0.33 9,81 47 3
i i

Linde 80 Weld (E23)
Unirradiated 74.92 71.72. 47.66 -50

Irrad. 3.12 '72.76 68.18 24;
L i

-.

10 .i
|
t

I
'
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Table 3 Curve-Fit Parameters for Transition Regime !
Fracture Toughness Data (continued)

.

!

Kye - 80+Il *XP[(T T,)/B }2
Temp. at :

B B B -100MPa/5 I

(MPaha) (MPaha) (3) (a > jc

:Linde 80 Weld (71W)
Unirradiated 180.65 312.49 355.28 38 !

Irrad. (HSST 4th) 48.94 97.36 34 55 -22.

Linde 80 Weld (W8A)
,

Unirradiated 45.18 210.89 43.47 59
'

Irrad. (UBR 48A) 21.16 19.82 44.29 61 *

IAR (UBR 48B) 14.89 -87.63 157.30- 43 ,

Irrad. (UBR 50) 51.38 11.55 15.36 22 ,[
Unirrad. (Check) 30.21 188.13 164.52 61 :
Irrad. (UBR 44) 45.32 10.88 42.56 69
Irrad. (UBR 46) 44.49 - 12.18 52.99 80

,

Irrad. (UBR 45) 51.10 7.49 34.96 66
Irrad (UBR 65) 25.58 48.46 $0.23 22 |
Irrad. (UBR 75) 44.93 13.89 36.91 51

'

Irrad. (UBR 76) -49.78 93.48 154.78 73- f
_Linde 0091 Weld (E24)
Unirradiated -108.62 419.68 131.71 92 :Irradiated 14.64 66.72 49.15 -12- !

Linde 0091 Weld (68W) 'jUnirradiated 19.51 341.54 87.07 91
Irrad. (HSST 4th) -5247.39 5478.95 3798.68 92 i

Linde 0091 Weld (69W)
Unitradiated 16.08 108.85 72.96 19 fIrrad. (HSST 4th) 42,50 3S.57 53.40 26

Linde 0091 Weld (W9A) *

Unirradiated 22.40 519.22 44.24 84
c

Irrad. (UBR 48A) 33.66 40.10 52.66 27
IAR (UBR-48B) 53.32 28,14 29.63 15 ;

-;

Irrad. (UBR 50) -70.52 178.82 166.31- -8
Irrad. (UBR 77) 13.69 91.27 94.29 5

,

,

Linde 124 Weld (70W)
Unirradiated 13.91 228,96 98,13 69
Irrad. (HSST 4th) -5.93 170.28 94.85 45 -

Linde 124 Weld (E4) .

Unitradiated -70.51 298.26 141.49 -79 '

Irradiated 19.55 75.18 85.22 6 ;

i
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for this forging exhibit the , greatest difference between AT from C :y

(19'C vs. 96 C). No explanation was found for theand AT from Kyc
large difference, although the limited number of specimens and the i

"

irradiation temperatures (down to just over 200*C in some cases per
Ref. 2) are probable'causes. ;

The second anomalous set is for- the 20NiMoCr26 Forging CEB,
specifically the set irradiated at 275'C (UBR-79). As will be ' .)
illustrated in a later section, this set does not follow the trend

'

established by the other sets for this forging. One probable cause ;

for this discrepancy is the difference in the irradiation temperatures
for the C and the fracture toughness specimens. A promising finding '

y
for this forging is the overall lack of differences between AT from C

as was found with the A 508 forging, implying that the citell -;and Kye
differences may not be generic with forging materials. [

e

4.1 Cverall Comparisons ;

I

This method used to compare AT's from the two test methods is to e

The.various plotsgraphically plot AT from C, against that from Kye.
to be used include a 45' litse representing 1:1 correspondence. Data ,

'

points falling above this line are conservative estimates- of AT from
Kje, with data points below the line indicative of non conservative ;

'Table 4 compares . the AT values for the Cestimates of AT from Kje. y

and the Fyc data, along with fluences and other important information -
for each data set. Table 5 then gives average differences and
standard deviations for various sub-sets of this data base.- {

'

Figure 1 compares all of the available data. The data . generally
follow the 1:1 lino, although many of the data points - for the base j
metals are found to lie below the line, i.e., non conservative. From ,

Table 5, using all data (exclusive of the two sets cited above) yields
'

an average underestimate of 8'C. A product form dependence is
apparent, as the welds exhibit estimaces of AT(KJc) which 'are
conservative by l'c on average and plates exhibit estimates which are
non conservative by 15'C on average. All of these numbers represent ' ;

some improvement from those reported in Ref. 1.
,

In Fig. 2, the plate and the weld data are sub divided by type, into
A 533-B and A 302-B for the plates and Linde 80 for the welds. For
the plates in particular, there are no significant differences between
the two plate types. In contrast, the non Linde 80 welds exhibit
somewhat non conserative estimates of AT(Kje) by AT(C ), although welly
within the scatter in each data set. ?

'

Separation of the plate and the veld data according to irradiation
fluence rate also reveals no significant trend (Fig. 3). For the *

welds only three data sets are from the low and intermediate fluence
rates.

1 .
!4.2 20NiMcCr26 Forging (CEB)

This forging was found to be archive material for the Gundremmingen f
reactor (KRB A), as described in Ref. 7. Of the five data sets for ;

this forging (Fig. 4), two represent data for as-irradiated conditions

12
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Table 4 Summary of AT Values from Kye and C Data jy

1

11 eat Capsule Fluence Fluence Temperature at. Temp. Shift at !
ID ID Rate i

41 J 100MPa[a - 41 J 100MPa[E !
- (a) (o ) ('C)- ('C) (*C) .!C

fBCB Unirrad. 24.8 68---- - - ---- - -

BCB BSR 6 liigh 2.80/2.89 5.8 28 19.0 96 -

GEB Unirrad. 28.3 ~ 78-- - -- -- --- - - -

GEB UBR 68 liigh 0.88/0.86 12.9: 30 41.2 48 ;
GEB IA 399'C liigh 0.88/0.86 13.4 63 14.9 15
GEB IA 454*C liigh -0.88/0.86 26.0 -75 2.3 3
CEB U (Check) 21.0 89

.

j-- ----- - -

GEB UBR 78 liigh 0.27/0.26 -4.6 49 16.4 40- i

GEB UBR 79 . liigh 0.88/0.86 20.0 -10 41.0 79 .;
CAB Unirrad. 2.2- 46---- - - - -- - --

,

CAB BSR 2 liigh 1.20/1.15 35.0 27 32.8 73
CAB BSR 3 Iligh 1.70/1.86 62.7 47 '60.5 93 |
CAB BSR 5 liigh 2.10/2.18 64.6 36 62.4 82 ?

CBB Unirrad. .0.7 -50 -!-- - ----- - -

CBB BSR 4 liigh 4.40/4.82 91.4 67 90.7 117
,

3P Unirrad. 0.4 -17---- -- ---- - -

3P SSC 1 liigh 2.35/2.28 72.0 52 71.6 69 |
3P SSC 2 !!igh 4.97/4.90 84.2 87 83.8 104 t

3P Wall 1 Int. 3.47/3.64 74.3 57 73.9 74 ;
3P Wall'2 Int. 1.99/1.98 63.6 37 63.2 54 |
3P Wall-3 Int. 'O.98/0.95 53.3 24 52.9 41 i'

02G Unitrad.
{3.2 24-- --- - - -

02G !!SST 4th liigh 1.77/1.95 69.2 64 66.0 88 ;
67C Unirrad. 13.7 -36- -- - --- - - t
67C UBR 58 liigh 1.55/1.78 55.8 45 69.5 81
68A Unirrad. 13.6 -38--- -- - -- - - ,

68A UBR 61 liigh 1.53/1.73 123.2 98 136.8 136 t
68C Unirrad. 9.- 8 -32---- -- - -- - -

680 UBR 58 liigh 1.55/1,78 135.4 125 145.2_ 157 |
23G Unirrad. 28.9 -83 |

- -- -- - --- - -

23G UBR 38 Low 0.54/0.57 20.7 7 49.6 90 523G UBR 77 liigh 0.45/0.47 6.0 -54 34.9 29 '!N Unirrad. 13.5 46-- --- - - -

N BSR 7 liigh 2.70/2.64 91.6 82 78.1 128 i
N Unirrad. -6.8 47---- -- -- -

- -

N UBR 31 liigh 3.60/3.64 88.7 49 95.5 96 k

F23 Unitrad. 2.9 63-- - ------ -- - -
,

F23 SSC 1 liigh 2.59/2.40 78.4 50 81.3 113-
'

F23 SSC 2 liigh 5.41/5.06 90.3 64 93.2 127 i
F23 Wall 1 Int. 3.73/3.78 71.6 44 74.5 107
F23 Wall 2 Int. 2.15/2.08 51.4 33 54.3 96. ;

F23 Wall 3 Int. 1.05/0.99 46.1 14 49.0 77
,

1910 n/cm2 (E > 1 MeV), with C /K*
y ye.

?
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Table 4 Summary of AT Values from Kye and C Data (continued)y

Heat Capsule Fluence Fluence Temperature et Temp. Shift at
ID ID Rate i

41 J 100MPa[a 41 J 100MPa[m
'

(a) (o ) ('C) ('C) ('C)C -

13.9 4423F Unirrad. - --- ----- -
1

23F UBR 38 Low 0.54/0.57 38.9 11 52.8 55

23F UBR 44 Int. 0.79/0.88 43.1 31 57.0 75

23F UBR 46 Int. 1.50/1.64 48.7 33 62.6 77 ;

23F UBR 45 Int. 3.85/4.01 59.5 30 73.4 74

23F UBR 65 High 0.56/0.53 31.0 -13 44.9 31

23F UBR 75 liigh 1.22/1.02 45.2 9 59.1 53

23F UBR 76 High 2.23/1.95 55.8 40 69.7 84

14.3 -276A2 Unirrad. - -
-- - --- -

6A2 UBR-61 High 1.53/1.73 90.0 57 75.7 84
15.3 59E19 Unirrad. - --- --- - -

E10 BSR 8 High 0.10/0.11 76.2 62 91.5 121
E19 BSR 9 High 0.73/0.75 36.1 -13 51.4 46

E19 BSR 10 High 2.50/2.53 103.8 47 119.1 106
16.2 50E23 Unirrad. - ----- -- --- -

E23 BSR 12 High 0.69/0.67 69.5 24 85.7 74
-7.6 3871W Unirrad. - ---- ----

71W HSST 4th High 1.65/1.78 15.2 22 22.8 16
17.0 59V8A Unirrad. - ---- - --

WBA 42C/48A High 2.03/2.10 114.8 61 131.8 120
WBA IAR (41B/4BB) High 2.19/2.22 96.8 43 113.8 102
W8A 41C/50A liigh 1.34/1.50 95.7 22 112.7 81

61W8A U (Check) - ---- ------- -

WBA UBR-44 Int. 0.79/0.88 101.3 69 118.3 130
W8A UBR 46 Int. 1.50/1.64 109.3 80 126.3 141
WBA UBR-45 Int. 3.85/4.01 131.8 66 148.8 127
WBA UBR 65 High 0.56/0.53 71.3 22 88.3 83

WBA UBR 75 High 1.22/1.02 97.7 51 114.7 112
WBA UBR-76 liigh 2.23/1.95 110.1 73 127.1 134 :

73.5 -92E24 Unirrad. - ----- --- -

E24 BSR 4,15 High 0.72/0.74 5.8 12 79.3 104
59.5 91'68W Unirrad. - --- - - -- -

68W HSST 4th High 1.35/1.34 49.1 92 10.4 1

19.5 1969W Unitrad. - ----- - -- ---
:

69W HSST 4th High 1.22/1.32 6.6 26 26.1 45
61.3 -84W9A Unirrad. - --- - ---- -

W9A 42C/48A High 2.03/2.10 47.7 27 109.0 111
W9A IAR(41B/48B) High 2.19/2.22 25.9 15 87.2 99

W9A 410/50 High 1.34/1.50 31.6 8 92.9 76
W9A UBR-77 High 0,45/0.47 3.1 -5 64.4 79

-39.5 6970W Unirrad. - -- -- -- ----
,

'

70W HSST 4th High 1.65/1.81 -19.9 45 19.6 24
37.7 79E4 Unitrad. - --- - -- -- --

,

E4 BSR 13 High 2.20/2.34 50.6 6 88.3 85

1

l
1

a 1019 n/cm2 (E > 1 HeV), with C /Ky ye.

'
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Table 5 statistical comparison of AT(C ).and AT(KJc)

{y

:

AT(Kye) - AT(C ) + K, |y _

1

Subset X i1a 1 a Range W of
(*8). ('C) ('C) Data Pts

.

'

!

All Data' +9.9 22.5 -12.6: +32.4 59
All Data +8.3 19.8 11.5: +28.1 57

(except BCB and UBR 79) ' '

All Welde 0.6- 15;4'_ -16.0i +14.8 -23'

All Plat 6s +15.0 23.5 8,5: +38,5 30- ;
All-Forgings +24.4 39.7 15.3: +64.1 6 .

.

ILinde 80 4.2 16.3 20.5: +12.1 '14 t

Non Linde 80 Weld +5.0 14.9 9.9: +19.9, 9 ;
Weld W8A 5.8 16.5 -22.3: +10.7 9 -)

}.
A 533 B +12.9~ 22.0' -9.1: +34.9- 151 .!
A 302 B +17.1 25.7- 8.6: +4 2. 0' 15 'I
Plate 23F +4.2 12.7 -8,5: +16.9 7 j

i
Forging CEB +13.8 22;4 8.6: +36.2 5- [

>

!
,

i
. . -

1

5

-

.
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>
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-
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(288'C irradiation), two represent IA (irradiate anneal) conditicns
(annealing at 399'c and 454'C), and the last set is from an
irradiation at 275'C. In
highest fluence of the 288, general, data for the IA conditions and theC irradiated conditions are in good overall
agreement. In contrast, data for the 275'C irradiated condition and
the lowest fluence of the 288'C-irradiated conditions demonstrate
somewhat non conservative estimates of AT(Kye) by AT(C ) . Possibley
causes for the differences are the lack of adequate baseline testing
for referencing of the two latter conditions and the small number of
specimens for the two conditions.

4.3 A 533 B Plate C9,

This plate was irradiated in.three high fluence rate capsules
(Ref. 2). The three resultant data points are in good agreement with
one another (Fig. 5). The offset of the data from the 1:1 line may be
due to improper reference data or possibly a time at temperature
effect for either the fracture toughness or the C data.y

4.4 A S33 B Plate 23G

This plate was irradiated at a low fluence rate and a high fluence
rate (Fig. 6). As described in Ref. 6, the fracture toughness data
for the low fluence rate irradiation exhibit an unexpected high
transition temperature shift, in comparison to the C, data and data
for the high f?uence rate.

4.5 A 533 B Plate 3P

This plate was irradiated as a part of the Light Water Reactor
Surveillance Dosimetry Improvement Program (Ref. 3) in Simulated
Surveillance Capsules (SSC) at a high fluence rate and simulated in-
vall capsules at an intermediate fluence rate (Fig. 7). Overall, the
data for the SSC and the wall capsules follow a similar trend, as this
plate yields good overall comparisons between AT(KJc) and AT(C ).y

4.6 A 302 B Plate N. F23 and 23F

The plate denoted by the designations N, F23 and 23F are actually the
same plate, specifically the ASTM A 302 B Reference Plate, with the
23F and F23 designations from one piece of this plate and the N
designations from a different portion of this plate. The irradiation
set designated UBR 31 represents irradiation of the L T orientation
from the plate 1/4T location, whereas BSR 7 represents irradiation of
the T-L orientatien from the plate 1/4T location. The SSC and Wall
irradiations were companion to those of the A 533 B Plate 3P (Ref. 3),
and were T L orientation from the 1/4T location. The remaining UBR
irradiations used the T L orientation from the 1/2T location. From
one viewpoint, data for this plate (Fig. 8) tend to follow a similar
trend to that found with the A 533 B Plate 3P, as a given increment of
AT(Kye) is followed by a lesser increment of AT(C ). From a differenty
viewpoint, data from the 1/2T location and the 1/4T location
independently indicate a similar trend,with an offset of - 30*C. The
latter postulate is verified to some degree by comparing the baseline
data for the 1/4T and the 1/2T locations. From C data, the 41 Jy
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transition temperature occurs at -3'C for the 1/4T location and -14'c
for the 1/2T location. In contrast for the fracture toughness data,
the 100 MPa[n transition temperature . occurs at -63'C for the 1/4T
location and 44*C for the 1/2T location (the transition temperature
used here for the 1/4T location differs from those used in Refs. 3 and i

'

6 due to the fact that previously reported value is from a hand-fit to
the fracture toughness data) . Therefore, the C data indicate higher iy
transition toughness for the 1/4T location (by 11'C) but the fracture
toughness data indicate lower transition toughness for the 1/4T ,

location (by 19'C). One would expect the two test types to indicate a
change of properties in the same direction; causes for the mismatch
are not known but warrant investigation. Accounting for , the 30*C
offset (11*C + 19'C) in the baseline properties would bring all of ,

these data into much improved agreement. )

4.7 Linde 80 Weld E19

This weld was irradiated to three fluences at a high fluence rate ]
(Ref. 2). All three data points are in good agreement in bounding the
1:1 line (Fig. 9).

4.8 Linde 0091 Weld W9A

This weld (Fig. 10) was tested in four irradiated conditions
representing a high fluence rate, with one of those actually an IAR
condition (irradiate-anneal reirradiate). Prior to the development of.

,

data for UBR 77 and additional data for Linde 80 Weld W8A, an apparent I

trend had developed for this weld and Weld V8A in that the IAR
conditions indicated minimal increase in AT(C ) but a larger increasey
in AT(Kye), in contrast to that . from a lower fluence as irradiated
condition tests. With the addition of a third as irradiated condition
(UBR-77), the differences between the previous as-irradiated condition
data and the IAR condition data do not exceed those between the three
as irradiated conditions,

t

4.9 Linde 80 Weld WBA

For this weld, data from as irradiated conditon testing of high
fluence rate and low fluence rate irradiations lie within the same
trend as a data point from an IAR' condition af ter a high fluence rate
irradiation (Fig. 11). In addition, all of these data bound the 1:1

line, indicative of good agreement between AT(Kye) and AT(C ).y

4.10 Other Data
,

Additional data comparing C and fracture toughness results are fromy
the Heavy Secti.. Steel Technology (HSST) Fifth Irradiation Series
(Ref. 11) and from a Cerman forging and a German weld (Ref.12). As
illustrated in Fig. 12, these additional data are consistent with the

'

data base used in this report. Data for the Fift.h Irradiation are of
particular note due to the wide range of large specimens (up to 8T CT
for unirradiated and 4T CT for irradiated) tected. The reader is
referred to the final report on this test series for a more complete
description of test parameters and results.
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5. SUMMARY AND CONCLUSIONS

For RPV safety assessments, knowledge of the fracture toughness (Kye)
of the RPV materials is required. Since surveillance irradiations of
sufficiently-large fracture toughness specimens for valid Kye measure-
ments are not possible, estimates of the irradiated Kyc properties are
required. These approximaticas are made by using pre-irradiation

[4T(NDT)) and the transition temperature shif t(RT from Charpy-Vproperties
C) to index the ASME K and KIR cmes. To assessspecimens y je

ye)Ic),
comparisonsthe appropriateness of using AT(C ) to estimate AT(Ky

assessments ofof notch ductility (C ) and fracture toughness (Ky
transition temperature shifts for RPV base metals and welds were made.

'From a strict statistical standpoint, plates and welds tend to exhibit
different trends for relating fracture toughness and notch ductility ,

assessments of irradiation induced transition temperature shifts |

(AT). This observation is supported in Table $ , where AT(C ) fory
on average, while AT(C ) for welds jplates underestimates AT(Kye) y

on average. Data in Fig. 1 demonstrate thatoverestimates AT(Kye)
at all AT

estimate of AT(Kye)imate qAT(C ) for welds gives a consintenty
tends to underest large '1evels. However, AT(C ) for platesy

AT(Kye) shifts, although improved agreement .has been found at large
AT(Kye) levels in contrast to that found in Ref. 1. 3

Conclusions from this study are: ;

(AT's measured by fractureTransition temperature shifts
100MPa[)5)

* ,

are only slightlytoughness methods (Kye at
greater than AT's from notch ductility (C at 41 J) tests,y
on average by 10'C.

* A product form effect influences the AT(Kye) vs. AT(C ) :y
relationship, whereby AT(Kye) for welds is overestimated
by 1*C on average by,C on average by CC results and AT(Kye) for plates isy
underestimated by 15 results.y

For the A 508 2 forging AT(KJc) is much greater than the 1*

AT(C ). This behavior is atypical of the other heats iny

the data base, including the other forging.
,

;

l* For Lindo 80 welds, AT(C ) conservatively estimatesy
AT(Kye) on average,

.
* Fluence rate does not in general have any effect on the

I relationship between AT(C ) and AT(KJc)*
|

y

The above conclusions r.ust be balanced by the understanding that many
of the fracture toughness- curves were composed of six or fewer data
points. In general, irradiations of fracture toughness specimens

'

result in too few specimens of too small a thickness to provide for
complete and unambiguous definition of the fracture toughness behavior

| with temperature. Several bench mark irradiations of many small
(thickness) specimens of several compositions and product forms would. ;

be an excellent supplement to the HSST Fifth Irradiation Series.

.

30

t

9



i
i

REFERENCES ;

r

C and K Transition
drradiation,e,/, Kyk!SNRCReport

1. A. L. Hiser, * Correlation of y
Temperature Increases Due to .

NUREG/CR-4395, Nov. 1985.

2. J. R. Hawthorne, et al., " Evaluation and Prediction of Neutron
Embrittlement in Reactor Pressure Vessel Materials," .EPRI

NP 2782. Electric Power Research Institute, Dec, 1982.

3. J. R. llawthorne , B. H. Menke and A. L. Hiser, " Notch Ductility -

and Fracture Toughness Degradation 'of A 302 B' and 'A 533 B ;

Reference Plates from PSF Simulated Surveillance '. and Through- |
Wall Irradiation Capsules," USNRC Report NUREG/CR 3295 Vol.1, !

April 1984.

4 J. J. McGowan, et al., " Characterization of Irradiated Current- .

Practice Welds and A 533 Grade B Class ~1 Plate - for ' Nuclear ;

Pressure Vessel Service," USNRC Report NUREG/CR 4880, July 1988.
:

5. A. L. Hiser, " Post-Irradiation Fracture Toughness Character . ;

ization of Four Lab Melt Plates," USNRC Report NUREG/CR 5216-
'

Rev.1. April 1989.
.

6. J. R. Hawthorne and A. L. Hiser, " Influence of Fluence Rate on
'Radiation Induced Mechanical Property Changes in RPV Steels:

Final Report. on. Exploratory Experiments,"- USNRC Report
NUREG/CR 5493, March 1990. i

57. J. R. Hawthorne and A. L. lliser, " Experimental Assessments of
Gundremmingen RPV Archive Material for Fluence Rate Effects +

Studies," USNRC Report NUREC/CR-5201, Oct. 1988.

8. J. R. llawthorne and A. L. lliser, " Investigations of Irradiation- !

Anneal Reirradiation (IAR) . Properties Trends of RPV Welds:
Phase 2 Final Report," USNRC Report NUREG/CR-5492, January 1990.-

9. S. T. Rolfe and S . R . Novak, " Slow Bend Kye' Testing of Medium.
,

Strength High Toughness Steels," Review of Developments in Plane
Strain Fracture Toughness Testing, ASTM STP 463, American
Society for Testing and Materials, Phila., PA, 1970, ,

pp. 124-159
'

10. R. H. Sailors and H. T. Corten, " Relationship Between Material
Fracture Toughness Using Fracture Mechanics and Transition '

Temperature Tests," Fracture Toughness, ASTM STP 514, _American 1

Society for Testing and Materials, Phila., PA, 1972, pp. 164-
'

191.

11. R. K. Nanstad, " Summary of the Heavy-Section Steel Technology |
Program Irradiation Series," USNRC Report NUREG/CP 0097 Vol.' 2, . |

fMarch 1989, pp. 319 353,

;

,

31

;

. , .-



12. E. N. Klausnitzer, et al., ' Irradiation Behavior of Nickel-
Chromium Molybdenum Type Wald Metal," Effects of Radiation on

.

Structural Materials. ASTM STP 683, American Society for Testing
and Materials, Phila., PA, 1979, pp. 267-277.

32



r

e
.

i
,

i

:

,

r
,

i

1
.

P

APPEltDIX A

Curve Fit Results for the Charpy V Data .

;

.

I
1

n

>

b

e

E

I P

f

i

,



i
.

+
;

Te mp e r at u r e (* F)

-100 3 100 200 300 400 500
250 i

fl I i I I

R 508-2 Forging (BCB)3e0 -

Unirradiated '

200-
m

0- 25e -

5 I
w +3

4

h200 - {x - 150-

x
c x CD E

b b
E ix 150 x-

x
100& -

x
5

S
6 ice .-

,x x g
* 50-

i 50 -

! i t i i i tD 0
-50 0 50 100 150 200 250

Te mp e r at u r e (*C)
************************************************************************

Cv = A + B t anht(T - To)/C3
,

English Metrie :

A -84.73 ft-Ib ~114.88 J=

B = 232.12 ft-1b 314.71 J >

C = 182.85 *F 101.59 *C
To = -111.65 *F -79.81 *C r

,

Cv = 30 f t-lb (41 J). at T= -12.6 *F -24.9 *C
Upper Shelf Energy 147.4 ft-lb 199.6 J=

************************************************************************
PT Temp Energy PT Temp Energy

# (*F) (ft-Ib> # (*F) (ft-lb) ;

1 -40 5.0 10 80 94.0
"

2 -40 5.0 11 80 66.0
3 -20 6.0 12 80 106.0
4 -20 8.0 13 140 142.0
5 0 54.0 14 140 112.0 '

6 0 67.0 15 300 141.0
7 20 58.0 16 300 151.0

36 40 72.0 17 400 151.0
9 40 72.0 18 400 132.0

0 = Fictitious Point Added * = Test Point Hot Included

s

A-1
;

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



.. . . -

Tempe r atu r e (*F)

-100 0 100 200 300 400 500
200

if I I I I

33U ~

R 508-2 Forging (BCB)
Irradiated (BSR-6)

160-
m

S- 200 -

*% I i
w *

_

D !

+4 1

x x
120m x -

$t 150 -

*
6 b

*

*
4X c.

>, W
c. x 80-

$$ 100 -

,

6 h
a
u +

j40-50 -

x ,

,

N

I I ' ' ' I
'

O O
-50 0 50 100 150 200 250 :

Temperature (' C )
************************************************************************

,

CV A + B tanht(T - To)/C3=

English Metric
A = 68.02 ft-lb 92.22 J ,

B = 63.10 ft-Ib 65.55 J
C 50.97 'F 28.31 *C=

,

To = 57.15 'F 13.97 *C

Cv = 30 ft-lb (41 J) at T= 21.6 'F -5.8 *C
Upper Shelf Energy = 131.1 ft-lb 177.8 J

.

************************************************************************ <

PT Temp Energy PT Temp Energy
e (*F) (ft-Ib> # (*F) (ft-Ib>
1 -80 6.0 9 60 94.0
2 -10 13.0 10 80 80.0
3 0 34.0 11 100 103.0 ,

4 to 10.0 12 140 118.0
5 20 33.0 13 200 125.0
6 40 15.0 14 300 136.0
7 40 32.0 15 300 143.0 I
8 55 '101.0 16 400 132.0

0 = Fictitious Point Added * = Test Point Not Includedj

|

i

'A-2

..,-



Te mp e r atu r e (' F )

-200 -100 0 100 200 300
125

1 yi I i

20NiMcCr26 Forging (GEB)15e _

Uni r r ad l ated (1/8T )
100-

,s

S125 --

% i
w +>

+x u v
75U) 100 x --

u x >e a
6 5
x 75 - E
S 50-

x x
m a
6 50

5.
*-

R/ x g

25-

25 -

_J x
i i d I I Ig g

-100 -50 0 50 100

Te mp e r at u r e (*C)

*********************************+**************************************
Cv = A + B tanht(T - To)/C3

Encitsh Metric
A = 43.39 ft-lb 58.83 J
B = 36.53 ft-lb 49.52 J
C = 86.83 *F 48.24 *C
To = 14.53 *F -9.71 *C

Cv = 30 ft-Ib (41 J) at T= -18.9 'F -28.3 *C
Upper Shelf Energy = 79.9 ft-lb 108.4.J************************************************************************

PT Temp Energy
# (*F) (ft-1b)
1 -110 7.0
2 -70 18.0
3 -40 24.0
4 -40 26.0
5 -20 32.0
6 0 32.0
7 0 - 41.0
8 30 46.0 . |
9 30 46.0

' '

10 75 70.0
11 120 76.0
12 120 77.0
13 200 74.0
14 200 79.0

0 = Fictitious Point Added * = Test Point Not Included
,

A-3



Te mp e r stu r e (* F)

-100' O. 100 200 300
125

| -p i I

20NiMcCr26 Forging- (GEB133e -

Irradiated (UBR-68)-
100. m-

.o
125 ~.-

2 b
+

_{N- 10e 75-

x-

. t.
_

x x .o,
L

d' [
w-. x 75 -

58-n. x x: g-
-

% [
6 50 - .E

- ..v;x
25--

25 -

I I i !
0 O

-50- e 50 100

Te mp e r atu r e (*C)
************************************************************************

Cv = A + B tanht(T - To)/C3

Enolish Metric
A = 38.96 ft-lb 52.82 J

32.99 ft-lb. 44'.73 JB =

C = 94.81 'F 52.67 *C
To = 81.62 *F 27.57 *C

Cv = 30 ft-lb (41 J) at T= 55.2 *F 13. 9 * C
= 72.0 ft-lb e' P . 6 JUpper Shelf Energy

************************************************************************
P7 Temp Energy

e (*F) (ft-lb)
1 -40 11.0
2 0 14.0
3 10 18.0
4 40 29.0
5 50 20.0
6 80 36.0

' 7 80 37.0
8 100 49.0
9 120 49.0

10 200 69.0
11 240 72.0
12 260 67.0

0 = Fictitious Point Rdded * = Test Point Het Included.

A-4

s

a.



W

Te mp e r at u r e (* F)
,

-100 0 100 200 300
125

|7 | |
,

-

20NiMcCr26 Forging (GEB)13e -

Irrad. (UBR-68) A Annealed 399 C
100 ;-

m

d '
- 125 -

\ s <.'

w ,

g i
x x

>, v
75-m 100 --

i X x-e a
b b

Ex 75 -

$ 50-

xe o.
6 50 *x L

*-

x g -;.

- 25
25 - "

P
/

" I I I IO O
-50 0 50 LOO

Temperature (' C )
************************************************************************

Cv = A + B tanh[(T - To)/C3

English Metric
R = 44.68 ft-lb 60.57 J
B = 42.06 ft-Ib 57.03 J
C = 78.94 'F 43.85 *C
To = 36.58 'F 2.54 *C

'

Cv = 30 ft-lb (41 J) at.T = 7.8 'F -13.4 *C
Upper Shelf Energy 86.7.ft-1b 117.6 J=

************************************************************************
PT . Temp Energy

# (*F) (ft-lb)
;

1 -80 2.0 '

2 -40' 15.0
3 -30 20.0 .i

4 0 24.0
5 0 33.0
6 30 38.0
7 40 40.0e

8 80 66.0
9 100 83.0

10 110 72.0,

11 200 82.0
12 200 86.0

0 = Fictitious Point Added * = Test Point Hot Included

i

A-5
t

,



-___- __-- _ _ _ _ _ - _ _ _ _ __

Tempe rature- (* r)

-tee e- tee aes- see
125

yI. I I

20NiMcCr26-Forging-(GEB)ise -

Irrad. (UBR-68) k Rnnealed 454 C
100 m

-

S
'

- 125 =-

l6
- 4w x- +

{N gee 75-x
_

.:.
I6 x x

Ex- 75 -

58 --

$ >
e n

6.

6 50 *-
.c .
U

25-x . -

25 -

-

| 1 I I I
O 0

-50 0 50 LOO

Tempe ratu re -(* C)
************************************************************************

CV = R + B tanht(T -'To)/C3

Enalish Metric
A = 46.91 ft-lb 63.59 J

39.10 ft-lb 53.02 JB =

72.75 'F 40.42 *CC =

To = 18.91 *F -7.27 *C

Cv = 30 ft-lb (41 J) at T= -14.8 'F- -26.0 *C
86.0 ft-lb 116.6 JUpper Shelf Energy =

************************************************************************
PT Temp Energy

# (*F) (ft-lb)-
1 -80 11.0
2 -65 15.0
3 -40 25.0
4 -20 26.0
5 0 34.0
6 20 48.0,

7 40 63.0
8 60 63.0-
9 100 75.0

10 140 92.0
11 200 81.0
12 200 85.0

'

U = Ficti.ious Point Added * = Test Point Not Included

'

A-6

i



._ - . . _ _ ._ ._ __ _ _- _ _ _ _ _ . - ___

:
.

Te mp e r at u r e ( *D -

-100 0 100 200 '300 '

125p- I .I

20NiMcCr26 Forging (GEB) '

13e -

Untrradiated (Check)
100 m

-

O125 --

b l*

(~v
x x x v

75p 100 - -

e <>

d 5
'

Cx 75 -

w
& 50- *

ns n-
6 50

L.
*-

,

x v q
25-

25 x-

.

' ' ' ''

0 O-50 0 50 LOO-
,

Tempe ratu re- (* C)
P

************************************************************************ '

Cu = A + B tanhC(T - To)/C3

English -Metric
'

A = 50.58 ft-lb 68.58 J
B -- = 30.69 ft-lb 41.61 J
C = 81.59 *F 45.33 *C
To = 60.48 *F 15.82 *C

|

Cv = 30 ft-lb (41 J) at'T = -5.8 *F -21.0 *C
Upper Shelf Energy 81.3 ft-lb 110.2 J i

=
-

************************************************************************
PT Temp Energy

# (*F) (ft-Ib>
1 -60 18.0
2 -40 26.0

L. 3 -20 31.0
|- 4 0 35.0
|- 5 20 35.0
! 6 40 41.0

'
7 60 49.0

*

8 150 79.0
| 9 230 77.0

-

! 10 ~230 81.0

0 = Fictitious Point Added * =-Test Point Not Included

A-7



__. _ _ - _ _ .__ _ _ _ _ _ . .___ ___ _ _ ___ ____ _ - _ _ _-. ._

_

l:,'d

Te mp e r atu r e (* F)

-100 0 100- .200- 300
125

| -f I i

20NiMcCr26 Forging (GEBF35e --

3rradIated (UBR-78F
100-

m

S'

125 --

6 I
ww

x _ +.
v-X 75-xcD 100 - xs.

e a:

b b

x 75- -

x 50 -

$
-

3
m o. :

L.

6 50 5'-

gx
* - 25

25 -

| 11 1 I
O 0

-50 0 50 100

Tempe ratu r e .(* C L
************************************************************************

Cv = A + B t anhC (T - To)/C3

Enolish Metric
A = 44.62'ft-1b 60.50 J
B =~ 36.07 ft-ib 48.90'J
C = 104.34'*F 57.97 *C
To = 58.54 *F 20.30 *C

Cv = 30 ft-lb (41 J) at T= 23.7 *F -4.6''C.
'

80.7 ft-lb- 109.4 JUpper Shelf Energy =

**************************************************e*********************
PT Temp Energy

# (*F) (ft-lb)
1 -40 16.0
2 -30- 17.0
3 .0 26.0-
-4 20 33.0
5 40 27.0
6 40 36.0
7 60 42.0e

8 80 52.0
9 110 56.0

10 160 72.0
'11 220 74.0
12 240 77.0.
13 240 81.0

0 = Fictitious Point Added * = Test Point Hot included
i

A-8



.i

Temperature (*F)
i-200 -100 0 100 200 300

125I I f I i

,

20NiMcCr26 Forging (GEB)15e -

Irradiated (UBR-79, 275C)'
100-

m ,

A125 --

8 iw: #
g. <

A w-
,

-

75m 10e x -_

u >,
e x o-
E 5 >

Ex 75~ -

$ 50 '-

xa n
6 50

L
*-

3.c -

U-

25-

25 -

X

i I d- I I t0 0-100 -50 0 50 100

Te mp e r at u r e (' C )
o***********************************************************************

Cv = A + B tanht<T - To)/Cl

Enolish Metric
A = 38.87 ft-lb 52.70 J
B = 40.51 ft-lb. 54.92 J
C 121.67 *F 67.60 'C=

To = 95.06 'F 35.03 'C

CV = 30 ft-lb (41 J) at T= 68.0 *F 20.0 *C
Upper Shelf Energy 79.4-ft-lb 107.6 J=

o***********************************************************************
?T Temp Energy

# (*F) (ft-Ib)
-!

*

1 15 13.0
2 45 24.0-
3 -60 30.0
4 100 39.0
5 230 68.0 I

6 230 75.0
70 -100 2.0

0 = Fictitious Point Added * = Test Point Hot Included

|

A-9



. . . .

Te mp e r atu r e (* F)

-100 0 100 200 300 400 500
150

| y -1 l I _I200 -

R 533-B Pl ate (CRB)
UnirradIated

120 -x---

O150 --
i% * g;w x

* *

$1 90-

x wu =e

6 100 I- x x
C.w--x * .50-p x

e o..

6 h--
*

50 -

30* -

M

g- Y d, I- 1 I I I .g
-50 0 50 100 150 200 250

Temperature (* C )~

************************************************************************
Cv = R. + B t anhC (T - To)/C3

Enolish Metric
R =. 46.51-ft-lb 63.06 J-

B.= 53.11 ft-lb .72.01 J
C = 117.18 *F 65.10 *C
To = 73.63 *F 23.13 *C

Cv = 30 ft-lb (41 J) at T= 36.0 *F 2.2''C;
= 99.6 ft-Ib 135.1 JUpper Shelf Energy

************************************************************************-
PT Temp . Energy PT Temp Energy

# (*F)- (ft-lb) # (*F)- (ft-1b)
1 0 14.0 9 120- 72.0
2 0 14.0 10 160 72.0
3 30 32.0 11 160 88.0
4 30 40.0 12 200 91.0
5 30 22.0 13 300 100.0
6 80 47.0 14 300 96.0'
7 80 4 44.0 15 400 94.0'
8 120 62.0 16 400 102.0

0 = Fictitious Point Added * = Test Point Hot Included
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Tempe ratu re -(* F)
0 100 200 300 400 500

7 i - i - 150200 ;
-

R 533-B P1 ate (CAB)
sIrradiated (BSR-2) ~

120-
,

m
,

.o -' - 150 -

8 x
iw o

$
- %

''
90

.

-

u >. -|o- en
_

6 100 -

*
.Ex
Cx tu .

I 50-

x 3e o.
L 6 k |-=
L- 50 .c- u ;

30 '-

' x x
l x

/ 1
i EI I I I Ig g
O 50 100 150 200 250

.

'1

Te mpe r atu r e (* C)
************************************************************************

.|Cv = R + B t anhC(T - To)/CJ
|

English Metric
A = 37.87 ft-lb 51.34 J J

B 60.31 ft-lb 81.77 J=

C a 186.30 *F 103.50 *C
To =- 119.49 *F 48.61 *C

Cv =-30 h -lb (41 J) at T= 95.0 *F. 35.0 *C
' Upper Shelf Energy 98.2 ft-lb .133.1 J=

************************************************************************
PT Temp Energy

# (*F) (ft-lb)
1- 40 18.0
2 70 14.0
3 90 42.0
4 90 18.0
5 130 42.0
6 160 44.0 1

7 170 57.0
8 220 77.0
9 220 '67.0

10 300 81.0
11 350 74.0
12 400 90.0
13 400 92.0
14 400 107.0

0 = Fictittous Point Added * = Test Point.Not included
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Temp e r at u r e (* F)

0 100 200 .300 400 500
50

I f I l- I200 -

R 533-B Pl ate (CRB)
Irradiated (BSR-3)-

-120 2-

,o :
150 7;--

3 +s-
-

g 90'x -

t r
6 100

*
[-

* wx
50 : x-o.

% o..
Y*

6 *
x

50 - U-

30-

x

x
x

i i 1 I I I Ig e
0 50 100 150 200 250

Te mp e r at u r e (* C)
************************************************************************

Cv = A + B tanht<T - To)/C3

English Metric
54.35 ft-lb 73.69 JA =

42.69 ft-lb. '57.88.J:B =

88.35 *F 49.09 *C'C =

To = 202.17 *F' 94.54 *C

Cv =-30 ft-16 (41 J) at T= 144.9 *F 62.7 *C
= 97.0 ft-lb- 131.6 JUpper Shelf Energy

************************************************************************
PT Temp Energy ~

e (*F) -(ft-lb)
1 60 20.0
2 110 13.0
3 120 28.0
4 130 15.0
5 160 48.0
6 170 40.0

# 7 200 46.0
8 220 68.0
9 270 76.0

10 340 101.0
11 360 97.0
12 400 90.0

0 = Fictitious Point Added * = Test Point Hot Included
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r

iTompe ratu re _ C' F ) '

'

-O 100: 200 300 400 -500 600
125 *

I f 1, I .I l-
,

R'533-B P1 ate CCRB)150- -
e

Irradiated (BSR-5)
100 1-

x ; m
#125 '--

w I
W x x 9

1x x
75cn 100 - - .

s. x
v -a
b I*

x_ 75 - E ix
I 50' |

-x x
5 o.

'

x

6 Se |s-

.c
U- \

25~

25 - ,

i i d I 'l 1 -l Ig g
0 50 .100 150 200 -250 300-

t

Te mpe r at u r e (* C)
.***********************************************************************

Cv =-A + B tanht(T - To)/C3
'

,

Enotish Metric
A = 55.18 ft-lb 74.81 J '

| B 39.20 ft-lb 53.14 J=

| C 68.17 'F 37.87 *C~-=

j To = 200.23 *F 93.46''C .!
(

Cv = 30 ft-lb (41 J) at T.= 148.3 *F 64.6 *C- '

'Upper Shelf Energy 94.4 ft-Ib_ 128.0 J.=

************************************************************************:
PT Temp Energy PT Temp- Energy i

# (*F) (Pt-lb) # (*F) (ft-Ib>-
1 60 16.0 9 220 84.0,

| 2 100 20.0- 10 230 79.0
: 3 120 22.0 11 240 63.0
I 4 140 28.0 12 280 88.0.
| 5 160- 38.0 13 320 97.0
| 6 180 48.0 14 400 99.0,

| 7 200 42.0 ,15 400 96.0
8 210 53.0 16 550 84.0 i

0 = Fictitious Point Added * = Test Point Hot Included
,:.

I
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Tempe ratu r e - (* F )'

-100 0 -100 200 300 400 500
50-

I y i I I I200- -

.s

R 533-B cPlate- (CBB)
Unirradiated

120-
m

. .o

150 T-
-

5 E g
w +, *
'x. x gg.

en x
U

6 100 g-
'

E.,

g.x
w

$ 53-

3' nM x u

6 M
.E|:
*53 -

30_

x
.

x

' ' '
0 O

-50 0 50 100_ 150 200 250

Te mpe r atu r e (* C) -

************************************************************************
Cv = A + B tanht(T - To)/C3

English' Metric ,

A = 56.67 ft-lb 76.83 J
B = 43.57 ft-lb- 59.07.J

55.84 *F 31.02 *CC =
To = 73.10 *F 22.83 *C

Cv = 30 ft-1b (41 J) at T =- 33.3.*F .7*C
= 100.2 ft-lb 135.9 JUpper. Shelf Energy

************************************************************************
PT Temp Energy- PT Temp. Energy

# (*F) (ft-lb) # (*F) (ft-lb)

1 -40 12.0 9' 120 93.0

2 -40 12.0 10 120 85.0:

3 0 20.0 11 180 96.0

4 0 25.0 12 180 97.0

5 40 36.0 13 300 100.0
-6 40 30.0 14 300 96.0

7 80 71.0 15 400 104.0
8 80 50.0 16 400 102.0

0 = Fictitious Point Added * = Test Point Hot Included

A-14
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Temperaturs-('F)
-

-20e -tee e- 1ee a se -- see 4ee see200 15e1 I I -y |- |
-

R 533-B Pl ate. (CBB) >

I Irrad1ated (BSR-41
{ 120-

' m
150 E

--

%
w i

n '$.
x. M 4

m *
x - 9e-

x
t- e x

6 100
y o

f
-

x
14& 6e-

e x
ix n- s6 h 150 -

-

."se-

,i
^

i O i .i i li- i- i- i i0 -0-100 -50 e 50 10e 15e 200 250 i

Tempe ratu re .(* C)
**********************************************************************s**

Cv = A + B-tanht(T - To)/C3

Enolish Metric-
A 49.93 ft-lb 67.69 J=

B = 40.50 ft-lb 54.91.J !
C = 32.69 *F 18.16 *C.

|To = 214.14 *F 101.19 *C- - i
!Cv = 30 ft-lb (41 J) at T= 196.5 *F 91.4~*C IUpper Shelf Ener 90. 4 f t'-lb 122.6 J******************************gy =

****************************************** iPT Temp Energy- PT Temp- ' Energy
# (*F) (ft-Ib) # (*F) (ft-Ib) ;
1 60 - 9. 0 10 260- 95.0- ''

2 140 12.0= 11 280 90.0 '

3 170 16.0 12 320 80.04
!4 190 29.0 13 320 78.0

5 200 34.0 14 380 87.0-
6 210 40.0 15 400 96.0'
7 220 63.0 16 400 101.0
8 230 52.0 17 0 -100 5.0
9 240 88.0 3

0 = Fictitious Point Added * .= Test Point Hot Included

A-15



Te mpe r atu r e (* F)

-100 0 .100 '200 300 400 500
200:

I f I I l 1

2 30 ' -' R 533-B P1 ate (3P)
Unteradiated

160 m
-

O'2003 --

b l
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N 120 I-x
; -$ _t 150 -

E6 x
-c

x w
80o- -

t tee - L.
6 h=.

6
404-

-50- -

x *

' ' ' ' '
O O

-50 0 50 100 150 '200 250

Te mpe r atu r e (* C)
************************************************************************

Cv = A + B tanht<T - To)/C3'

'English Metric
A 56.43 ft-lb 76.51 J=

B = 54.10 ft-lb 73.36 J'
104.14 *F 57.86 *CC =

To = 88.39 'F 31.33 *C

Cv = 30 ft-lb (41 J ), at T= 32.8 'F .4'C
Upper Shelf Energy 110.5 ft-lb 149.9 J=

************************************************************************
PT Temp Energy

# (*F) (ft-Ib>
1 -40 11.0
2 '-40 9.0
3 'l e 27.0
4 10 20.0
5 40 31.0
6 80 58.0
7 80 48.0
8 150 81.0
9 150 85.0

10 250 117.0
11 250 108.0
12 300 99.0-
13 400 112.0
14 400 108.0

0 = Fictitious Point Added * = Test Point Hot Included
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Te mpe r at u r e (*F)

100 200 300 400 500
125f I .I i

R 533-B Plate'(3P)150 -

Irradiated (SSC-l)
100-x ,;

- 125 ,#,_
-

8
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gx x
x v
en tee 75_ -
c
e h

2
b
x 75 'E

-

g 50-

e x
a.

6 50 L.x- a
,

u
i

25' '-
*

25 -

i b I I I 1g g50 100 150 200 250

Te mp e r atu re (* C)
************************************************************************ *

Cv = A + B t anh[(T - To)/CJ

English Metric'
A = 53.26 ft-lb 72.21 J

,

B = 34.86 ft-1b 47.27 J
C = 46.26 *F 25.70 *C
To = 198.81 *F 92.67 *C

- i,
Cv = 30 ft-1b (41 J) at T= 161.6 *F 72.0 *C

Upper Shelf Energy 88.1 ft-lb 119.5 J=

************************************************************************
'PT Temp Energy

# (*F) (ft-Ib> ;

1 110 20.0
2 160 37.0
3 160 21.0-
4 180 41.0
5 210 60.0
6 240 80.0 !

7 320 82.0
8 350 83.0
9 410 98.0 !

10 410 88.0 I

|
0 = Fictitious Point Added * = Test Point Hot Included

.

i

A-17



----_- -- - - _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Tsmperature (*F)
,

100 200 300- 400- 500
~' 125

yI I i

R 533-B Plate -(3P)15e -

Irradiated (SSC-2).
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m

O,
125 -
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N 100 75x x -

-

tn
e
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iox 75 -

50 - 3--
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6 se ;x-

.vx
25-

x
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A

I I I ' 0-O
50 100 150 200 250

Te mpe r atu r e (* C)
************************************************************************

CV = A + B t anht(T '- To)/C3

English Metric
R =- 45.61 ft-lb 61.84-.J

34.30 ft-lb 46.50 JB =-

72.06 'F 40.03 *CC =

To = 219.03 'F 103.91 *C

Cv = 30 ft-lb (41 J) at T= 193.6 *F 94.2 *C
Upper Shelf Energy =. 79.9 ft-lb 108. 3 J'

************************************************************************
PT Temp Energy

e (OF) (ft-lb)
> 1 110 10.0

2 150 24.0
3 170 30.0
4 200 36.0
5 220 36.0
6 235 58.0
7 250 61.0
8 300 76.0
9 420 76.0-

10 420 81.0

0 = Fictitious Point Added * = Test Point Not Included
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Temperature (* F)

0 100 200 300 400 500
125

I I I I

! R 533-B Plate (3P) :ise -

'

( Irradiated (Hall-1)
100 x i

-

125 - .2-

8- |,

1 w 4)
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* 75-! cn gee -
- x x., u
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h b b t

5
'

i 75 -x
D 50-
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6 50
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-' x *
.c

x v
.25x -

25 -
,

| x

l I d I l l IO O
O 50 100 150 200 250

.

'

Te mpe r atu r e (*C)
************************************************************************

Cv a.A + B tanht(T - To)/CJ'

-Enolish Metric
A = 47.36 ft-lb 64.22 J
B = 32.63 ft-lb 44.25 J
C = 67.81 *F 37.67 *C
To = 206.01 'F 96.67 *C

Cv = 30 ft-lb (41'J) at T'= 165.8 *F- 74.3 *C
Upper Shelf Energy. 80. 0 f t-lb 108.5 J=

****************************************************************e*******
PT Temp Energy

# (*F) (ft-lb) ,

1 75 10.0
2. 110 24.0
3 -150 26.0
4 170 37.0 'i

5 100' 30.0
6 200 47.0
7 220 46.0
8 250 72.0 i

9 310 80.0
'10 410 76.0

0 = Fictitious Point Added * = Test Point Not included
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Temperature (* F)

-20e -tee e tee 2ee see 4ee. see
125

I I I f I- I i

R'533-B~ Plate (3P)150 -

Irradiated (Hall-2)
100-
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125 --

8 i
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e a
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; i I Id l i I Ie e

-100 -5e e 50 10e 15 e - 200 25e-

Te mp e r atu , e ' (* C )

**************************************.+********************************
Cv = 8 + B tanht<T - To)/C3

Enalish Metrie
A = 42.47 ft-lb '57.85 J
B = 49.14-(t-Ib. 54.43 J
C = 100.11'*F' 55.62 *C
To = 179.21 *F 81.78 *C

Cv = 30 ft-Ib (41 J) at T= -146.5 *F' 63.6''C
e 82.8 ft-1b 112.3 JUpper Shelf Energy

************************************************************************
PT Temp Energy

e (*F)- (ft-lb)
1 119 16.6
2 138 18.0
3 150 30.0
4 160 48.9
5 190 37.0
6 200- 51.0
7 249 72.0
8 300 64.0
9 350 74.9

e - 10 die 94.0
\ 11. 0 -19e 5.0

0 = Fictitious Point Added * = Test Point Not Included
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Tompe rctu r e (' F )
!
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? .100 - w
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i b I l I lg .g.

O 50 100 150 200 250 |

. Temperature (* C)
.************************************************************************

CV = A + B tanht(T - To)/C3

English Metric
53.28 ft-Ib 72.23 JA =

B = 39.65 ft-lb 53.76 J
C = 72.31 *F 40.17 *C
To = 176.63 *F 80.35''C

Cv = 30 ft-Ib (41 J) at T = 128.0 *F 53.3 *C
= 92.9 ft-Ib 126.0 JUpper Shelf Energy

*******************************************r,****************************

PT ' Temp Energy
# (*F) (ft-1b)
1 60 15.0
2 -110 2 7 '. 0 ' ,

3 '130 - 3 !. 0 -

4 1'50- 44.0'
5 170 46.0
6 200 69.0
7 220- 74.0-
8 300 92.0
9 400 88.0

10 :410 96.0

0 = Fictitious Point Added * = Test Point Not Included' i

,
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Tempe rat u re (* F) .

-tee e les see see 4ee- see- see
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0 e

-Se e 50 1ee 150 200 25e 300

Tempe ratu re - (* C)
******************************** ***************************************

Cv = A'+ B-tanht<T - To)/C3

Enalish Metric
R = 55.28 ft-lb- 74.95 J

48.28 ft-1b- 65.46 JB =

81.27 *F 45.15 *CC =
To = 85.06 *F 29.48 *C

Cv = 30 ft-Ib (41 J) at T= 37.8 *F 3.2 *C
= 103.6 ft-1b 140.4'JUpper Shelf Energy

************************************************************************
/ PT Temp Energy PT Temp . Energy

e (*F) (ft-Ib) e (*F) (ft-1b)
1 -50 7.5 38- 300 103.0
2 0 23.0 39 300 102.0-
3 20 27.0 40 300 96.0
4 20 24.0 41 300 98.0'

5 20 18.0 42 300 100.0
6 20 20.0 43 300 102.0
7 20 10.0 44 300 110.0
8 20 22.0 45 300 106.0-
9 20 25.0 46 300 112.0

10 20 30.0 47 300 98.0
11 20 26.0 48 300 106.0
12 20 20.0 49 350 107.0
13 50 39.0 50 400 105.0
14 70 41.0 51 400 96.0
15 70 50.0 52 400 108.0
16 70 39.0 53 400 116.0
17 70 42.0 54 400 100.0 1

18 '70 43.0 55 400 100.5-
A-2219 70 58.0 56- 400 94.0

r
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,

,

,

3

1

',

29 70 51.8 57 400 104.0
21 70 43.0 58 400 192.8

"
22- 78 52.8 59 400 96.8

L 23 78' 46.8 68 - 496 101.0 t

! 24 100 59.5. 61 458 .182.5 t

25- 158 90.0- o62 - 500 103.5:
' '

| 26 150 84.0 63 550 110.0
27 159 83.0- 64 558 103.9'
28 158 79.8- 65 550 98.9'

29 150 83.8 66 : 558 188.8"
,

30 150 82.8 >67 550 99;0 < - i

31- 15e 80.0 68 550 186.8 -

,

32 150 94.0 ' .5 9 550 1111.8 - !

33 150 96.0 78- 550 108.0
'34 150 96.8 71 550 105.C
35 -150 94.0 72 558- 88.8-
36 200 183.0 73 558 112.0

s

37 250 104.0

0 = Fictitious Point Added * = Test Point Not' Included

i
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Temperature.(*T)
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Ee
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bx 75
E
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$ 58,e -

x
* H

h6 se
x

-

=
R -6

x 25
_ |-

x -

25 --

I l de I | | 1 lg g0 50 100' 150 200 250 300
Temperature (* C)

************************************************************************
Cv = A + B tanht<T - To)/C3

English Metric
A = 51.78 ft-lb 70.21 J
B = 37.08 ft-Ib 50.28 J
C = 72.96.*F 40.53 *C
To = 205.73 'F ,96.51 *C

Cv = 30 ft-1b (41 J) at T= 156.6 *F 69.2 *C
Upper Shelf Ener 88.9 ft-1b 120.5.J'******************************gy =

******************************************
PT Temp Energy PT Temp Energy

# (*F) (ft-lb) # (*F) (ft-lb)
1 100 24.0 47 200 44.0
2 150 41.0 48 200 67.5
3 150 24.0 49 200 55.0
4 150 34.0 50 250 70.0
5 150 21.0 51 300 84.0
6 150 33.0 52 300 90.0
7 150 19.0 53 300 76.0
8 150 24.0 54 300 81.0
9 150 16.0 55 300 80.0

10 150 28.0 56 300 92.0
11 150 18.0 57 300 96.0
12 150 25.0 58 300 83.0
13 150 30.0 59 300 80.0
14 150 18.0 60 300 72.0
15 150 30.0 61 300 84.0
16 150 26.0 62 300 81.0
17 150 28.0 63 350 93.0
18 150 24.0 64 400 78.0
19 150 28.0 A-24 65 400 81.0

- - _ - _ _
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v
f

I

.

20 158 30.0- 66 400L 77.0
21 150 38.8 67. 408 92.0 ,

22 158 37.0 68 400 98.0 ..

23 158 28.0 69 400. 80.0
24 150 32.0 '70- '400 98.0 f

25 158 28.0 -71- 400 92.0
26 200 47.0 72 400 92.0 ;

27 200 64.0 73 480 82.8 ,*
28' 288 58.0 74 400 94.0
29 208 24.0 75 400 84.0 .i

38 288 48.0 76 400 ~97.0
31 200 38.8 77 458- 84.0 e

32 200- 32.8 78 508- 86.0; ;

33 288 34.0 79 558 90.0
-34 200 78.8 80 550 "92.8
35 290 -31.8 81 550 93.0
36 288 78.8 82 559- 86.0

'

37 200 48.9 83 550' 89.0
38 200 44.8 84 550 88.0
39 200 47.0 85 550- - 9 2 . 0 -' '*

40 208 46.8. 86 550: 91.0
41 208 50.8 87 550 91.0
42 200 52.8 80 550 90.0-
43 200 36.0 89 -550 96.0
44 208 68.8 90 550 .85.0
45 288 57.0 91 ;550 92.0
46 200 58.9

.

0 = Fictitious Point'Mdded .e = Test Point Hot included: |
'!

t

!

>

.

5

A-25
i

E. . . - . , , .
'



_ __ - _ _ _ - - ___ -___ - _ - - .-

,

Temperature (* F)
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200| I I I I
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-50 0 50 100 150 200_ 250! '300

Temperature (* C)
************************************************************************

Cv = A + B tanht(T - To)/C3

English Metric
A = 55.59 ft-lb 75.37 J
B = 57.96 ft-1b 78.59 J
C =- 110.27.*F 61.26 *C.
To = 59.71 *F 15.40 *C

Cv = 30 ft-lb (41 J) at T= 7.4 *F -13.7 'C
Upper Shelf Energy a 113.6 ft-lb 154.0 J:

************************************************************************
PT Temp Energy PT Temp . Energy

# (*F) (ft-1b) # (*F) (ft-Ib)
1 -80 6.0 12 120 78.0
2 -40 12.0 13 140 -100.0
3 0 37.0 14 200 108.0
4 0 28.0 15 270 110.0
5 0 21.0 16 300 109.0
6 30 31.0 17 320- 111.0
7 40 54.0 18 400 110.0
8 75 65.0 19 400 113.0-
9 75 62.0 20 550 115.0

10 80 64.0 21 550 118.0
11 120 83.0

0 = Fictitious Point Added * = Test Point Hot Included

4
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O 50 100 150 200 -250

Te mp e r atu r e (* C)
************************************************************************

CV = A + B.tanht<T - To)/C3

English' Metric
R = 50.49 ft-lb 68.45 J

37.62 ft-lb 51.00 JB~ =

85.43 *F 47.46 *CC =

To =- 184.68 *F- 84.82 *C

cv = 30 ft-lb (41 J) at T= 132.5 *F 55.8 *C-
88.1 ft-lb 119.5 JUpper Shelf Energy =

************************************************************************
,

PT Temp Energy PT -Temp Energy
# (*F) (ft-1b) # (*F) (ft-lb)
1 50 10.0 10 175 44.0
2 70 20.0 11 200- 46.0
3 80 13.0 12 200 56.0
4 100 26.0 13 250 80.0
5 120 31.0 14 250 84.0
6 120 32.0 15 350 84.0
7 150 34.0 16 390 84.0
8 150 41.0 17 400 92.0
9 175 44.0 18 420 84.0

0 = Fictitious Point Added * = Test Point Not Included
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Tempe ratu re -(* F)
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,.,
200 - -.--

% i
g.w

N
"

*120-

$.i "
t 150 x-

x c,-

.Q- e
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. 800- -

N% 100- -

1x
6 %

6 J- x
4

50 -

x x
x

*I de i I I I I i 'I
O O

-50 0 50. 100 150 200 250 300

Temperature (* C)
************************************************************************

CV = A + B t anht (T - To)/C3

Enolish Metric ~
_

-A = 60.17 ft-Ib 81.58 J
52.47 ft-lb 71.14 JB =

C = 116.46 'F 64.70 *C
-To = 83.80 *F 28.78 *C

| Cv = 30 ft-lb (41 J) at T= 7.5 *F -13.6-*C
112.6 ft-Ib- 152.7 J-Upper Shelf Energy =

L
************************************************************************

| PT Temp Energy PT Temp'
. (ft-lb)
Energy

| # (*F) (ft-1b) # (*F)
''

1 -80 6.0 11- 80 49.0
2 -40 26.0 12 90 66.0
3 -30 21.0 13 120 69.0-

,

4 0 34.0 14 '140 86.0
5 0 24.0 '15 200 110.0-
6 20 34.0 16 290 110.0
7 30 39.0 17 300 104.0

| 8 40 50.0 18 400 ~114.0
9 40 32.0 19 400 111.0

10 70 58.0 20 550 112.0

0 = Fictitious Point Added * = Test Point Not Included
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Te mp e rat u r e (* F) j

100- 200 300 400 500-
125-

i i i I
.

R 533-B P1 ate (68R1 |150 -

Irradiated-(UBR-61) .
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m

S125 --

8 I
w +>

%.

N 100
*

- - 75-x-

xu x xe x cm -
'

O'x x x c-
,

x 75 - w. ,

x 50p -

3
e x o.*

6 50
L

x "'-

x Z
x x V-

25 .i-

*25 -

x

I I d< 1 I Ig g. ,

50 100 150 200 250 !

Te mp e r at u r e (* C)
************************************************************************,

Cv = A + B t anht (T - To)/C 3

English Metric
A = 43.01 ft-lb 58.32 J
B 29.90 ft-lb '40.53 J= .

C = 79.59 *F 44.'22 *C
To = 290.84-*F 143.80 *C

| -

-

. Cv = 30 ft-Ib (41 J) at T= 253.7 *F-. 123.2 *C
r. Upper Shelf Energy.

'

72.9 ft-Ib 98.9 J=

l ************************************************************************

|
PT . Temp Energy PT Temp Energy

# (*F)~ '<ft-Ib) # (*F) (ft-Ib)
, 1 180 18.0 10 300- 51.0
' 2 200 13.0 11 300 59.0-

3- 220 21.0 12 310 -44.0
4 225 29.0 13 325 58.0
5 250 20.0 14 350 -58.0
6 250 37.0 15 350 69.0
7 270 42.0 16 400 67.0,

8 280 30.0 17 450 70.0
'

9 300 33.0 18 450 74.0

0 = Fictitious Point Added * = Test Point Hot Included

|

I'
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Tempe ratu re (* F)

-100 0 -100 200- '300 400 500 ' GOO
200-

If i 1 I I I

25e_ -

R 533-B Piate (68C)
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160- w
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b i
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N 120-

t :150 ix- x ,

d 5
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x -c
A W
8- 80-

% 100 .g- x

6 >;
.c
U

4050 -
-

N

x i
I +1 1 1 1 i i ig g

-50 0 50 100 150 200 250' 300

' Temperature (* C )-

************************************************************************
Cv = R + B tanht(T - To)/C3

Enolish Metric
R = .56.76 ft-lb 76.95 J-

4 B = 51.33 ft-Ib 69.59 J
C- = 102.85 *F 57.14 *C
To = 73.78 *F -23.21 *C

CV = 30 ft-lb (41 J) at T= -14.3 *F -9.8 *C
Upper Shelf Energy 108.1 ft-lb 146.5 J=

************************************************************************
PT Temp Energy PT . Temp Energy

# (*F) (ft-1b) # (*F) (ft-lb>-
1 -40 10.0 11 90 68.0
2 -30 16.1 12 120 71.0
3 0 32.0' 13 140 92.0
4 0 29.0 14 200 108.0
5 20 30.5 15 290 104.0
6 30 37.0 16 300 103.0
7 40 38.0 17 400 106.0
8 40 44.0 18 400 106.0
9 89 57.0 19 550 112.0

10 82 56.0

0 = Fictitious Point Rdded * = Test Point Hot Included
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Te mpe r atu r e (*F)

100 200 300 400 500 600
,

100I fI l- 1

I5 -

R 533-B P1 ate (BBC)
Irradiated (UBR-58)

80-
m

100 .o--
-

8"w i
e
4g --

_

" wggx x-, 75 x-e .
d 5

,

'

c>,
a.. . W

40-

% 50 $
-

6 h
.c
U

x

|
2025 - -

x

i i 1i I I I Ig g50 100 150 200 250 -300

Te mp e r atu r e (* C) ;

************************************************************************
Cv = A + B tanht(T'- To)/C3 '

English Metric~

A = 38.19 ft-lb 51.78 J
i

B = 23.49 ft-1b 31.84 J j
C = 60.45 *F 33.58:*C I
To = 297.75 *F 147.64 *C I

.i

Cv = 30 ft-lb (41 J) at - T = 275.8 *F 135.4 *C !
Upper Shelf Energy 61.7 ft-lb 83.6 J

. j
=

************************************************************.************
PT Temp Energy-
'# (*F) (ft-lb) ~I

1 200 12.0
2 220 '21.0 i

3 250 24.0 ?i4 250 25.0
5 200 31.0 |
6 280 32.0
7 300 36.0- i

8 300 38.0 I
i9 350- 55.0 '

10 350 58.0
11 400 60.0
12 400 60.0
13 450 62.0
14 460 63.0
15 550 58.0

0 = Fictitious Point Added * = Test Point Hot Included
A-31
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Te mpe ratu r e (*F)
.
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160- m

.c
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I6 g |w
wA x 120-

m x x ,

$ i* **
t 150 -
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| ;
*

6 *- ,
w->, se-a x y

$ 100 ;-

i
6 ,h=

u
40~

50 x-

I
;

M

i & i i i i i ig ,
-5e 0 50 100 150 200 250 :

Te mp e r at u r e (*C) !

************************************************************************
ECV = A + B tanht(T - To)/C3

English- Metric '

55.11 ft-lb 74.72 JA =
54.57 ft-1b 73.98 JB =

74.06 *F 41.14 *C iC =

To = 16.83 *F -0.43 *C

Cv = 30 ft-Ib (41 J) at T= -20.0 *F -28.9 *C
109.7 ft-1b 148.7 JUpper Shelf Energy =

l *************************e**********************************************
PT Temp Energy PT Temp Energy

# (*F) (ft-1b) e (*F) (ft-1b) ,

1 -80 8.0 13 80 81.0-
2 -80 5.0 14 160 97.0
3 -40 28.0 15 160 117.0 i

4 -40 25.0 16 200 117.0
5 -40 11.0 17 200 106.0 -

6 0 49.0 18 250 111.0 !

7 0 36.0 19 320 123.0
8 0 45.0 20 320 113.0 I

9 30 68.0 21 320 94.0-
10 30 56.0 22 400 99.0

11 80 104.0 23 400 112.0
12 80 98.0

0 = Fictitious Point Rdded * = Test Point Hot Included
,

;
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Te mp e r atu r e (' F )

-100 0 100 200 300 400 500
150200 i yi I | |
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Irradiated (UBR-38)
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m
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8
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6 tee g
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e h

x ct
6 h**
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30-

*
x

i_ i d 1 l i I ig g
-50 0 50 100 150 200 250

Te mpe r at u r e ('C)

************************************************************************
CV = A + B tanht(T - To)/C3

Encilsh Metric
R = 46.20 ft-Ib 62.64 J
B = 64.43 ft-1b 97.36 J
C = 176.32 *F 97.96 *C
To = 114.57 'F 45.87 'C

Cv = 30 ft-1b (41 J) at T= 69.3 'F 20.7 *C
Upper Shelf Energy = 110.6 ft-1b 150

**e*****************************************************.0
J

****************
PT Temp Energy

# (*F) (ft-Ib)
1 0 8.0
2 40 24.0
3 50 20.0
4 60 26.0
5 70 24.0
6 75 40.0
7 90 42.0
8 100 37.0
9 125 57.0

10 150 60.0
11 160 51.0
12 190 72.0
13 300 105.0
14 350 100.0
15 400 103.0

0 = Fictitious Point Added * = Test Point Not Included
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Te mp e r at u r e (* F)

-100 0 100 200 300 400 500
158200 i 7 i i i i-

R 533-B Pl ate (23G)
Irradiated (UBR-77)
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S150 --
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w &

%-

g - -
.0_

s. x >,
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x
e a
6 h ,

'

50 *-

** 30x -
,

,

i ld I l I i ig g ,

-50 0 50 100 150 200 250

Temperature (*C)
1******************.*****************************************************

CV = A + B t anht(T - To)/CJ

English Metric
A = 57.52 ft-lb 77.98 J
B = 39.87 ft-1b 54.05 J
C = 53.98 *F 29.99 *C
To = 88.61 *F 31.45 *C

Cv = 30 ft-Ib (41 J) at T= 42.8 *F 6.0 *C
Upper Shelf Energy = 97.4 ft-lb 132.0 J

************************************************************************
PT Temp Energy

# (*F) (ft-Ib)
1 -35 7.0
2 -20 24.0
3 20 27.0

'
4 30 33.0
5 40 34.0
6 70 30.0
7 70 38.0
8 80 56.0
9 100 74.0

10 115 78.0
11 150 84.0
12 300 97.0

. 13 400 93.0

( 14 400 104.0

0 = Fictitious Point Added * = Test Point Hot Included ,
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Te mp e r at u r e (* F)
-100 0 100 200 300 400

100i f I i i

125 -

R 302-B Pl ate (N)
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100 E--

% iw
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4+-

i;; *
s0-

; 7s s-

6 b
*
- xx c-

a = x w-
x 40-

g 50
$

- x

6 %
.e
V

20as - -x

V
x

I ' I I I I
'0 O-50 0 50 100 150 200
Te mp e r at u r e (* C)

************************************************************************
Cv = A + B t anht(T - To)/CJ

English Metric
A = 27.24 ft-lb 36.94 J
B = 17.10 ft-lb 23.29 J
C = 55.67 'F 30.93 *C
To = 47.26 *F 8.48 *C

Cv = 30 ft-lb (41 J) at T= 56.3 'F 13.5 *C
Upper Shelf Energy 44.4 ft-Ib 60.2 J=

************************************************************************
PT Temp Energy

e (*F) (ft-Ib)
1 -40 9.0
2 -10 18.0
3 20 18.0
4 40 25.0

,

5 60 29.0 '

6 70 36.0
7 120 43.0
8 160 43.0
9 170 41.0

10 200 46.0
11 200 51.0
12 240 40.0
13 240 44.0
14 280 46.0
15 370 42.0

0 = Fictitious Point Added * = Test Point Not included
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Te mp e r at u r e (* F)

0 100 200 300 400 500
100

I y i I

I3 R 302-B Pl ate (N)-

Irradiated (BSR-7)
80-

m
.c
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-- I
6 #w 4.-
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a i
t 7s -

6 b |
C i

W !>. 43x -o. g*x x|;; 50 ,-

6 h !
^ ^ **

.c -u U ,

;* 20-

25 _

i
-3

i I de 1 I | | gg
O 50 100 150 200 250 .

Temperature (* C) <

************************************************************************
iCv = A + B t anhC (T - To)/C3
-

>

Eno11sh Me t r i >: ;

22.06 ft-lb 29.91 JA =
12.88 ft-Ib 17.46 JB = ,

38.33 'F 21.29 *CC =

To = 169.27 'F 76.26 *C

f Cv = 30 ft-lb (41 J) at'T = 196.8 *F 91.6 *C'

34.9 ft-1b 47.4 J tUpper Shelf Energy =

***********************e************************************************ ,

PT Temp Energy PT Temp Energy
# (*F) (ft-lb) # (*F) (ft-Ib)

1 70 9.0 9. 240 38.0 i

2 120 11.0 to 250 34.0

3 160 20.0 11 280 32.0
4 100 27.0 12 320 34.0

5 200 22.0 13 320 36.0 '

6 200 27.0 14 340 34.0

7 210 41.0 15 360 35.0 i

8 220 37.0 16 400 33.0 '

0 = Fictitious Point Added * m Test Point Not Included
!

.
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xxx
' I I I I I0 O-50 0 50 100 150 200 250

Temperature (*C)

*********.****************+*********************************************
Cv = A + B t anht (T - To)/C3

Enalish Meteie
A = 47.21 ft-Ib 64.00 J-
S = 38.08 ft-lb 51.63 J
C 53.56 *F. -29.75'*C-=

To = 45.79 *F 7.66 *C

Cv = 30 ft-Ib (41 J) atT= ,19.7 *F- -6.8 *C
Upper Shelf Energy 85.3'Ot-lb 115.6 J=

************************************************************************
PT Temp Energy PT Temp Energy

# (*F) (ft-Ib) # (*F) '( f t -I b >
1- -90 5.0- 21 50- 37.0
2 -80 8.0 22 50' e47.0
3 -60 5.0 23 50- 50.0
4 -60 8.0 24 60 45.0
5 -40 9. 0 25 60 '50.0
6 -40 14.0 26 70 56.0
7 -30 12.0 27- '72 54.0
8 -20 16.0 28 80- 66.0
9 -20 18.0 29 80 $2.0

10 0 23.0 30 90 '77.0
11 0 25.0 31' 90 84.0
12 10 24.0 32 96 81.0
13 to 42.0- 33 100 86.0
14 10 29.0 34 100 90.0
15 20 32.0 35 110 85.0
16 20 34.0 36 130 82.0

,

j
17 30 32.0 37 196 78.018 30 42.0 38 230 70.0-19 40 41.0_
20 40. 42.0 _

39 -300 74.0
40 424 87.03,37
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Te mp e r atu r e (* F)

e les see see 400 see
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i fl I i
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R 302-B P1 ate (N)
Irradiated (UBR-31)
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S100 --
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ixx
s.t 75 x-
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% 50 1-
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2ex -
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x
x

| | dI l I i ig g
O 5e 100 15e 20e 25e

Te mp e r at u r e (*C)
************************************************************************ -

Cv = R + B tanht(T -To)/C3
,

!

Enolish Metric .

R = 36.28 ft-lb 49.19 J *

B = 23.81 ft-lb 32.29 J -

-

C = 26.89 *F 14.94 *C
To = 198.84 *F 92.69 *C

Cv = 30 ft-Ib (41 J) at T= 191.6 'F 88.7 *C
= 60.1 ft-lb 81.5 J.Upper Shelf Energy

***************w****************e***************************************
Energy *PT Temp .
(ft-lb)e (*F)

1 80 7.0
2 100 10.0
3 150 21.0
4 180 26.0
5 190 28.0
6 200 24.0
7 200 44.0

. 8 220 52.0
l 9 220 58.0

10 240 61.0
11 310 59.0
12 360 60.0
13 400 56.0

0 = Fictitious Point Rdded * = Test Point Not. Included
.

A-38

. . - -.



. . _ . _ . . - - - - - -.

.

!
<

Te mpe r atu r e (*F)

-100 0 100 200 300 400 500 GOB I

a

If I I I I i 125 |

R 302-B P1 ate (F23)33e '-

Unirradiated
100 '-

m
125 - # '

D x x '

UN x x -
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m lee R w
7e I-

-

g , -x x :g !6
5x 75 -

$ E
50-

e x
6 50

* o.
L.-

*

U -

x ,

25-

25 e
-

x
' d# I I I ' ' '0 '

0-50 0 50 100 150 200 250 300
Temperature ('C)

************************************e***********************************
,

Cv = A + B tanht(T - To)/CJ
English Metric ;

A 42.17 ft-Ib 57.17 J=
*

B = 38.11 ft-lb 51.67 J
C = 72.62 *F 40.34 *C
To = 50.75 'F 10.42 *C

Cv = 30 ft-lb (41 J) at T= 26.7 'F -2.9 *C !Upper Shelf Enero*****************************gy 80.3 ft-Ib 108.8 J=

****************************************** ,

!PT Temp Energy PT Temp. Energy# (*F) (ft-lb) # (*F) (ft-lb)
1 -40 7.0 12 180 81.02 -43 10.0 13 200 85.03 0 24.0 14 200 79.04 30 30.0 15 280 79.05 30 33.0 16 280 82.06 60 42.0 17 350 73.07 70 52.0 18 350 78.0

,

8 100 65.0 19 350 77.09 100 70.0 20 350 79.010 140 70.0 21 500 81.011 140 73.0 22 500 87.0

0 = Fictitious Point Rdded * = Test Point Not Included
.

(
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Temperature C'F)
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Vx
25-

*25 -
,

x
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0 0-
0 50 100 150 200 250 300

Temperature (* C)
************************************************************************ -

Cv = A + r tanht(T - To)/C3

Enolish Metric
38.32 ft-lb 51.95 JA =

*

24.30 ft-Ib 32.94 JB =

39.87 *F 22.15 *CC =

To = 187.32 *F 66.29 *C

Cv = 30 ft-lb (41 J) at T= 173.1 *F 78.4 *C
62.6 ft-Ib 84.9 JUpper Shelf Energy =

************************************************************************
PT Temp Energy PT Temp Energy

# (*F) (ft-lb) # (*F)' (ft-Ib>

1 50 8.0 9 220 49.0

2 100 16.0 10 230 .57.0

3 130 20.0 11 280 68.0
4 160 30.0 12 300 57.0

5 180 30.0 13 400 70.0
6 190 35.0 14 400 56.0

7* 210 73.0 15 550 54.0
| 8 220 68.0 16 550 67.0

L
0 = Fictitious Point Added * = Test Point Hot Included

+
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0 50 100 150 200 250 300

Te mp e r atu r e (*C)

************************************************************************
Cv = A + B tanht(T - To)/C3

Enolish Metric
A 33.37 ft-Ib 45.24 J=

B 21.60 ft-lb 29.29 J=

C 21.92 *F 12.18 *C=

To = 190.02 *F 92.23 *C

.:Cv = 30 ft-1b (41 J) at T= 194.6 *F 90.3.*C |Upper Shelf Energy 55.0 ft-Ib 74.5
o*********************************************************J

=

**************
PT Temp Energy PT Temp Energy-

# (*F) (ft-lb) # (*F) (ft-Ib>
1 75 5.0 9 240- 61.0
2 115 13.0 10 250 56.0 '

3 150 16.0 11 310 54.0 '

4 1?O 17.0 12 310 54.0
5 190 28.0 13 400 48.0
6 200 31.0 14 400- 53.0-
7 2E0 54.0 15 550 54.0
8 220 40.0 16 550 58.0.

,

0 = Fictitious Point Added * = Test Point Hot Included

!
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Temperature (* F)
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Temperature (* C)
.

'

************************************************************************
Cv = A + B- t anht (T - To)/C3

Enolish Metric
'

R = 35.41 ft-lb- 48.01 J
26. 09 f t -l b ' 35.38 JB =

58.71 'F 32.62 *CC =

To = 173.24 'F 78.47 'C

Cv = 30 ft-lb (41 J) at T= 160.9 *F 71.6 *C
61.5 ft-Ib 83.4~JUpper Shelf Energy <=

************************************************************************,

j_
PT Temp Energy PT Temp Energy

# (*F) (ft-lb) # (*F) (ft-lb)

1 70 11.0 10 200 39.0

2 110 13.0 11 215 60.0

3 120 17.0 12 240 62.0

4 140 23.0 13 250 54.0

5 150 24.0 14 300 63.0

6 160 34.0 15 310 56.0

7 170 36.0 16 400 67.0 |

8 190 34.0 17 400 57.0

9 195 48.0

0 = Fictitious Point Added * = Test Point Not included

r
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Te mp e r at u r e (*F)

0 100 200 300 400 500 600 >100
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125 -
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Irradi ated (Hal' -2)
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m ,

o i- 100 -
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w #x +x x vm 60-x
.u 75 x --

x x gb x
e
Cx wa 40-

% 50 $'
,- x x

6 *
*

1,,
V

25 - * 20x -

x
' ' I I I I

'0 O
-

O 50 100 150 200 250 300 i
i

Te rnp e r at u r e .(* C )

******************** .**************************************************
Cv = A + B t anht (T - To)/C3 '

English Metric I

A = 27.72 ft-lb 37.59 J '

B = 31.09 ft-lb- 42.15 J
C = 94.56 *F 52.53 *C
To = 117.59 *F 47.55 *C

,

Cv = 30.ft-Ib (41 J) at T= 124.5 *F 51.4 *C
Upper Shelf Energy = 58.8 ft-Ib 79.7. J

***************s.********************************************************
PT Temp Energy PT Temp Energy

# (*F) (ft-Ib) # (*F) (ft-lb)
1 35 4.0 10 180 52.0
2 50 6.0 11 220 63.0
3 80 20.0 12 260 54.0
4 90 22.0 13 300 59.C
5 110 36.0 14 400 65.0 i
6 120 19.0 15 400 54.0 -;
7 130 31.0 16 550 52.0
8 160 32.0 17 550 59.0
9 160 35.0

0 = Fictitious Point Added *= Test Point Hot Included

|
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t Te mp e r atu r e (* F)

e les aee see 4ee see see
lee

| it i i i ,

123 R 302-B -P1 ate (F23)
-

Irradiated (Hall-3)
80-

m

etw -
i
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I

|
5 ew

M 4*.
v !A x x

- Sex mh cn .

x $'

t 75 -

d 5. .

*
'C

W.>. 4e i-A g
$ 50 -

6 b*

.=
v ,

2e-

25 -

|

I b | | | 1 Ig g
a 5e 100 15e 200 250 30s

i

Te mp e r at u r e (* C)
************************************************************************

Cv = A + B t anht (T - To)/C3

Enolish Metric
A = 32.61 ts-lb 44.21 J
B = 27.98 ft-Ib 37.94 J-

71.01 *F 39.45 *CC =

To = 121.54 *F 49.74 *C

Cv = 30 ft-lb (41 J) at T= 114.9 *F 46.1 *C
= 60.6 ft-lb 82.2 JUpper Shelf. Energy

********************************ke****************************e*****e<4*
PT Temp Energy PT Temp Energy >

e (*F) (ft-Ib) # (*F) (ft-lb)

1 30 8.0 10 200 51.0 ,

2 50 10.0 11 200 65.0

3 80 20.0 12 250 56.0 {
4 100 26.0 13 250 62.0
5 110 29.0 14 400 59.0
6 130 33.0 15 400 62.0

7 140 38.0 16 550 59.0

8 150 44.0 17 550 60.0

9 170 47.0

0 = Fictitious Point Added * = Test Point Not Included
.
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Temperature (* F')
,

-100 0 100 200. 300 400 500
125y i I i i

R 302-B P1 ate ( 2 3 F") l150 --
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m

125 " S-- -
% iw v
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x 75 5 1
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b6 50

x
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U
,

~
t

I 'I ' I I I ID O-50 0 50 100 150 200 250

Te rnp e r at u r e (* C )-

***********************************************************************.
Cv = A + B t anhC(T - To)/C3 '

Enolish Metric
A = 55.33 ft-lb 75.02 J
B 37.67 ft-1b 51.08 J=

C = 54.17 *F 30.09 *C ,

To = 51.21 *F 10.67 *C ;

cv = 30 ft-lb (41 J) at T= 7.1 'F -13.9 *C
Upper Shelf Energy = 93.0 ft-lb 126.1 J

************************************************************************
PT Te nip Energy

# (*F) (ft-lb)
1 -20 22.0
2 -10 24.0

.3 20 41.0
4 30 38.0
5 60 60.0

|
6 100 84.0 l

7 200 94.0
8 -400- 92.0
9 400 92.0

0 = Fictistous Point Added * = Test Point Not Included
.:|
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Temp e rat u r e (*F)

0 100 200 300 400 500
125

y | I i

R 302-B Pl ate (23F)150 -

Irradiated (UBR-38)
100-

,.,
,

E1 125 -- x a% y
n Sw y x +
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m 100 - x >,
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x 75 - . w
MI x j

~

xx n* x
|i6 se - .c .

*
? 25 |

-

25 -

x

I I I I I I
0 O

O 50 100 150 200 250 t

Te mp e r at u r e (*C) :
.

************************************************************************
Cv = A + B t anht (T - To)/C3 -

English Metric
A = 49.95 ft-lb- 67.73 J

36.00 ft-lb 48.81 J |B =

C = 52.32 'F 29.07 *C
To = 134.73 'F 57.07 'C

Cv = 30 ft-lb (41 J) at T= 102.1 *F 38.9 *C
= 86.0 ft-1b 116.5 JUpper Shelf Energy

************************************************************************
PT Temp Energy ,

e (*F) (ft-Ib)
1 40 15.0
2 70 14.0
3 85 27.0
4 90 28.0
5 100 27.9
6 115 46.0

t7 130 47.0
i 8 140 47.0

9 150 43.0
10 165 89.0
11 180 72.0
12 200 83.0 f

13 280 87.0
14 360 82.0 t

15 400 95.0

0 = Fictitious Point Added * = Test Point Not Included
'
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Temperature (* F)
e -lee 2ee see 4ee See

125If I I i

R 302-B Pl ate (23F)150 -

Irradiated (UBR-44)
100-

m

125 S--

W
Iw x e
D% x

G 100 75x x --

6 x*

0 I
8x 75 >:-

w
& 5e-

x*
?n

6 se - .

U
25-,

25 -

,

*l d< l i 1 1 Ie eO 50 100 15e 20e 25e

Temperature (* C)
************************************************************************

Cv = A + B tanht(T - To)/C3
English Metric

A = 40.76 ft-lb 55.27 J
B = 40.30 ft-lb 54.64 J
C = 93.30 *F $1.83 *C
To = 135 11 *F 57.28 *C

!
Cv = 30 ft-1b (41 J) at T= 109.6 *F 43.1 *C |

Upper Shelf Energy = 81.1 ft-Ib 109.9 J j************************************************************************ i

PT Temp Energy
# (*F) (ft-lb)
1 20 4.0
2 40 10.0
3 70 23.0 i

4 80 16.0
5 110 30.0
6 120 37.0
7 150 42.0
8 190 56.0
9 200 73.0

10 2$6 78.0 :
11 360 74.0 |12 400 84.0

0 = Fictitious Point Added * = Test Point Not Included
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Te mpe r atu r e (* F )

O 100 200 300 400 500 600
125

if I I I i

R 302-B P1 ate (23F)15e- -

Irradisted (UBR-46)
100-

m

S125 --

b 4

w ex +
h x - a w i

75 "
-

cn 100 - x xi.

e o

b h |
'

x 75 w-

50*
t

-
y

* a iu
t6 Se ,-

x .c
x 25-

\25 -

:

i h | | | | |g g
0 50 100 150 200 250 300

Temperature ('C)

***************.******************************************************** t

Cv = R + B t anht (T - To)/C 3
:

English Metric
A = 41.92 ft-1b 56.84 J
B = 37.21 ft-Ib 50.45 J ;

C = 85.81 'F 47.67 *C
To = 148.24 'F 64.58 'C

Cv = 30 ft-Ib (41 J) at T= 119.7 *F 48.7 *C4
,

= 79.1 ft-1b 107.3 JUpper Shelf Energy <

************************************************************************ +

PT Temp Energy
# (*F) (ft-lb)

*
1 50 6.0
2 70 15.0
3 80 18.0

7
.

'

l 4 90 28.0
| 5 100 24.0 ,

'

| 6 130 34.0 '
? 140 34.0
8 160 51.0
9 180 42.0

i
10 190 61.0
11 220 78.0
12 280- 77.0
13 350 72.0
14 500 82.0
15 500 78.0 <

0 = Fictitious Point Added * = Test Point Not included
A-48
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Te mp e r atu r e (* F)
B 100 200 300 400 500 GOD

125i f I I I i

R 302-B Pl ate (23F)e -

Irradiated-(UBR-45)
100-

m
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f
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i

*J
h vm 100 75x- -
u ,, .- xe x x 2
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*7s 6
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h 50-

e x
, a

6 se %
-

. 6
n/a 25-

x /25 _j-

x
| |b | | 1 I Ig g0 50 100 150 200 250 300

Te mp e r at u r e (*C)

************************************************************************
Cv = A + B tanht(T - To)/C3

Enolish Metric
A = 42.12 ft-Ib 57.11 J
B 28.95 ft-Ib 39.25 J=

C = 43.56 *F 24.20 *C
To = 158.59 'F 70.33 *C

4 Cv = 30 ft-1b (41 J) at T= 139.2 'F 59.5 *C
Opper Shelf Energy 71.1 ft-1b 96 J=

********************************************************.4****************
PT Temp Energy

e (*F) (ft-Ib)
1 60 7.0
2 70 21.0
3 100 18.0
4 120 24.0
5 140 25.0
6 140 28.0
7 160 43.0
8 170 62.0
9 180 42.0

10 185 68.0
11 200 57.0
12 250 66.0
13 350 75.0
14 400 72.0
15 500 72.0

0 = Fictitious Point Added * = Test Point Hot included
A-49
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Te mpe r atu r e (*F)

0 100 200 300 400 500 600
125

fl i I I i

.R 302-B P1 ate (23F)ise -

Irradiated (UBR-65)
100-

m
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oe
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6 se =x-

* v
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x
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I d' I I I I I I

0 0'
O 50 100 150 200 250 300

Te mp e r at u r e (*C) o

************************************************************************
Cv = A + B t anht (T - To)/C3 t

Enolish Metric
A = 45.97 ft-lb 62.33 J .

34.24 ft-1b 46.42 J iB =
C = 55.71 'F 30.95 *C >

'

To = 115.95 *F 46.64 *C

Cv = 30 ft-lb (41 J) at T= 87.8 'F 31.0 *C
'

= 80.2 ft-lb 108.7 JUpper Shelf Energy
***********************************************s************************ ,

PT Temp Energy PT Temp Energy
# (*F) (ft-1b) # (*F) (ft-16)

1 25 15.0 10 120 45.0
2 40 12.0 11 160 66.0
3 60 24.0 12 160 72.0 ;

4 80 32.0 13 160 69.0 ;

'

5 80 21.0 14 200 80.0
6 90 29.0 15 350 74.0
7 100 42.0 16 400 85.0
8 110 36.0 17 500 81.0
9 120 53.0

0 = Fictitious Point Added * = Test Point Hot Included
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Te mpe r at u r e (' F )

B 100 200 300 400 5e0 600
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if I I I i
.
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Irradi ated (UBR-75 )
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S125 --
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* 75m tee -x-
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Ex 75 -

50& -

x
m x a
6 se |a-

6
* 25-
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x

I d4 I I I I Ig g
O 50 100 150 200 250 300I

1

Te mp e r at u r e (' C )
******************************************************* ****************

Cv = A + B t anht (T - To)/C 3

Enolish Metric
A = 45.07 ft-lb 61.10 J
B = 35.33 ft-lb 47.91 J i

C = 66.98 'F 37.21 'C
To = 143.79 *F 62.10 *C

CV = 30 ft-Ib (41 J) at T= 113.3 'F 45.2 'C
Upper Shelf Energy 80.4 ft-lb 109.0 J=

************************************************************************

| PT Temp Energy PT Temp Energy
# (*F) (ft-Ib) # (*F) (ft-1b) |

,

1 30 10.0 le 180 71.0
32 40 14.0 11 200 63.0

3 80 18.0 12 250 78.0
4 90 26.0 13 200 74.0
5 120 32.0 14 400 85.0
6 120 30.0 15 400 76.0
7 145 49.0 16 550 78.0
8 160 43.0 17 550 87.0
9 175 67.0

0 = Flettstous Point Added * = Test Point Not Included
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Tempe rature (* F)
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Te mpe r at u r e (*C)
..s*******r.se...s********ses s ssesees.eessessee..seeseses.seseessessees

CV = R + 3 tanht(T - To)/C3

Enolish Metric
n 41.32 ft-lb $6.83 J
B 4 33.84 ft-lb 45. 89 -J
C = 61.93 *F 34.41 *C
To = 153.94 *F 67.75 *C

Cv = 30 ft-Ib (41 J) at T= 132.4 'F $5.8 *C
Upper Shelf Energy * 75.2 ft-lb 101.9 J

*..................... *****,......**,................,*****............
PT Temp Energy PT Temp Energy

e (*F) (ft-lb) # (*F) (ft-lb)
'

1 40
~

5.0 10 190 52.0
2 80 17.0 11 228 78.0
3 SO 14.0 12 250 81.8
4 120 26.8 13 308 78.8
5 120 25.0 14 400 71.0
6 135 31.8 15 400 77.0
7 140 39.0 16 558 78.8
8 165 41.0 17 550 69.9
9 180 54.9

0 = Fictitious Point Rdded . = Test Point Hot Included

i
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Temperature (*C)

************************************************************************
CV = A + B tanhC(T - Tc)/C3

Enolish Metric
A = 56.15 ft-lb 76.13 J
B = 51.89 ft-lb 70.36 J
C = 88.49 *F 49.16 *C :

To = 106.86 *F 41.59 *C

Cv = 30 ft-Ib (41 J) at T= 57.8 'F 14.3 *C
Upper Shelf Energy 108.0 ft-lb 146.5 J=

*******************************************************************++***
PT Tamp Energy PT Temp Energy

# (*F) (ft-lb) # (*F) (ft-Ib) -

1 -30 9.0 12 100 53.0
2 0 25.0 13 110 70.0 '

3 0 6.0 14 120 73.0
4 30 19.0 15 120 61.0
5 30 4.0 16 160 '74.0
6 40 28.0 17 220 104.0

~

7 50 35.0 18 ''300 98.0
8 60 19.0 19 300 109.0
9 60 46.0 20 320 110.0

10 70 47.0 21 400 110.0
11 80 12.0 22 400 109.0

.

0 = Fictitious Point Added * = Test Point Hot Included

A-53 |



m a 4 na A- A e <m- =- J,4-

Temperature-(*F)
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Temperature - ('C) -

************************************************************************
Cv = A + B t anht < T - To)/C3

Enolish Metric
A = 43.04 ft-lb 50.36 J

!45.66 ft-Ib 61.91 JB =

C = 121.30 *F 67.44 'C r,

To = 229.62 'F 109.79 *C'

Cv = 30 ft-lb (41 J) at T= 194.0 'F 90.0 *C
Upper Shelf Energy = 88.7 ft-Ib 120.3 J

************************************************************************
PT Temp Energy PT Temp Energy

e (*F) (ft-1b) # (*F) (ft-lb)
'

1 160 6.0 11 290 61.0
2 170 14.0 12 300 54.0
3 170 41.0 13 310 76.0,

1 4 175 16.0 14 350 76.0
'

*

5 190 38.0 15 400 81.0
6 200 25.0 16 410 81.0
7 220 38.0 17 430 89.0
8 230 40.0 18 430 90.0
9 250 45.0 19 0 50 5.0

le 250 67.0 ,

0 = Fictitious Point Rdded * = Test Point Not Included
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Tempe ratu re (*F)
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-5e 0 50 100 150 aOO

Te mp e r at u r e (*C)
************************************************************************

Cv = A + B t anht (T - To)/C3

Enolish Metric
'A = 30.96 ft-lb 52.83 J

B = 24.57 ft-Ib 33.31 J
C 92.55 'F 51.41 *C=

To = 39.87 'F 4.37 *C

Cv = 30 ft-lb (41 J) at T= 4.5 'F -15.3 *C
Upper Shelf Energy 63.5 ft-lb 86.1 J=

'

*****************************n******************************************
PT Temp Energy PT Temp Energy

# (*F) (ft-1b) # (*F) (ft-lb)
1 -65 15.0 14 80 43.0
2 -65 17.0 15 80 48.0
3 -40 27.0 16 80 48.0
4 -10 27.0 17 115 58.0

,

5 -10 30.0 18 115 65.0 *

6 0 30.0 19 120 57.0
7 30 32.0 20 150 58.0
8 30 44.0 21 205 62.0 ,

9 40 44.0 22 215 62.0
to 40 29.0 23 225 61.0
11 40 33.0 24 300 65.0
12 40 35.0 .25 300 59.0
13 40 47.0 26 300 65.0

0 = Fictitious Point Rdded * = Test Point Hot Included
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Temperature (* F)
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Temperature (* C)
,,***********************************************************************

Cv = R + B tanht(T - To)/C3

Enolish Metric
A 26.16 ft-Ib 35.47 J=

B 20.73 ft-Ib 28.11 J=

C = 111.93 *F 62.19 *C i
To = 148.11 *F 64.50 *C

Cv = 30 ft-lb (41 J) at T = 169.1 *F ,76.2 *C
Upper Shelf Energy. . 46.9 ft-1b , 63.6 J=

************************************************************************
PT Temp Energy ,

# (*F) (ft-Ib)
,

1 -30 4.0
2 40 14.0
3 60 18.0
4 120 20.0
5 150 22.0
6 160 26.0
7 200 34.0
8 210 42.0
9 215 42.0

10 250 38.0
11 280 41.0
12 320 46.0

| 13 360 49.0
i 14 400 46.0

15 420 44.0

0 = Fictitious Point Added * = Test Point Not Included ,

A-56 ;
;
Y



_

Te mpe ratu r e (*F)
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Te mp e r at u r e ('C)
|************************************************************************

CV = A + B tanhC(T - To)/C3

Enalish Metric
A = 31.60 ft-Ib 42.95 J
B = 20.09 ft-lb 30.09 J
C = 111.55 'F 61.97 *C
To = 103.60 'F 39.02 *C

Cv = 30 ft-lb (41 J) at T= 97.0 'F 36.1 'C
Upper Shelf Energy 59.0 ft-lb 01.0 J=

************************************************************************
PT Temp Energy

e (*F) (ft-1b>
i

1 -le 10.0 '

2 40- 20.0
3 80 22.5
4 90 24.0
5 120 37.5
6 120 30.0
7 160 40.0
0 100 52.0
9 200 46.0

10 230 54.0
11 200 55.0
12 320 55.0
13 300 62.0 !
14 550 63.0

0m Fictitious Point Added * = Test Point Hot included

-|
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Te mp e r atu r e (* C)
'

************************************************************************
Cv = R + B t anht (T - To)/C3

EnQ1ish Metric
R = 26.65 ft-Ib 36.13 J
B 15.03 ft-Ib 21.46 J=

C 90.44 *F- 50.24 *C=

To = 199.41 *F 93.01 *C

Cv = 30 ft-1b (41 J) at T= 218.9 *F- 103.8 *C
Upper Shelf Energy = 42.5 ft-lb 57.6 J

'

************************************************************************
PT Temp Energy

# (*F) (ft-lb)
1 00 14.0
2 150 16.0 ;

3 190 26.0 ,

4 200 20.0
5 210 40.0
6 215 36.0-
7 215 23.0
8 230 34.0
9 -250 26.0

10 250 33.0
11 200 41.0
12 320 41.0
13 360 42.0
14- 420 42.0

0 = Fictitious Point Added * = Test Point Not Included
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Te mp e r atu r e (' C )
************************************************************************

Cv = A + B t anht (T - To)/C3

English Metric
A = 39.82 ft-lb 53.99 J
B = 27.49 ft-lb 37.27 J *

C = 73.52 'F 40.84 *C .

To = 30.27 'F . 96 * C

Cv = 30 ft-lb (41 J) at T= 2.8 'F -16.2 *C-
67.3 ft-1b 91.3 JUpper Shelf Energy =

*************e***********************************************************
PT Temp Energy

# (*F) (ft-Ib)
1 ~50 18.0
2 0 33.0
3 0 25.0 :

4 60 55.0
5 60 46.0
6 150 64.0 .t

7 150 66.0
8 350 68.0
9 '350 67.0

0 = Fictitious Point Added * = Test Point Not included

A-59
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Tempe ratu r e -(* F)

0 100- 200 300 400 500
100

I y |- 1 I

I3 -

Linde 80 Weid (E23F
Irradiated (BSR-12)'

|- 8g-
,

=f100 --

b 1
w S

+
g -

s0_

t 75 - x $-

x x-g
c- .

>. W--o- 40-

% 50 kx-

!x
6 h !x x

. .c .
.

r

g ,

20- |.25.
--

- x
#

x .

I I 1 1 l I IO
~ O

.O 50 100 150. 200- -250

Te mp e r atu r e - (* C )

************************************************************************.
Cv = A + B tanht<T - To)/C3-

English Metric
A = 33.30 ft-lb- 45.15 J.
B = 21'.27 ft-Ib 28.84 J
C 81.59 *F 45.33 *C i

=

To = 169.95 *F 76.64 *C

Cv = 30 ft-1b (41 J) at T= 157.2.*F 69.5 *C !
Upper Shelf Energy 54.6 ft-1b 74.0 J=

************************************************************************
PT Temp Energy

# (*F) (ft-16)
1 20 11.0
2 80 18.0

t 3 120 ~22.0
! 4 150 29.0
1 5 160 37.0
'

6 180 31.0
7 190 34.0
8 200 31.0-

;
9 210 45.0

10 .220 51.0
11 230 '54.0
12 280 31.0
13 350 52.0
14 400 54.0

0 = Fictitious Point Added * = Test Point Not Included
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Te mpe r atu r e (* F)

-100 0 100 200- 300 400 500 600
125

If I I I I i

Linde 80 Weld (71W)33e _

Unirradiated
100-

m

S125 - x-

8 x .i

I C
'' *

xxx x _ m
* I 1- 75''

ptee - x x
e x M x o :

6 !o
Ex 75 -

xg - 50-

x
e o- !

h !6 5e --

-6 l# x
25 .!

-

,

!25- -

I di i i i i i Ig g
-50 0 50 100 150 200. 250 300

;

Te mp e r atu r e (*C)
************************************************************************

Cv = R + B t anht <T- - To)/C3 .i

'l
"!Enolish Metric

R = 38.91 ft-lb 52.76 J |
B = 38.19 ft-1b- 51.78 J
C = 79.07 *F 43.93 *C 4

To = 37.07 *F 2.82 *C

Cv = 30 ft-Ib (41 J) at T= 18.3 'F -7.6 *C- ,

Upper Shelf Energy = 77.1 ft-lb 104.5 J !

************************************************************************ 1

PT Temp Energy PT Temp Energy ,

# (*F) (ft-lb) # (*F) (ft-lb) '

1 -50 7.0- 20 250 77.0
2 0 23.5 21 250 84.0 1

3 10 32.0 22 300 78.0 1

4 15 22.0 23 350 75.0
5 15 26.0 24 400 74.0
6 15 29.0 25 400 76.0
7 -15 34.0 26 400 77.0
8 50 33.0 27 400 81.0 j

9 50 38.0 28 400 82.0 :
10 50 40.0 29 400 84.0
11 50 48.0 30 450 72.5
12 50 53.0 31 -500 76.5
13 100 68.5 32 550 68.0
14 150 75.0 33 550 72.0
15 200 79.5 34 550 76.0
16 250 68.0 35 550 81.0
17 250 68.0 36 550 88.0
18 250 68.0 A-61 37 550 91.0
19 250 70.0

- - ______
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Te mpe r atu r e ^ (* F)

B. 100 200 300 400 500
600'251

f I I | -l i

Linde 80 Weid E7LN)15e -

Irradtated'(HSST 4th).

100-

x m

u fi 125 --

* * r_

V x x p<
x- x w

N
. 75 *|*

100 -
-

x x-'
- .x

- M ,

l
j

.

jx 75 -

I - - 50 -
x'

* a t,

6 se hx
-

.c :
v'x

x 25'-

*
25 3

,

I d' I I I I I I
'

O .0
O 50 100 150 200 250 300 4

Te mp e r at u r e (*C)
************************************************************************.

Cv = A + B t anht <T - To)/C3'

Encitsh- Metric-
R 31.63 ft-lb 42.89 J=

B =. 54.55 ft-lb- '73.95 J
C 146.78 *F 81.54 *C 1=

To = 63.68 'F 17.60 *C

Cv = 30 ft-1b (41 J) at T= 59.3 *F 15.2 *C
Upper Shelf Energy = 86.2 ft-lb- .116.8 J

************************************************************************
PT Temp Energy. PT Temp Energy

e (*F) (ft-lb) e (*F) (ft-1b>'
| 1 10 19.0 20 250 74.0
| 2 50 21.0 21 250 70.0
l 3 70 34.0 22- 250 72.0

4 70 29.0 23 250 78.0
5 70 26.0 24 250 78.0 '

l' 6 70 26.0 25- 250 81.0
.

7 70 35.0 26 400 70.0 !

8 70 33.0 27 400 87.0
9 70 42.0 28 400 77.0

10 100 45.0 29 400 88. 0 ~|
"

11 120 54.0 30 400 82.0
12 120 61.0 31 400' 88.0
13 120 58.0 32 550 84.0
14 120 54.0 33 550 98.9
15 120 56.0 34 550 84.0 i

16 120 53.0 35 550 92.0 -

17 120 39.0 36 550 86.5 1'
18 150 66.0 A-62 37 550 93.0-
19 250 84.0 38 550 86.0- -

'
- .
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Te mpe ratu re (*F)

-100 0 100 200 300 '400 500
100

f I I I i

133 ~~

Linde 80 Weld (W8R)
'Unirradiated

80-
m

100 S J--

b iw
+a [.

x 4- i
w 'lm x 60*

$ "/5 .,$-x-

c x
s.La
ti 1

C 'i>. W '

m. 4e-

$ 50 $
- x

6 **
h !x

.c: |

U-
- - ' 2025

x

i EI I I I I Ig g
-50 0 50 100 150 200 250 '

Te mp e r atu r e (* C)
************************************************************************ I

Cv = R + B tanht(T - To)/C3

Enolish Metric
A = -355.03 ft-lb -481.36 J
B = 415.53 ft-Ib 563.39 J
C = 251.'15 *F 139.53 *C
To = -408.93 *F -244.96 *C '

Cu = 30 ft-Ib (41 J) at T= 1.4 *F -17.0 *C. ;
Upper Shelf Energy 60.5 ft-Ib ~82.0 J

|
=

************************************************************************ i

PT Temp Energy
# (*F) (ft-Ib) 1.

1 -40 14.0
2 -40 18.0 l3 -19 26.0
4 -10 32.0
5 0 32.0
6 0 36.0
7 40 39.0
0 80 42.0
9 80 30.0

10 120 52.0 I
11 120 47.0
12 200 60.0
13 200 56.0 )14 400 58.0 i
15 400 58.0

0 = Fictitious Point Added A-63 * u Test Point Hot Included
q
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Te mpe r atu r e (* F)

100 200 300: 400 500
100

I y I- 1

I3 -

Linde 80 Weld (W8R)
Irradiated (UBR-42C)

'80-
m

100 - 3-

% .i.

$"

g se -_

a-t 75 -

0 8
x . n.a

40n x -

:$
"

% -50 - x

6 h-
.c* V

20-

25 x-

x

I 1 1 1 1 Ig g
50 100 150 200 250

Te mp e r atu r e (* C)
************************************************************************

Cu = A + B t anht <T - To)/C3

Enolish Metric
A = 26.42 ft-1b 4 35.82 J-

10.91 ft-lb 14.79 J,B =

'15.74 *F 8.74 *CC =

To = 233.31 'F 111.84 *C

Cv = 30 ft-Ib (41 J) at T= 238.7 *F 114.8:*C
a 37.3 ft-lb- 50.6:J-Upper Shelf Energy

************************************************************************
PT Temp Energy

# (*F) (ft-Ib>
1 150 8.0
2 -180 18.0
3 190 26.0
4- 200 10.0
5 ~215 18.0
6 230 24.0
7 240 31.0
8 270 36.0
9 350 40.0

10 '400 35.0
11 430 -38.0

0 = Fictitious Point Added * = Test Point Not Included

A-64
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Tempe rature (* F)
e- 100 200 ase. 400 500- 100| Q ,I I

15 -

Linde 80 Weld (WBR)
IFIR (UBR-41B)

BB-
n

100 S-

,

rw
#
4-

$; '''

se-

t- 7s s-
-

6 t
C>. X

Lda x -

4e- [
-

|; 50 -

;

6 |i 1
- .c.

v c
x-x 2e2s -_

x ,

i i di i I i Ig gO 50 100 150 200. 250 '

Temperature-(*C)
{

************************************************************************
Cv = A + B tanht<T --To)/C3

English Metric
A = 28.93 ft-lb 39.23 J
B 13.35 ft-Ib 18.10-J

<

=

C = 9.52 *F 5.29 *C 4,

To = 205.40 *F 96.34 *C !
!

Cv = 30 ft-1b (41 J) at T= 206.2 *F 96.8 *C
Upper Shelf Energy = 42.3 ft-1b 57.3 J !

************************************************************************
PT Temp Energy

e (*F) (ft-Ib)
1 100 0.0
2 160 20.0
3 180 19.0 I

4 200 21.0 ;

5 200 23.0
6 230 44.0
7 260 41.0 i

8 400 42.0
9 400 42.0

f

0 = Fictitious Point Added * = Test Point Not Included ,

A-65
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Tempe ratu re. (* F)

-0. -100 200 300 400-- 500
100'

I y. |- |

125 -

Linde 80 We1d (H8R)
i Irradiated (UBR-4iC)

,8B- x
3100 -,-

5 l
w- p

%-

N:
*

60-

5| 2 75 -
i

| 6 .b |
*

c-
w w

E'
- 40o- y*

% 50 -

*
6 b 1

6 i
-

2033 _
xx --

x

l x
I I di i i I

| 0 0
0 50 100 150 200 250

|. 3
Temperature ('C) }

| ************************************************************************-
Cv = A + B tanht<T - To)/CJ-

! Enolish Metric
23.71 ft-Ib 32.15 J tA =

B = 16.61 ft-lb 22.52 J'
52.71 'F 29.20 *CC = ,.

To = 183.21 'F 84.00 'C

! Cv = 30 ft-lb (41 J) at T~ c 204.2 'F 95.7 *C - >
-40.3 ft-1b 54.7 JUpper Shelf Energy =

! ************************************************************************ ,

l- PT Temp Energy
| #- (*F) (ft-Ib>
| 1 100 6.0
| 2 140 11 ~. 0

3 -150 26.0
'4 160 12.0
5 '180 20.0
6 190 20.0-
7 200 33.0
8 220 35.0
9 230 38.0

10 280 38.0
11 400 39.0
12 400 41.0

0 = Fictitious Point Added * = Test Point Not Included
>.
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Tempe ratu re -(* F)
100 200 300 400- 500

1001f I- 1
_

I5 ~

Linde 80 We l d (H8R)
Irradiated (UBR-44)-

80 m
-

100 - j,-

s
"

+>

N
+
*

60-

t 75 - *
o-

6 'E-
x C
a w-

x x - 40$ 50 --
y gx

6 h
*

6
25 - x 20-

x
]

^

!
I E I I l' e50 100 150 200 250

.;
Tempe ratu re -(* C)

<***********************************************************************
Cv = A + B t anh[(T - To)/C3 ;

.j

Enolish Metric i

A = 23.42 ft-Ib 31.76 J
B = 15.32.ft-lb 20.77 J
C = 44.82.*F '24.90 *C
To = 193.74 *F 89.'86 *C-

4

Cv = 30 ft-lb (41 J) at T= 214.3 *F 101.3 *C
Upper Shelf Ener******************************gy 38.7 ft-Ib 52.5 J=

****************************************** ,
i

PT Temp Energy
R# (*F) (ft-1b) l

1 120 8.0
2 150 14.0 j3 190 18.0 '

4 190 24.0
1

5 220 36.0
6 220 34.0
7 230 26.0 i
8 250 39.0

|9 400 .40.0N

10 400 37.0

0 = Fictitious Point Added * = Test Point Hot included
,
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i

Tempe ratu re (*F)

~100 200 300 400- .500 GOB
100

i f. I l- .1-

I5 -

Linde 80 Wel'd (W88).
Irradiated ~(UBR-46)

80_ m-

I S100 -

8 i
w *J

4+-

N. '60
*

-

's
'

t 75- -
,

C L
- w e

C -

,

x w- :- -
i a 40-

g% 50 =- x
* * '6 b-x .c :x v.

20<-25 - x
Jx

x
I I I I I I0 O !

'

l 50 100 150 200' 250' 300

iL Temperature-(*C)-

************************************************************************
Cv = A + B t anhC(T To)/C3

L ,

1 English Metric
A = 21.98 ft-Ib 29.80 J-
B 14.24'ft-lb 19.30 J=

C = 48.14 'F -26.75 *C
To = 198.10 'F 92.28 'C

( Cv = 30 ft-Ib (41 J) at T= 228.8 *F 109.3 *C.
I Upper Shelf Energy =- 36.2 ft-lb 49.1 J'
I ************************************************************************
| PT Temp Energy
'

# (*F) -(ft-lb)
1 lie 5.0
2 140 14.0
3 180 18.0
4 190 21.0
5 200 18.0
6 220 25.0
7 220 32.0
8 230 28.0
9 250 36.0

10 250 36.0
11 400 37.0.
12 400 36.0
13 550 33.0

0 = Fictitious Point Added * = Test Point-Hot Included

A-68
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1

,

1
Tempe ratu re (* F)

_

100 200 300 400. 500 GOD
100 '

I f I- 1 I i

I5 -

Linde 80 Weld (H8R)- -

Irradiated (UBR-45)
80-

m
.ow 100: --
-

w i i
. v +>

+
N

,
*

60-
<

t 75 $-

5 to -!
.

C
A Ldo. 40'-

'- 50 - *-
* x x o.

6 a b
'
i*,

.c
Mx V

2025 -

x
-

'
.

X

I ' ' ' ' '''0 O
50 100 150 200 250, 300

Tempe rature /(* C)
************************************************************************

Cv = A +'B tanht<T - To)<C3-

| English Metric *

; A- 20.89 ft-lb 28.32 J=

B = 11.64 ft-lb 15.78 J'
i C = 46.05 'F 25.58 *C
| To = 220.79 'F 104.89 *C i
i

Cv = 30 ft-lb (41 J);at T= 269.2 *F 131.8 *C
Upper Shelf Energy- 32.5 ft-Ib 44.1 J |

=

, o***********************************************************************
| PT Temp Energy
j # (*F) (ft-Ib)
| 1 160 11.0

2 190 9.0
,

3 200 24.0
4 220 17.0

| 5 225 21.0 :

[ 6 250 32.0
! 7 250 25.0
| 8 280 30.0
I

9 '320 34.0
| 10 400 30.0 I

| 11 400 32.0
12 550 34.0

0 = Fictitious Point Added * = Test Point Not Included |

I
:

!
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x,

t

Tempe r atu r e J' F ) N
0 100 200 300 400 500 600

i f I I I I
- 100 -

133 -

Linde 80 Weld (W8R)
.

Irradiated (UBR-65)-
_80 g '-'

3100- --

% ix .

y .gi
y

:60.. $
*

-

t 75 -

6 i
i J.^x

a. x M - - 4 0.
y% 50 - x-

6 * h
xx w* v

2025 -
-

X

i i 1 1 I I I Ig g
0 50- 100- 150 200 250- 300

Tempe ratu re- (* C)
**********************************************************n************

CV = A + B t anht <T -''To)/C 3 -

English Metric
A = -192.93 ft-Ib- -261.58 J
B = 239.22 ft-lb 324.34.J~
C- = 214.24 *F ~119.02 *C-
To = -198.09 *F -127.83 *C

Cv = 30 ft-lb (41 J) at T= 160.3 *F~ 71.3 *C
Upper Shelf Energy 46.3 ft-lb 62.8 J=

************************************************************************
PT Temp Energy- PT Temp Energy

# (*F) (ft-lb) # (*F) -(ft-lb)
'

1 60 8.0 9 200 30.0-
2 80 6.0 10 200 31.0
3 105 28.0 11 220 41.0
4 120 28.0 12 250 41.0
5 140 28.0 13 250 42.0
6 150 22.0 14 400 -45.0
7 160 25.0 15 400 44.0
8 180 36.0 16 550 45.0

0 = Fictitious Point Added * = Test Point Hot Included

5

-
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Temperature -(*F) i

,

0 100 200 '300- :400 500-- 600 '

,

100i f I l i
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Linde 80 Weld'(W8R)' -

'

"Irradiated (UBR-75) !

80-
m

im S--
-

6 -

I tv -g ,

N 60--

t 75
-

$
-

,

6 t .

h c 1

% 50.
x x Wa

- x '4g, _
t

y,

6 x x ux' e
x
U !

x x 2025 - -

-

x
I I E I I I IO OO 50 100 150 200 250 300~

t
, Temperature (* C) *

|

************************s*******s****************************************
Cv = A + B tanht(T~- To)/C3

English Metric
A = 22.84 ft-lb 30.96 J-

B- = 18.27 ft-lb 24.77 J r
| C = 114.29 *F' 63.50 *C'

To = 160.55 *F 71.41.*C|
1Cv = 30 ft-lb (41 J) at T~= 207.9 *F 97.7'*C

Upper Shelf Energy 41.1 ft-lb 55.7 J=

************************************************************************
PT Temp- Energy PT Temp Energy

# (*F) (ft-lb) # (*F) (ft-lb) i
1 75 6.0 10 220 34.0
2 90 19.0 11 230 30.0
3 120 16.0 12 260 33.0
4 140 22.0 13 280 41.0'

5 160 22.0 14 300 39.0-
6 180 20.0 15 400 40.0-
7 180 24.0 16 400 42.0
8 190 33.0 -17 550 39.0
9 210 30.0

0 = Fictitious Point Added *a Test Point Hot Included
_.
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Te mpe r at u r e (* F)

100 .200: 300 400 500 600
100

| 7 | 1 I-

15 -

Linde 80 Weld--CH8R)*
O Irradiated (UBR-76).

80-
m
.o

100 - --
-

D .M
y 60".-

$t 75 -

'C
W Es

.x w-
xc.- x - 40 .

^

% 50 - x ( x

6 * x 4
.c -
V.

: 20x * -

25 -

X

i 11 I I 1 I g-g .

50 100 150 200 250 300

Te mp e r at u r e (* C )

***************************a********************************************-
Cv = A + B t anht (T - To)/C3

'

-English Metrici

25.90 ft-lb 35.11 JA =

12.75-(t-lb 17.29 JB =

60.17 *F 33.43 *C'C =

To = 210.12 *F 98.95''C

Cv = 30 ft-Ib (41 J) at T= 230.2 *F ,110.1 *C '

= 38.6 ft-Ib '52.4 JUpper Shelf Energy
************************************************************************

PT Temp- Energy
# (*F) -(ft-lb)
1- 120 10.0 i

2 140 '21.0
3 150 15.0
4 155 18.0
5 180- 20.0
6 208 20.0
7 210 26.0
0 230 35.0
9 230 32.0

10 250' 30.0
11 260 34.0
12 300 39.0
13 400 36.0
14 400 41.0
15 550- 38.0

,

|

0 = Fictitious Point Added * = Test Point Hot included jA-72
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Temperature-(*F)

-200 -100 0 -100 200 300 400
t i. i i i 200 ,

250 -

Linde 0091 Weld CE24)
Unirradiated-

|160-

m
- 200- -

5 S
w I

-x = = # l.~-x - ''

.bxm xx 120 .lt 150 -

-

y {15 - # t- j>, *
*' .Lx

$ 100 x 80--

6
g

*
x, k

* .c
U^

5 0 '- 40x -

t

i 1 1 1 I I I I

,

g
g 1-100 -50 0 50 100 150 200

;

Te mp e r at u r e (*C) (

************************************************************************
Cv = R + B tanht(T - To)/C3

'English Metric;_
-

R = 67.79 ft-lb 91.91 J
B 64.44 ft-lb 87.37 J

=

C = 79.36 *F 44.09 'C
To-= -46.95 *F -43.86.*C'

s

Cv = 30 ft-Ib (41 J) at T= -100.3 'F -73.5 *CUpper Shelf Ener******************************gy 132.2 ft-lb 179.3,J=

******************************************PT Temp Energy PT Temp Energy
*

# (*F) (ft-lb)- # (*F) (ft-Ib)
1 -115 21. iI 16 -20 98.02 -115 24.0 17 -20 102.03 -100 28.0- 18 -15 78.0 $4 -90 29.0 19- -15 87.0 '
5 -85 32.0 20 10 118.06 -80 74.0 21 50 122.07 -80 54.0 22 70 121.08 -80 29.0 23 70 127.09 -80 32.0 24 120 125.010 -80 45.0 25 120 133.0 i

11 -70 57.0 26 150 130.012 -50 60.0 27 210 132.013 -50 90.0 28 210 132.014 -50 35.0 29. 2dB 134.015 -40 63.0 30 3 T,0 134.0

0 = Fictitioas Point Added * = Test Point Hot Included

'l
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Te mp e r at'u r e (* N

-100 0 100 200 300 400 500
150-

I y | | | |200 -

Linde'0091 Weld (E24T
Irradiated (BSR-11 & 15).

120-
m

O-- 150 - x .x o,. _ , - x .x p
w w

-w-A * 90-

. cn x x.u ene

d 100 I-

C'
x . W

>. ~ - 5 0.:g .x.
g xx a

6 |5
- .c

v50 x-

.30x - s

*
1 x

x

xi Ib I I I i 1
g g.

-50 0 50 100 150- 200- 250

Te rnp e r atu r e ' (* C )

************************************************************************.
Cv = A +-B tanht(T --To)/C3

Enolish -Metric
51.50 ft-lb 69.83 JA =

B = 55.16 ft-lb 74.78 J
139.35 *F. 77.42''CC =

.To = 99.78 *F 37.66.*C

Cv = 30 ft-lb (41 J) at T= 42.4 *F 5.8 *C'
106.7 ft-lb 144.6;JUpper Shelf Energy =

************************************************************************
PT Temp Energy PT Temp Energy

# (*F) (ft-lb) # (*F)- (ft-lb)

1 -70 3.0 14 140 69.0-

2 -40 12.0 15 140 67.0

3 0 14.0 16 160 64.0
4 10 21.0 17 200 85.0

5 30 31.0 18 200 92.0-
6 40 37.0 19 240 88.0

7 50 20.0 20 280~ '193.0

8 60 42.0 21 280 107.0
9 70 24.0 22 350- 102.0

10 80 54.0 23 350 100.0
11 90 55.0 24 400 107.0
12 100 50.0 25 400 102.0
13 110 54.0

0 = Fictittous Point Added * = Test Point Hot Included

A-74
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Temperature (* F)
-200 -100 0 100 200 300 400 500 600

250if I I I I I i

Linde 0091 Weid (68W)3ee -

Unirradiated
200-

m
- 250 ,#_.

-

h
x I

S
A Dm 200 150x- -

s m >,o M x ax
6 5
>., 150

$
. E'

-

100-

* x
a

6 100 s.,
-

* E

6 |
x

'50 |
-

*50 -

del 1 I I I I I IO O-100 -50 0 50 100 150 200' 250 300

Te mp e rat u r e (* C)
************************************************************************ |

Cv = A + B tanht(T - To)/C3 !,

English Metric
A- = 73.81 ft-lb 100.07 J
B = 69.84 ft-Ib 94.69 J
C = 60.55 *F 33.64 *C
To = -30.41 *F -34.67 *C

Cv = 30 ft-lb (41 J) at T= -75.0 *F -59.5'*C !Upper Shelf Ener 143.6 ft-lb- 194.8 J |******************************gy =

******************************************
PT Temp Energy.

# (*F) (ft-Ib>
1 -80 31.0 I

2 -80 26.0 i
3 -80 23.0 '

4 -50 40.0
5 -50- 64.0
6 250 142.0
7 250 133.0
8 392 137.0 i9 392 149.5

10 392 135.0
11 550 174.0
12 550 135.0
13 0 -180 5.0

0 = Fictitious Point Added * = Test Point Not Included

A-75
|
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Te'mp e r atu r e - (* F)

-200 -100 0 100 200- 300 400 500: ~600
250

I y i i 1. I I I

Linde 0091 Weld (68W)-aOe --

Irradiated-(HSST 4th)
2BB-

n

S250 *--

6 . X 1

U
" *

x_x , x = m._
150,- cn 200 -

m x--

u x*e O

i5 t
* dix 15e -

'100p -

x
a ct

r.
6 100 *- x

X U
5 0 .--

50 -

x

1 1 I I I I I l-g g
-100 -50 0 50 100 153 200 250 300

Te mp e r at u r e (*C)
,

************************************************************************
Cv = A + B t anht (T - To)/C3

Enolish Metric
A = 80.55 ft-lb 109.21 J
B = 76.20 ft-Ib- 103.31 J
C = 59.00 *F 32;78''C

To = -9.28 'F -22.93'*C--

Cv = 30 ft-lb (41 J) at T= -56.4 'F -49.1''C
Upper Shelf Energy 156.7'ft-1b 212'. 5 - J=

********4 **************************************************************
PT Temp Energy PT Temp -Energy

e (*F) (ft-Ib> __t! (*F) (ft-1b>
1 -60 17.0- 17 250 158.0
2 -60 28.0 1'l 250 152.0
3 -50 -72.0 it 250 153.0
4 -50 26.0 20 250 154.0
5 -50 44.0 21 400 147.0
6 -50 23.0 22 400 161.0
7 -50 27.0 23 400 186.0
8 -40 -40.0 24 400 146.0
9 0 84.0 25 400 154.0

10 0 114.0 26 550 167.0 :

11 0 61.0 27 550 155.0
12 0 86.0 28 550 146.0
13 0 112.0 29 550 176.0
14 0 92.0 30 550 156.0
15 40 138.0 31 0 -150 5.0- .

16 250 138.0

^~0 = Fictitious Point Added * = Test Point Not Included

"
- - - _ _ - - _ - _ _ - _ -
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Tamperature (' F ) /
-100 0 100 200 '300= 400 500 GOD

200' ,-

f I I I i 1

5U' -

Linde 0091 Weld (69W)
Unirradiated

160-
m

200 d--

8 i

(x

N *
g- 120

I st 150 * *-

| - ** . m
i

3: x
g .!x x x

b. * C
Wo. 80-

% 100 $
-

6 b
*

M st E:x x- u
* 4050 - ~

-

5

d
Ii d< | I I- 1 I I ig g j

-50 0 50 100 150~ 200 250 300 |

Te mp e r at u r e (*C)

************************************************************************.
Cv = A + B tanhC(T - To)/C3

English Metric
A = 57.98 ft-lb 78.61 J l

B 51.29 ft-lb 69.54 J l
=

C 57.06 *F 31.70 *C j
=

To = 31.88 *F .07 *C !

iCv = 30 ft-Ib (41 J) at T= -3.0 *F -19.5 *C
Upper Shelf Energy. 109.3 ft-lb 148.1 1 !

.

=

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ' * * * * * * * * * * * * * * !*
PT Temp Energy PT Temp Energy

# (*F) (ft-lb) # (*F) ( f t. - I b )
'

1 -50 13.5 33 250 104.0 1

2 -50 12.0 34 250 108.0'
. !3 0 24.0 35 250 109.0 1

4 0 36.0 36- 250 100,0 ]5 0 33.0 37 250 112.0 - l
6 0 20.0 38 250 112.0
7 0 36.0 39 250 102.0
8 0 23.5 40 300 108.0
9 0 47.0 41 300 100.0 :10 0 40.0 42 350 100.5

i11 0 24.0 43 400 112.0
12 0 19.0 44 400 112.0 !13 0 35.0 45 400 108.0 !14 10 54.0 46 400 99.5
15 M 63.0 47 400 100.0
16 50 78.0 48 400 116.0
17 50 71.0 49 400 100.0
18 50 79.0 A-77 50 400 108.0

]19 50 78.0 51 400 110.0



_ _ _ _ _ _ _ - - _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ - _ _ _ _ - _ - _ _ _ _ - _ _ _ _ _ _ - _ _ _ - _

28 58 83.0 92- 458 187.5-
21 50 52.0- 53 588 105.8
22- 58 48.8 54- 558 189.8
23 58. 66.8 55 558 138.8
24 58 82.8 56 550' 111'.0:
25 58 74.0 57 558 116.8
26 51 88.8- 58 i 550' 128.8
27 188 106.8 59 558 109.8
28 180' 185.8 60 558- 188.8~
29 158 104.8 61- 558- 188.8
30- 288 112.5 42 558 118.8
31 250 188.8 '63- 558 111.0
32 258 111.8

0 = Fictitious Point Added * = Test, Point Hot Included

i
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-Te mp e r at u r e'- (* F )

-100 0 100 200 300 400 500 '600
200i f I I I I I

250 -

Linde 0091 Weld'C69N)
Irradiated (HSST 4th)

160-

m.

200 S--

6 i
Y $_$ 120 Ny -

$ 150 $.
-

6 g- !m x
n "x wa x 80x -

. 10e t
-

6 %- 1x
.m -

- Vx

.40
~

50 - ~

' I I I ' I
'0

'O-50 0 50 100 150 200 250 300
1

i
Te tnpe rat u r e (*C) ]************************************************************************ !

Cv = R + B t anht (T - To)/C3 i

Encitsh- Metric l
A = 51.89 ft-Ib 70.36 J

,

B = 56.38 ft-Ib 76.44-J
C = 98.01 *F 54.45 *C '

1

To = 84.12 *F 28.96~*C

Cv = 30 ft-lb (41 J) at T= 44.0 *F 6.6 *C.
Upper Shelf Energy 108.3 ft-Ib 146.8 J-=

************************************************************************
PT Temp Energy PT Temp Energy' !# (*F) (ft-lb) # (*F) '(ft-1b) i

1 50 26.0 20 120 -81.0
2 50 30.0 21 150 78.0
3 50 32.0 22 250 86.0 -!4 50 24.0 23 250 104.5 t
5 50 31.0 24 250 98.0 '

'

6 50 37.0 25- 250 114.5
7 50 36.0 26 250 '98.0 l
8 50 29.0 27 250 118.0 !

9 50 46.0 28 250 105.5
'10 70 40.0 29 250 95.0
11 100 64.0 30 550 118.0

,

12 120 76.0 31 550 111.0
13 120 61.0 32 550 109.0
14 120 56.0 33 550 106.5

'

15 120 65.0 34 550 99.0
16 120 68.0 35 550 114.0
17 120 90.0 36 550 108.5
18 120 91.0 A-79 37 550 114.5

319 120. 71.0 38 0 -50 5.0

_ . . _ _ .. _
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Tempe ratu re (*F)

-100 B= 100. '200 300 400 500
r 200y i 1 I i 3

25e --

Lin'de-0091 We1d-(W9R)
.UnirradIated

160-
m

E200- -

% i-

$"

*
N 120-

.$t 150 x-

t.

b .Ix

A W
82n. -

$-y 100 -

.6 h-
.c
V-

0~

50 -

dI l- 1 I I I Ig g
-50 0 50 100 150 200 250:

Te mp e r atu r e (* C)
************************************************************************

Cv = A + B t anhC CT. - To)/C3

Enolish Metric
A = -395.47 ft-lb -536.18 J

'.

B '= 520.90 ft-lb 706.25 J
204.01 *F 113.34 *CC =

To = ~312.32 *F -191.29 *C

Cv = 30 ft-lb (41 J) at.T =- -78.3 *F- -61.3 *C
= 125.4 ft-1b 178.1 JUpper Shelf Energy

************************************************************************
PT Temp Energy

#- (*F) (ft-1b)
1 -80 29.0
2 -80 28.0
3 -50 53.0
4 ~50 50.0
5 75 110.0
6 75 96.0
7 160- 114.0
8 400 125.0
9 400 125.0

10 400 124.0

0 = Fictitious Point Added * = Test Point Hot Included

.

A-80

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

.-



Tempe ratu re -(* Fi
0 100 200 300 400 500

125if I I i

15e - Linde 0091 Weld (W9R) !

Irradi atect (UBR-42C)
100 m i-

- 125 .o --

8 -

w 1

4.
A

-

y 4-

@ 100
'

x x *
75-

-

e x j

d E- |

Ex 75 -

x x W
-

n- l
50 !' -

8 A ix
6 50

c.-
g j-

.c
x u-

* 25 !-

25 i-

x .!

I E I I I I

.

O
0O 50 100 150 200 250 !

:

Te mpe r atu r e (* C) '

************************************************************************ !
CV = R + B tanht(T - To)/C3-

Encilsh Metric
A = 44.70 ft-lb 60.61 J 1

B = 32.97 ft-1b 44.71 J I
C = 82.97 'F. 46.10 *C !To = 157.59 *F 69.77 *C

=tCv = 30 ft-Ib (41 J) at T= 117.8 *F 47.7.*C i
Upper Shelf Ener*******************************gy 77.7 ft-1b 105.3 J=

*****************************************
PT ' Temp Energy

# (*F) (ft-lb)
t1 50- 13.0

2 80 24.0
3 110 28.0
4 140 44,0
5 150 27.0
6 150 .50.0
7 190 51.0
8 220 74.0
9 270 72.0

10 400 78.0
11 450 76.0

0 = Fictitious Point Added * = Test Point Hot Included
i

i
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- Tempe r atu r e (*F")-

e tee aee see 4ee .seeus
1 i i i

Linde 0091 Weld (W9R)15e -

IRR-~(UBR-41B)
100. m

~

-

.o
125 - -

-

hC x v

{.

x 75L--

_

*e

5 x v-
c

x 75 W-
.,

50-a x
% ?
6 se j||-

x v
25-

25 -

i d i I I -l I
g g

O 50 100 150 200 250

Temperature (* C)
************************************************************************

Cv = A + B tanht(T - To)/C3-

Enolish Metric
A= 39.04 ft-lb 52.93 J

43.81 ft-Ib 59.39 JB =

110.96 *F 61~.65 *C0. =

To = 101.80 *F 30.78 *C'

Cv = 30 ft-lb (41 J) at T= 78.6 'F 25.9 *C
= 82.9 ft-1b 112.3 JUpper Shelf Energy

************************************************************************
.PT Temp Energy

e (*F) (ft-lb)
1 40 18.0-
2 80 31.0
3 100 32.0
4 125 51.0
5 150 63.0
6 180 62.0-
7 280 76.0
8 400 84.0
9 440 84.0

0 = Fictitious Point Added * = Test Point Not Included

A-82
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Te mp e r atu r e (*F)

B 100- 200 300 400~ SOB
125

fl I- i i
1

Linde 0091 Weld-(W9R)150 -

Irradiated (UBR-4(C)
'

100- x
S-125 *---

b - I
v x *

x * b.x
75m 10e --

6 x x
e cm

'

-

s

E_, x 75 -

*
L B - 50 3

af n
i 6 50' - E-

6*

x - 25-

25 -

I I ! I I I0 O
O 50- 100- 150 200 250

Temp e ratu r e (* C)
,

************************************************************************
Cv = R~+-B tanht(T To)/C3

'

-

English Metric
A = 37.74 ft-Ib 51.16 J t

B = 49.53 ft-lb 67.16-'J
C = 149.34 *F 82.97 *C
To = 112.37 *F 44.65 'C

Cv = 30--(t-lb.(41 J) at T= 88.8 'F 31.6 *C
Upper Shelf Energy' = 87.3'ft-1b' 118.3 J

************************************************************************
PT Temp Energy

# (*F) (ft-Ib)
1 20 9.0
2 50 16.0-
3 60 25.0
4 90 33.0-
5 100 32.0
6 150 51.0
7 200 52.0 i

8 210 72.0
9 280- 84.0

10 400 80.0
11 400 93.0
12 440 81.0

0 = Fictitious Point Added * = Test Point Hot Included
,

!

A-83
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Te mpe r atu re (*F).

-100 0 100. 200 300' 400 500
125-

I f I I I I

Linde 0091 Weld (W9R)250 -

Irradisted (UBR-77)
100-

x m
'

125 --
^s r

w x W.
+

s tee 75 .{-x_

e o f

6 7 :
x 75 w. |

-

50 ,g -

g -m x
6 50 *- x

u-
x 25- )

-

25 -

I I I I I I0 O
| -50 0. -50 100 150 200 250

Tempe r atu re , (* C )/
*********.**************************************************************-

Cv = A + B t anht <T - To)/C3

English Metric
A =- 53.47 ft-Ib 72.49 J

37.20 ft-lb 50.44 JB =
,

'
73.66 'F 40.92'*CC =

To = 92.33 *F 33.52-*C'
.

Cv = 20 ft-Ib (41 J) at T's 37.6 *F 3.1 *C-
l Upper Shelf Energy 90.7.ft-lb' -122.9'J:=

| ************************************************************************
l PT Temp Energy

# (*F) (ft-lb),

| 1 -25 18.0- I

| '2 10 22.0
3- 20 24.0
4 40 36.0
5 50 43.0
6 60 27.0
7 60 38.0
8 80 49.0
9 110 65.0

10 120 63.0 <

-11 150 74.0
12 200 98.0
13 300 91.0
14 400 84.0
15 400 90.0

0 = Fictitious Point Added * = Test Point Hot Included
A-84
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. Te mp e r at u r e |(* F1

-200 -100 0 100 200 300- 400 500: G00
200i 7i i- i. i i i

250. -

ginde 124 Weld ( 7 0H')
-

UnirradIated
160-

m

f- 200 -

% iw -W
4-

'N *
x - 120'

y..
-

$ 150 - x
- v v .# uQ x

x -A U-a

E Xx x x 'C>. Wn- M 8 01-

% ,100- $.
-

,

6 h
6

x 4050; x --

- x
I 11 I I I I I I Ig -- g

-100 -50 0 50. 100 150 200 250' 300

Temperature (* C) -

************************************************************************
CV = A + B t anht <T To)/C3 -

Enolish Metric
A 55.96 ft-lb 75.87 J-=

B = 43.10 ft-lb 58.44 J
C = 58.85 *F 32.70 *C
To =' 1.87 *F -16.74 *C

Cv = 30 ft-lb (41 J) at T =- -39.1 *F -39.5 *C
Upper Shelf Energy 99.1 ft-lb 134.3 J:=

************************************************************************
PT . Temp Energy PT Temp Energy$

# (*F) (ft-lb) # (*F) (ft-lb)
1 -100 10.0 23 200 98.0,

2 -100 18.5 24- 250 92.0
3 -75 17.0 25 250 93.0
4 -75 26.0 26 250 94.0
5 -65 13.0 27 250 95.0
6 -65 16.0 28 250 101.0
7 -65 22.0 29 250 104.0
8 -65 23.0 30 356 92.5
9 -65 18.0 31 400 90.0

10 -50 40.5 32 400 96.0
11 0 38.0 33 400 100.0
12 0 38.0 34 400 102.0
13 0 56.0 35 400 104.0
14 0 56.0 36 400 110.0
15 0 68.5 37 450 91.0
16 0 53.0 38 550 95.0

'

17 30 99.5 39 550 98.0
18- 50 88.0 A-85 .40 550 104.0
19 64 78.0 41 550 104.0

I
. . . . _ . . ..
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(

20 64- 82.0- 42 550' 108.8.
21 100,. 98.9' 43: 550 -120.0
22- 150 90.0-

0 = Fictitious Point Added * = Test Point Not Included
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Tempe ratu re - (* F)

-lee e im aes see 4ee see see
2ee| I I I I

330 -

Linde 124 Weld (70H)
' Irradiated (HSST 4th)

160-

m

f! .200 --

-8 iw- #

$ 12e--

t 150 $x-

g g M c
x g_, x x

b. *
M 'W= Be-

% 100- M g-

6 hx

6-

4e 1M50 x --

x

# .

i 1I I I I I I I )g g
-5e e 50 10e 150 200 25e 3e8

Te mpe r at u r e (*C)

************************************************************************
Cv = A + B-tanht(T - To)/C3

Enalish Metric
A = 52.06 ft-lb 70.58 J
B = 45.88-(t-1b- 62.21 J
C = 91.11 'F 50.62 *C
To = 43.86 *F '6.59 *C-

!

Cv = 30 ft-Ib (41 J) at T= -3.9 'F -19.9 *C i

Upper Shelf Energy 97.9 ft-1b 132.0'J l=

************************************************************************
PT Temp Energy PT Temp Energy.

i# (*F) (ft-lb) # (*F) (ft-lb)
'

1 -20 32.0 20 150 96.0
2 0 24.0 21 250 93.0

,

'

3 0 30.0 22 250 96.0
4 0 33.0 23 250 94.0

|I5 0 30.0 24 250 87.0
6 0 40.0 25 250 96.0
7 0 42.0 26 250 86.0
0 0 24.0 27 400 111.0 |
9 0 20.0 28 400 100.0 1

10 20 36.0 29- 400 98.5 !

11 60 63.0 30 400 101.0 ;
12 60 38.5 31 400 103.0
13 60 74.0 32 400 94.0
14 60 89.5 33 550 95.0
15 60 59.0 34 550 94.0 ' !

16 60 76.0 35 550 104.0
17 60 50.0 36 550 '95.0
18 60 45.0 37 550 98.0 1
19 80 60.0 A-87 38 550 106.0

|
.
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Te mp e r at u r e C' F )

-100 0 100 200 300 400- 500
200'C 1 I I I I

1
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Linde 124 Weld CE4)
Unirradiated

160-
m

S200 --

6 I
w #

N 120-

$*
$ 150 -

,x c3
E

" *x
x w
a 5 80-

g;; toe -

*

6 b
x
U

40* -50 -

x
X

id I I I I I Ig g
-50 0 50 100 150 200 250

Te mp e r at u r e (* C)
************************************************************************

Cv = A + B tanht(T - To)/C3

English Metric
A = 49.83 ft-Ib 67.56 J
B = 52.42 ft-Ib 71.07 J
C = 74.'62 *F 41.46 *C
To =~ -6.23 *F -21.24 *C

Cv = 30 ft-16 (di J) at T= -35.9 *F -37.7 *C-
Upper Sh:10 Energy 102.3 ft-Ib 138.6 J=

************************************************************************
PT Temp Energy

# (*F) (ft-lb)
1 -80 7.0
2 -60 17.0
3 ~40 34.0
4 -30 41.0
5 -20 36.0
6 0 29.0
7 0 66.0
0 30 82.0
9 60 89.0

10 120 92.0
11 140 104.0
12 250 106.0
13 300 95.0
14 400 95.0
15 400 113.0 .

0 = Fictitious Point Added * = Test Point Not Included
A-88
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Te mp e r atu r e (' F )

0 100 200 300 400
125

i f I I

Linde 124 Weld (E4)tse -

Irradiated (BSR-13)
100-

m

S125 -.-

% I
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x 4,
A v

75m gee -
_

s$ * x
*

6 b
6x 75 -

50S
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x x
e a

x x L
6 50 "-

,

u
* 25-

,

25
- x-

I d< l I Ig g
O 50 100 150 200

Te mp e r at u r e (* C)
************************************************************************

Cv = A + 3 tanht(T - To)/C3

English Metric
48.30 ft-lb 65.49 JA =

B = 28.61 (t-1b 38.78 J
C = 83.79 'F 46.55 *C
To = 186.51 'F 85.84 *C

'
Cu = 30 ft-lb (41 J) at T= 123.0 'F 50.6 *C

Upper Shelf Energy 76.9 ft-lb 104.3 J=

*******ce***************************************************************
PT Temp Energy

e (*F) (ft-Ib>
1 50 19.0
2 100 23.0
3 120 41.0
4 130 .27.0
5 160 35.0
6 160 48.0
7 180 46.0
0 200 40.0
9 230 70.0

10 260 65.0
11 290 80.0
12 328 73.0
13 380 81.0
14 300 68.0

0m Fictitious Point Added * = Test Point Hot included

I
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curve Fit Results for the Transition Regime
'

Fracture Toughness Data
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TEMPERATURE PF)

-200 -100 0 100 200 300
400 -

i i i i i i

A 508-2 Forging (BCB) 320-

Unirndi ate:I320 -
,

/
/ 240-

-
'

G 240 , $ |
'-

$ / / 5/ A a-

160
-

o / / -

A2 160 s / *4
-

.

/ /
~

s '//
g-

- \
'

80-

80 ,

/A
/

/
' ' ' ' '

0 0 |
-150 -100 -50 B 50 180 150

TEMPERATURE P C)

.********.*************************.**********3***************

Kjt = R + B exp CCT-To)/C)3 |

Metric Enctish
A = -372.73 MPad '-339. 21 k s i M
B 559.44 MPad 509.12 kst M=

C * 402.05'C 723.68'F
To = 0.00*C 32.00*F

Temperature at 100 MPa4
Upper Bound = -88'C ~126*F

Mean Curve = -68'c -90*F
Lower Bound = -54*C -65'F

***********************e**************************************

Pt # Temperature Kje
1 -100 60.3
2 -65 91.6
3 -40 163.1
4 -20 158.2
5 -10 173.6
6 21 193.2
7* 60 286.4

* = Upper Shelf Dat a Point
B-1

. , . . . . .. .. . . ..
. . _ . _ . . _ _ . __ _ _ _ _ _ _ _ _
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TEWERATURE ('n

-190 0 100 200 300
300 , i i i i

A 508-2 Forging (BCB) 240-

Irradiated (B5R-6)
240 -

180-
.-.

G 180 d-

$ 2-

120
--o

p 120 - ax
2.

_

60-

60 *-

' ' ' '0 0
-100 -50 0 50 l00 150

TEMPERATURE ('C)

..............................................................

Kjc = A + B exp t(T-To)/C)3 '

Metric Enolish
A = 83.47 MPa4 75.96 kst M
B = 4.45 MPad 4.05 kst M
C = 21.20*C 38.15'F
To = 0.00*C 32.00*F

Temperature at 100 MPa4
Mean Curve = 28'C 82*F

.*....**.....*.....*....***...................................

Pt # Temperature Kje
1 -20 85.2
2 20 94.9
3* 50 61.4
4 75 236.6
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TEMPERATURE ('f)

-300 -200 -108 8 100 '

250 ii i i i i

20NiMcCr26 Forging (GEB) 200-

1

Unirr adi ated |200 -

| / {

/
150 h-

// $
-

G~
150 -

,

// e :

b /
100

--

j/ *4
o
m 100 -

x
s /_A / .

/
50/ -

50 _

A/
'

.

f-

' ' ' '0 0 '

-2 00 -150 -100 -50 0 50

TEMPERRTURE ('C)

..............................................................

Kjc = R + B exp C(T-To)/C)3

Metric English
R = 39.61 MPad 36.04 k s t /T7i
B = 321.89 MPa4 292. 85 k s i /T7i
C = 46.90*C 04.41*F
To = 0.00'C 32.00'F

Temperature at 100 MP44
Upper Bound = -86*C -123*F

Mean Curve = -78'C -199'F
Lower Bound = -71*C -96*F

;

....**....... . .. .*..*. ............***.*.....e*.**..*.**...

Pt # Tempeenture Kje
1 -140 46.0
2 -118 78.2
3 -90 91.8
4 -76 91.7

'
5 -68 125.4
6 -57 121.5 *

7 -46 167.5
8 -34 195.3

0 = Extra Point Rdded B-3. = Point Deleted from Fit

'
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TEMPERATURE ('F)

-200 -100 0 100 200
250 i i i i i

_20NiMcCr26 Forging (GEB) 200-

1rradiated (UBR-68)
200 _

/
150-

7 _

G 150 $-

/ t
b // a

100
-

-o , ,
2 100 4- -

i.

/g x

- ' ,
/ 50-

50 -

/
/

i ' ' '
0 0 :

-150 -100 -50 0 50 100 :

TEMPERATURE ('C)

****,*********************************************************

Kjc = A + B exp [(T-To)/C)3

Metric English
A = 33.26 MPad 30.27 kst M
B = 136.23 MPad 123.98 k siM
'; = 42.71*C 76.89'F
To = 0.00*C 32.00*F

Temperature at 100 MP44
Upper Bound = -37*C -35*F
Mean Curve = -30*C -23*F

Louer Bound = -24*C -11*F

**************************************************************

Pt # Temperature Kje
1 -80 61.3
2 -50 64.7
3 -35 82.3
4 -25 118.7
5 -18 131.7
6 -5 156.6
7 0 163.4
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TEWERATURE ('n )
-300 -200 -10B 0 100 200

250 i i i , i i

20NiMcCr26 Forging (GEB) 200 |-

1R (UBR-68)
'

200 -
i

d
&

/ 150 :
-

-

lj. / i !150 -

-

< - :

h / E ;f~

/^ / d
100-o

p 100 / /. 4-

/ / x

__
s ' '/

/ 5050
-
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/
/

/
' ' ' ' ' '0 0

-2 00 -150 -100 -50 0 50 100
'

TEMPERATURE ('C)

******************************************************** *****

Kjc = A + B exp C(T-To)/C)3

Metric English
A -122.84 MPaA - 111. 79 k s t /T7i=

,

B = 300.90 MPa 4 273. 83 k s t /ili I

C = 209.33*C 376.79'F
To = 0.00*C 32.00*F

Temperature at 100 MPa4
Upper Bound = -85+C -121*F i
Mean Curve = -63*C -81*F s

Louer Bound = -45+C -49'r

**************************************************************

Pt # Temperature Kje -

1 -80 74.5
2 -57 113.5
3 -50 131.6
4 -34 97.4
5 '-18 177.4 I

6 e 171.9
70 -150 25.0 t

D-5
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TE WERATURE ('n

-400 -380 -200 -108 0 100
250 i i i i i i

20NiMoCr26 Forging (GEB) 200-

JR (UBR-68)
200 -

,

/

/4 150-
-

G*
150 / $-

/ t
b / S

V /- 100
-

- >

,, '/ / yp 100 -

/ / x
/ //

__
' /

50-

V50 -

/
/

/
' '' ' ' ' '

0 0
-250 -200 -150 -180 -50 B 50

TEMPERATURE ('C)

*****************.********************************************
-

.

,

Kjc = A + B exp t<T-To)/C)3

Metric English

-169.74 MPad -154.47 ks1 AA =

B = 345.97 NPad 314.05 ksi/i6
I C = 300.41'C 540.74*F i

To = 0.00'C 32.00*F

Temperature at 100 MPa4
Upper Bound = -100*C -148'F

| Mean Curve = -75'C -103*F
Lower Bound = -55'C -67'F

**************************************************************

Pt # Temperature Kje i

4 -110 51.6
2 -90 110.9
3 -65 109.4
4 -30 117.0 >

5 -24 160.1
60 -175 25.0

:
.
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TEMPERATURE ('F)
|

-400 -380 -200 -108 0 l00
250 , i i i i i

20NiMcCr26 Forging (GEB) !200-

|Jnirradiated (Check)
200 -

/

/ 150-
- '

/ dG 150 -

/ / Ze
% / R -

- .x

o / / - 100
-

-

2 ' 1B0 / /,/ *4
-

.

/ ~

/' 50-

50 //-

/
's/
/ '

' ' ' ' '
| 0 0 i

-250 -200 -150 -100 -50 0 50

TEMPERATURE ('C)

!
**************************************************************

Kjc = A + B exp t(T-To)/C)3

Metric Enclish,

-92.57 MPas't -84.24 kst MA =

B = 322.13 MPad 293.16 kst G
C = 172.76*C 310.97*F
To = 0.00*C 32.00*F

Temperature at 100 MPa4 .

Upper Bound = -94*C -137'F
Mean Curve = -89'C -128'F

Lower Bound = -84*C -119'F

**************************************************************
I
'

Pt # Temperature Kje
1 -107 78.1
2 -73 121.0
3 -40 161.9

'40 -175 25.0

.

+
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TEMPERATURE ('f)

-200 -100 0 100
250 i i i i

20NiMcCr26 Forging (GEB) 200-

Irradiated (UBR-78)
200 -
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/ 150-
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@e j- $150 -
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2 1B0 y'
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-- - / x
#

'~
50-

50 -

' ' '
0 0- -

-150 -l00 -50 0 50

TEMPERATURE ('C)

**************************************************************

Kjc = R + B exp C(T-To)<C)3

Metric Enolish
A = 68.25 MPa4 62.11 kst M
B = 195.75 MP&A 178.14 ksi m
C = 27.00*C 48.60'F
To = 0.00*C 32.00'F

Temperature at 100 MP43
Upper Bound = -59'C -74*F

Mean Curve = -49'C -56*F
Louer Bound = -41*C -42*F

**************************************************************

Pt # Temperature Kje
1 -90 71.3
2 -80 82.4
3 -50 98.0

,

4 -40 119.4
5 -30 119.8
6 -25 152.9
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TEMPERATURE ('F)

-300 -200 -100 0 100 200
250 i i i i i i

20NiMcCr26 Forging (GEB) 200-

Irradiated (UBR-79)
200 -

,

/
150/

-
-

[= 150 -

j .d
. >
b / r' 'E.4

, ' [j I
~ 5

100-o
2 100 .M

-

,
- - _ _ _ _ - x

/

5050
-

-

-
/

/
-

' ' ' ' ' '0 0
-200 -150 -100 -50 0 50 100 ,

TEMPERATURE ('C)

****************.*******+****.******.,>******************++***

Kjc = A + B exp t(T-To)/C)3

Metric English ,.
A = 37.05 MPad 33.72 &i-/TR

75.18 MPa4 66.42 k6i/T'nB =

C 55.73*C 100,31*F=

To = 0.00*C 32.006F

_. Temper at une at 100 MP&&
Upper Bound = -37'C -35'F

Mean Curve = -10*C 14*F
Lower Bound = 7'C 45*F

**************************************************************

Pt # Temper _ature Kje
1 -110 47.3
2 -43 60.5 1

3 -15 123.6
4 5 120.2
5 15 107.4
60 31 179.6

B-9
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TE WERATURE ('F)

-l0B B 100 200
300 -

i i i i

R 5 4-B. Plate (CAB) pg_

Unirradi ated
240 -

/
/ / 180-

-

|}~
180 - // $

F t
/| $

120
-

-

o
p 120 7y p-

/.y

/f
'//

60-

60 -

/
' ' '0- 0

-100 -50 B 50 100

TEMPERATURE ('C)

.***************************** m .*****************************

Kjc = R + B exp ((T-To)/C)3

Me t .' i c English
A = -557.?4 MPa/W -507.76 kst E6
B = 735.41 MPad =669.26 ksi Kn
C = 412.40*C 742.31*F
To a 0.00*C 32.00*F

_, Temperature at 100 MPaM
Ur;tr Bound = 50'C -58'F
ttvan Curve = -46*C -51*F

Louer Bourtd e -41*C -42'F

**************************************************************

,, P t # Temper at ure Kjc
1 -73 63.0
2 -48 84.1
3 -35 121.0
4 -23 134.5
5 -12 167.0
6 -1 174.2
7 19 209.6

\
.
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TEPERATURE.('F)
-l0B 0 190 200250 -

i i i i
-

A 533-B P1 ate (CRB)
200-

Irradinted (BSR-2)200 _

150-

G. 150 -

d
95

;
i;~

$o 100-

p 100 j/ y
-

-
/

s

50 - - 50

0 ' ' '
0--100 -59 8 50 100

TEMPERATURE ('C)

..............................................................
Kjc = H + B exp CCT-To)/C)3

Metric Encitsh
R = 63.55 MPad 57.83 ksi m
B = 8.63 MPa4 7.85 kst M
C = 18.42*C 33.16*F 1

To = 0.80*C 32.00*F

Temperature at 100 MPani
Upper Bound = 25*C ??'F
Nean Curve = 27'C 80*F

Lower Bound = 29'C 84*F

............................. ................ .......... ....\

Pt # Temperat ure ,,,_ Kje
1 0 73.2
2 21 87.8
3 32 114.5
4 49 186.6

|

|
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TEP;.'ERATURE ('f)

-200 -100 0 '.00 200 300
250 i i i i i i

R 533-B P1 ate (CAB) 200-

Irradiated (BSR-3)
200 -

|
150-

-

/ .$
G=

150 -

/ {s t
k n

51 / 100j -

2 100 / }- -

-- _~~__&e /
,/

50--

50 /-

-
,s'~

'-~~ ' ' '
0 0

-150 -100 -50 0 50 100 150

TEMPERATURE ('C)

**************************************************************

Kje = A + B exp [(T-To)/C)1

Metric Enolish
A = 40.98 MPm5 37.30 ksivTn

8.70 MPad 7.92 ksivT5B =

C * 24.65'C 44.38'F
(

To = 0.00*C 32.00*F

Temperature at 100 MPaK
_

Upper Bound = 33*C 91'F
Hean Curve = 47*C 117*F
Lower Bound = 56*C 133*F

*************************************>************************

Pt # Temperature Kjc

1 0 76.3
2 38 69.6
3 50 106.0
4 66 170.1
5* -100 25.0

* = Upper Shelf Pata Point

B-12
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TEMPERATURE ('F)

0 100 202 300
250 i i i i

A 533-B P1 ate (CAB) 200-

Irradiated (BSR-5)200 _

/
/' 150-

-'il 150 /-

c
/ ~. g Z% / E! 5 ^

~

/ 100o -

2 IBB ,'-

,,
*A/ /'

/
/ 5050 ,o --

/
/

0 -- ' ' '
0-50 0 50 100 150

TEMPERATURE ('C)

1

**************************************************************
l

Kjc = A + B exp C(T-To)/C)3

iMetric English
A = -2304.77 MPad -2097.45 ksi M
B = 2355.45 MPa4 2143.57 ksi/i'M
C = 1715.82*C 2088.47+F
To = 0.00*C 32.00*F

l.
Temperature at 100 MPa4

Upper Bound = 22*C 72*F
~

Mean turve = 36*C 96'F
Lower Bound = 49'C 120*F

**************************************************************
Pt # Temperature Kjc

1 45 116.0
2 60 141.1

|3 70 131.4
4 60 171.8

- ;

|50 0 50.0

i

i
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TEMPERATURE ('f)

.2B0 -100 0 180 200

400 i i i i i

A 533-B P1a;te (CBB) - - 320

Unirr td i ated
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V
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N''i
240 - 4
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/ 160
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- /80 -

/
/

!, ' ' ' 00 -

-150 -100 -50 0 50 180

TEMPERATURE ('C)

**********nn u n u o u ** u.*u*u***** u* m " * m u m * m
Kjc = A + D exp t<T-To)/C)3

Metric Ena11sh
-372.59 MPad -339.00 kst MA =
577.99 MPa4 526.00 ksi sB =

248.50*C 447.29'FC =

To = 0.00*C 32.00*F

Temperature at 100 MPaK
Upper Bound = ~67'C -89'F

Mean Curve = -50*C -58'F

Lower Bound = -35'C -31*F

mmm*u********m****************************+******"**
Pt # T.mp* r at ure KJC _

1 -95 25.9
2 -46 104.6
3 -23 131.8
4 -12 157.0
5 -7 216.3
6 0 232.4
7 21 270.3
0 25 29E.8
9 25 2 0 6~. 0

10 25 269.6
D-14
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TE WERATURE ('n

50 100 158 200 250 300
250 i i i i i i

A 533-B P1 ate (CBB) gee_

Irradiated (BSR-O200 -

/A
/ 150-

-

G 150 f, $
-

e r-\ j/e :
100go --

2 100 h *3
-

\/
'

50 - / 50-

v /
'!0 '

0
0 50 100 150

TEMPERATURE (*C)

***********.***************.**********************************
Kjc = A + B exp [(T-To)/C)3

Metric Enolish
A -30.86 MPa4 -28.08 k si M=

B 16.69 MPa4 15.19 kst M=

C = 32.48'C 58.46*F 1

To = 0.00*C 32.99'F

Temperature at 100 MPt4
Upper Bound = 46*C 115'F
Mean Curve = 67'C 152*F

Louer Bound = 75'C 167*F

**********************4***************************************
Pt # Tempe r at ure Kje

1 50 43.8
2 60 75.8
3 70: 141.3
4 75 95.7
5 80 180.8

'
r
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TEMPERATURE P f1

-380 -200 -10B 0 100 200
400 i i i i i i

A 533-B P1 ate (3P) 320-

Unirradi ated
320 -

|

1 240-

,

Q 240 // 5
-

b |h 160
-

-

/ yj 160 -

/
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[ 00~

80 - - - -4

a. > -
' ' ' ' '

0 0
-200 -150 -100 -50 B 50 100

TEMPERATURE P C)

**************************************************************

Kje = R * B exp ((T-To)/C)3

Metric Ena14sh
A = 56.21 MPa4 51.15 ksi M
B = 88.68 MPa4 90.70 kst M

24.08'c 43.34*FC =
To = 0.00*C 32.00*F

Temperature at 100 MPa4
Upper Bound = -24*C -11*F

Mean Curve = -17'C l'F

l.ower Bound = -10*C 14*F

************************************e*************************

Pt # Temp. Kje Pt # Temp. Kjc

1 -100 40.1 10 -25 111.2
2 -100 48.7 11 -25 81.4
3 -75 49.0 12 0 136.5
4 -75 73.7 13 0 162.4
5 -50 57.4 14 0 125.6
6 ~50 78. : 15 5 138.9
7 -50 81.1 16 15 266.0
8 -30 84.0 17 15 194.1
9 -30 98.7

B-16



TEMPERATURE ('F)

-100 0 100 200 300250 i i i i i

A 533-B P1 ate (3P)
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' ' ' '0 0-100 -50 0 50 |00 150

TEMPERATURE ('C)

.**...**...***.**.****** .....*****..********************* ...
Kjc = A + B exp Cf?-To)/C)3

Metric English
A = 47.46 MPad '43.19 kst K5
3 .79 MPa n . 71 k s i Kn=

C = 12.46*C 22.43*F
To = 0.00*C 32.000F

T emper at ure at 100 MPa 4
IJpper Bound = 44*C 111*F
Mean Curve = 52*C 126*F

Lower Bound = 57'C 135*F

***** ********************.*...** ************************** * |

Pt # Temperature Kjc
1 -50 39.3
2 10 52.?
3 10 55.1
4 50 102.0
5 50 77.8
6 60 174.8
7 60 114.3

B-17
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TE!PERATURE (*F)
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0 0 i

-150 -100 -50 8 50 100 150
'

TEMPERRTURE ('C)
.

.

....................*...............................*....**... .

Kjc = A + B exp [(T-To)/C)3

Metric Enolish
13.61 MPad 12.38 kst M

_

A =
50.00 MPad- 45.50 kst MB =

159.76*C 287.57'FC =
'

To = 0.00*C 32.00'F

Temperature at 100 MPa4
Upper 24>.1 = 68*C 154*F

Mean Cucss = 87*C 189'F ,

,

.*...*...*..*...*...*..*.......*e..*.e...*..*.**.....*****...*
Pt # Temperature Kje

1 0 72.4
2 0 55.9
3 30 61.3
4 68 89.0
5 60 96.2
6 70 104.4
7 80 89.8
80 -80 45.0

B-10
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TE PERRTURE ('f)

-120 0 100 200 300300 , i i i i
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I
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4x
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/
'
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_' ' ' '0 0

-100 -50 0 50 |00 150

TEMPERATURE ('C)

..............................................................
Kjc = A + B exp [(T-To)/C)3

Metric Enolish
A = 35.75 MPad 32.54 kst M
B 9.81 MPaa 8.93 ksi M=

C = 30.53*C 54.95'F
.

To = 0.00'C 32.00*F i

Temperature at 100 MPa4
Upper Bound = 42*C 198'F

Mean Curve = 57'C 135'F
Louer Bound = 67'C 153*F

..............................................................
Pt # Temperature Kje

1 -60 33.1
2 0 50.7
3 0 46.1
4 60 98.1
5 60 110.9
6 80 139.2
7 80 203.1

B-19
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TE WERATURE (*F)
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250 i i i i -" ~ ~1
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0 0
-100 -50 0 50 |00 150

TEMPERATURE ('C)

**************************************************************

Kje = A + B exp C(T-To)/C)3

Metric Enolish
A = 34.82 MPad 31.69 kst/T7i
B = 27.65 MPaA 25.16 kst/T7i

42.65'C 76.76*FC =

To = 0.00*C 32.00*F

Temperature at 100 MPaA
Upper Bound = 29'C 84*F

Mean Curve = 37'C 98'F
Louer Bound = 44*C 111*F

***************o****************************************e*****

Pt e Temperature Kjc

1 -60 39.6
2 0 50.7
3 0 75.9
4 26 99.8
5 36 103.5
6 38 79.9
7 50 130.8
8 65 162.3

B-20
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TEMPERATURE (*F)
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250 i i i i i
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,
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x
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-100 -50 0 50 100 150

TEMPERATURE (*C)
.

,

**************************************************************

Kje = R + B exp C(T-To)/C)3

Metric Enotish
A = 32.29 MPa4 29. 39 k s t /Tii
B = 41.19 MPad 37. 49 k s t /Tif
C = 49.29'C 88.73*F
To = 0.00*C 32.00*F

Temperature at 100 MPa4
Upper Bound = 12*C 54*F
Mean Curue = ,24'C 76'F

Lower Bout.d = 35'C 95'F

*************************************************************,

Pt # Temperature Kje
1 -80 34.9
2 -50 54.3
3 -20 56.3
4 0 75.3
5 25 79.0
6 26 131.5
7 50 128.2
8 60 184.7
9 60 168.2

.
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TEMPERATURE ('C)

..............................................................

KJc = R + B exp C(T-To)/C)3

Metric Enalish.

35.87 MPad 32.64 k s t /i"5A =

B = 107.86 MPa/E 98.15~ksi M7i ,

C .= 46.72*C 84.09'F
To = 0.00*C 32.00'F

Temperature at 100 MPa4
Upper Bound = -28'C -18'F

Mean Curve = -24'C -12*F
Lower Bound = -20*C -4*F

|
-

..............................................................
l
'

Pt # Temp. Kje Pt t Temp. Kje

1 -100 44.4 10 -40 78.3
2 -95 44.4 11 -40 72.4
3 -95 58.7 12 -5 136.6

1 4 -95 45.2 13 -5 130.1
'

5 -95 42.0 14 -5 143.8
6 -95 57.3 15 0 131.6
7 -80- 55.8 16 0 131.1
0 -40 93.1 17 23 217.8
9 -40 96.0

B-22
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TE WERATURE ('F)

-180 0 100 200 300
250 i i i i i

A 533-B Plate (02G) 200-

Irradiated (HSST 4th)
200 -

!

7 150-
-

G 150 $-

>
k | B

1 / /*% 5
100-

2 100 / 4-

s/ | *
-

/___- , ,
50/ -

50 -

* --
&-) p..

8
' ' ' '

0 0
-100 -50 0 50 l00 150

TEMPERATURE ('C)

**************.***********************************************

Kjc = A + B exp [(T-To)/C)3

Metric English
A = 52.38 MPad 47.67 kst M

~3.12 MPa4 2.84 ksi MB =

23.65'C 42.57'FC =
To = 0. 00* C 32.00*F

Temperature at 100 MP4/IE
Upper Bound = 44*C 111*F

Mean Curve = 64*C 148'F
Louer Bound = 74*C 165'F

**************************************************************

Pt # Te mperat ure Kje

1 -25 36.2
2 -25 45.1
3 -25 58.9
4 0 66.5
5 25 83.1
6 50 64.2
7 79 137.3
8 80 176.2
9 80 109.8

10 80 151.8
B-23
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TEMPERATURE (*F)

-300 -200 -108 0 100 200
300 , i i i i i

A 533-B P1 ate (67C) ge_

Unirndi ated A
240 -

//
J / 180-

-

G 180 / $-

c e
5 || .2

af
- 120

-

o
p 120 ,4- ,

/ x.
- a

/ As
/ 60-

6B _ _ _ -
_

/
J/

#A -

' ' ' ' '
0 0

-200 -150 -100 -50 B 50 180

TEMPERATURE ('C)

*******************************************.******************

Kjc = A + B exp (<T-To)/C)3

Metric Encitsh
A = 34.68 MPad 31.56 kst m
B = 166.83 MPa4' 151.82 kst M
C = 38.79'C 69.83*F
To = 0.00*C 32.00*F

Temperature at 100 MPa4
Upper Bound = -41*C -42*F
Mean Curve = -36*C -33*F

Lower Bound = -31*C -24*F

********a*****************************************************

Pt # Temp. K ic Pt # Temp. Kje
1 -13E 30.7 9 -30 84.5
2 -100 47.7 10 -25 118.6
3 -75 72.0 11 -25 95.2
4 -60 79.2 12 -20 120.9
5 -45 99.0 13 -15 160.9
6 -37 85.4 14 -10 189.7
7 -35 108.6 15 to 246.1
8 -30 131.0

B-24
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TEMPERATURE ('F)

-200 -100 0 100 200 300
250 i i i i i i

A 533-B P1 ate (67C) 200-

Irradiated (UBR-50)'

200 -

/
/ 150-

-

*

Q 150
/ $

-

% / e E
~

/ 8 5
100-o

6 100 / y' S-

/ x
/

~~A sa fa
' 50~

5B ,v-

,

,,/4

' ' ' ' '0 0
-150 -100 -50 B 50 100 150

TEMPERRTURE (*C)

**************************************************************

Kjc = A + B exp C(T-To)/C)3

Metric English
R = 40.33 MPad 36.71 kst M
B- = 23.13 MPa# 21.05 kst M
C = 47.90*C 86.22*F
To = 0.00*C 32.00*F

Temperature at 100 MPa4
Upper Bound = 32'C 90'F

Mean Curve = 45'C 114*F
Louer Bound = 56*C 133*F.

**************************************************************

, Pt # Temperature Kjc
1 -75 30.3
2 -50 71.7
3. -30 54.7
4 0 50.4
5. 15 78.9
6 28 78.6
7 40 71.4
8 50 95.7
9 55 156.1

10 60 127.8
11 70 3 25 117.0
12 75l 156.4
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TE WERATURE ('F)

-3B0 -200- -108' 0 |00 280
400-

i i i i i i

R 533-B Plate (68R) ng_

Unirradi ated -320 _

/

)/ 240- -

3 240 / .5
-

/. 4 >
-h / E

/ E-

160/
-o

g 160 / g-

,j
#

A ,A
' - - - - -

80A f80
-

-

- , /.
a ,. -

P' ' ' ''0 0
-2 00 -150 -100 -50 .B 50 100

TEMPERATURE ('C)

**************************************************************-

Kjc a.R + B exp CCT-To)/C)3

Metric Enalish
A = 49.67 MPa/K 43.20 ks1 M
:J = 131.48 N h/E 119.65 kst M
C 39.80*C 71.64*F=

To = 0.00*C - 32. 00* F -

Temperature' at- 100 MPaK
Upper Bound = -60'C -76*F
Mean Curve = -38*C -37'F.

Lower Bound = -23*C -9'F

**************************************************************

Pt # Temp. Kjc Pt # Temp. Kje
1 -140 39.4 8 -20 124.2
2 -100 59.6 -9 -15 146.3
3 -70 85.6 10 -10 118.3
4 -50 91.3 11 0 216.2
5 -40 112.2 12 10 134.6
6 -35 73.0 13 12 276.2
7 -30 146.7 14 22 289.7

.

B-26

_ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - . - - - - - -



._ _ _

TE PERATURE C'F)

-l0B 0 100 2 00 300 400 h

200 - -i. i i i. i i

A 533-B P1 ate (SBR) igg._

Irr ad i ated -(UBR-61)160 - " jj*y/d
/ 120-

-

[e A*'
d 120 d-

E= a*
/ d

80a. --

/*m 80 - o
/ / 2 ;

<

/ y *

_
'/ /

/
40-40

-/-

M- )#
-

/
8

/
' ' ' ' ' ''0 0-

-100 -50 B 58 10B 150 200 250 i

'IEMFERATURE ('C) ,

*********************************************************.*****
Kjc = A + B'exp CCT-To)/C)3

Metric Encit,sh
.,

A = .10 k' t M.11 MPad 's
B = 42.46 MPad 38.64 ksi m
C = 114.45*C 296.01*F !To = 0.00*C 32.00*F '

Temper,sture ss 100 MPa4 i

Upper Bound = 88'C 190*F
|itean Curve = 98'C 209'F

Lower Bound = le?'C 225*F

**********************************o***************************
,

I

Pt # Temper at ure K i c,
1 -50 35.2
2 -10 32.6
3. 29 54.6
d$ $$ 6$g4
5 80 81.6 i

6 100 92.9
7 110 100.1- |
8 115 127.2
9 120 137.1

10 125 146.7
11 125 120.7

,
'

B-27 -
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TEMPERATURE (*F)

-300 -200 -100 0 100 200
250 i i i i i i

A 533-B Plate (68C) - 200
Unirr adi ated

200 - f
/

/ - 150 -

fs 150 - // .5

2 / / P-

5 ,/ .2
100

-
a -

o /
x' 100 - / p

' /
__ __

,

* *' - 50
SG - - -s -

___ -

' ' ' ' '
0 0

-200 -150 -100 -50 0 50 100

TEMPERATURE ('C)

****..********.. *********************************************

KJc = A + B exp [(T-To)/C)3

_ Metric Enolish
36.77 MPad 33.47 ksi,tTRA =

109.24 MPaA 99.41 k5iJTKB =

58.51*C 105.31*FC =

To = 0.00*C 32.00*F

__ Temperature at 100 MPad
_-42*C -44*FUpper Bound =

Hean Curve = -32*C -26*F
-2'*C -8'FLower Bound =

****w**oa*****.+*.**********-+********************************

Pt # Ygn . Kjc Pt # Temp. KJc
1 -140 40,,4 9 -30 116.0
2 -115 52.9 10 -20 109.6
3 -100 77.8 11 -10 123.6
4 -90 53.0 12 0 108.9
5 -80 49.5 13 5 175.5
6 -70 65.5 14 10 181.3
7 -60 80.B 15 22 192.7
8 -4" 95,3

B-20
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TEMPERATURE ('F)

-100 0 100 200- 300 400
200 i i i , , ,

R 533-B P1 ate (68C)
160-

Irradiated (UBR-58)- 160 -

I,

// 120-
-

G 120 d-

,

e t,i _m .m ,

* b/ 80o -

2 80 -

e ,i x 1
x,p

'
-

- 40'40 -+- ,e i

-

' !

' ' ' ' ' '0 0 ;

-100 -50 0 50 100 150 200 250 !

TEMPERATURE ('C) I

**************************************************************
Kjc = A + B exp C(T-Tc)/C))

:Metric Enolish
A 32.12 P1 Pad 29. 23 k s 1/T'5=

B = 5.76 1Pa4 5.24 kst/TK '

C = 50.81*L 91.45'F
To = 0.00*C 32.00*F

j

Temperature at 100 MPaK
Upper Bound = -121*C 250*F
Mean Curve = 125'C 258'F

Lower Bound = 1300C 266*F

*************************************************************, '

Pt # Temperature Kje
,,

1 -15 35.2 '

,2 28 45.9
3 60 55.9
4 80 51.1
5 100 64.7
6 105 85.1
7 110 67.7
8 120 115.0
9 125 97.9

10 130 108.2
-11 140 B-29 119'4
12 150 140.8

>.
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TEMPERATURE (*F)

-400 -300 -200 -100 0 100

300 i i i i i i

'

A 533-B P1 ate (23G) 240-

"
240 -

/ /
7 /

- 180
,

G 1BB - j/ j

5 3y// 12C
'' '

/
-

) 120 -

// }
rr

V /
'/ 60- -

6B - ~' '
-

4'
-

i i i ''
00

-250 -2 00 -150 -100 , 0 50

TEMPERATURE ('C)

**************************************************************
Kjc = R + B exp [(T-To)/C)3

Metric English

29.21 MPad 26.59 ksi/TnA =

276.59 MPan 251.71 ksi/TMB =

60.83*C 109.49'FC =

To = 0.00*C 32.00*F

Temperature at 100 MPa5
Upper Bound = -90*C -130*F
Mean Curve = -83*C - 1 1 *r * F

Lower Bound = -75'C -103*F

**************************************************************
Pt e T e m per at ure KJC

1 -171 39.0
2 -140 58.0
3 -110 85.7
4 -95 87.2
5 -8P 96.0
6 -65 138.5
7 -50 141.1

8 -35 174.4
9 -20 236.2

B-30
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:
,

TEMPERATURE . (' F)- ;

-200 -100 0- 100 200- 300
250 !i _i i i i i

| A 533-B Plate (23G) 200-

Irradiated (UBR-38) |200 -

| /
^/A 150 -

-

G'
150 - / $!

d / tc

= ,. n
/' |-

100
A|

"
"

-o ,
2 100 / g-

~ ~ _ , , j x

50 _ ,d 50--

s' -

/
/ <

# ' ' ' 'i 0
.

50 100- 150-
O

L -150 -100 -50 8

| TEMPERATURE ('C)

| ***********************.**************************************
|

Kjc = A + B-exp'C(T-To)/C)3 '

i
Metric Enolish- 4

A = 41.25 MPad 37.54 ksi m
B 51.03 MPa4 46.44 ksi M=

50.92*C 91.65'FC =

To = 0.00*C 32.00*F

Temperature at 100 MPa4

|
Upper Bound = -19'C -2*F

| Mean Curve = 7*C 45'F
| Lower Bound = 26*C 79'F
|

****************a*********************************************

'' Pt # Temperature Kje
1 -90- 60.5
2 -55 49.7|. 3 -30 83.4

! 4 -10 50.3
5 15 85.9
6 22 171.9
7 28 128.4 I

8 50 168.0

; .<

B-31
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TEMPERATURE ('F)

-200 -100 0 100 200

I I I I I

A 533-B Plate (23G) 300-

IC-4 (UBR-77) /
300 j-

/
/ ~

/ 5ly / 200-

/ E5 200 /^-

J-,/5 / -

/|u/8 o
/ 2*

/ /
100# e( -

100 %-

/' :

-
,i -

' ' ' '
0 0

-150 -100 -50 0- 50- 100-

TEMPERATURE ('C)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Kjc = A + B exp C<T-To)/C)3

Metric Enotish
A .= 30.60 MPa4 27.85 k21sTn

131.34 MPad 119. 53 k s i M7iB =

84.53*C 152.16*FC =

To = 0.00*C 32.00*F

T e m p e r at ur e at 100 MPa4

Upper Bound = -78'C -108'F
Mean Curve = -54*C -65'F

Louer Bound = -38'C -36*F

**************************************************************

Pt # Temperature K .i c

1 -100 51.5
7 -75 98.1
. -60 110.9
e ~35 101.9
5 -22 141.2
': -10 153.9

10 182.8
8 30 188.2
9* 50 283.0

B-32
.* = Upper Shel f Dat a Point.



TEMPERATURE ('F)

-200 -100 0 100
200 i .i i i

A 302-B Plate- (N) 3gg.__

Unirradiated (T-L)180 -

/
4/ 120 !

-
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Lj 120 /
$1 1

-

_..

g / / t,
5 / :_2 1

-

/ 80
~ ~o -

/ /m 80 - ox - y y ,

A/'^ {/
,

40 _ / - 40
"

,

' ' ' '0 0
-150 -l00 -50 0 50

TEMPERATURE ('C)

************************************************************** q

iKjc = A + B exp [(T-To)/C)3 1

Metric English
,

A -26.32 MPad -23.95 kst G=

B = 186.58 MPa4 169.80 ksi m ,

C 118.79'C 213.83*F= '

To = 0.00*C 32.00*F
i
<

Temperature at 100 MPa4
Upper Bound = -60*C -76*F
Mean Curve = -46*C -51*F

Louer Bound = -35'C -31*F {
i

*************************e************************************
Pt # Temperature Kjc

-

1 -100 58.5
]2 -75 64.4 ;

3 -50 95.'7
4 -30 130.6
0 -18 126.6.

B-33
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TEMPERATURE' (* f t

0 100 200- 308-
200 i i i i

-

R 302-B Piat'e (N) ise._

''
~

160 -

120-
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= t;
ou n-3: ag
''

80
~~

-

gj$ 80 gf-
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4g _

' ' '
0 0
-50 0 50 100 150

TEMPERATURE ('C)

***********.**************************************************
Kjc = A + B exp C(T-To)/C)3

Metric English

30.63 MPa/E 27. 87 k s t /TMA =
6.45 MPa/E- 5.87 kst/TMB =

C = 34.37'C -61.87'F
To = 0.00*C 32.00*F'

Temperature at 100 MPa/E
Mean Curve = 82*C 179'F

**************************************************************
Pt # Temperature KJC

1 28 45.2
2 60 67,6

30 93 127.2

l

B-34
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TEPERATURE'('F)

-320 -200 -108 0 l00 200
250

i
1

i i i i i i

A 302-B P1 ate (N) 200 !
'

-

Unirradiated (L-T)200 -

,

/

/ |'
150-

-

2 15B d-

I / 5
$
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/

/. 1
100

-o -
,p 100 -

,f g
i

,/ /
/ Y 5050 -_ ' /-

/
/

0 l' # ' ' ' '0
-200 -150 -180 -50 8 50 180 i

TEMPERATURE ('C) !
: i

!:**************************************************************
Kjc = A + D exp [(T-To)/C)3

1

t

Metric Enolish
A = -59.99 MPa4 -54.59 kst M
B .= 240.24 MPad 218.63 kst M
C. 115.90*C 208.62*F=

To'= 0.00*C 32.00*F .*

Temperature at 100'MPaM- -|
Upper Bound = -60*C -76*F
Mean Curve = -47'C -53*F

Lower Bound = -35'C -31*F
'

**************************************************************
n

Pt # Temperature Kje
,

1 -75 56.4 !

2 -35 126.5 !3, C 177.5
40 -125 25.0

.. l
4

4.

B-35
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TEMPERATURE ('F)

0 100 200 30B
250 i i .i i

R 302-B Plate (N) 200-

Irradiated (UBR-31)
200 -

.

'

150-
-

i'

'

150= -

/ >a
% / R

] / 100
5

2 '10B - }7 f
_.

-
50--

50 -

.

' ' '
80 -- -

-50 0- 50 '100 150

TEMPERATURE -(' C)

**************************************************************.

Kje = A + B exp [(T-To)/CL1-

Metric- -Enolish
R = -128.70 MPad -117.12-kst M
B = 158.10 MPa 4 143.- 88 k s i M
C =. 132.14*C 237.84*F
To = 0.00*C- 32.00*F

Temperature at 100 MPad
Upper Bound =- 47*C 117*F
Mean Curve = 49'C 120*F ^
Lower Bound = 52*C 126*F-

**************************************************************

Pt # ~ Temperature KJc
1 27 63.8
2 35 >79.9
3 50 100.8
4 75 150.4

B-36

|
---

_ _ _ . .



-

x
%.

TEMPERRTURE ('F)

-300 -200 -l0B B 100
250 i i , , , ,

R 302-B P1 ate (F23) 200-

200
. Unirradi ated

,

/ 4, ,

/
'

150-
-.

.. G 150 d--

d- w .

$ / l' . E
100A/ /

-o -

m 100 - o-
-*

/ /* J' - ;
'

.

, _ Ja y ;

,[^ 5050
--

-

,
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/ p

' ' ' ' 'B -- 0
-200 -150 -106 -50 0 50 ;

a

.TEMPERRTURE (* C) !

.!-

**************************************************************.
Kjc = A + B exp C(T-To)/C)] I

Metric F. .71 n
A = 13.82-MPad ;2.50

_,^
. ,

B = 275.26 MPaM- 250.50.' ritdi C 54.00*C .97.20?F=-
i To = 0.00*C 32.00*F

Temperature at 100 MPa K - '
Upper Bound = -72*C -98'F

Mean Curve = -63*C ' 81*F--

Lower Bound = -54*C -65'F

**************************************************************
Pt # Temp. Kje Pt # Temp. Kje

1 -125 35.5 8 -60 101.0
2 -100 58.9 9 -50 138.4
3 -85 78.3 10 -50 93.9

'

4 -75 96.9 11 -40 145.0
5 - 1' 5 73.7 12 -35 196.0
6 -75 56.4 13 -35 126.6 ,

7 -75 109.0 '

B-37
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TEtPEMTURE ('n
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TEMPEfiRTURE ('C) i

**********************************s**..*****************#*****

K,jc = A + B exp t<T To>ic)3

Metric Eng) i sh
12.42 MPa4 11. 31 k s t /T7iA =

47.12 MPa4 42. 88 k s t /TKB =
80.67'c "145.21*F;C = -

To = 0.00*C ~32.00'F

Y tmperature at 100 MPa4
'

Upper Bound = 45'C 113*F
,

Mean Curve = 50*C 122*F
'

Louee Bound = , 59'C 138'F'
,

**************************************************************

Pt-# Temperat ure Kjc _
1 -80 30.8
2 -50 34.5
3 -25 48.6-
4 0 65.2
5 0 55.4
6 30 83.9
7 30 85.2
8 3' 87.9
9 J. ,.i 73.2

10 55 122.6
11 55 B-38 108.0
12 60 10!.4

_.
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TEMPERATURE ('n
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TEMPERATIJRE ('C)

*****es+****************************+e******t++*et,+++ m ******

K.j c =A + B exp [(T-To)/C);

Metric Enoli>h
35.09 MPa d S t ,, 9 4 4 iii fi n-

A =

3 = 10.28 MPa4 9. 35 k s i /T K
C = 04,92*C 62.95*F
To = 0.00*C 32.00*F

Upper found =_ Temperatura at 100 MPa468*C 140*F
hesn Curse 64*C 148dF=

**er,+e.***,+,*+++*****#e*************m***.++****.*********.++***

P t, __# Tampertture KJc
___

50 ??.51
'~

'

2 0 40.3
3 30 76.6
4 30 47.0
5 45 72.2
6 55 90.7

.- 7 55 75.4
8 50 96.8
9 60 89.3
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TEMPERATURE PF1
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TEMPERATURE PC)

u**,,** u*u.*.**,.u o u ue** n o.* . u** * u * ***.4 o u * u *

Kjc = A + B exp C ( T --T o ) / C .11

De tf ic, . E o c 1 i Q ,,,
3 '.' . 4 4 itP a4 20.62 kat WMR 3

2 6. 61' 11P e4 24.22 kSi EMB =

C n 46.36*C .33.46*F
To = 0.00*C 32.40*F

,,,_T,y_qge r a t u r e at 100 MF.44
Upper Bound a 36*C 100* f

' Mean Curva = 44*C 111*F
Lower Bound = 50*C 122+F

- , * * r * * * * w e * w n e w o r * * * * * * * * * * * n * * * * u n * u * m+ + * * * * * * u u u * *

Pt # Temp. K }c Pt t 1omp. Kje
,

1 -60 31.1 & 40 101.6
2 -30 63.2 9 40 91.7
3 0 46.2 10 50 95 3
4 0 56.0 11 50 122.0
5 25 62.4 12 60 123.4
6 26 102.2 13 60 132.9
7 2? 71.0

B-40
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TEMPERATURE (*F)
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Kjc = A + B exp C(T-To)/C)3
.

Metric Enalish ,
!

A = 43.92 MPa/E 39. 97 k s t /m-
B 19.64 MPa/5- 17. 87 k s t /TW=

C 31.42*C 56.55'F-=
s

To = 0.00*C .32.90*F

Te,mperature at 200 MPa/E'e
f.

Upper Bound = 27'C 61*F
Mean Curva = 33'C -91*F| <;i -
Lower Bound = 33*C t e 96 F -.

,

,

!'
4***te.4.****.******....***p******uf***.********.*****.ke*Mett I

-

Pt # Temp. Kje Pt e Temp. KJc, '

,

1 -100 36.7 9 24 112.7. .o
2 -68 55.7' 10: .27' 92.9' .

*

I '
3 -30 62.1 11 38 9246 7,,

4 -30 43.6 12 i '42 2. 25 4 9 ~ W ', ,

5 ~-1 51.5- 13 42- .94.8 ' !
'

6 8 88.3' 14 50 172.1 |'
,

',p 'i

!
.U S 15 74.3

+

7 15 79.4 '.15 30- '124.2-
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TEFFERATURE P n

-200 -100 0 100 280 300
250 ---

i i i --r i i

A 302-B P1af.e (F23) 200.-

200 -
Irradiated (Wall-3)

g

/ 150-

= 150 - Ab
.-

L

|E
d

|2 / /m ; a
/ i .3w g

100
-

2 100 -

,e -a

., f- 4-

X
/ /

' Y,/
- -A /p 58e/u,-

..-

50 --
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. . . -

./
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0 --- 1---- ' L-- l '
0- --

-150 100 -50 8 50 180 150

TEtFERATURE PC)

. . . . . . . . . ,, . .. . . . . . . . .. . . n e u u . 4 . <. u u . u . . ~ ,. u . n o . . u . .

Kje it + IJ exo {(T-To)/C))is

__ 71e t r i ';_,. Eno1;ish,

A * 20.17 hP ca /E A f.4. 36 k s t /Tli
S d3.19 MP a A 5 7. 51 k s i /in=

C = 61.10*C 109.90'F
To 0. 00'2 C 32.00*F=

,,_ T e r,pp r a/t. ur e at 100 NPa/li
(Jpper F,cund = 4'C 3 90 F
Ne ar Cirve 14*C 58*F=

t.ouer 'found = 24*C 75'F

e*-+ n ....r,e*e n env u es***e,e n u n..*4,<.+n u e n av * n er... n e.*e w ,,

..h'l 8 . .__ Teog._,,,,,J,j,< 121 # T e np,:_,,_KJ 3,_
-- 1 - 8 6r. 36.5 9 27 106.6

2 -50 60.9 le 34 149.7
3 ~5G 39, T 11 40 13 't . 2
4 - 21 53.0 12 40 11$.3
5 -20 70.5 13 50 193.2

|:
6 0 76.9 14 50 151.2
T 20 104.9 14 60 106.5
8 20 92.6,

|
j ;j y 3-42
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TEMPERATURE ('n
j.

'-
-300 -200 -l0B B- 100'

250 i i ; i i i

[ A 302-B P1 ate (23n 200-

Uni tradi ated 1

j 200 -

/ 150-
-

[g
i 150 --

7 $
1

jx , m
~

Q|/>/
100 :

-

,,o iga >o_

*
x?'
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50 1

50 - y4 - -

- ,
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l

' ' ' '0 -0. >

-200- -150 -100 -50 0 50
'

TEMPERRTURE ('C)

*************************************************=************ a

Kjc = A + B exp C(T-To)/C)3

Metric Ci.wlish
A = 34.31 MPad 31.23 ksi M ,

B = 211.21-MPa4 192.21 ksi M i

37.31*C 67.16*F'
'

iC =

To = 0.00*C 32.00*F

Temperature- at 100 MPa4 '

,

Upper Bound = -51*C -60*F
Mean Curve = -44*C -46*F

,

s' Lower Bound = -37'C -35'F !

u*****************************n******************************

,, P t # Temperature Kje
i. 1 -129 32.4 .

'2 -96 53.6'
3 -73 74.5'

-

4 -57 93.9
5 -43 87.1
6 -37 96.6
7 -34 116.1
8 -26 ~154.0 ;

'
4

Ba43>

i-

'f_ '' .. , g m ,
- : - - - - . _ _ . - _ ,

. L
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TEMPERATURE ('F)

-100 0 100 200
250 i ., , ,

R 302-B P1 ate (23F) 200-

IP-l (UBR-38)
200 -

.

p =,
/ 150 -

-

I dQ 150 ~

e
2 /

,

/ t.
5 t' p

. 3' 100 ~o
/. A7 -

m 100 u-

x / / g
p//' '

4 C
50-'

50
-

-

' ' '0 0
-100 -50 B 50 100-

TEMPERATURE-('C)

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

Kjc = A + B exp C(T-To)/C)3

Metfic Enolish
A = 33.04 MPad 30.34 kst G
B = 54.49 MPa4 49.59 kst M
C = 55.01*C 99.02*F
To = 0.00*C 32.00*F

Temperatune at 100 MPa4-
Upper Bound = -3'C -26*F
Mean Curve = 11*C 52'F

Louer Bound = 25'C '78'F

************************************,,,,,,,,,,,,,,,,,,,,,,,,,,
,

Pt # Temperature g je
1 -50 72.2
2 -25 61.4
3 0 77.4
4 10 101.4
5 20 105.8
6 31 133.3
7 42 121.6
8* 50 186.9

* = Upper Shel f Dat a Poi nt
B-44
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TEMPERATURE ('F)

-200 -100 0 120 200
250 i i i i i

A 302-B P1 ate (23F) 200-

Irradiated (UBR-44)
200 -

|
150-

-

G, 150 S-

/ y

% / E
- .x

/, 100
-

-o
4, 100 -

A/ r4,

- - - - - - - - - - - - ' ./
/ !'

50 ~!' - -

50 -

;

i

0 0- 'l' ' ' '
-

-150 -100 -50 0- 50 180

TEMPERRTURL(*C)'

************************************************************** ;

Kjc = A + B exp [(T-To)/C)3

Metric Enolish b
A = 62.37 MPad 56. 76 k s t / TIT
B 5.06 MPad 4.61 ksi/T7f I

=

C = 15.66'C 28.19?F
To = 0.00'C 32.00*F

,

Temperature at 100 MPa4
Upper Bound = 25'C 77'F

3
Mean Curve = 31'C 89'F

Lower Bound = 37'C 99'F-
!

**************************************************************

Pt # Temperature Kje
1 -75 54.3 !

2 -20 67.1 '

3 10 89.0
4 20 68.0-
5 29 94.0 I

6 45 152.8

,

B-45
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TE WERATURE (*F)

-2B0 -100 0: 180 200
150 i i i i i

A 302-B P1 ate (23F) 120-

IrradiaH (UBR-46)
120 .,-

//
90.

,

-- < -'
G 90 i

-

,A
Q.f /'

/ /- _x -
60-

~

o / y -

Q 60 ,/ #w
4-

'
,
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/

/ 30--

30 - /
/

-

' ' ' '
0 0-

-150 -100 -50 0- 50 180

TEMPERATURE ('C)

.......... *****..................... *****...................-

Kjc = A + B-exp C(T-To)/C)3
_

Metric Enalish
A = 4.90 MPad 4.46 ksi M
B 70.51.MPad 64.17 ksi M=

C = 109.48'C- 197.06*F
To = 0.00*C 32.00*F

Temperature at 100'MPa4 '
Upper Bound = 27'c 81*F
Mean Curve = 33*C 91*F
Lower Bound = 40*C 104*F

..............................................................

Pt # T emper at ure Kj-
1 -100 50.4
2 -40 59.4
3 0 80.2
4 20 79.4
5 28 92.6
6 45 115.9
7 47 114.5

B-46
<
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TEMPERATURE (*F)

-100 0 100- 200'
-

i i i 8- 200 u

A 302-B P1 ate (23F)200 -

i

CE-3 (UBR-45)
/

,

/ 150 |
-

150 * !-

A / 7
W- / 5 '

:.

- - . ~ tI / 100 J.0 !j-. -

/ ea100 --o ,f

$ / Af f__ -
/

/
50-4y/50

-
-

/ |
'

/ a

'/ '' '0 0 ;
-100 -50 0 50 180 ;

'
TEMPERATURE ('C)

I
************************************************************** '

KJc = A + B exp-CCT-To)/C)3

Metric Encitsh
R = -21.45 MPaAE --19.52:kst M
B = 94.'06 MPa4 85.60 kst G
C = 118.56*C 213.41*F' |

To = 0.00*C 32.00*F-

Temperature at 100 MPa K
Upper Bound = .9* C 48'F f
Mean Curve = 30*C 87*F
Lower Bound = 46*C 115*F ,;

********a*****************************************************-
Pt # -Temperature Kje

1 -40- 47.3
2 --2 0 47.2
3 0 87.4'1

,

4 25 85.0
5 40 143.5
6 45 100.9 :

7 50 98.0
8* 65 151.3

* = Upper Shel f Data Point
{,

D-47,
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TEMPERATURE ('F)

-100 -50 0 50 100

200i i i i 1 -

200 - R 302-B P1 ate (23F)
IC-l (UBR-65) /
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/ 150-
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/
/

/
'' ' ' ' '

0 0
-100 -75 -50 -25 B 25 50

TEMPERATURE ('C)

******,**.****.*****e*****************************************

Kjc = A + B exp C(T-To)/C)3

Metric Enclish
R = -94.80 MPad -86.27 ksi M

209.40 MPa4 190.56 kst MB =

175.56*C 316.01*FC =

To = 0.00*C 32.00*F

Temperat ure at,100 MPaK
Upper Bound = -34*C -29'F

-13*C 9'FMean Curve =

Lower Bound = 2*C 36*F

***********+*******************+******************************

Pt # Temperature Kjc
1 -60 39.7
2 -45 63.4
3 -20 95.9
4 -5 98.?
5 5 141.1
6 10 101.7
7 26 127.8
6+ 20 173.1

* = Upper Shelt' Dat a Poi nt
B-48
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TEMPERATURE-('F)!

L -108 -0 100 200
-

| i 8 i i- 200
/"

A 302-B Plate (23F) ;200 -

IC-2 (UBR-75) /
~

150-
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4

/ !

# ' '0 0-
-100 -50 B 50 100

TEFFERATURE ('C):
,

.

**************************************************************
|

Kjc = A + B exp CCT-To)/C)1 ,

i
Metric Enolish

A = -41.11 MPa4 -37.41 ks1 M
3 129.66 MPad 110.00 ksi G=

| C = 103.43*C 186.17*F'
j1 To = 0.00*C 32.00*F

i Temperature at 100'MPa d'
j . Upper 3ound = -4*C 25'F.
; . Mean Curve = 9'C' 48'F
| Lower Bound = 21*C 70*F
| .)

**************************************************u***********,

Pt # Temperature Kje-
,

1 -50 30.6-
>

2 12 64.2,

3 -18 88.4
4 32 133.1

| 5 21 129.1l' 6 -20 68.3
7 5 103.0-

+ 6* 45 103.1
9* 50 153.8

B-49
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FTE WERATURE ('F)
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TEMPERATURE ('C),

**************************************** +.*******************

- K|p: = A + B exp t<T-To VC)3

Metric Engi sh
"_

A = 37.03 MPad 33.70 kst s
26.47 MPad 24.09 kai MB =

C = 46.09*C 82.97'F
To = 0.00*C 32.00*F=

k'
' Temperature as 100 MPaM

-

Upper Bound = -30*C '-22*F
Mean Curvt a 40*C- 194*F

*****************************************r,********************

1'
Pt # Temperature K.J e

L 1 -25 52.9
2 0 66.9g
3 25 82.5

I 4 32' 75.2
, 5 41 92.4

6 05- 91.3_ ' 7* $0 168.4g

e. = Upper ' Shel f Dat a Nint .;
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TEMPERATURE-(*F)
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0
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TEMPERATURE ('C)

**************************************************************

Kjc = A + B exp [(T-To)/C)3'

Metric Enolish
A 34.48 MPad 31.38 ksi/TR=

B 89.47 MPad 81. 42 k Si /Tn=

C = 86.45'C 155.62*F
To = 0.00*C 32.00*F

Temperature at 100 MPa4
Upper Bound = -51*C -60*F
Mean Curve = -27*C -16*F

Louer Bound = -11*C 12*F

**************************************************************
L

Pt # Temp. Kjc Pt # Temp. Kjc- '

1 -140 40.2 8 -10 126.6
2 -100 72.'2 9 -10 98.5
3 -70 76.6 10 0 126.8
4 -50 98.2 11 5 118.3
5 -35 100.5 12 10 115.6
6 -30 98.7 13 10 99.7
7 -20 92.9 14 15 198.7

B-51
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TE PERATURE ('f1
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TEMPERATURE- C'C)

**********************************************************5***

Kjc'= A + B exp C(T-To)/C)3

Metric English
A = -79.12 MPad -72.00,ksi M

142.53 MPad '129.71 ksi sB =

250.21*C 450.39'FC =

To = 0.00*C 32.00*F

Temperature at 100 MPa4
Upper Bound = 43*C 199'F

Mean Curve = 57'C 135'F
Lower Bound = 71*C 160*F

**************************************************************

Pt # Temperature Kjc

1 -60 39.5
2 -20 42.3
3 5 62.1
4 28 91.8
5 45 78.2
6 60 110.1
7 70 99.5
8 80 143.9
9 90 102.6

10 100 150.5
11 125 B-52 142.5
12 150 183.9 i

,

, . . . . . . . ..-
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. . . . . . . . . . . . . . . . . . . . . .. .
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TEMPERATURE ('F)
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/
/ 150- '-

G 150 j .$ :
-

a r-
5 / /\

- 100
S
-

o j 4p 100 '

f ,a-

;
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5050
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c

' ' '0 0
-150 -t00 -50 0 50 "

TEMPERATURE ('C) j
>

**************************************************************
i Kjc = A + B exp C(T-To)/C)3 !
1

j Metric English
A = 56.76 MPad 51.66 kst M
B = 630.12 MPa4 573.44 kst M

i C = 21.85'C 39.33*F
To = 0.00*C 32.00*F

Temperature at- 100 MPa4
Upper Bound = -81*C -114'F
Mean Curve = -59'C- -73*F
Lower Bound = -49'C -56*F

**************************************************************
Pt # Temperature Kjc '

1 -75 76.7
2 -73 72.4

1 3 -60 116.0
| 4 -50 105.0
1 5 -40 161.7

B-53
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1
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TEMPERATURE ('n

B 100 200 300.
250 i i i i
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200 -
Irradieted (BS -8)
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/ t
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e ,
.05 /

100 ~o j- A/ -

pp 100 ~_4r
-

^/s'
50/ -

50 - 4-
-

' ' ' '
0 0
-50 0 50 100 150 2B0

TEMPERRTURE ('C)

**************************************************************

Kjc = A + B exp [(T-To)/C)]

Metric English
63.75 MPad 58.01 ksi MA =
4.30 MPa d 3.91 ksi mB =

29.08'C 52.34*F-'C =

To'= 0.00*C 32.00*F~

Temperature at 100 MPa#-
Upper Bound = 44*C 111*F
Nean Curve'= 62*C 144*F
Lower Bound = 80*C 176*F-

**************************************************************
Pt # Temperature- Kje

1 5 45.3
2 26 94.3
3 38 97.4
4 50 79.8
5 75 111.9
60 100 200.0

B-54



..

:i
-|
:
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TEMPERATURE ('C)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Kjc = R + B exp [(T-To)/C)3
>

Metric Encilsh,

A 70.28 MPa4 63.96 kst/TK=

B 71.22 MPad 64. 81 k s i /i"K=

C 14.78*C 26.60*F=

| To = 0.00*C 32.00*F
l-
| Temperature at 100 MPa4
| Upper Bound = -56*C -69'F
; Nean Curve = -13*O 9'F '

j Lower Bound = .-1*C. 30*F

**************************************************************
| Pt # Temperature Kje
'

1 -50 72.7
2 -25 83.4
3 0 141.5

B-55
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TElfERATURE-(*F)
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-100 -50 0 50 100 150

TEMPERRTURE ('C)

**************************************************************

Kjc = A + B exp C(T-To)/C)3

Metric Ena11sh
A = 58.47 MPa4 $3.21 ksi/TTI
B = .33 MPa 4 .30 ksi/T?i
C = 9.81*C 17.65*F
To = 0.00*C 32.00'F

Temperature at 100 MPa#
Upper Bound = -8*C 18'F
Mean Curve = 47'C .117'F

**************************************************************

Pt # Te mper at ure Kjc-

1 0 58.8
2 25 62.7
3 50 112.6

B-56



.

f

:

TEMPERATURE ('F)
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-150 -100 -50 0 50 180

TEMPERATURE.(?C)

'

**************************************************************

Kjc =.A + B exp [(T-To)/C)3

Metric English
A = 74.92 MPad 68.18 kst/Tii
B = 71.72 MPa4 65. 27 k s i /TTi
C 47.66*C 85.80*F=

To = 0.00*C 32.00*F

Temperat ure at 100 MPa4
Upper Bound = -1080C- -162*F
Mean Curve = -500C -580F
Louer Bound = -29'C -20*F

**************************************************************

Pt # T e mper at ure Kjc
1 -100 68.2 ,

2 -75 105.8
3 -50 111.7
4 -50 92.6
5 -25 119.5
6 0 135.9
70 25 200.0

t
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TEMPERATURE ('F)

-100 0 100 200
200 i i i i
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o
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'

' ' '
0 0

-100 -50 0 50 100

TEMPERATURE ('C)

**************************************************************

Kjc = A + B exp [(T-To)/C)3

Metric English
A = -3.12 MPaK -2.84 k s i /Tli

72.76 MPa 4 '66.21 k s i / fitB =

68.18'C 122.72*FC =

To = 0.00*C 32.00*F +

_ , Temperature at 100 MP44
Upper Bound = 3*C 37'F

.

!Mean Curve = 24*C- 75'F-

**************************************************************

Pt # Temperature Kje

1 -20 54.3
2 10 67.4
3 26 119.8
4 40 121.9
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TEtPERATURE ('n
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250 i i i i i i

Linde 80 Weld (71W) 200 4
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' ' ' ' '0
'
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-150 -100 -50 B 50 180 150 !

TEMPERATURE (*C)
-

i

f
1************************************************************** 'i

Kjc = R + B exp [(T-To)/C)3
i

Metric Enoligh j
A -180. 65 MPad -164.40 ksi M=-

B = 312.49 MPa4 284.38 ksi M
C = 355.28*C 639.50*F :
To = 0.00*C 32.00*F '

Temperature at 100 MPaK
Upper Bound = -49'C -56*F ;Mean Curve = -38'C -37*F
Louer Bound = -25'C -13*F

**************************************************************
Pt # Temperature Kje

4

1 -95 64.4
2 -95 62.7
3 -90 47.8
4 -50 89.9
5 -50 100.1
6 -10 118.0
70 50 180.0

0 = Extra Point Added * = Point Deleted from Fit
B-59
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TEMPERATURE (*f)
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250 i i i i

Linde 80 Weld (71W) 200-
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-100 -50 B 50 100

TEMPERATURE- (' C)

**************************************************************
Kjc =.R + B exp C(T-To)/C)3

Metric -Enolish
48.94 MPa4 44.54 kst MA =

97.36 MPad 88.60 kst MB =

34.55*C 62.19'FC =

To = 0.00*C 32. 00* F .

Temperat'ure at 100 MPa4
Upper Bound = -39'C -38'F

Mean Curve = -22*C -8'F
Lower Bound = -11*C 12*F

**************************************************************

Pt # Temperature Kjc

1 -73 36.6
2 -70 71.2
3 -70 68.5
4 -70 71.9
5 -50 70.3
6 -13 114.5
7 0 169.0
8 0 130.6
9 0 141.6

10 0 *
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TEMPERATURE ('F)
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TEMPERATURE ('C)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Kjc = A + B exp C(T-To)/C))

Metric English
A = 45.18 MPa4 41.11 k s i /TM
B 210.89 MPa4 191. 92 k s t /TR'=

C = 43.47'C 78.24*F
To = 0.00*C 32.00*F

Temperature at 100 MPa4
Upper Bound = -76*C -105'F
Mean Curve = -59'C -73*F
Lower Bound = -46*C -51*F

**************************************************************

Pt # Temperature Kjc
1 -150 38.2
2 -100 90.9
3 -70 85.5
4 -50 100.2
5 -35 134.5
6 -25 171.4
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TEMPERATURE ('F)
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-100 -50 0 50 100 150--

TEMPERATURE ('C)

********************************************************e*****

Kjc = A + B exp t(T-To)/C)3

Metric English
21.16 MPad 19.26 kst MA =

B = 19.82 MPa4 18.03 ksi M
C =- 44.29'C 79.71*F
To = 0.00*C 32.00*F

T e mpe r at ure at 100 MPa4
Upper Bound = 54*C 129'F
Nean Curve = 61*C 142*F
Louer Bound = -69'C 1550F

**************************************************************

Pt # Temperature Kjc
1 -10 36.7
2 26 59.8
3 50 77.2
4 55 75.6
5 60 117.6
6 75 126.0

:
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TE WERATURE ('F)
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-150 -100 -50 B 50 180 150

TEMPERATURE ('C)

**************************************************************-

Kje = A + B exp CCT-To)/C)3

Metric Enallsh
A -14.89 MPa4 -13.55 kst G=

B 87.63 MPa4 79.75 kst M=

C = 157.30*C 283.14*F
To = 0.00*C 32.00'F

Temperature at 100 MPa4
Upper Bound = 27*C 81*F-

Mean Curve = 43*C 199'F
Lower Bound = 59'C 138'F-

**************************************************************

Pt # Temperature Kjc
1 -60 37.9
2 -25 56.7
3 -10 e9.9
4 10 76.8
5 26 87.9
6 40 90.3
7 55 96.1
8 75 137.3 '
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TEtFERATURE (*F)
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TEMPERATURE ('C)

**************************************************************

Kje a R + B exp [(T-To)/C)3

Metric Enolish
51.38 MPa4 46.75 ksi MA =
11.55 MPa4 10.51 kst MB =

15.36*C. 27.65'FC =

To = 0.00*C 32.00*F

Temperature at 100 MPaA
Upper Bound = 13*C 55*F
Mean Curve = 22*C 72*F
Lower Bound = 28'C 82*F

**************************************************************

Pt # T e mper at ure Kjc

1 -60 36.0
2 -30 68.8
3 0 67.5
4 15 75.9
5 30 134.2

B-64



__ . . _ _

TEMPERATURE ('F)L
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-200 -150 -100 -50 0 50

TEMPERATURE-('C)

**************************************************************

Kjc = A +-B exp [(T-To)/C)3-

Metric Enclish
A = -30.21 MPad -27.50 ksilf5
B- 188.13 MPaK '171.21 k s t #n=

C 164.52*C 296.13*F=

To = 0.00*C 32.00*F

Temperature at 100 MPaK
Upper Bound = -85*C -121*F

Mean Curve = -61*C -77'F
Louer Bound = -41*C --42*F

**************************************************************

Pt # Temperature- Kjc
1. -150 40.3
2 -110 78.6
3 -110 54.6
4 -100 90.9
5 -70 85.5
6 -50 81.5
7 -50 100.2
8 -35 134.5
9 -25 171.4

10 -15 117.2
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TEMPERATURE (*F)
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0 0
-50 0 50 100- 150

TEMPERATURE-('C)

**************************************************************

Kje = A + B exp C(T-To)/C)3

Metric Enolish
A = 45.32 MPad 41.25 kst M a

B = 10.88 MPad ' 9.90 kst M
C = 12.56?C 76.61*F
To = 0.00*C 32.00*F

Temperature at 100 MPa4
Upper Bound = 63*C 145'F

Me an Curve = 69'C 156*F
Lower Bound = 75'C 167'F

**************************************************************

Pt # Temperature .Kjc

1 -20 42.4
2 15 68.0
3 29 81.7
4 50 75.6
5 60 80.6
6 65 92.4
7 72 105.2
8* 85 129.5

* = Upper Shel f Dat a Point
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TE WERATURE ('F)
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-100 -50 0 50 100- 150

TEMPERATURE ('C)

**************************************************************

Kjc = A + B exp C(T-To)/C)3

Metric Enolish
R = 44.49 MPa4 40.48 kst G -

B 12.18 MPad 11.08 ksi M=

C = 52.99*C 95.38'F
To = 0.00*C 32.00*F

Temperature at'100 MPa K
Upper Bound = 62*C 144*F -

Mean Curve = 80*C 177*F

**************************************************************

Pt # Temperature Kje
1 -40 52.3
2 -20 59.0
3 27 51.0-
4 40 57.1
5 66 79.3 "

6 90 99.1
7* 65 120.6 =

8* 98 124.7

* = Upper Shelf Data Point -

B-67
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TEMPERATURE (*F)
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TEMPERRTURE ('C)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Kjc = A + B exp t<T-To)/C)3

Metric Enolish-
A = 51.10 MPa5 46.50 ksi s
B 7.49 MPa# 6. 82 k s t /T7i=

C 34.96*C 62.92*F=

To = 0.00*C 32.00*F

Temperature at 100 MPaK
Upper Bound = 49'C 120*F
Mean Curve = 66*C 150*F

**************************************************************

Pt # Temocrature Kje
1 -40 51.7
2 0 59.8
3 40 79'0.
4 50 69.2
5 70 81.1
6* 60 119.4
7* 80 133.2

* = Upper Shel f Dat a Point
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TEMPERATURE ('F)
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TEMPERRTURE ('C) I

!
-

**************************************************************

Kjc = A + B exp [(T-To)/C)3 )
Metrie Enolish .q

R = 25.58.MPa4 23.28 kst W7f
48.46 MPa4- 44.10 ksi/i"5B =

C = 50.23*C 90.41*F
To = 0.00*C 32.00*F

'Temperature at 100 MPaM
Upper-Bound = 7'C 45'F

Mean Curve = 22*C. 71*F !

Lower Bound = 40*C 104*F l

1

**************************************************************

Pt # Temperature Kjc

1 -60 40.5
2 -40 41.1 i
3 -18 62.7
4 0 97.7

i5 to 68.0
6 10 66.6
7 20 135.3
8 28 78.6
9* 42 145.5

* = Upper Sheir Data Point
B-69
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TEMPERATURE (*F)
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TEMPERATURE ('C)

*******.******************************************************

Kjc = A + B exp C<T-To)/C)3

Metric Enolish
R = 44.93 MPad 40.89 ksi M
B = 13.89 MPaA 12.64 kst M ~

36.91*C 66.44*FC =

To = 0.000C 32.00*F

Temperature at 100 MPad
Upper Bound = 41*C 106*F
Mean Curve = 51*C 124'F

Louer Bound = 61*C 142*F

**************************************************************

Pt # remperature Kje
1 -12 42.2
2 0 64.2
3 12 83.7
4 32 73.5
5 38 63.6
6 46 106.7
7 55 104.7
8 65 126.7
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TEMPERATURE ('fl
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Kjc = A + B exp t(T-To)/C)3

Metric Enolish
A = -49.78 MPad -45.30 ksi G
B 93.48 MPad 85.07 ksi M=

C 154.78*C 278.60*F=

To = 0.00*C 32.00*F

Temperature at 100 MPad
Upper Bound = 61'C- 142*F

Mean Curve = 73*C 163*F
Louer Bound = 97'C 207*F

**************************************************************

Pt # Temperature Kic
1 -12 34.3
2 10 63.3
3 32 53.7
4 38 59.6
5 46 70.1
6 55 99.2
7 65 86.3
8 80 86.8

.

9* 75 131.2
10 * 95 121.1

B-71
* = Upper Shelf Dat a Point
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TEMPERATURE ('F)
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TEMPERATURE ('C)

**************************************************************

Kjc = A + B exp (CT-To)/C)3

Metric Enolish-
A = -108.62 MPad -98. 85 k s 1/T7i '
B .= 419.68 MPad 381.93 kst/i6
C 131.71*C 237.09'F=

To = 0.00*C 32.00*F

Temperature at 100 MPa4
Upper Bound = -102*C -152*F
Mean Curve =- -92*C -134*F
Louer Bound = -51*C -60'F

********************************************************,*****

Pt # Temperature Kjc
1 ~100 87.8
2 -60 157.5
3 -45 189.6
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TEMPERATURE (*f)
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TEMPERATURE ('C)

*****************+*************,,******************,**********

Kjc = A + B exp [(T-To)/C)3

Metric English
A = 14.64 MPa4 13.32 kst M
B = 66.72 MPa4 60.72 kst M
C 49.15'C 88.48'F=

To = 0.00*C 32.00*F

Temperature at 100 MPa&-
Upper Bound = -43*C -45'F
Mean Curve = 12*C 54*F

Louer Bound = 27'C 81*F

**************************************************************

Pt # Te mper at ure Kjc
1 -35 45.8
2 0 87.2
3 0 94.9
4 15 81.2
5 30 107.5
6 38 210.7
7 50 183.8
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TEMPERATURE ('F)
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TEMPERATURE ('C)

**************************************************************

Kjc = A + B exp [(T-To)/C)3

Metric Enolish
A -19.51-MPa4 -17.75 ksi M=

B 341.54 MPaA 310.82 ksi M=

C 87.07'C 156.73*F=

To = 0.00*C 32.00*F

Temperature at 100 MPad
Upper Bound = -109'C -164*F-
Mean Curve = -91*C -133*F
Lower Bound = -71*C -96*F

**************************************************************

Pt # Temperature Kjc
1 -135 40.2
2 -125 83.2
3 -120 59.8
4 -95 97.0
5 -80 128.4
6 -80 59.5
7 -80 158.1
8 -30 223.1
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TEMPERATURE ('F)
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TEMPERATURE-('C)

{
**************************************************************

Kjc = R + B exp [(T-To)/C)3
;

Metric English
A = -5247.39 MPaA -4775.37 kst/Tn i

B = 5478.95 MPad 4986.11 kst/TK !
C 3798.68'C 6837.62*F=

To = 'O.00*C 32.00*F ;

Temperature at 100 MPa#
Upper Bound = -101*C -150*F
Mean Curve = -92*C -134*F
Lower Bound = -82*C -116*F

:

**************************************************************
1

Pt # Temp. Kje Pt # Temp. KJc

2 -130 52.5 9 -75 102.0
, !1 -130 39.8 0 -75 85.3

i

I3 -130 38.5. 10 -75 155.7
4 -130 53.6 11 -50 156.3
5 -130 44.5 12 -50 159.8
6 -100 110.2 13 * -25 200.0
7 -75 140.4

0 = Extra Point Added * = Point Deleted from Fit

B-75
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TEMPERATURE ('n .
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TEMPERATURE ('C)

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Kjc A + B exp C(T-To)/C)3=

Metric Enolish
A = 16.08 MPad 14.64 ksi M
B 108.85 MPad 99.06 kst M=

C 72.96*C 131.32*F=

To = 0.00*C 32.00*F

Temperature a t' 100 MPa4
Upper Bound = -29'C -20*F
Mean Curve =' -19'C -2*F'
Lower Bound = -9'C 16'F

**************************************************************

Pt # Temperature Kje
1 -100 40.7
2 -100 46.6
3 -100 42.4
4 -60 56.1
5 -60 60.8
6 -60 84.2
7 -60 54.1 '

|8 -20 115.4
9 -5 94.9 |

10 -5 100.5
11 -5 138.8
12 20 B-76 163.6,
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TEMPERATURE (*F)
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TEMPERATURE ('C)

**************************************************************

Kjc =.A + B exp C(T-To)/C)3
.

Metric Ena11sh
A = 42.50 MPad. 38.68 ksi m
B = 35.57 MPa4 32.37 kst M
C = 53.40*C 96.11*F
To = 0.00*C 32.00*F

Temperature at 100 MPaK
Upper Bound = 16*C 61*F
Mean Curve = 26*C 78'F

Lower Bound = 33*C 91*F

**************************************************************

Pt # Temperature Kje

1 -36 55.0
2 -35 69.e
3 -35 57.0
4 -35 65.4
5 0 69.2
6 29 110.6
7 40 119.2
8 50 139.4
9 50 123.9
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TEMPERATURE ('C) t

**************************************************************
,

Kje A + B exp C<T-To)/C)3=

Metric Enclish
A = 22.40 MPad 20.38 ksi/T?i

519.22 MPa 4 472.51.ksi/inB =

C 44.24*C 79.63*F=

To = 0.00'C 32.00*F

Temperature at 100 MPaK
Upper Bound = -93'C -135'F I

Mean Curve = -84*C -119'F
Lower Bound = -77'C -107'F

:
**************************************************************

Pt # Temperat ure Kje
1 -150 35.4
2 -110 72.7
3 -90 97.6
4 -75 106.4
5 -60 169.3
6 -65 130.1

,

,
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***.*******.************************************.*************

Kjc = R + B exp t(T-To)/C)3

Metric Enolish
R = 33.66 MPad 30.64 ksi dri
B = 40.10 MPa d 36.49 kst/T7i
C 52.66*C 94.79)F=

To = 0.00*C 32.00*F

Temperature at 100 MPaK
Upper Bound = 13'C 55'F
Mean Curve = 27'C 80'F

Lower Bound = 36*C 97'F

**************************************************************

Pt # T e mper at ur e Kjc
1 -80 44.7
2 -40 57.4
3 -10 55.5
4 15 72.7
5 26 115.9
6 40 133.5
7 50 125.0
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**************************************************************

Kjc = A + B exp ((T-To)/C)3

Metric Enolish
53.32 MPad 48.52 kst MA =
28.14 MPaA 25.61 ksi MB =

C = 29.63*C 53.33*F
To = 0.00*C 32.00*F

Temperature at 100 MPa4
Upper Bound = -1*C 30*F

Mean Curve = 15*C 59'F

**************************************************************

Pt # Temperature Kjc

1 -80 57.5
2 -50 62.6
3 -10 57.1
4 5 81.9
5 15 125.6
6 26 110.2
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TEMPERATURE ('f)
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TEMPERATURE ('C)

****.****.****************************************************

Kjc = A + B exp t<T-To)/C)3

Metric English
A = -70.52 MPa4 -64.18 k $ 1/TTi
B = 178.82 MPa4 162.74 ksi/i6
C = 166.31*C 299.35'F
To = 0.00*C 32.00*F

Temperature at 100 MPaK
Upper Bound = -88'C -126*F
Mean Curve = -8'C 18'F

**************************************************************

Pt # Temperature Kje
1 -80 42.5
2 -30 74.3
3 5 92.6
4 20 184.4
5 30 159,5
6 30 97.7
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TEMPERATURE ('C)

**********.***************************************************

Kjc = R + 8 exp t(T-To)/C)3

Metric Enolish
R = 13.69 MPavlE 12.45 kst M
B = 91.27 MPa/IE 83.06 ksi s
C = 94.29'C 169.72*F
To = 0.00*C 32.00*F

T e mper at ure at 100 MPa4

Upper Bound = -9'C 16*F
Mean Curve = -5'C 23*F

Lower Bound 5 -1*C 30*F

o*************************************************************

Pt # Temperature Kje

1 -90 50.6
2 -45 65.7
3 -20 88.4
4 0 107.5
5 to 118.0
6 20 123.1
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TEMPERRTURE ('C) --

-

**************************************************************
Kje = A + B exp C(T-To)<C)3 a

Metete Enalish *,

A = -13.91 MPa4 - -12.66 ksi M
B = 220.96 MPa4 208.37 kai M
C = 98.13*C 176.64*F
To = 0.00*C 32.00*F

Temperature at 100 MPa4
Upper Bound = -80*C ~112*F
Mean Curve = -69'C -91*F

Louer Bound = -57'C -71*F

************************************************************** -

Pt # T e mperat ure Kje
1 -135 47.3
2 -135 35.9
3 -115 71.1
4 -115 44.1
5 -65 116.0
6 -65 87.2
7 -65 130.1
8 -40 116.8
9 -35 143.5

10 0 -10 200.0
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TEMPERATURE ('F)
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TEMPERATURE ('C)

**************************************************************

Kjc = A + B exp ((T-To)/C)3

Metric Enolish
A = -5.93 MPad -5. 4 0 k s t /i7i

170.28 MPad 154. 96 k s i /TTiB =
94.85'C 170.74'FC =

To = 0.00*C 32.00*F

T e npe r at ure at 100 MPa4

Upper Bound = ~59'C -74*F
Nean Curve = -45'C -49'F
Lower Bound = -32*C -26*F

**************************************************************

Pt # Temp. Kjc Pt # Temp. Kje

1 -125 36.9 8- ~25 168.1
2 -125 37.9 9 -25 137.6
3 -125 37.3 10 -25 127.6
4 -125 39.0 11 -25 66.7
5 -95 62.5 12 -25 122.6
6 -75 72.4 13 -15 122.8
7 -50 107.2 14 * 15 200.0

0 = Extra Point Added * = Point Deleted from Fit
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TEMPERATURE ('f)
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TEMPERATURE ('C)

.**..................... ........................e............

Kjc = A + B exp C(T-To)/C)3 -

Metric English
A = -70.51 MPad -64.17 ks1 G
B = 298.26 MPa4 271.43 ksi m
C = 141.49'C 254.67'F
To = 0.00*C 32.00*F '

T e m pe r at ur e at 100 MPaK

Upper Bound = -84*C -119'F
Mean Curve = -79'C ~110*F

Louer Bound = -73*C -99'F

* ******* ****......*********.....**.**......******...**** o**

Pt # Temperature Kje
1 -150 29.3
2 -125 55.3
3 -100 84.2
4 -75 97.9
5 -60 123.6
6 -25 181.0
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TEMPERRTURE (*C)

**************************************************************

Kjc = R + B exp C(T-To)/C))

Metric Enolish
A = 19.55 MPad 17.79 kal M

75.10 MPa# 68.42 kst ME =

85.02*C 153.40*FC =

To a 0.00*C 32.00*F

Temperature at 100 MPa4
Upper Bound = -14*C 7'F

Mean Curve = 6*C 42*F
Lower Bound = 23*C 73*F

**************************************+***********************

Pt # Temperature Kje

1 -50 59.1
2 0 104.4
3 24 108.8
4 50 157.7

1

1
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10. svPPLiutNt ARY Notes

i t. Ats1 R ACT aoo.,e,en e, ou,

Reactor pressure vessel (RPV) surveillance capsules contain Charpy-V (C ) specimens, but
tuny do not contain f racture toughness specimens; accordingly, the radiation-induced shif t
(increase) in the brit tle-t o-ductile transition region (AT) is ba sed upon the at
determined f rom notch ductility' (C ) tests. Since the ASME K

and KIR ref erence f racturey getoughness curves are shifted by the 4T from C, a ssurance that this AT does c.o tunderestima te y

AT associated with the actual irradiated f racture toughness is required to
provide confidence that safety margins do not fall below assumed levels.

To assess this behavior, comparisons of AT's defined by elastic plastic fracture toughnessand C tests have been made using data f rom RPV base and weld metals in which irradiations,y

were made under test reactor conditions.
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Netch ductility, f ra cture toughness, radiation embrittlement, nuclear Unlimitedpressure vessel steels and welds, test method correlations, fluence i sicu m nassmcaimarate effects
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