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Abstract

The possibility of using subsize specimens to monitor the properties of reactor pressure vessel steels is receiving
increasing attention for light-water reactor plant life extension. This potential results from the possibility of cutting
samples of small volume from the internal surface of the pressure vessel for determination of the actual properties
of the operating pressure vessel. In addition, plant life extension will require supplemental data that cannot be
provided by existing surveillance programs. Testing of subsize specimens manufactured from broken halves of
previously tested surveillance Charpy specimens offers an atiractive means of extending existing surveillance
programs. Using subsize Charpy V-notch-type specimens requires the establishment of a specimen geometry that
is adequate to obtain a ductile-to-brittle transition curve similar to that obtained from full-size specimens, and the
development of correlations for transition temperature and upper-shelf energy (USE) level between subsize and
full-size specimens. Five different geometries of subsize specimens were selected for testing and evaluation. The
specimens were made from several types of pressure vessel steels with a wide range of yield strengths, transition
temperatures, and USEs. The effects of specimen dimensions, including notch depth, angle, and radius, have been
studied. The correlations of transition temperatures determined from different types of subsize specimens and the
full-size specimens are presented. A new procedure for transforming data from subsize specimens is developed.
The transformed data are in good agreement with data from full-size specimens for materials that have USE levels
less than 200 J.
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Introduction

The possibility of using subsize specimens to monitor the properties of reactor pressure vessel (RPV) steels is
receiving increasing attention for light-water reactor (LWR) plant life extension. Annealing of Soviet-built reactors’?
resulted in significant recovery of irradiation embrittiement and the extension of plant life. This suggests that
annealing of RPVs might be a very atiractive way to extend the plant life for some U.S. LWRs.** However, practical
implementation of annealing includes some regulatory aspects. One of these is extension of the surveillance
program, so that properties of the RPV can be monitored after annealing. Machining subsize specimens from
previously tested Charpy surveillance specimens or reconstitution of specimens from broken halves are the most
feasible ways to resolve this problem. Additionally, subsize specimens could be used in performance experiments
to study the general behavior of RPV steels after reirradiation. Such experiments usually require simultaneous
irradiation of a large number of specimens at the same conditions, as well as intermediate annealing of a portion of
them after the first cycle of irradiation and after the second reirradiation. Another application for using subsize
specimens is also associated with annealing. The subsize specimens can be used to confirm the beneficial effects
of vessel annealing by cutting pieces of small volume from the inside surface of the vessel before and after
annealing®® and periodically during continued operation of the annealed vessel. In the last case, this could be an
alternative to the standard surveillance program.

The main issue for the feasibility of using subsize Charpy V-notch (CVN) specimens to determine properties of RPV
steels is the correlation of transition temperature and upper-shelf energy (USE) between subsize and full-size
specimens. This study analyzed different published approaches to the use of subsize CVN specimens. Five
different geometries of subsize specimens from 11 material conditions were selected for testing and evaluation.
The effects of specimen size and notch dimensions, including depth, angle, and root radius, on the correlation with
data from full-size specimens have been studied.

Materials

Four types of RPV steels were studied: American Society for Testing and Materials (ASTM) A 533 grade B class 1
plates (one of them after quenching and tempering at 950°C), specially heat-treated steel with ASTM A 508 class 2
chemical composition, a Russian ring forging 15Kh2MFA, and a submerged-arc weld. All of these RPV steels have
been studied previously at Oak Ridge National Laboratory using standard specimens under different tasks of the
Heavy-Section Steel Technology (HSST) and Heavy-Section Steel Irradiation (HSSI) Programs. The materials
were selected so as to have a relatively wide range of transition temperatures and USEs as measured with standard
full-size Charpy specimens, as well as a range of yield strengths. Typically, the properties of many RPV steels in
the as-produced state are quite similar. To increase the range of properties, some steels were studied in the
quenched-only or quenched-and-tempered conditions. As a result, the USEs varied from 73 to 330 J, the transition
temperatures varied from —46 to 58°C, and the yield strengths varied from 410 to 940 MPa. Table 1 lists the types
and properties of the different materials.

Specimen Designs

The Standard Test Method for Notched Bar Impact Testing of Metallic Materials, ASTM E 23-93a,” allows the use
of subsize specimens when the amount of material available does not permit making the standard impact test
specimens, but "the results obtained on different sizes of specimens cannot be compared directly.” Therefore, the
use of subsize specimens recommended by ASTM E 23 requires correlating them with standard specimens.
According to ASTM E 23, the length, notch angle, and notch root radius for subsize specimens are the same as for
full-size specimens, which restricts the range of possible subsize specimen dimensions. A key feature of subsize
specimens for RPV applications is the ability to use halves of broken full-size surveillance specimens. As a result,
several attempts have been made to develop subsize impact specimens with a geometry acceptable for nuclear
application; see, for example, refs. 6 and 8 through 15. Specimens were varied in all dimensions and are as small
as 1 x1x20 mm."*" However, there are some limitations on the dimensions of subsize specimens for RPV
materials,
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First, the specimens should be large enough to be tested on commercially produced equipment in hot-cell
conditions. For example, the USE of 1 x 1 x 20 mm specimens could be as low as 0.16 J (ref. 15) for steel with a
standard specimen USE equal to 200 J. It would be even smaller for low upper-shelf materials, where the USE on
standard specimens could decrease to ~ 70 J due to irradiation. For 1- by 1-mm cross-section specimens, the USE
might be less than 0.1 J, and in the transition region, it would be much less than 0.1 J.

ASTM E 23 requires that the specimen be broken within 5 s after removal from the conditioning medium. A
reduction of size resuiting in a significant increase in the surface area to volume ratio may lead to excessive
temperature losses prior to impact.

Another important limitation in decreasing specimen size is the extent of the microstructural inhomogeneities. For
example, a study of a special heat of A 508 steel'>" indicated that carbon segregates in slender bands about

0.25 mm wide. Investigation of Midland Nuclear Power Plant RPV weld metal' showed that the cross section of
individual weld passes could be several millimeters. Testing of full-size Charpy specimens gives average properties
of the material, but test results from very small subsize specimens may be dependent on the location of the
specimens within the material.

Thus, the lower bound for the cross-sectional dimensions of subsize specimens for irradiated RPV steels may be
limited to about 3 mm. The length of a subsize specimen should be no longer than one-half of the standard Charpy
specimen (to allow for machining from a broken specimen). Taking into account all the above mentioned
considerations, five designs of subsize specimens were selected for the present study (see Figures 1 and 2). The
type 1 specimen has a length of 25.4 mm, 5- by 5-mm cross section, with a 30° notch 0.8 mm deep and a root
radius of 0.08 mm. Two type 1 specimens could be machined from one broken full-size Charpy specimen. The
type 2 specimen has a length of 25.4 mm, 3.33- by 3.33-mm cross section, with a 30° notch 0.5 mm deep and a
root radius of 0.08 mm. Eight type 2 specimens could be machined from one broken full-size Charpy specimen.
One advantage of choosing types 1 and 2 specimens is the accumulated experience of using these subsize
specimens in the United States™'*> and Japan'4'>* for studies of fusion reactor materials. The type 3 specimen
has a length of 27 mm, 5- by 5-mm cross section, with a 45° notch 1 mm deep and a root radius of 0.25 mm. This
type of subsize specimen has exactly the same geometry as the smallest ASTM E 23 subsize specimen butis half
as long. Two type 3 specimens could be machined from one broken full-size Charpy specimen. Experience with
this type of subsize specimen has been accumulated in Russia®® for RPV steels. The type 4 specimen has a length
of 26 mm, 3- by 4-mm cross section, with a 60° notch 1 mm deep and a root radius of 0.1 mm. Upto 12type 4
specimens could be machined from one broken full-size Charpy specimen. Experience with this type of subsize
specimen has been accumulated in Europe®'"® and Russia® for different low-alloy steels including RPV steels. The
type 5 specimen has a length of 55 mm, 5- by 5-mm cross section, with a 45° notch 1 mm deep and a root radius
of 0.25 mm. This type is the smallest subsize specimen recommended by ASTME 23. A major disadvantage of
this design is that it is not possible to make this type of subsize specimen from a broken full-size Charpy specimen.
Nevertheless, specimens of this design were studied for two materials. Details of notch differences are shown in
Figure 3.

Testing Procedure

All subsize specimens were tested on a specially modified pendulum-type instrumented impact machine.”? The
modified anvils supported the types 1 and 3 subsize specimens so that their relative position with respect to the
pendulum was the same as that for the full-size specimen; that is, the center of percussion of the pendulum was
maintained at the center of the point of impact, with the specimen just touching the striker with the pendulum
hanging free. The types 2 and 4 subsize specimens were tested using the same anvils, resulting in the center of
the point of impact being slightly lower and further ahead than the center of percussion of the pendulum when
hanging free. Similarly, for type 5 subsize specimens tested using the full-size anvils, this offset was 2.5 mm.
These offsets were estimated to produce errors of less than 0.1 J (ref. 26). The span (minimum distance between
the radii of the anvils) was 20 mm for types 1, 2, and 3 specimens and 22 mm for the type 4 specimen. The
thickness of the ASTM E 23 striker was reduced to 4 mm to allow clearance of the specimen halves between the
anvils. The radii of the striker and the anvils, however, were maintained in accordance with ASTM E 23. The type 5
specimens were tested at the full capacity of the machine [407 J (300 ft-Ib)] and an impact velocity of 5.5 m/s

(18 ft/s). All other subsize specimens were tested at a lower potential energy [69 J (51 ft-Ib)], with a corresponding
reduction of the impact velocity to 2.25 m/s (7.4 fi/s).
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Figure 1. Dimensions of subsize specimens used in this study.
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Figure 2.

TYPE 1
5.0 x5.0 x 25.4mm
30° notch, 0.8mm depth
0.08mm root radius

TYPE 2
3.3x3.3x25.4mm

30° notch, 0.5mm depth
0.08mm root xj_adius

TYPE 3
5.0 x5.0 x 27.0mm
45° notch, 1.0mm depth
0.25mmroot radius

=
TYPE 4
3.0x4.0x26.0mm

60° notch, 1.0mm depth
0.1mm root radius

FULL SIZE
10.0 x 10.0 x 55.0mm
45° notch, 2.0mm depth
0.25mm root radius

YP18323

Full-size and subsize specimens used in this study.
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Figure 3 (continued)

The impact data for each material condition and specimen type were fitted with a hyperbolic tangent function to
obtain transition temperatures and USEs:

. - T
_Us+1s us-1s . |T~ T
2 2 C

Y , M

where T is test temperature (in °C), and US, LS, T,;, and C are fitting parameters. Parameters US and LS can be
upper- and lower-shelf values of energy, lateral expansion, or percent shear; T, is the temperature at the middle of
the transition range (in °C), and C is half of the transition zone width (in °C). All hyperbolic tangent analyses for
full-size specimens were conducted with the lower shelves fixed at 2.7 J and 0.061 mm for energy and lateral
expansion, respectively. All hyperbolic tangent analyses for subsize specimens were conducted with the lower
shelves fixed at 0.1 J and 0.0 mm for energy and lateral expansion, respectively. Upper and lower shelves of
percent shear fracture were always fixed at 100 and 0%, respectively. Appendices A through K contain the Charpy
impact results.

Effects of Specimen Dimensions

One objective of the study was to clarify the effects of specimen dimensions on the Charpy impact resulits.
Analyses of these effects will be used in the development of a methodology for estimation of the ductile-to-brittle
transition temperature (DBTT) and USE of full-size specimens using test data from subsize specimens.

The CVN dimensions—depth, angle, and root radius—play an important role in the fransition behavior due to
changes in the stress concentration under the notch. Most obvious is the effect of notch depth (a) on the USE. The
sensitivity of USE to the V-notch depth was studied on type 3 specimens of HSST Plate 02 (see Figure 4). One set
of specimens was made with a notch 1.7 mm deep (0.065 in.), and a second set was made with a notch 0.8 mm
deep (0.030 in.). The resulis were compared with results for the common 1.0-mm (0.039-in.) notch depth.
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Figure 4. Absorbed energy versus test temperature for
“type 3 specimens from HSST Plate 02,
quarter-thickness location, with 0.8-, 1.0-, and
1.7-mm V-notch depths.

Increasing the depth significantly reduced the USE (from 31 J fora = 0.8 mm to 13 J fora = 1.7 mm). The
temperatures at the middle of the transition region, T,; were —31, -6, and —19°C for specimens with notch depths
of 0.8, 1.0, and 1.7 mm, respectively. These changes in transition temperature are mainly due to changes in the
USE rather than due to the effect of the notch depth on the transition behavior.

The effect of the notch root radius can be seen when comparing data from HSST Plate 02 type 3 specimens with
0.25- and 0.10-mm notch radii (see Figure 5). For this particular experiment, specimens of 0.8-mm notch depth
were used. Sharpening of the notch led to an increase of transition temperature by ~ 20°C and a decrease of the
USE by ~ 5 J. These data agree with other observations of notch dimension effects on impact data.'>?

The effect of notch angle was studied on two sets of HSST Plate 02 type 1 specimens with 45 and 30° angles (see
Figure 6). This change in the notch angle did not result in any effect on transition temperature or USE.

Another parameter is the distance between the anvil supports (span). Figure 7 shows Charpy curves of HSST
Plate 02 type 4 specimens tested with spans of 22 and 20 mm. No difference was observed in the transition region.
Data from specimens with the shorter span possibly indicated a slightly higher energy on the upper shelf, but this
difference could be due to scatter in the data. However, there is a mechanism that may explain higher energies for
specimens tested with the shorter span (20 mm). The smaller subsize specimens tested on the upper shelf usually
do not fracture completely, but bend around the tup until they are forced out past the anvils. With a shorter span,
the specimens must be bent further and scraped against the anvils for a longer time until they can be pushed out.
This will result in a longer tail on the end of the load-deflection curve, which will be reflected in slightly higher
absorbed energies, as the data tend to show. In the transition region, the specimens do break completely, so no
extra force is required to push the specimen through the anvils. In this case, no effect of span would be expected,
and no effect is observed (see Figure 7).

Another example of the effect of span on impact properties is given by a comparison of data from types 3 and 5

subsize specimens. The only difference between these specimens is that type 3 specimens have one-half the span
oftype 5. The impact curves of types 3 and 5 specimens of weld 72W are presented in Figure 8. Figure 9 presents
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Figure 5. Absorbed energy versus test temperature for type 3
specimens from HSST Plate 02, quarter-thickness
location, with 0.25- and 0.10-mm V-notch root radii.
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Figure 9. Absorbed energy versus test temperature for types 3
and 5 specimens of HSST Plate 02, half-thickness
location, tested at 40- and 20-mm span.

the impact curves of types 5 and 3 specimens of HSST Plate 02. The type 5 specimens were cut from the
half-thickness region in the plate, whereas the full-size Charpy specimens were taken from both the quarter- and
half-thickness locations. The impact properties were slightly different at these two depths in the plate (see Table 1).
The type 3 specimens were cut from the broken halves of tested type 5 specimens. In both examples in Figures 8
and 9, these results did not show any difference between types 3 and 5 specimens. These materials have fairly low
USEs, and the 5- by 5-mm specimens break even on the upper shelf, so no effect of span is observed.

Five type 4 specimens of weld 72W were tested at an impact velocity of 5.5 m/s (18 fi/s), while 13 were tested at
2.25 m/s (7.4 1t/s), the usual impact velocity for subsize specimens in this study (see Figure 10). The same
experiment was repeated on two sets of HSST Plate 02 type 3 specimens. Figure 11 presents Charpy data for
these sets with 12 specimens in each. The results in Figures 10 and 11 show no sensitivity of impact properties to
the increase of impact velocity from 2.25 to 5.5 m/s.

Correlation of Absorbed Energy Between
Full-Size and Subsize Specimens

The absence of standardized procedures for subsize specimen testing results in different approaches to correlation
of data between subsize and standard specimens. Generally, existing correlations of USE data can be divided into
two approaches. One method widely used in Europe®®"'? consists of establishing an empirical ratio of the USE of
full-size to USE of subsize (USE,,..) specimens based on large numbers of tests. The second approach, often
used by North American?'®%227 and Japanese'“'% researchers, consists of correlation of the ratio between the
USE of full-size and subsize specimens with the ratio of different geometrical parameters of full-size and subsize
specimens:

USEg) .  f(geometric parameters),, ..

= . @

USE, .  f(geometric parameters) . .

NUREG/CR-6379 12
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In other words, the ratio of geometrical parameters can be used as a normalization factor (NF) to determine USE of
full-size specimens based on the results of testing subsize specimens:

USEg & = NF x USE,,__ . @

The published ratios of geometric parameters of full-size to subsize specimens or NFs are described below.

Corwin et al.’>® compared two NFs. The first factor was equal to the ratio of the fracture area (Bb) of the full-size
specimen to that of the subsize specimen, where B is the width and b is the depth of the ligament below the notch of
the specimen (see Figure 12 and Table 2). The second was equal to the ratio of the nominal fracture volume FVv)
[(Bb)*?] of the full-size to the subsize specimen. It was shown that use of the NF (Bb)*? gave good correspondence.
Normalization by Bb gave poor agreement for USE data.

Lucas et al."*# also used an NF equal to the ratio of the FV of full-size to subsize specimens, but expressed the
nominal FV as Bb2

Louden et al*' suggested an NF equal to the ratio of Bb?/LK, of full-size to subsize specimens, where L is the span
and K, is the elastic stress concentration factor, which is dependent on ligament size b and notch radius R. The
present study has shown (see Figures 8 and 9) that Charpy data, including USE, of specimens tested at spans that
differed by a factor of two (20 and 40 mm) did not depend on span. However, the USE depends on ligament size b
(see Figure 4) and notch radius R (see Figure 5), which might support using K. Nevertheless, itis not clear how an
elastic stress concentration factor can be related to behavior on the upper shelf, where fracture is taking place in a
ductile manner dominated by plastic strain.

Kumar et al.*%? have developed an interesting approach to predict the USE of full-size specimens by using both
notched and precracked subsize specimens. They suggest that this allows a separation of the USE into energies
for crack initiation and crack propagation. This approach is based on the assumption that the energy for crack
initiation normalized by FV of the specimen is equal for full-size and subsize specimens. Energy for crack initiation
can be determined from the difference between the USE of notched specimens (USE) and precracked specimens
(USE), thatis:

USE - USE USE - USE
— ) S J) Dh—— , @
FV full size FvV subsize

where FV is equal to Bb% In addition, it was found that the ratio of the USE of notched specimens to the USE of
precracked specimens (USE,) did not depend on specimen size, namely:

USE _[usg
USE| . |ose| ®)
Pl full size P J subsize

Thus, Kumar et al. claimed that knowledge of USE and USE, of subsize specimens allowed the use of
Equations (4) and (5) to determine the USE of full-size specimens. Examination shows, however, that Equations (4)
and () are dependent and can be transformed into one equation:

USE ) IUSE ]
Fv full size FV subsize ’ ( )

NUREG/CR-6379 14
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which is the same as Lucas et al.™*% proposed previously for a nominal FV of Bb? and does not require testing of
precracked specimens.

Kayano et al.™ have proposed an NF that incorporates not only FV but elastic (K) and plastic (Q) stress
concentration factors as well. For the plastic stress concentration factor, the following expression based on slip-line
field theory for a notched specimen® was used:

where 8 is the notch angle in radians. Some uncertainty remains as to the exact value of Q in CVN testing 312
Slip-line field theory also assumes elastic-perfectly plastic behavior and neglects work hardening, which is clearly
not a valid assumption for most materials. In addition, slip-line field theory can only be used when fracture occurs
exactly at the point of general yielding. This will apply only at one specific temperature for a given material, not over
the whole transition regime. In any case, implementation of Q, as in Eq. (7), includes the effect of notch angle on
USE. However, the results of the present study did not show such a dependence over the limited range of notch
angles examined.

in the present work, different NFs described above, as well as modifications by the authors, were implemented in
the analysis of the data (see Table 2). Table 3 summarizes the results of measured USE values for full-size and
subsize specimens of the steels investigated in the present study. For all types of subsize specimens, a linear
dependence between the USE of full-size and subsize specimens is observed except for two points with USEs of
full-size specimens higher than 200 J. Values of USE higher than 200 J for full-size specimens require special
consideration. Specimens tested in the upper-shelf region show large amounts of plastic deformation at the support
points. These features are associated with the specimen squeezing between the anvils. All interactions between
the specimen and the anvils will require additional energy as reflected by the absorbed energy value 33
Specimens with high USE values will have significant amounts of energy associated with the anvil interactions in
addition to the fracture process at the notch. Further investigations need to be performed to analyze these data.
For the purposes of this study, analysis of USE data was limited to data below 200 J for full-size specimens.

Figures 13 through 16 present the correlation observed for the USE from full-size specimens to the USE from
subsize specimen types 1 through 4 as well as ratios of USE,; o1 to USE,,, for each type of subsize specimen.
Comparison of the ratios obtained with the NFs in Table 2 shows that no single factor can be considered as
universal for any specimen geometry, although an NF based on the FV of specimens, namely (Bb?) . 54o/(Bb)usies
gives the closest estimation for each geometry, but these estimations are slightly higher than empirical ratios for
each specimen geometry. Animplementation of elastic or plastic stress concentration factors did not improve the
correspondence. Based on this observation, a decision was made to use the obtained empirical ratios (see
Figures 13-16) as USE normalization factors (NF,) for each specific geometry. There is no obvious effect of the
yield strength on the empirical ratios of USEs, as Figures 17 through 20 show.

Since no single known existing correlation procedure would work for data from different subsize specimens, a new
correlation was developed. It was assumed that the fracture process could be partitioned into low-energy brittle and
high-energy ductile modes and that different correlation procedures should be'applied to each component of the
fracture process. On the lower shelf where fracture occurs by a low-energy cleavage mechanism, it is reasonable
to assume a constant value of absorbed energy per unit of fracture surface area or-

LSE _ [LsE .
Bb full size Bb subsize ’ ©

NUREG/CR-6379 16




NUREG/CR-6379

‘weiBold uojeipell) {29} uo}joas-AreaH = [SSHy
‘weiBo1g ABojoufoa ] |89} U0|29S-AABBH = LSSH.

b
'
!

'€ 6'S 09 §ee L'l Ll LS L'e otl MZ. Plom ISSH

zee 8. ¥l 374 8’42 €8 29 262 181 2.9€01 Jew ‘YAWZUMSL

0,056 Je peledwa}

A S £ 6¢cl ocl 9'G 8'¥ 1'Sh €L pue psyouenb ‘p10 8jeld «LSSH

ssauoju} Jley

9§ €02 121" ‘uogejuspio 1 ‘2o eleld .LSSH

sseuxo)uy Jepenb

¥'62 £9 €S T4 ole L9 8'¥ £'6¢ i ‘Uojejuaio L ‘20 8leld .LSSH

. Q.¥0L1e

6'ie Sl L'9 R 74 oLl €6 vy gle y9l paiadwa} pue payouenb ‘gog v

N~
.9l T

8Ll S'9 L'9 rAVA V2Ll 8'9 ¥y A 14 ot Je pasadwe) pue pesuanb 'gog v

. _ 0,665

002 1's 89 0'Sk 26l €5 4 112 201 je patedute) pue pasusnb ‘gog v

6°02 S'G 5’9 9Ll 68l 1'9 €5 9'12 Sii peyauenb se ‘gog v

6'¢E rA)) 89 6'6E ¥'.2 6'8 (] ey 444 uopejuajio ) ‘eje|d epm €€5 V

62 Ll oLl ¥'82 '8¢ o'g 66 9've (1] uogejuayio 17 ‘ejeld epim €€ VY

14 z )
S I D D R T By I O —
oap __amm: :&cmw: s ingen ¢ &cmmD z.....:mw: z ame usirgan ' amm: sitigen :
uonenjeas uawioads Adieyo azjsqns 10} sjeliajelu 10§ pauiejqo sajbiaua Jjays-1addn  °¢ sjqel




SUBSIZE USE (ft~Ib) ORNL-DWG 96-3761

o' S 10 15 20 25 30 35
250 T T T T T T T
— 175
als
200 - -1 1S0
—~ 175 |- )
2 — 125 n
u 150 &
t -
b | -1 100 §
§ 125 o
@ )
é 100 |~ - 75 ({)
2 3
[T -
7S ~so 2
S0 -
‘ —H25
25 |- i USEruii-stze = 5. 1'USEsupsrze FIT |
o ] i 1 i ] ] 1 1 ] o
o 5 10 15 20 25 30 35 40 45 S0
' SUBSIZE USE .(J)
Figure 13. Correlation of upper-shelf energies of full-size and
type 1 subsize specimens.
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Figure 14. Correlation of upper-shelf energies of full-size and type 2
subsize specimens.
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Figure 15. Correlation of upper-shelf energies of full-size and
type 3 subsize specimens.
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Figure 17. The ratio of upper-shelf energy (USE) of full-size
specimens to USE of type 1 specimens as a function of
yield strength.
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Figure 19. The ratio of upper-shelf energy (USE) of full-size
specimens to USE of type 3 specimens as a function of
yield strength.
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and thus

LSEqy ‘size = NFy 0, X LSEmbsize J ©)

where

_ (Bb) full size
britle ~ TmpT - (10)
(B ) subsize
In the transition region there is a competition between brittle and ductile fracture. It is assumed that the percent of

shear on the fracture surface can be used as a measure of the amount of ductile fracture in the transition region.

Based on these considerations, the following expression is proposed for normalizing the absorbed energy (E) of
subsize specimens:

100 - SHEAR . SHEAR
E = B e ¥ | NF e — 100 * ductile —7 00| ? (11

where NF,.. is a normalization factor for the brittle mode of fracture from Equation (10) and is equal to 3.77, 8.52,
4.00, and 8.90 for types 1, 2, 3, and 4 subsize specimens, respectively. NF,,., is @ normalization factor for the
ductile mode of fracture and is equal to 5.1, 18.3, 6.3, and 21.3 for types 1, 2, 3, and 4 subsize specimens,
respectively (see Figures 13 through 16). SHEAR is the percent of shear fracture on the fracture surface
measured, in general, visually. In some cases, fracture surfaces of broken subsize specimens were difficult to
interpret. In these cases, the procedure proposed by Nanstad and Sokolov* for estimation of shear fracture from
analysis of instrumented impact traces of full-size specimens was used:

F. -F
% SHEAR =] 1 - = 2 x 100 , (12)
: 0.5 (F,, +F,)

where F,, F,, F,,, and F, are characteristic points on the load versus displacement trace as shown in Figure 21. It
was assumed that the same approach could be used for subsize equations.

Visual determination of the percent of shear fracture requires an interpretation of the appearance of the fracture
surface, a process that is subjective and may vary from person to person. This variability may lead to some uncer-
tainty in values of the transition temperature determined with the normalization process in Equation (11). To
estimate how serious a problem this might be, data from HSST Plate 02 type 3 specimens were examined. The
original data were normalized and analyzed to determine the transition temperatures at energy levels of 41 and

68 J (T4, and T, respectively). Then the percent shear data were modified, first by adding 10% to each data
point, and then by subtracting 10% from each data point. The lower- and upper-shelf levels were kept at 0 and
100%, respectively, in both cases. The energy levels from the subsize specimens were then normalized with the

NUREG/CR-6379 22




ORNL-DWG 95M-5239
20 I | I

LOAD (kN)
o
I

03 ! | l —

0 0.25 0.50 0.75 1.00
DISPLACEMENT (mm)

Figure 21. Load versus displacement record showing the
definitions of the various load points.

Table 4. Effects of changes in percent shear on values of transition
temperatures at 41 and 68 J for normalized data from type 3
specimens of HSST Plate 02

Transition temperature
(°C)
As-measured As-measured As-measured
shear® + 10%” -10%°
T41J '—28 : —30 —26

*Normalization performed with as-measured percent shear.
*Normalization performed with percent shear +10%.
“Normalization performed with percent shear —10%.
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altered shear values, in both cases. The results of these changes in the shear values are shown in Table 4.
Changing of the shear values by +10% resuits in very small changes in the transition temperatures, showing that
the normalization procedure is not overly sensitive to changes in the measured value of percent shear.

Correlation of Transition Temperature of Full-Size
and Subsize Specimens

The effect of specimen size on the DBTT can be explained as suggested by Davidenkov.*® The yield stress (o)
depends on temperature, increasing as the temperature decreases, while the cleavage fracture stress (o) is
assumed to be temperature independent (see Figure 22). The intersection of these curves determines the DBTT.
The size effect can be explained by a statistical theory of strength, whose mathematical interpretation was given by
Weibull.* Itis based on the assumption that brittle failure is determined by the value of the local stress in the piece
at the point where the most critical structural defect is located. Using the theory of probability, Weibull established
the dependence of the brittle strength on the volume of the specimen. For the same states of stress but various
dimensions of the specimens, the brittle fracture stress changes as V'™, where V is the volume of the specimen
and m is a constant of the material. The scatter obtained will be larger for smaller specimens. The dependence of
brittle fracture on the volume of specimens for different types of tests has been experimentally confirmed.*®

The above discussion is illustrated in Figure 22. The dependence of yield stress on temperature can be expressed
as:

o, = Ae“T, (13)

where A and c are constants, and T is temperature in Kelvin. According to Weibull,** the dependence of the brittle
fracture stress on volume is:

o, = ZVim (14)

where Z and m are constants. If we define the DBTT as the temperature at which o, is raised so that it equals o,
(see Figure 22), then:

[

AeDBIT - zy-lm (15)

Taking the natural logarithm of Equation (15) results in:

1

DBTT = —— |
R -ShvV

(16)

where R and S are constants.

Thus, Equation (16) describes, in general, the shift of DBTT to lower temperatures due to a reduction in size.
However, different notch geometries result in different stress distributions under the notch for different subsize
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Figure 22. Stress-temperature diagram showing the effect of
specimen size on transition temperature.

specimens, which does not allow the use of Equation (16) for a quantitative account of size effects in notched
impact tests. Nevertheless, it suggests the establishment of an empirical correlation:

DBTTg,,,. = DBTT,,. +M, (17

where DBTTy, ., and DBTT,,.,, are transition temperatures for full-size and subsize specimens, respectively, and
Mis a shift of DBTT due to specimen size. A similar approach has been used in refs. 6, 11, and 19.

The following procedure was used to determine the temperature correction, M. Absorbed energy values from
subsize specimens were normalized by Equation (11). These data were then fit with a hyperbolic tangent function
[see Equation (1)] to determine temperatures at 41 J (T,,), 68 J (Tss,), and at the middle of the transition zone (M-
Figures 23 through 26 summarize the comparison of transition temperatures for full-size and different subsize
specimens. Transition temperatures at 50% shear (T,,) were also included in the analysis. The data show a linear

correspondence of transition temperatures. The following equations were obtained for the different subsize
specimens:

DBTT,; ,,. = DBTT,,, , + 30 (£28) °C, (18)
DBTT;, ,. = DBTT,, , + 53 (£24) °C, (19)
25 NUREG/CR-6379
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DBTT,, 4, = DBIT,, ; + 34 (220) °C, (20)

and
DBTTﬁlll size = DBTT,type 4 T 38 (:1:30) °C, 1)

where the numbers in parentheses are £20 intervals.

Figure 27 shows the dependence of the temperature-size correction, M, taken from Equations (18)-(21), on the
nominal FV, Bb?, for the subsize specimens used in this work. The solid line is a fit to the data:

M = 98 - 15.1 x In (Bb?) . @2)
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Figure 27. Temperature correction for subsize specimens as a
function of nominal fracture volume.

The form of this fit is suggested by Equation (16), and the equation was forced to give a correction factor of 0 for the
full-size specimen. The trend agrees, in general, with the scheme for the effects of specimen size on the DBTT
based on the statistical theory of strength (see Figure 22). Deviations from this dependence reflect the constraint
effects of different notch dimensions, but the form of the dependence may be used as guidance to estimate size
corrections for subsize specimens.

Normalization of Data from Subsize Specimens

The normalization procedure described above was tested with the data from the ten materials used in the present
work (see Appendices A through K). The absorbed energies for subsize specimens were normalized by
Equation (11). ‘

NUREG/CR-6379 28




Test temperatures were then shifted forward by size adjustment values from Equations (18)-(21) for the
corresponding subsize specimens. Data from subsize specimens normalized by this procedure correspond very
well with the mean and 95% confidence intervals from full-size specimens, as Figures 28 through 35 show. The
normalization did not produce a good match on the upper-shelf regime for materials with USEs greater than 200 J
for full-size specimens, as Figures 36 and 37 show. Excessive deformation at the anvils and the failure of subsize
specimens of tough materials to fracture completely when tested on the upper shelf are factors that led to the poor
agreement. If the data are restricted to materials with full-size USE levels less than 200 J, the present method for
normalizing data from subsize specimens can give good correlations with data for full-size Charpy specimens.

Examination of the standard deviations reported for Equations (18)-(21) shows that the type 3 specimen has the
smallest value, suggesting that this specimen is the best of the four types examined for determining the DBTT, since
it results in the smallest error. It was also noted that this specimen was more likely to fracture completely when
tested in the upper-shelf regime, whereas the other subsize specimens tended to wrap around the tup rather than
fracture in this regime. This failure to fracture on the upper shelf is exacerbated for materials with high USE levels
and accounts for the poor agreement found for materials with upper-shelf levels of over 200 J, as measured with
full-size specimens. The types 1 and 2 subsize specimens have relatively short notch depth to specimen width
ratios (a/W) of 0.16 and 0.15, respectively. The type 3 specimen has a relatively deeper notch, with a/W = 0.2. This
relatively deeper notch will encourage fracture on the upper shelf. The type 4 specimen has a value of a/W = 0.25,
but the specimen thickness is only 3 mm as compared to 5 mm for type 3. The greater thickness of the type 3
specimen will increase the transverse constraint developed in this specimen as compared to the thinner type 4
specimen, and again encourage fracture. Thus, of all the specimens tested, the type 3 specimen seems to be the
best, although itis the largest of the subsize specimens. If a smaller specimen is desired, it might be useful to
consider a geometry with a relatively deeper notch (a/W greater than 0.25) to encourage fracture on the upper shelf
and improve the correlation with full-size specimens.

Summary and Conclusions

Five types of subsize specimens from ten materials were studied in the present work. The principal results are as
follows:

1. Subsize Charpy specimens may be useful for studies when material availability is limited. The broken
halves of surveillance specimens can be remachined into subsize specimens to extend current surveillance
programs and to monitor annealing response. The small specimen recommended by ASTM E 23 is too
long for such an application.

2. itwas found that (1) an increase in the notch depth decreases the USE but has little effect on the DBTT,
(2) a decrease of the notch root radius reduces the USE and increases the DBTT, (3) variation of notch
angle from 30 to 45° while keeping the remaining dimensions identical does not result in any effect on
transition temperature or USE, and (4) span and impact velocity (in the ranges studied) do not affect the
USE and DBTT.

3. The following equation is proposed for normalizing impact energy values from subsize Charpy
specimens (E):

100 - SHEAR SHEAR
x |NF, . +  —
brittle 100 ductile 100 4

where NF,..,, is a normalization factor equal to the ratio of the area of the fracture surface of the full-size
specimen to the area of the fracture surface of the corresponding subsize specimen; NF,,;. is an empirical
normalization factor equal to 5.1, 18.3, 6.3, and 21.3 for types 1, 2, 3, and 4 subsize specimens,
respectively; and SHEAR is the percent of shear fracture on the fracture surface.
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4,

and

The empirical correlations between the DBTT of full-size and the different subsize specimens were
determined as follows:

DBTTyy ,, = DBTT,, ; + 30 (£28) °C,

DBTTy, 4, = DBIT, ,, + 53 (£24) °C ,

DBTTy ., = DBTT,, , + 34 (£20) °C,

DBTT; o = DBTTtype 4 * 38 (£30) °C,
where the numbers in parentheses are +20 intervals. Further understanding of the shiftin the DBTT as a
function of specimen size needs to be pursued.

Results obtained from the subsize specimens as well as the empirical correlations can be used for
development of an ASTM standard practice for impact testing of subsize specimens for supplementary
surveillance data in nuclear applications.
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APPENDIX A

A 533 GRADE B WIDE PLATE, LT ORIENTATION
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SET NAME: CE 23 LT
NOTE: LAYER 3
TEMPERATURE

ENERGY

EXPANSION SHEAR

IDENT (DEG C) (DEG F) () (FT-LB) () (IN) (PERCENT)
CE2301 -75.0 -103.0 8.00 5.90 0.00 0.000 0.0
CE2307 -50.0 -58.0 19.01 14.02 0.30 0.012 1o0.0
CE2310 -25.0 -13.0 67.03 49.44 0.94 0.037 28.0
CE2312 -25.0 -13.0 82.04 60.51 1.17 0.046 25.0
CE2308 -25.0 -13.0 64.03 47.23 0.97 0.038 21.0
CE2302 0.0 32.0 114.05 84.12 1.60 0.063 20.0
CE2316 0.0 32.0 146.07 107.73 1.80 0.071 46.0
CE2306 0.0 32.0 127.06 93.71 1.65 0.065 38.0
CE2305 23.0 73.4 170.08 125.44 2.01 0.079 65.0
CE2311 23.0 73.4 176.08  129.87 1.96 0.077 50.0
CE2314 23.0 73.4 180.08  132.82 2.24 0.088 77.0
CE2315 50.0 122.0 248.11  183.00 2.31 0.091 100.0
CE2303 100.0 212.0 315.14  232.44 2.01 0.079 100.0
CE2318 150.0 302.0 318.15 234.65 2.01 0.079 100.0
CE2317 150.0 302.0 323.15  238.34 1.70 0.067 100.0
CE2320 200.0 392.0 338.15 250.15 1.68 0.066 100.0
CE2321 200.0 392.0 340.16  250.89 1.50 0.059 100.0
CE2309 250.0 482.0 320.15 236.13 1.52 0.060 100.0
CE2319 300.0 572.0 323.15  238.34 1.65 0.065 100.0
NUMBER OF SPECIMENS: 19
SET NAME: CE_24 LT
NOTE: LAYER 4

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (3) (FT-LB) (v) (IN) (PERCENT)
CE2411 -75.0 -103.0 10.00 7.38 0.13 0.005 0.0
CE2401 -50.0 -58.0 36.02 26.56 0.48 0.019 18.0
CE2413 -50.0 -58.0 45.02 33.21 0.71 0.028 13.0
CE2414 -25.0 -13.0 105.05 77.48 1.42 0.056 30.0
CE2404 -25.0 -13.0 91.04 67.15 1.30 0.051 27.0
CE2407 -25.0 -13.0 72.03 53.13 1.04 0.041 21.0
CE2405 0.0 32.0 122.06 90.02 1.75 0.069 45.0
CE2406 0.0 32.0 111.05 81.91 1.50 0.059 52.0
CE2415 0.0 32.0 145.07 107.00 1.93 0.076 50.0
CE2416 23.0 73.4 163.07 120.28 2.03 0.080. 40.0
CE2403 23.0 73.4 166.08 122.49 2.11 0.083 52.0
CE2412 23.0 73.4 162.07 119.54 2.18 0.086 75.0
CE2409 50.0 122.0 219.10 161.60 2.29 0.090 100.0
CE2402 150.0 302.0 285.13  210.30 1.98 0.078 100.0
CE2420 150.0 302.0 305.14 225.06 1.55 0.061 100.0
CE2421 200.0 392.0 342.16 252.36 1.63 0.064 100.0
CE2418 200.0 392.0 326.15  240.55 1.60 0.063 100.0
CE2417 250.0 482.0 337.15  248.67 1.68 0.066 100.0
CE2419 300.0 572.0 341.16  251.62 1.65 0.065 100.0

NUMBER OF SPECIMENS: 19
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SOURCE: ANALYSIS SET
ANALYSIS SET NAMES: CE_21_LT,CE_22_LT,CE 23 LT AND CE 24 LT

SET NAME: CE_21 LT
NOTE: LAYER 1
TEMPERATURE

ENERGY

EXPANSION SHEAR

IDENT (DEG C) (DEG F) (3) (FT-LB) (M) (IN) (PERCENT)
CE2116 -75.0 -103.0 6.00 4.43 0.08 0.003 0.0
CE2104 -50.0 -58.0 15.01 11.07 0.23 0.009 13.0
CE2108 -25.0 -13.0 47.02 34,68 0.76 0.030 18.0
CE2112 -25.0 -13.0 79.04 58.29 1.17 0.046 24.0
CE2107 -25.0 -13.0 60.03 44,27 0.97 0.038 18.0
CE2110 0.0 32.0 121.06 89.29 1.60 0.063 47.0
CE2105 0.0 32.0 161.07 118.80 2.06 0.081 52.0
CE2115 0.0 32.0 153.07 112.90 1.88 0.074 48.0
CE2101 23.0 73.4 178.08 132.08 2.31 0.091 70.0
CE2102 23.0 73.4 166.08 122.49 2.01 0.079 60.0
CE2109 23.0 73.4 177.08 130.61 2.11 0.083 62.0
CE2113 50.0 122.0 284.13 209.56 2.11 0.083 100.0
-CE2106 50.0 122.0 263.12 194.07 2.13 0.084 100.0
CE2114 75.0 167.0 353.16 260.48 2.13 0.084 100.0
CE2111 100.0 212.0 341.16 251.62 1.83 0.072 100.0
CE2120 150.0 302.0 343.16 253,10 2.06 0.081 100.0
CE2103 150.0 302.0 347.16 256.05 1.93 0.076 100.0
CE2118 200.0 392.0 340.16 250.89 1.80 0.071 100.0
CE2121 200.0 392.0 331.15 244 .24 1.57 0.062 100.0
CE2119 250.0 482.0 339.15 250.15 1.70 0.067 100.0
CE2117 300.0 572.0 335.15 247.20 1.70 0.067 100.0
NUMBER OF SPECIMENS: 21
SET NAME: CE_22 LT
NOTE: LAYER 2

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (M) (IN) {PERCENT)
CE2214 -75.0 -103.0 9.00 6.64 0.10 0.004 0.0
CE2208 -50.0 -58.0 17.01 12.54 0.25 0.010 11.0
CE2215 -25.0 -13.0 48.02 35.42 0.74 0.029 23.0
CE2216 -25.0 -13.0 50.02 36.89 0.76 0.030 20.0
CE2203 -25.0 -13.0 59.03 43,54 0.86 0.034 23.0
CE2211 0.0 32.0 123.06 90.76 1.63 0.064 25.0
CE2212 0.0 32.0 110.05 81.17 1.50 0.059 30.0
CE2204 0.0 32.0 110.05 81.17 1.42 0.056 18.0
CE2201 23.0 73.4 145.07 107.00 1.75 0.069 50.0
CE2202 23.0 73.4 179.08 132.08 2.08 0.082 70.0
CE2209 23.0 73.4 153.07 112.90 1.80 0.071 55.0
CE2206 50.0 122.0 229.10 168.98 2.29 0.090 100.0
CE2207 100.0 212.0 262.12 193.33 2.06 0.081 100.0
CE2218 150.0 302.0 303.14 223.58 1.80 0.071 100.0
CE2213 150.0 302.0 310.14 228.75 1.65 0.065 100.0
CE2219 200.0 392.0 321.15 236.87 1.52 0.060 100.0
CE2220 200.0 3%2.0 322.15 237.60 1.52 0.060 100.0
CE2221 250.0 482.0 346.16 255.31 1.63 0.064 100.0
CE2217 300.0 572.0 304.14 224.32 1.42 0.056 100.0
NUMBER OF SPECIMENS: 19
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SOURCE: CE_21_LT,CE_22_LT,CE_23_LT AND CE 24 LT ANALYSIS SETS

Y VARIABLE: ENERGY
MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 2.7 (J),2.0 (FT-LB)
MID-TRANSITION TEMPERATURE: 18.0 (DEG C),64.4 (DEG F)
TRANSITION ZONE WIDTH: 121.8 (C DEG),219.2 (F DEG)
UPPER SHELF ENERGY: 329.7 (J),243.2 (FT-LB)
UPPER SHELF ENERGY: 329.7 (J),243.2 (FT-LB)
TEMPERATURE [41 (J),30.2 (FT-LB) ENERGY]:-43.5 (DEG C),-456.3 (DEG F)
TEMPERATURE [68 (J),50.2 (FT-LB) ENERGY]:-24.3 (DEG C),-11.7 (DEG F)
NOTE: NONE ‘
MODEL SET NAME: 4
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SOURCE: CE_21_LT,CE_22_LT,CE_23_LT AND CE_24 LT ANALYSIS SETS

Y VARIABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.061 (MM),0.0024 (IN)
MID-TRANSITION TEMPERATURE:-26.8 (DEG C),-16.3 (DEG F)
TRANSITION ZONE WIDTH: 46.7 (C DEG),84.1 (F DEG)
UPPER SHELF EXPANSION: 1.872 (MM),0.0737 (IN)

UPPER SHELF EXPANSION: 1.872 (MM),0.0737 (IN)

NOTE: NONE .

MODEL SET NAME: 3
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SOURCE: CE_21 LT,CE 22_LT,CE_23_LT AND CE_24 LT ANALYSIS SETS

Y VARIABLE: SHEAR

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 8.4 (DEG C),47.1 (DEG F)
TRANSITION ZONE WIDTH: 95.2 (C DEG),171.4 (F DEG)
UPPER SEELF SEEAR [BELD FIXED]: 100 (PERCENT)

UPPER SEELF SHEAR: 100 (PERCENT)

NOTE: NONE

MODEL SET NAME: 5
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SOURCE:

SET NAME: WP_LT.T1

ANAT.YSIS SET
ANALYSIS SET NAME: WP_LT.T1

NOTE: WIDE PLATE L-T ORIENTATION - TYPE 1
TEMPERATURE

ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
cL3 ~100.0 ~-148.0 0.95 0.70 0.00 0.000 0.0
cL4 ~87.5 -125.5 1.76 1.30 0.00 0.000 5.0
CL2 -75.0 ~-103.0 2.85 2.10 0.08 0.003 5.0
CLS -62.5 -80.5 9.36 6.90 0.38 0.015 30.0
cL6 -50.0 -58.0 15.32 11.30 0.66 0.026 40.0
CL7 -37.5 -35.5 13.15 9.70 0.51 0.020 40.0
cLs -25.0 -13.0 24.81 18.30 0.89 0.035 65.0
cL9 -12.5 9.5 28.20 20.80 0.91 0.036 80.0
CL10 0.0 32.0 25.08 18.50 0.91 0.036 85.0
CL14 12.5 54.5 31.73 23.40 0.97 0.038 100.0
CL11 25.0 77.0 35.39 26.10 1.02 0.040 100.0
CL12 50.0 122.0 37.42 27.60 0.99 0.039 100.0

© CL13 100.0 212.0 31.73 23.40 1.02 0.040 100.0
NUMBER OF SPECIMENS: 13
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SOURCE: WP_LT.T1l ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]}: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-37.2 (DEG C),-34.9 (DEG F)
TRANSITION ZONE WIDTH: 81.8 (C DEG),147.3 (F DEG)
UPPER SHELF ENERGY: 34.7 (J),25.6 (FT-LB)

UPPER SHELF ENERGY: 34.7 (J),25.6 (FT-LB)

NOTE: NONE

MODEL SET NAME: 4
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SOURCE: WP_LT.T1 ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSTON [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-50.8 (DEG C),~59.4 (DEG F)
TRANSITION ZONE WIDTH: 60.1 (C DEG),108.1 (F DEG)
UPPER SHELF EXPANSION: 0.988 (MM),0.0389 (IN)

UPPER SHELF EXPANSION: 0.988 (MM),0.0389 (IN)

NOTE: NONE

MODEL SET NAME: 6
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SOURCE: WP_LT.T1 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)
MID-TRANSITION TEMPERATURE:-37.1 (DEG C),-34.9 (DEG F)
TRANSITION ZONE WIDTH: 74.9 (C DEG),134.9 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]:-37.1 (DEG C),-34.9 (DEG F)
NOTE: NONE
MODEL SET NAME: 7
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SOURCE:

SET NAME: WP_LT.T2

ANAT.YSIS SET
ANALYSIS SET NAME: WP_LT.T2

NOTE: WIDE PLATE TYPE 2 SPECIMENS IN THE L-T ORIENTATION

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
CL34 -137.5 =215.5 0.27 0.20 0.00 0.000 0.0
CL32 -125.0 =-193.0 0.54 0.40 0.00 0.000 0.0
CL46 -125.0 -193.0 0.41 0.30 0.00 0.000 0.0
CL33 -112.5 =-170.5 2.44 1.80 0.10 0.004 5.0
CL45 -112.5 =170.5 1.49 1.10 0.03 0.001 0.0
cL31 -100.0 -148.0 2.71 2.00 0.13 0.005 5.0
CL35 -87.5 -125.5 3.93 2.90 0.28 0.011 10.0
CL36 -75.0 -103.0 4.75 3.50 0.36 0.014 20.0
CL37 -62.5 -80.5 5.97 4.40 0.41 0.016 50.0
cL38 -50.0 -58.0 7.46 5.50 0.61 0.024 UNKNOWN
CL39 -37.5 -35.5 6.64 4.90 0.53 0.021 UNKNOWN
CL40 -25.0 -13.0 7.32 5.40 0.61 0.024 UNKNOWN
cL4l 0.0 32.0 8.68 6.40 0.64 0.025 UNKNOWN
CL43 50.0 122.0 8.54 6.30 0.74 0.029 100.0
CL42 100.0 212.0 8.81 6.50 0.71 0.028 100.0
CL44 150.0 302.0 8.81 6.50 0.76 0.030 100.0
NUMBER OF SPECIMENS: 16
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SOURCE: WP_LT.T2 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-80.0 (DEG C),-112.1 (DEG F)
TRANSITION ZONE WIDTH: 88.0 (C DEG),158.5 (F DEG)
UPPER SHELF ENERGY: 8.6 (J),6.3 (FT-LB)

UPPER SHELF ENERGY: 8.6 (J),6.3 (FT-LB)

NOTE: NONE

MODEL SET NAME: 0
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SOURCE: WP_LT.T2 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-72.6 (DEG C),-98.6 (DEG F)
TRANSITION ZONE WIDTH: 77.6 (C DEG),139.7 (F DEG)

UPPER SHELF EXPANSION: 0.704 (MM),0.0277 (IN)
UPPER SHELF EXPANSION: 0.704 (MM),0.0277 (IN)
NOTE: NONE

MODEL SET NAME: 9
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SOURCE: WP_LT.T2 ANATLYSIS SET

Y VARIABLE: SHEAR

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)
MID-TRANSITION TEMPERATURE:-62.0 (DEG C),~79.5 (DEG F)
TRANSITION ZONE WIDTH: 43.0 (C DEG),77.4 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

NOTE: NONE

MODEL SET NAME: 8
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: WP_LT.T3

SET NAME: WP_LT.T3
NOTE: WIDE PLATE TYPE 3 SPECIMENS, L-T ORIENTATION

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG ¢) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
CL17 ~-117.5 =-179.5 0.68 0.50 0.00 0.000 0.0
CL16 -104.0 =-155.2 0.95 0.70 0.00 0.000 0.0
cL18 -92.0 -133.6 7.59 5.60 0.30 0.012 10.0
cL19 -79.4 -111.0 10.30 7.60 0.51 0.020 20.0
CL20 -62.5 -80.5 14.64 10.80 0.74 0.029 30.0
cL21 -50.0 -58.0 18.03 13.30 0.74 0.029 45.0
CL22 -37.5 -35.5 17.90 13.20 0.86 0.034 55.0
CL23 -25.0 -13.0 23.73 17.50 0.89 0.035 80.0
CL24 -12.5 9.5 20.47 15.10 0.84 0.033 75.0
CL25 0.0 32.0 19.93 14.70 0.81 0.032 75.0
CL29 25.0 77.0 29.96 22.10 0.89 0.035 100.0
cL28 50.0 122.0 28.88 21.30 0.97 0.038 100.0
CL26 100.0 212.0 28.74 21.20 1.04 0.041 100.0
NUMBER OF SPECIMENS: 13
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SOURCE: WP_LT.T3 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-57.4 (DEG C),-71.3 (DEG F)
TRANSITION ZONE WIDTH: 113.3 (C DEG),204.0 (F DEG)
UPPER SHELF ENERGY: 28.4 (J),20.9 (FT-LB)

UPPER SHELF ENERGY: 28.4 (J),20.9 (FT-LB)

NOTE: NONE

MODEL SET NAME: 1
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SOURCE: WP_LT.T3 ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL, PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-80.8 (DEG C),-113.4 (DEG F)
TRANSITION ZONE WIDTH: 47.3 (C DEG),85.1 (F DEG)
UPPER SHELF EXPANSION: 0.895 (MM),0.0352 (IN)

UPPER SHELF EXPANSION: 0.895 (MM),0.0352 (IN)

NOTE: NONE

MODEL SET NAME: 2

TEMPERATURE (°F)

-200 -100 0 100 200 300 400 500 600
1.2 — | i I ] | I | |
| WIDE PLATE, LT, TYPE 3|
l.o - o ] 0.04
o
V
= 0.8 | o -
g —0.03 £
e =
3 a
- 0.6 8
%
> =z
< —e.02 ¥
o
% >
W 0.4 | Lt
— 0.01
0.2
O CHARPY DATA
MEAN IMPACT CURVE
! 1 ! 1 1 I ! 1 0.00

0.0
-i50 -i0¢ -50 1] 50 100 150 200 250 300 350
TEMPERATURE {°C)

A-17 NUREG/CR-6378




SOURCE: WP_LT.T3 ANALYSIS SET

Y VARTABLE: SHEAR

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)
MID-TRANSITION TEMPERATURE:-43.7 (DEG C),-46.7 (DEG F)
TRANSITION ZONE WIDTH: 91.6 (C DEG),165.0 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

NOTE: NONE

MODEL SET NAME: 3

TEMPERATURE (°F)

-200  ~100 e 100 200 300 400 500 600
120 1 T | T T | | T
[WIDE PLATE, LT, TYPE 3]
100 [— o =
Z 80 -
=
Ll
(&
hd
L
o 60 [ -
e
<€
| 51
5 40 |- —
20 |- -
O CHARPY DATA
MEAN IMPACT CURVE
0 A 1 1 | L -1 ! | !
-150 -100 -50 0 50 100 150 200 250 300 350

TEMPERATURE (°C)

NUREG/CR-6379 A-18




SOURCE:

SET NAME: WP_LT.T4

ANALYSIS SET
ANAT,YSTS SET NAME: WP_LT.T4

NOTE: WIDE PLATE, L-T ORIENT., TYPE 4

TEMPERATURE ENERGY EXPANSTON SHEAR
IDENT (DEG C) (DEG F)  (J) (FT-LB)  (MM) (IN) (PERCENT)
CLS5 -100.0 -148.0 0.60 0.44 0.00 0.000 0.0

CL54 -87.5 ~125.5 1.52 1.12 0.05 0.002 0.0

CL56 ~87.5 -125.5 0.60 0.44 0.00 0.000 5.0

CLS53 -75.0 -103.0 3.34 2.46 0.30 0.012 25.0
CLS57 -75.0 -103.0 2.94 2.17 0.25 0.010 20.0
CL52 -62.5 -80.5 4.43 3.27 0.41 0.016 45.0
CL58 -62.5 -80.5 3.99 2.94 0.33 0.013 45.0
CL51 -50.0 -58.0 4.43 3.27 0.41 0.016 45.0
CL59 -50.0 -58.0 5.14 3.79 0.41 0.016 60.0
CL50 ~37.5 -35.5 7.10 5.24 0.66 0.026 80.0
CL49 ~-25.0 -13.0 6.35 4.68 0.64 0.025 75.0
CL48 0.0 32.0 7.35 5.42 0.69 0.027 100.0
- CL47 25.0 77.0 7.17 5.29 0.76 0.030 100.0
CL60 100.0 212.0 8.31 6.13 0.76 0.030 100.0
CL61 150.0 302.0 7.93 5.85 0.74 0.029 100.0
NUMBER OF SPECIMENS: 15
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SOURCE: WP_LT.T4 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL. PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT~LB)
MID-TRANSITION TEMPERATURE:-63.2 (DEG C),-81.7 (DEG F)
TRANSITION ZONE WIDTH: 68.4 (C DEG),123.1 (F DEG)
UPPER SHELF ENERGY: 7.7 (J),5.7 (FT-LB)

UPPER SHELF ENERGY: 7.7 (J),5.7 (FT-LB)

NOTE: NONE

MODEL SET NAME: 6

TEMPERATURE (°F)
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SOURCE: WP_LT.T4 ANALYSIS SET

Y VARIABLE:

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-59.5 (DEG C),-75.0 (DEG F)

TRANSITION ZONE WIDTH:
UPPER SHELF EXPANSION:

EXPANSION

UPPER SHELF EXPANSION: 0.739 (MM),0.0291 (IN)
NOTE: NONE
MODEL SET NAME:

TEMPERATURE (°F)
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SOURCE: WP_LT.T4 ANALYSIS

Y VARIABLE: SHEAR
MODEL PARAMETERS

SET

LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)
MID-TRANSITION TEMPERATURE:-54.3 (DEG C),-65.7 (DEG F)
TRANSITION ZONE WIDTH: 62.9 (C DEG),11i3.2 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

NOTE: NONE
MODEL SET NAME: 4
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APPENDIX B

A 533 GRADE B WIDE PLATE, TL ORIENTATION
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SOURCE: ANALYSIS SET
ANALYSIS SET NAMES: CE_24_TL,CE 23_TL,CE 22 TL AND CE 21 _TL

SET NAME: CE 24 TL
NOTE: LAYER 4
TEMPERATURE

ENERGY

EXPANSION SHEAR

IDENT (DEG C) (DEG F) (J) (FT-1B) (a4) (IN) (PERCENT)
CE2431 -100.0 -148.0 5.00 3.69 0.03 0.001 0.0
CE2440 -75.0 -103.0 12.01 8.85 0.25 0.010 0.0
CE2433 -50.0 -58.0 40.02 29.52 0.64 0.025 3.0
CE2444 -50.0 -58.0 44,02 32.47 0.66 0.026 13.0
CE2446 -25.0 -13.0 79.04 58.29 1.17 0.046 23.0
CE2438 -25.0 -13.0 88.04 64,94 1.24 0.049 16.0
CE2443 -7.0 19.4 107.05 78.96 1.52 0.060 43.0
CE2434 -7.0 19.4 109.05 80.43 1.68 0.066 45.0
CE2450 -7.0 19.4 114.05 84.12 1.60 0.063 42.0
CE2432 0.0 32.0 107.05 78.96 1.47 0.058 52.0
CE2442 0.0 32.0 111.05 81.91 1.55 0.061 43.0
CE2435 23.0 73.4 154.07 113.64 1.98 0.078 67.0
CE2447 23.0 73.4 172.08 126.92 2.11 0.083 76.0
CE2448 50.0 122.0 180.08 132.82 2.13 0.084 100.0
CE2449 50.0 122.0 206.09 152.01 2.31 0.091 100.0
CE2437 75.0 167.0 183.08 135.04 2.16 0.085 100.0
CE2439 75.0 167.0 189.09 139.46 2.21 0.087 100.0
CE2445 100.0 212.0 202.09 149.06 2.13 0.084 100.0
CE2441 150.0 302.0 204.09 150.53 2.11 0.083 100.0
CE2436 200.0 392.0 276.13 203.66 1.93 0.076 100.0
NUMBER OF SPECIMENS: 20
SET NAME: CE_23_TL
NOTE: LAYER 3

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (I) (FT-LB) () (IN) (PERCENT)
CE2333 -75.0 -103.0 10.00 7.38 0.18 0.007 0.0
CE2346 -50.0 -58.0 ©17.01 12.54 0.28 0.011 0.0
CE2339 -50.0 -58.0 39.02 28.78 0.61 0.024 11.0
CE2347 -25.0 -13.0 36.02 26.56 0.66 0.026 11.0
CE2336 -25.0 -13.0 80.04 59.03 1.12 0.044 27.0
CE2337 -2.0 28.4 116.05 85.60 1.60 0.063 42.0
CE2331 -2.0 28.4 119.05 87.81 1.68 0.066 45.0
CE2348 -2.0 28.4 128.06 94.45 1.52 0.060 43.0
CE2341 0.0 32.0 102.05 75.27 1.47 0.058 31.0
CE2349 0.0 32.0 112.05 82.64 1.60 0.063 40.0
CE2334 23.0 73.4 150.07 110.68 1.80 0.071 66.0
CE2350 23.0 73.4 155.07 114.37 1.91 0.075 53.0
CE2340 50.0 122.0 192.09 141.68 2.26 0.089 100.0
CE2332 50.0 122.0 201.09 148.32 2.39 0.094 100.0
CE2338 75.0 167.0 195.09 143.89 2.18 0.086 100.0
CE2344 75.0 167.0 212.10 156.43 2.21 0.087 100.0
CE2345 100.0 212.0 201.09 148.32 2.16 0.085 100.0
CE2343 150.0 302.0 206.09 152.01 2.03 0.080 100.0
CE2342 150.0 302.0 296.13 218.42 2.26 0.089 100.0
CE2335 200.0 392.0 320.15 236.13 1.57 0.062 100.0

NUMBER OF SPECIMENS: 20
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SET NAME: CE_22 TL
NOTE: LAYER 2
TEMPERATURE

ENERGY

EXPANSION SHEAR

IDENT (DEG C) (DEG F) (dJ) (FT-LB) () (IN) (PERCENT)
CE2233 -75.0 -103.0 7.00 5.17 0.13 0.005 0.0
CE2242 -50.0 -58.0 11.01 8.12 0.23 0.009 0.0
CE2243 -50.0 ~-58.0 16.01 11.81 0.28 0.011 0.0
CE2247 -25.0 -13.0 46.02 33.94 0.71 0.028 13.0
CE2248 -25.0 -13.0 52.02 38.37 0.74 0.029 18.0
CE2244 -2.0 28.4 97.04 71.58 1.45 0.057 33.0
CE2237 -2.0 28.4 97.04 71.58 1.42 0.056 37.0
CE2238 -2.0 28.4 119.05 87.81 1.65 0.065 43.0
CE2234 0.0 32.0 89.04 65.67 1.30 0.051 33.0
CE2235 0.0 32.0 95.04 70.10 1.45 0.057 38.0
CE2236 23.0 73.4 146.07 107.73 1.93 0.076 62.0
CE2231 23.0 73.4 156.07 115.11 1.83 0.072 50.0
CE2249 50.0 122.0 176.08 129.87 1.95 0.077 79.0
CE2250 50.0 122.0 178.08 131.35 2.08 0.082 92.0
CE2241 75.0 167.0 157.09 145.37 2.21 0.087 100.0
.CE2232 75.0 167.0 207.09 152.74 2.21 0.087 100.0
CE2246 100.0 212.0 194.09 143.15 2.18 0.086 100.0
CE2245 150.0 302.0 236.11 174.14 1.96 0.077 100.0
CE2240 150.0 302.0 241.11 177.83 1.91 0.075 100.0
CE2239 200.0 392.0 272.12 200.71 2.01 0.079 100.0
NUMBER OF SPECIMENS: 20
SET NAME: CE_21 TL
NOTE: LAYER 1

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (T) (FT-LB) (1) (IN) {PERCENT)
CE2134 -75.0 -103.0 3.00 2.21 0.08 0.003 0.0
CE2131 -50.0 -58.0 7.00 5.17 0.10 0.004 0.0
CE2143 -50.0 -58.0 9.00 6.64 0.15 0.006 0.0
CE2132 -25.0 -13.0 55.03 40.58 0.86 0.034 13.0
CE2149 -25.0 -13.0 70.03 51.65 0.99 0.039 22.0
CE2135 -2.0 28.4 91.04 67.15 1.42 0.056 29.0
CE2144 -2.0 28.4 104.05 76.74 1.63 0.064 38.0
CE2147 -2.0 28.4 113.05 83.38 1.57 0.062 33.0
CE2138 0.0 32.0 88.04 64.94 1.24 0.048 26.0
CE2141 0.0 32.0 95.04 70.10 1.45 0.057 34.0
CE2140 23.0 73.4 154.07 113.64 2.03 0.080 55.0
CE2150 23.0 73.4 163.07 120.28 2.03 0.080 52.0
CE2145 50.0 122.0 176.08 129.87 2.16 0.085 92.0
CE2137 50.0 122.0 179.08 132.08 2.11 0.083 86.0
CE2146 75.0 167.0 208.09 153.48 2.24 0.088 100.0
CE2133 75.0 167.0 225.10 166.03 2.16 0.085 100.0
CE2136 100.0 212.0 198.09 146.10 2.11 0.083 100.0
CE2142 150.0 302.0 208.08 153.48 2.13 0.084 100.0
CE2148 150.0 302.0 222.10 163.81 1.83 0.072 100.0
CE2139 200.0 392.0 290.13 213.99 1.65 0.065 100.0
NUMBER OF SPECIMENS: 20
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SOURCE: CE 24_TL,CE 23_TL, CE_22 TL AND CE 2 1_TL ANALYSIS SETS

Y VARIABLE: ENERGY
MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 2.7 (J),2.0 (FT-LB)
MID-TRANSITION TEMPERATURE: 10.0 (DEG C),50.0 (DEG F)
TRANSITION ZONE WIDTH: 134.9 (C DEG),242.8 (F DEG)
UPPER SHELF ENERGY: 243.0 (J),179.2 (FT-LB)
UPPER SHELF ENERGY: 243.0 (J),179.2 (FT-LB)
TEMPERATURE [41 (J),30.2 (FT-LB) ENERGY]:-46.1 (DEG C),-50.9 (DEG F)
TEMPERATURE [68 (J),50.2 (FT-LB) ENERGY]:-23.2 (DEG C),-9.8 (DEG F)
NOTE: NONE
MODEL SET NAME: 8
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SOURCE: CE_24_TL,CE 23_TL,CE 22_TL AND CE 21 TL ANALYSIS SETS

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION [HELD FIXED]: 0.061 (MM),0.0024 (IN)

MID-TRANSITION TEMPERATURE:-19.2 (DEG C),-2.6 (DEG F)
TRANSITION ZONE WIDTH: 71.8 (C DEG),129.2 (F DEG)
UPPER SHELF EXPANSION: 2.104 (MM),0.0828 (IN)

UPPER SHELF EXPANSION: 2.104 (MM),0.0828 (IN)

NOTE: NONE

MODEL SET NAME: 7
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SOURCE: CE_24_TL,CE_23_TL,CE 22_TL AND CE_21_TL ANALYSIS SETS

Y VARIABLE: SHEAR

MODEL PARAMETERS ' '
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 8.6 (DEG C),47.6 (DEG F)
TRANSITION ZONE WIDTH: 81.8 (C DEG),147.3 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT) ’

NOTE: NONE

MODEL SET NAME: 6

TEMPERATURE °F)

-200 -100 0O 100 200 300 400 500 600
120
l | I | | | l | |
[WIDE PLATE, T-L ORIENTATION |
100 — O O = S
£ 80~ -
=
L
Q
&
L
a 60 ]
o
<
Ll
% 40 —
20 |- -
O CHARPY DATA
MEAN IMPACT CURVE
o i ! ! I | I l
-150 ~-100 - -50 0 S0 100 150 200 250 300 350

TEMPERATURE (°C)

NUREG/CR-6379 B-6




SOURCE: ANALYSIS SET
ANALYSIS SET NAME: WP_TL.T1

SET NAME: WP_TL.T1
NOTE: SUB-SIZE CORREL PROG. - WIDE PLATE, T-L OREINT. - TYPE 1

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG ¢) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
CT35 -100.0 -148.0 0.81 0.60 0.00 0.000 0.0
CT36 -87.5 -125.5 0.95 0.70 0.00 0.000 0.0
CT34 -75.0 -103.0 8.13 6.00 0.25 0.010 15.0
cT38 -62.5 -80.5 6.24 4.60 0.23 0.009 10.0
cT7 -62.5 -80.5 UNKNOWN 0.71 0.028 40.0
CT39 -50.0 -58.0 10.44 7.70 0.41 0.016 35.0
CT40 -37.5 -35.5 18.57 13.70 0.86 0.034 60.0
CT41 -25.0 -13.0 20.07 14.80 0.91 0.036 60.0
CT42 -12.5 9.5 18.71 13.80 0.86 0.034 70.0
CT43 0.0 32.0 24.81 18.30 1.02 0.040 80.0
CT46 12.5 54.5 30.91 22.80 0.99 0.039 100.0
CT44 25.0 77.0 33.35 24.60 1.04 0.041 100.0
' CT45 100.0 212.0 29.42 21.70 0.99 0.039 100.0
CT33 200.0 392.0 37.69 27.80 0.58 0.023 100.0

NUMBER OF SPECIMENS: 14
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SOURCE: WP_TL.T1 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT~LB)
MID-TRANSITION TEMPERATURE:-30.7 (DEG C),~23.3 (DEG F)
TRANSITION ZONE WIDTH: 101.6 (C DEG),182.8 (F DEG)
UPPER SHELF ENERGY: 34.3 (J),25.3 (FT-LB)

UPPER SHELF ENERGY: 34.3 (J),25.3 (FT-LB)

NOTE: NONE

MODEL SET NAME: 7
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SOURCE: WP_TL.T1 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-55.9 (DEG C),-68.7 (DEG F)
TRANSITION ZONE WIDTH: 59.1 (C DEG),106.4 (F DEG)
UPPER SHELF EXPANSION [HELD FIXED]: 1.000 (MM),0.0394 (IN)
UPPER SHELF EXPANSION: 1.000 (MM),0.0394 (IN)
NOTE: NONE
MODEL SET NAME: 9
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SOURCE: WP_TL.T1 ANALYSIS SET

Y VARIABLE: SHEAR

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)
MID-TRANSITION TEMPERATURE:-37.6 (DEG C),-35.7 (DEG F)
TRANSITION ZONE WIDTH: 83.2 (C DEG),149.7 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

NOTE: NONE

MODEL SET NAME: O

- TEMPERATURE (°F)
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SOURCE:

SET NAME: WP_TL.T2
NOTE: WIDE PLATE TYPE 2 SPECIMENS IN THE T-L ORIENTATION

ANALYSIS SET
ANALYSIS SET NAME: WP_TL.T2

TEMPERATURE

ENERGY

EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
cT2 -125.0 =-193.0 0.14 0.10 0.00 0.000 0.0
cT15 -112.5 =170.5 0.14 0.10 0.00 0.000 0.0
cT3 -112.0 ~169.6 2.03 1.50 0.13 0.005 0.0
cT1 -100.0 -148.0 1.49 1.10 0.00 0.000 0.0
CT16 -100.0 -148.0 0.95 0.70 0.03 0.001 0.0
CT4 -87.5  =125.5 2.44 1.80 0.15 0.006 5.0
cT5 -75.0  -103.0 4.47 3.30 0.30 0.012 15.0
cTé -62.5  -80.5 5.02 3.70 0.43 0.017 40.0
cT7 -50.0  ~58.0 7.59 5.60 0.53 0.021 UNKNOWN
cT8 -37.5  =-35.5 8.95 6.60 0.66 0.026 UNRNOWN
cTo -25.0  -13.0 7.32 5.40 0.51 0.020 UNKNOWN
CT10 -12.5 9.5 8.41 6.20 0.64 0.025 UNKNOWN
CT11 0.0 32.0 9.08 6.70 0.71 0.028 UNKNOWN
CT12 50.0 122.0 9.36 6.90 0.79 0.031 100.0
CT13 100.0  212.0 8.54 6.30 0.69 0.027 100.0
cT14 150.0  302.0 8.81 6.50 0.71 0.028 100.0
NUMBER OF SPECIMENS: 16
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SOURCE: WP_TL.T2 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-72.3 (DEG C),~98.2 (DEG F)
TRANSITION ZONE WIDTH: 62.9 (C DEG),113.3 (F DEG)
UPPER SHELF ENERGY: 8.9 (J),6.5 (FT-LB)

UPPER SHELF ENERGY: 8.9 (J),6.5 (FT-LB)

NOTE: NONE

MODEL SET NAME: 3
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SOURCE: WP_TL.T2 ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-68.3 (DEG C),~91.0 (DEG F)
TRANSITION ZONE WIDTH: 59.4 (C DEG),106.9 (F DEG)
UPPER SHELF EXPANSION: 0.693 (MM),0.0273 (IN)

UPPER SHELF EXPANSION: 0.693 (MM),0.0273 (IN)

NOTE: NONE

MODEL SET NAME: 2
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SOURCE: WP_TL.T2 ANALYSIS

Y VARIABLE: SHEAR
MODEL PARAMETERS
LOWER SHELF SHEAR [HELD

NOTE: NONE
MODEL SET NAME: 1

SET

FIXED]): O (PERCENT)
MID-TRANSITION TEMPERATURE:-58.8 (DEG C),-73.8 (DEG
TRANSITION ZONE WIDTH: 37.0 (C DEG),66.6 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

TEMPERATURE (°F)
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SOURCE: ANALYSIS SET

ANALYSIS SET NAME: WP_TL.T32

SET NAME: WP _TL.T32A

NOTE: WIDE PLATE, T-L ORIENTATION, TYPE 3

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (M) (IN) (PERCENT)
CTS50 -125.0 =-193.0 0.81 0.60 0.00 0.000 0.0
CT49 -112.5 =-170.5 1.22 0.90 0.00 0.000 0.0
cT48 -100.0 -148.0 7.59 5.60 0.33 0.013 5.0
cTs1 -87.5 -125.5 7.59 5.60 0.33 0.013 5.0
cT52 -75.0 -103.0 10.17 7.50 0.51 0.020 10.0
cTrs3 -62.5 -80.5 11.93 8.80 0.58 0.023 20.0
cTr54 -50.0 -58.0 14.37 10.60 0.66 0.026 50.0
CT60 ~25.0 -13.0 18.57 13.70 0.86 0.034 55.0
CT59 0.0 32.0 22.51 16.60 0.84 0.033 75.0
CT55 25.0 77.0 30.37 22.40 0.97 0.038 100.0
cT58 50.0 122.0 34.44 25.40 0.97 0.038 100.0
CTS6 100.0 212.0 38.64 28.50 0.74 0.029 100.0
CT62 100.0 212.0 28.74 21.20 0.84 0.033 100.0
cT61 150.0 302.0 36.20 26.70 0.76 0.030 100.0
NUMBER OF SPECIMENS: 14
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SOURCE: WP_TL.T3A ANALYSIS SET

Y VARIABLE: ENERGY

MODEIL. PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-31.8 (DEG C),-25.2 (DEG F)
TRANSITION ZONE WIDTH: 154.9 (C DEG),278.8 (F DEG)
UPPER SHELF ENERGY: 35.9 (J),26.5 (FT-LB)

UPPER SHELF ENERGY: 35.9 (J),26.5 (FT-LB)

NOTE: NONE

MODEL SET NAME: 5

TEMPERATURE (°F)
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EXPANSION {mm)

SOURCE: WP_TL.T3A ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-79.5 (DEG C),-111.2 (DEG F)
TRANSITION ZONE WIDTH: 70.9 (C DEG),127.6 (F DEG)
UPPER SHELF EXPANSION: 0.853 (MM),0.0336 (IN)

UPPER SHELF EXPANSION: 0.853 (MM),0.0336 (IN)

NOTE: NONE

MODEL SET NAME: 7

TEMPERATURE (°F)
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SOURCE: WP_TL.T3A ANALYSIS SET

Y VARTABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR [HELD FIXED]:

120

100

80

80

SHEAR (PERCENT)

40

20

0

MID-TRANSITION TEMPERATURE:-34.2 (DEG C),-29.5 (DEG F)
TRANSITION ZONE WIDTH: 93.4 (C DEG),168.2 (F DEG)
UPPER SHELF SHEAR: 101 (PERCENT)
UPPER SHELF SHEAR: 101 (PERCENT)
NOTE: NONE
MODEL SET NAME: 8
TEMPERATURE (°F)
-206  -100 0 100 200 300 400 500 600
T T T T I T ! T T
[WIDE PLATE, TL, TYPE 3|
- O Oy =
O CHARPY DATA
MEAN IMPACT CURVE
1 ! ! 1 ! 1
150 ~-106  ~50 0 50 106 150 200 250 300

NUREG/CR-6379

0 (PERCENT)
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SOURCE:

SET NAME: WP_TL.T4

ANAT.YSTS SET
ANALYSIS SET NAME: WP_TL.T4

NOTE: SUB-SIZE CORRELATION PROG., WIDE PLATE, T-L ORIENT., TYPE 4
TEMPERATURE

ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (M) (IN) (PERCENT)
cT27 -100.0 -148.0 0.20 0.15 0.00 0.000 0.0
CT26 -87.5 -125.5 0.33 0.24 0.00 0.000 0.0
cT21 -75.0 -103.0 2.36 1.74 0.20 0.008 10.0
cT28 -75.0 -103.0 1.57 1.16 0.13 0.005 5.0
CT25 -62.5 -80.5 3.53 2.60 0.23 0.009 30.0
CT29 -62.5 -80.5 2.56 1.89 0.20 0.008 10.0
CT20 -50.0 -58.0 4.37 3.22 0.41 0.016 45.0
CT30 -50.0 -58.0 4.81 3.55 0.43 0.017 55.0
CT24 -37.5 -35.5 6.03 4.45 0.53 0.021 75.0
CT19 -25.0 -13.0 6.40 4.72 0.58 0.023 80.0
cT23 -12.5 9.5 7.86 5.80 0.69 0.027 100.0
cT18 0.0 32.0 6.47 4.77 0.61 0.024 80.0
cT17 25.0 77.0 6.85 5.05 0.64 0.025 100.0
cT22 100.0 212.0 7.43 5.48 0.71 0.028 100.0
cT31 150.0 302.0 7.36 5.43 0.79 0.031 100.0
NUMBER OF SPECIMENS: 15
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SOURCE: WP_TL.T4 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-58.1 (DEG C),-72.6 (DEG F)
TRANSITION ZONE WIDTH: 53.7 (C DEG),96.7 (F DEG)
UPPER SHELF ENERGY: 7.2 (J),5.3 (FT-LB)

UPPER SHELF ENERGY: 7.2 (J),5.3 (FT-LB)

NOTE: NONE

MODEL SET NAME: 1

TEMPERATURE (°F)
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SOURCE: WP_TL.T4 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-54.1 (DEG C),-65.3 (DEG F)
TRANSITION ZONE WIDTH: 56.3 (C DEG),101.3 (F DEG)

UPPER SHELF EXPANSION: 0.694 (MM),0.0273 (IN)
UPPER SHELF EXPANSION: 0.694 (MM),0.0273 (IN)
NOTE: NONE
MODEL SET NAME: 0

TEMPERATURE (°F)

EXPANSION (In)
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SOURCE: WP_TL.T4 ANALYSIS SET

Y VARIABLE: SHEAR

MODEL PARAMETERS ,
LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)
MID-TRANSITION TEMPERATURE:-48.4 (DEG C),-55.2 (DEG F)-
TRANSITION ZONE WIDTH: 45.8 (C DEG),82.4 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

NOTE: NONE

MODEL SET NAME: 9

TEMPERATURE (°F)
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APPENDIX C

A 508, AS QUENCHED

NUREG/CR-6379
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SOURCE:

SET NAME: 508_QUEN.F

ANALYSIS SET
ANALYSIS SET NAME: 508_QUEN.F

NOTE: AS08, QUENCHED ONLY, FULL-SIZE

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
75C-8 21.0 69.8 21.00 15.49 0.20 0.008 0.0
7sC-18 43.0 109.4 29.00 21.39 0.48 0.019 15.0
75C-10 66.0 150.8 47.00 34.67 0.69 0.027 30.0
75C-14 99.0 210.2 64.00 47.20 0.93 0.037 75.0
75C-22 104.0 219.2 86.00 63.43 1.22 0.048 80.0
75C-20 110.0 230.0 103.00 75.97 1.45 0.057 95.0
7s5C-12 121.0 249.8 103.00 75.97 1.47 0.058 100.0
75C-16 177.0 350.6 108.00 79.66 1.57 0.062 100.0

NUMBER OF SPECIMENS:

NUREG/CR-6379
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ANALYSIS SET: 508_QUEN.F

Y VARIABLE: ENERGY

TRENE REGRESSION NOT CONVERGING AFTER 13 ITERATION(S)

MODEL PARAMETERS

LCWER SHELF ENERGY [HELD FIXED]: 2.7 (J),2.0 (FT-LB)
MID-TRANSITION TEMPERATURE: 76.7 (DEG C),170.0 (DEG F)
TRANSITION ZONE WIDTH: 110.1 (C DEZ),198.2 (F DEG)

UPPER SHELF ENERGY: 115.6 (J),85.3 (FT-LB)
UPPER SHELF ENERGY: 115.6 (J),85.3 (FT-LB)

TZMPERATURE (41 (J),30.2 (FT-LB) ENERGY]: 58.3 (DEG C),137.0 (DEG F)
TEMPERATURE (68 (J),50.2 (FT-LB) ENEXGY]: 85.4 (DEG C),185.7 (DEG F)

TEMPERATURE {°F}

-200 -100 O 100 200 300 400 500 600
120
l I T l I T | | l
| A508, QUENCHED ONLY, FULL-SIZE | a0
100 |- 0
— 70
80 ~ — 60
:)"
~ — 50
>
o 80~
[} — 40
=z
L
40 - - 30
— 20
20 [~
O CHARPY DATA 10
MEAN IMPACT CURVE
0 [ | l I | l I l o
-150 -106 -50  © 0 100 150 200 250 300 350

TEMPERATURE (°C)

NOTZ: A508, QUENCHED ONLY, FULL-SIZE
MODEL SET NAME: 508 _QUEN.F

C-3

ENERGY (ft—~Ib)
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ANALYSIS SET: 508_QUEN.F

Y VARIABLE: EXPANSION
MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.06%1 {(MM),0.0024 (IN)
MID-TRANSITION TEMPERATURE: 77.8 (DEG C),172.1 (DEG F)
TRANSITION ZONE WIDTH: 107.9 (C DEG),194.2 (F DEG)
UPPER SHELF EXPANSION: 1.659 (MM),0.0653 (IN)
UPPER SHELF EXPANSION: 1.659 (MM),0.0653 (IN)
TEMPERATURE [0.89 (MM),0.035 (IN) EXPANSION}: 79.9 (DEG C),175.8 (DEC F)

TEMPERATURE (F)
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NOTE: AS508, QUENCHED ONLY, FULL-SIZE
MODEL SET NAME: 508_QUEN.FE
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DATA SOURCE: ANALYSIS SET
ANALYSIS SET: 508_QUEN.F
Y VARIABLE: SHEAR

MODEL PARAMETERS

LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)
MID-TRANSITION TEMPERATURE: 78.3 (DEG C),173 (DEG F)
TRANSITION ZONE WIDTH: 62.6 (C DEG),112.6 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

TEMPERATURE (50 (PERCENT),50 (PERCENT) SHEAR}: 78.3

TEMPERATURE (°F)
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REMARK: A508, QUENCHED ONLY, ‘FULL-SIZE

MODEL SET NAME: 508 QUEN.FS
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: A508QUEN.T1

SET NAME: AS508QUEN.T1
NOTE: A508 QUENCHED ONLY, TYPE 1

TEMPERATURE ENERGY EXPANSTION SHEAR

IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
761D -75.0  =103.0 1.50 1.11 0.00 0.000 0.0
761C -50.0  =58.0 7.33 5.41 0.18 0.007 5.0
7662 -25.0 -13.0 1.38 1.02 0.00 0.000 0.0
766B -12.5 9.5 2.03 1.50 0.00 0.000 0.0
761B 0.0 32.0 15.27 11.26 0.41 0.016 20.0
718D 0.0 32.0 5.50 4.06 0.15 0.006 0.0
766D 12.5 54.5 3.32 2.45 0.03 0.001 5.0
766C 25.0 77.0 8.60 6.34 0.13 0.005 5.0
7562 37.5 99.5 15.68 11.57 0.56 0.022 50.0
756B 50.0 122.0 14.20 10.47 0.41 0.016 45.0
756¢C 62.5 144.5 13.96 10.30 0.41 0.016 40.0
7182 75.0 167.0 18.82 13.88 0.66 0.026 80.0

- 756D *100.0 212.0 19.51 14.39 0.69 0.027 100.0
718¢C 150.0 302.0 21.83 16.10 0.89 0.035 100.0
761A 200.0 392.0 20.99 15.48 0.89 0.035 100.0
7612 200.0 392.0 20.98 15.48 0.89 0.035 100.0
718B 250.0  482.0 21.10 15.56 0.79 0.031 100.0

NUMBER OF SPECIMENS: 17
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SOURCE: AS08QUEN.T1 ANALYSIS SET

Y VARIABLE:
MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]:

MID~TRANSITION TEMPERATURE: 27.4 (DEG C),81.4 (DEG F)

ENERGY

0.1 .(J) ,0.1 (FT-LB)

TRANSITION ZONE WIDTH: 141.4 (C DEG),254.6 (F DEG)

UPPER SHELF ENERGY: 21.6 (J),15.9 (FT-LB)
UPPER SHELF ENERGY: 21.6 (J),15.9 (FT-LB)
NOTE: AS508, QUENCHED ONLY, TYPE 1

MODEL SET NAME: 2

TEMPERATURE (°F)
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SOURCE: AS508QUEN.T1 ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE: 51.3 (DEG C),124.3 (DEG F)
TRANSITION ZONE WIDTH: 126.8 (C DEG),228.2 (F DEG)
UPPER SHELF EXPANSION: 0.872 (MM),0.0343 (IN)

UPPER SHELF EXPANSION: 0.872 (MM),0.0343 (IN)

NOTE: A508, QUENCHED ONLY, TYPE 1

MODEL SET NAME: 3

TEMPERATURE (°F)
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SOURCE: AS508QUEN.T1 ANALYSIS SET

Y VARTABLE: SHEAR

MODEL PARAMETERS

LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)

MID-TRANSITION TEMPERATURE: 55.0 (DEG C),131.0 (DEG F)

TRANSITION ZONE WIDTH: 77.7 (C DEG),139.9 (F DEG)

UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]: 55.0 (DEG C),131.0 (DEG F)
NOTE: A508, QUENCHED ONLY, TYPE 1

MODEL, SET NAME: 4

SHEAR (PERCENT)

TEMPERATURE (°F)
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SOURCE: ANATLYSIS SET
ANALYSIS SET NAME: A508QUEN.T2

SET NAME: AS08QUEN.T2
NOTE: A508, QUENCHED ONLY (TYPE 2 SPECIMEN)

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT ~ (DEG C) (DEG F) (J) . (FT-LB)  (MM) (IN) (PERCENT)
762A -75.0 -103.0 0.92 0.68 0.00 0.000 0.0
762B -62.5 -80.5 0.46 0.34 - 0.00 - 0.000 0.0
747D -50.0 -58.0 1.83 1.35 UNKNOWN 0.0
762C -37.5 -35.5 0.72 0.53 0.00 0.000 0.0
747¢C -25.0 -13.0 3.46 2.55 0.15 0.006 5.0
762D -12.5 9.5 3.06 2.26 0.10 0.004 10.0
747B 0.0 32.0 4.42 3.26 0.18 0.007 10.0
77112 12.5 54.5 3.71 2.74 0.20 0.008 15.0
7472 25.0 77.0 5.69 4.20 0.30 0.012 - 80.0
7711B 37.5 99.5 6.28 4.63 0.41 0.016 100.0
7711C 50.0 122.0 5.76 4.25 0.33 0.013 75.0
7742 100.0 212.0 5.76 4.25 0.38 0.015 100.0

- 7711D 200.0 392.0 5.95 4.39 0.33 0.013 100.0

NUMBER OF SPECIMENS: 13

NUREG/CR-6379 C-10




SOURCE:

Y VARIABLE:
MODEL PARAMETERS

MODEL SET NAME: 7

ENERGY (J)

AS508QUEN.T2 ANALYSIS SET

ENERGY

LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-16.7 (DEG C),2.0 (DEG F)
TRANSITION ZONE WIDTH: 90.4 (C DEG),162.7 (F DEG)
UPPER SHELF ENERGY: 6.1 (J),4.5 (FT-LB)

UPPER SHELF ENERGY: 6.1 (J),4.5 (FT-LB)
NOTE: A508, QUENCHED ONLY, TYPE 2

TEMPERATURE (°F)
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SOURCE: AS08SQUEN.T2 ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSTON [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE: 0.0 (DEG C),32.0 (DEG F)
TRANSITION ZONE WIDTH: 69.1 (C DEG),124.4 (F DEG)
UPPER SHELF EXPANSION: 0.369 (MM),0.0145 (IN)

UPPER SHELF EXPANSION: 0.369 (MM),0.0145 (IN)

NOTE: A508, QUENCHED ONLY, TYPE 2

MODEL SET NAME: 6

TEMPERATURE C°F)
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SOURCE: AS508QUEN.T2 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)

SHEAR (PERCENT)

MID-TRANSITION TEMPERATURE: 19.3 (DEG C),66.8 (DEG F)

TRANSITION ZONE WIDTH: 16.9 (C DEG),30.4 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE (50 (PERCENT),50 (PERCENT) SHEAR]: 19.3 (DEG C),66.8 (DEG F)
NOTE: A508 QUENCHED ONLY, TYPE 2

MODEL SET NAME: 5

TEMPERATURE (°F)
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: AS508QUEN.T3

SET NAME: AS08QUEN.T3
NOTE: AS508 QUENCHED, SPECIMEN TYPE 3

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
711D -100.0 -148.0 1.08 0.80 0.00 0.000 0.0
711¢C ~75.0 -103.0 2.30 1.70 0.00 0.000 0.0
711B -50.0 -58.0 2.58 1.90 0.00 0.000 0.0
711a -37.5 -35.5 3.66 2.70 0.03 0.001 0.0
77D -25.0 -13.0 3.39 2.50 0.00 0.000 0.0
77¢C ~12.5 9.5 3.66 2.70 0.03 0.001 5.0
77B 0.0 32.0 8.00 5.90 . 0.23 0.009 15.0
772 12.5 54.5 7.59 5.60 0.25 0.010 25.0
7198 37.5 99.5 10.17 7.50 0.43 0.017 60.0
7172 50.0 122.0 9.63 7.10 0.33 0.013 45.0
7192 75.0 167.0 10.85 8.00 0.46 0.018 50.0
7178 100.0 212.0 15.32 11.30 0.64 0.025 100.0

- 719¢C 100.0 212.0 14.24 10.50 0.71 0.028 100.0
717D 150.0 302.0 17.49 12.90 0.74 0.029 100.0
719D 150.0 302.0 14.91 11.00 0.56 0.022 100.0
717¢C . 200.0 392.0 16.95 12.50 0.74 0.029 100.0

NUMBER OF SPECIMENS: 16
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SOURCE: AS508QUEN.T3 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE: 32.2 (DEG C),90.0 (DEG F)
TRANSITION ZONE WIDTH: 195.1 (C DEG),351.3 (F DEG)
UPPER SHELF ENERGY: 17.6 (J),13.0 (FT-LB)

UPPER SHELF ENERGY: 17.6 (J),13.0 (FT-LB)

NOTE: A508, QUENCHED ONLY, TYPE 3

MODEL SET NAME: 8

TEMPERATURE (°F)
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SOURCE: A508QUEN.T3 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE: 38.3 (DEG C),101.0 (DEG F)
TRANSITION ZONE WIDTH: 115.5 (C DEG),208.0 (F DEG)

UPPER SHELF EXPANSION: 0.696 (MM),0.0274 (IN)
UPPER SHELF EXPANSION: 0.696 (MM),0.0274 (IN)
NOTE: A508, QUENCHED ONLY, TYPE 3

MODEL SET NAME: 9

TEMPERATURE (°F)
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SOURCE: AS508QUEN.T3 ANALYSIS SET

Y VARIABLE: SHEAR

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 46.7
TRANSITION ZONE WIDTH: 105.2 (C DEG) ,189.4 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]

NOTE: A508, QUENCHED ONLY, TYPE 3

MODEL SET NAME: 0

SHEAR (PERCENT)
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SOURCE: ANALYSIS SET.
ANALYSIS SET NAME: AS508QUEN.T4

SET NAME:. AS508QUEN.T4
NOTE: A508 QUENCHED, TYPE 4 ‘
TEMPERATURE ENERGY EXPANSION

SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
757F ~50.0 -58.0 1.91 1.41 0.03 0.001 0.0
776E -50.0 -58.0 0.27 0.20 0.00 0.000 0.0
757E ~-37.5 -35.5 1.19 0.88 0.13 0.005 0.0
757D -25.0 -13.0 0.53 0.39 0.00 0.000 0.0
757¢C -12.5 9.5 0.53 0.39 0.00 0.000 0.0
776D ' -12.5 9.5 1.59 1.17 0.00 0.000 0.0
7578 0.0 . 32.0 2.70 1.99 0.18 0.007 20.0
776C 12.5 54.5 2.97 2.19 0.23 0.009 30.0
757A 25.0 77.0 3.35 2.47 °  0.20 0.008 50.0
7768 25.0 77.0 3.16 2.33 0.23 0.009 30.0
767A 37.5 99.5 2.30 1.70 0.15 0.006 20.0
776A 37.5 99.5 3.16 2.33 0.23 0.009 40.0
767B 50.0 122.0 2.96 2.18 0.25 0.010 40.0
767F 75.0 167.0 4.70 3.47 0.41 0.016 80.0
767C 100.0 212.0 5.29 3.90 0.46 0.018 100.0
767E 150.0 302.0 5.10 3.76 0.48 0.019 100.0
767D 200.0 392.0 5.22 3.85 0.48 0.019 100.0
776F 250.0 482.0 5.63 4.15 0.43 0.017 100.0

NUMBER OF SPECIMENS: 18

NUREG/CR-6379 C-18




SOURCE: AS508QUEN.T4 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS

ENERGY ()

LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE: 24.9 (DEG C),76.8 (DEG F)

TRANSITION ZONE WIDTH: 154.6 (C DEG),278.3 (F DEG)

UPPER SHELF ENERGY: 5.5 (J),4.1 (FT-LB)
UPPER SHELF ENERGY: 5.5 (J),4.1 (FT-LB)
NOTE: A508, QUENCHED ONLY, TYPE 4

MODEL SET NAME: 3

TEMPERATURE (°F)
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SOURCE: AS508QUEN.T4 ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS - ‘
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE: 36.9 (DEG C),98.3 (DEG F)
TRANSITION ZONE WIDTH: 114.4 (C DEG),205.9 (F DEG)
UPPER SHELF EXPANSION: 0.475 (MM),0.0187 (IN)

UPPER SHELF EXPANSION: 0.475 (MM),0.0187 (IN)

NOTE: A508, QUENCHED ONLY, TYPE 4

MODEL SET NAME: 2
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SOURCE: AS08QUEN.T4 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)
MID-TRANSITION TEMPERATURE: 47.7 (DEG C),117.9 (DEG F)
TRANSITION ZONE WIDTH: 96.9 (C DEG),174.3 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]: 47.7 (DEG C),117.9 (DEG F)
NOTE: A508, QUENCHED ONLY, TYPE 4
MODEL SET NAME: 1

TEMPERATURE (°F)
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APPENDIX D

A 508, QUENCHED AND TEMPERED AT 599°C
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SOURCE: ANALYSIS SET
ANATYSIS SET NAME: 508_1100.F

SET NAME: 508_1100.F
NOTE: A508, QUENCHED & TEMTERED @ 1100 F

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
3SCc-20 -18.0 -0.4 . 10.00 7.38 0.13 0.005 0.0
3sc-8 21.0 69.8 39.00 28.76 0.30 0.012 0.0
3sc-10 66.0 150.8 51.00 37.62 0.69 0.027 30.0
3sc-14 104.0  219.2 65.00 47.94 1.09 0.043 65.0
3sc-22 110.0  230.0 99.00 73.02 1.42 0.056 100.0
3sc-12 121.0  249.8 75.00 55.32 1.17 0.046 85.0
3sCc-16 149.0  300.2 96.00 70.81 1.47 0.058 100.0
3sc-18 204.0 399.2 97.00 71.54 1.52 0.060 100.0

NUMBER OF SPECIMENS: 8
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ANALYSIS SET: 508_1100.F

Y VARIABLE: ENERGY
MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 2.7 (J),2.0 (FT-LB)
MID-TRANSITION TEMPERATURE: 59.6 (DEG C),139.2 (DEG F)
TRANSITION ZONE WIDTH: 164.8 (C DEG),296.6 (F DEG)
UPPER SHELF ENERGY: 101.9 (J),75.2 (FT-LB)
UPPER SHELF ENERGY: 101.9 (J),75.2 (FT-LB)
TEMPERATURE (41 (J),30.2 (FT-LB) ENERGY]: 40.5 (DEG C),104.8 (DEG F)
TEMPERATURE [68 (J),50.2 (FT-LB) ENERGY]: 86.6 (DEG C),187.8 (DEG F)

TEMPERATURE {F}
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NOTE: A508, QUENCHED & TEMPERED @ 1100 F, FULL-SIZE
MODEL SET NAME: 508_1100.F
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ANAL,YSIS SET: 508_1100.F

Y VARIABLE: EXPANSION
MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.061 (MM),0.0024 (IN)
MID-TRANSITION TEMPERATURE: 72.8 (DEG C),163.0 (DEG F)
TRANSITION ZONE WIDTH: 117.8 (C DEG),212.1 (F DEG)
UPPER SHELF EXPANSION: 1.545 (MM),0.0608 (IN)
UPPER SHELF EXPANSION: 1.545 (MM),0.0608 {IN)
TEMPERATURE [0.89 (MM),0.035 (IN) EXPANSION]l: 79.7 (DEG C),175.5 (DEG F)
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MODEL SET NAME: 508_1100.FE ;
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DATA SOURCE: ANALYSIS SET
ANALYSIS SET: 508_1100.F
Y VARIABLE: SHEAR

MODEL PARAMETERS

LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)
MID-TRANSITION TEMPERATURE: 82.3 (DEG C),180.1 (DEG F)
TRANSITION ZONE WIDTH: 69.2 (C DEG),124.6 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]: 82.3 (DEG C),180.1 (DEG F)
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REMARK: AS508, QUENCHED & TEMTERED @ 1100 F

MODEL SET NAME: 508_1100.FS
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SOURCE: ANALYSIS SET

ANATLYSIS SET NAME: A5081100.T1

SET NAME: A5081100.T1
NOTE: AS08 QUENCHED+1100F, TYPE 1

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
338a -75.0 -103.0 0.85 0.63 0.00 0.000 0.0
338B -62.5 -80.5 3.35 2.47 0.00 0.000 0.0
321D -50.0 -58.0 3.61 2.66 0.03 0.001 0.0
33s8c -37.5 -35.5 7.00 5.16 0.13 0.005 0.0
321c -25.0 -13.0 11.31 8.34 0.30 0.012 5.0
339D -25.0 -13.0 4.83 3.56 0.13 0.005 0.0
338D -12.5 8.5 11.19 8.25 0.41 0.016 10.0
321B 0.0 32.0 10.07 7.43 0.23 0.009 5.0
3392 12.5 54.5 8.51 6.28 0.20 0.008 15.0
3192 25.0 77.0 11.73 8.65 0.33 0.013 10.0
319B 50.0 122.0 14.44 10.65 0.43 0.017 45.0
339B 75.0 167.0 20.20 14.90 0.66 0.026 80.0
319¢C 100.0 212.0 21.44 15.81 0.74 0.029 100.0
319D 125.0 257.0 20.70 15.27 0.76 0.030 100.0
339¢C 200.0 392.0 21.68 15.99 0.89 0.035 100.0
3212 250.0 482.0 18.25 13.46 0.74 0.029 100.0
NUMBER OF SPECIMENS: 16
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SOURCE: A5081100.T1 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE: 3.7 (DEG C),38.7 (DEG F)

TRANSITION ZONE WIDTH: 161.3 (C DEG),290.3 (F DEG)

UPPER SHELF ENERGY: 21.1 (J),15.6 (FT-LB)
UPPER SHELF ENERGY: 21.1 (J),15.6 (FT-LB)
NOTE: NONE
MODEL SET NAME: 8

TEMPERATURE (°F)
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SOURCE: A5081100.T1 ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE: 33.6 (DEG C),92.6 (DEG F)
TRANSITION ZONE WIDTH: 161.5 (C DEG),290.6 (F DEG)
UPPER SHELF EXPANSION: 0.833 (MM),0.0328 (IN)

UPPER SHELF EXPANSION: 0.833 (MM),0.0328 (IN)

NOTE: NONE

MODEL SET NAME: 7

TEMPERATURE (°F)
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SOURCE:

A5081100.T1 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)
MID-TRANSITION TEMPERATURE: 52.5 (DEG C),126.6 (DEG F)
TRANSITION ZONE WIDTH: 65.2 (C DEG),117.4 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]: 52.5 (DEG C),126.6 (DEG F)

NOTE:

NONE

MODEL SET NAME: 6

SHEAR (PERCENT)
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SOURCE: ANALYSIS SET
ANALYSTS SET NAME: A5081100.T2

SET NAME: A5081100.T2
NOTE: A508 QUENCHED+1100F, TYPE 2

TEMPERATURE ENERGY EXPANSTION SHEAR
IDENT (DEG C) (DEG F) (J) - (FT-LB) - (MM) (IN) (PERCENT)
317B -100.0 -148.0 0.20 0.15 0.00 0.000 0.0
392 -75.0 -103.0 0.46 0.34 0.00 0.000 0.0
3382 -62.5 -80.5 2.03 1.50 0.00 0.000 0.0
39D -50.0 -58.0 0.99 0.73 "0.00 0.000 0.0
338B -37.5 -35.5 2.75 2.03 0.05 0.002 5.0
39B -25.0 -13.0 2.62 1.93 0.08 0.003 10.0
338C ' =12.5 9.5 3.59 2.65 0.15 0.006 20.0
39¢C 0.0 32.0 2.36 1.74 0.05 0.002 10.0
338D 12.5 54.5 4.49 3.31 0.25 0.010 60.0
310C 25.0 77.0 4.73 3.49 0.28 0.011 - 45.0
3173 37.5 99.5 4.04 2.98 0.23 0.009 50.0
3102 50.0 122.0 4.87 3.59 0.33 0.013 75.0
310D . 100.0 212.0 4.80 3.54 0.36 0.014 100.0
317¢ 150.0 302.0 5.45 4.02 0.43 0.017 100.0
3108 200.0 392.0 5.69 4.20 0.43 0.017 100.0

NUMBER OF SPECIMENS: 15
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SOURCE:

Y VARIABLE:
MODEL PARAMETERS

MODEL SET NAME: 6

ENERGY ()

ENERGY

A5081100.T2 ANALYSIS SET

LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)

MID-TRANSITION TEMPERATURE:-21.5 (DEG C),-6.7 (DEG F)
TRANSITION ZONE WIDTH: 134.2 (C DEG),241.6 (F DEG)

UPPER SHELF ENERGY: 5.4 (J),4.0 (FT-LB)
UPPER SHELF ENERGY: 5.4 (J),4.0 (FT-LB)
NOTE:

NONE

TEMPERATURE (°F)
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SOURCE: A5081100.T2 ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE: 16.9 (DEG C),62.4 (DEG F)
TRANSITION ZONE WIDTH: 106.6 (C DEG),191.9 (F DEG)
UPPER SHELF EXPANSION: 0.414 (MM),0.0163 (IN)

UPPER SHELF EXPANSION: 0.414 (MM),0.0163 (IN)

NOTE: NONE

MODEL SET NAME: 5

TEMPERATURE {°F)
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SOURCE:

A5081100.T2 ANALYSIS SET

Y VARIABLE: SHEAR

MODEL PARAMETERS

LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)

MID-TRANSITION TEMPERATURE: 26.5 (DEG C),79.7 (DEG F)

TRANSITION ZONE WIDTH: 95.8 (C DEG),172.5 (F DEG)

UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]: 26.5 (DEG C),79.7 (DEG F)

NOTE:

NONE

MODEL SET NAME: 4

SHEAR (PERCENT)
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SOURCE:

ANALYSIS SET
ANALYSIS SET NAME: A5081100.T3

SET NAME: A5081100.T3 -
NOTE: A508 QUENCHED+1100F, TYPE 3

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
321D -125.0 -193.0 0.81 0.60 0.00 0.000 0.0
317B -100.0 -148.0 1.22 0.90 0.00 0.000 0.0
317¢ -87.5  -125.5 2.03 1.50 0.00 0.000 0.0
317 -75.0 -103.0 3.39 2.50 0.00 0.000 0.0
317D -62.5 -80.5 1.90° 1.40 0.00 0.000 0.0
313D -50.0 -58.0 4.75 3.50 0.08 0.003 0.0
313cC -37.5 -35.5 5.56 4.10 0.13 0.005 0.0
313B -25.0 -13.0 5.97 4.40 0.18 0.007 5.0
3132 -12.5 9.5 6.91 5.10 0.20 0.008 5.0
3202 0.0 32.0 8.13 6.00 0.30 0.012 15.0
320B 25.0 77.0 8.13 6.00 0.28 0.011 20.0
320C 50.0 122.0 11.93 8.80 0.51 0.020 65.0
320D 100.0 212.0 13.15 9.70 0.56 0.022 90.0
321B 150.0 302.0 14.78 10.90 0.71 0.028 100.0
3212 200.0 392.0 15.19 11.20 0.66 0.026 100.0
321C 250.0 482.0 14.51 10.70 0.66 0.026 100.0

NUMBER OF SPECIMENS:
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SOURCE: A5081100.T3 ANALYSIS SET

Y VARTABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-2.1 (DEG C),28.2 (DEG F)
TRANSITION ZONE WIDTH: 188.3 (C DEG),338.9 (F DEG)
UPPER SHELF ENERGY: 15.0 (J),11.1 (FT-LB)

UPPER SHELF ENERGY: 15.0 (J),11.1 (FT-LB)

NOTE: NONE

MODEL SET NAME: 7

TEMPERATURE ©F)
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SOURCE: A5081100.T3 ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL, PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE: 19.6 (DEG C),67.3 (DEG F)
TRANSITION ZONE WIDTH: 138.6 (C DEG),249.5 (F DEG)
UPPER SHELF EXPANSION: 0.670 (MM),0.0264 (IN)

UPPER SHELF EXPANSION: 0.670 (MM),0.0264 (IN)

NOTE: NONE

MODEL SET NAME: 8

TEMPERATURE (°F)
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SOURCE: A5081100.T3 ANALYSTIS SET

Y VARTABLE: SHEAR
MODEL, PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 42.7 (DEG C),108.8 (DEG F)
TRANSITION ZONE WIDTH: 74.1 (C DEG),133.3 (F DEG)

UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE {50 (PERCENT),50 (PERCENT) SHEAR]: 42.7 (DEG C),108.8 (DEG F)
NOTE: NONE

MODEL SET NAME: 9

SHEAR (PERCENT)

TEMPERATURE (°F)
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: A5081100.T4

SET NAME: A5081100.T4
NOTE: A508 QUENCHED+1100F, TYPE 4

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG ¢) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
3132 -75.0 -103.0 0.39 0.29 0.00 0.000 0.0
313B -50.0 -58.0 0.66 0.49 0.00 0.000 0.0
313C ~37.5 -35.5 0.66 0.49 0.00 0.000 0.0
313D . =25.0 -13.0 1.98 1.46 ‘0.05 0.002 5.0
311F -12.5 9.5 1.79 1.32 0.03 0.001 5.0
311E 0.0 32.0 4.79 3.53 0.36 0.014 ' 60.0
311D 12.5 54.5 4.60 3.39 0.36 0.014 85.0
332 25.0 77.0 2.32 1.71 0.13 0.005 40.0
311cC 37.5 99.5 3.10 2.29 0.15 0.006 45.0
33B 50.0 122.0 3.16 2.33 0.25 0.010 ' 55.0
311B 62.5 144.5 6.14 4.53 0.46 0.018 100.0
33C . 75.0 167.0 4.72 3.48 0.30 0.012 85.0
33D 100.0 212.0 6.01 4.43 0.53 0.021 100.0
33E 150.0 302.0 4.60 3.39 0.41 0.016  100.0
33F 200.0 392.0 5.04 3.72 0.41 0.016 100.0
311A 250.0 482.0 5.04 3.72 0.48 0.019 100.0

NUMBER OF SPECIMENS: 16
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SOURCE:

Y VARTABLE: ENERGY

MODEL PARAMETERS

A5081100.T4 ANALYSIS SET

LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-7.0 (DEG C),19.4 (DEG F)

TRANSITION ZONE WIDTH: 111.5 (C DEG),200.8 (F DEG)

UPPER SHELF ENERGY: 5.1 (J),3.7 (FT-LB)
UPPER SHELF ENERGY: 5.1 (J),3.7 (FT-LB)

NOTE:

MODEL SET NAME: 2
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SOURCE: A5081100.T4 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE: 22.5 (DEG C),72.5 (DEG F)
TRANSITION ZONE WIDTH: 127.0 (C DEG),228.6 (F DEG)
UPPER SHELF EXPANSION: 0.451 (MM),0.0178 (IN)
UPPER SHELF EXPANSION: 0.451 (MM),0.0178 (IN)
NOTE: NONE
MODEL SET NAME: 1
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SOURCE:

Y VARIABLE: SHEAR
MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)

SHEAR (PERCENT)

MID-TRANSITION TEMPERATURE: 19.8 (DEG C),67.7 (DEG F)

A5081100.T4 ANALYSIS SET

TRANSITION ZONE WIDTH: 111.0 (C DEG),199.8 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]: 19.8 (DEG C),67.7 (DEG F)
NOTE: NONE

MODEL SET NAME: 0

TEMPERATURE ©F)
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APPENDIX E

A 508, QUENCHED AND TEMPERED AT 677°C

E-1 NUREG/CR-6379




SOURCE: ANALYSIS SET
ANATYSIS SET NAME: 508_1250.F

SET NAME: 508_1250.F
NOTE: A508, QUENCHED & TEMPERED € 1250 F '

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG €) (DEG F) (J) (FT-LB) (M) (IN) (PERCENT)
55C-20 10.0 50.0 32.00 23.60 0.43 0.017 5.0
55C-8 23.0 73.4 45.00 33.19 0.64 0.025 20.0
55C-16 38.0 100.4 71.00 52.37 1.04 0.041 40.0
55C~22 38.0 100.4 77.00 56.79 1.19 0.047 55.0
58C-14 43.0 109.4 99.00 73.02 1.45 0.057 75.0
55C-10 66.0 150.8 99.00 73.02 1.45 0.057 80.0
55C-18 93.0 199.4 111.00 81.87 1.68 0.066 100.0
55C-12 121.0 249.8 122.00 89.98 1.68 0.066 100.0

NUMBER OF SPECIMENS: 8
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ANALYSIS SET: 508_1250.F

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED] :
MID-TRANSITION TEMPERATURE: 28.0
TRANSITION ZONE WIDTH: 60.7 (C DE
UPPER SHELF ENERGY: 115.8 (J),85.
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ANALYSIS SET: 508_1250.F

Y VARIABLE: EXPANSION
MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.061 (MM),0.0024 (IN)
MID-TRANSITION TEMPERATURE: 27.9 (DEG C),82.2 (DEG F)
TRANSITION ZONE WIDTH: 51.1 (C DEG),%2.0 (F DEG)
UPPER SHELF EXPANSION: 1.654 (MM),0.0651 (IN)
UPPER SHELF EXPANSION: 1.654 (MM),0.0651 (IN)
TEMPERATURE (0.89 (MM),0.035 (IN) EXPANSION]: 29.0 (DEG C),84.1 (DEG F)
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DATA SOURCE:

ANALYSIS SET: 508_1250.F
Y VARIABLE: SHEAR
MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)
MID-TRANSITION TEMPERATURE: 37.5 (DEG C),99.5 (DEG F)
TRANSITION ZONE WIDTH: 44.3 (C DEG),79.7 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),S50 (PERCENT) SHEAR]: 37.5 (DEG C),99.5 (DEG F)

TEMPERATURE °F)

ANALYSIS SET

-200 ~100 0 100 200 300 400 500 600
120 — T ] | I T T T T
[ AB08, QUENCHED+1250F |
100 |- S
g 80 |- O -
& 9]
[®)
1
LJ
o 60 -
1
<L
L:‘c‘
o 40— -
26 |- .
O CHARPY DATA
MEAN IMPACT CURVE
o | I I ] ! 1 1 i
-150 =100 -50 o 50 100 150 200 250 300

REMARK: A508, QUENCHED+1250F, FULL-~SIZE

TEMPERATURE (°C)

MODEL SET NAME: 508_1250.FS

E-5

350

NUREG/CR-6379




SOURCE: ANALYSIS SET
ANALYSIS SET NAME: A5081250.T1

SET NAME: AS5081250.T1
NOTE: A508 QUENCHED+1250F, TYPE 1 SPEC..

TEMPERATURE ENERGY - EXPANSION SHEAR
IDENT (DEG €) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
519¢C -125.0 =-193.0 1.06 0.78 0.00 0.000 0.0
519B -100.0 =-148.0 4.12 3.04 0.00 0.000 0.0
519D -87.5 -125.5 7.44 5.49 0.18 0.007 0.0
5192 -75.0 -103.0 5.79 4.27 0.08 0.003 0.0
5202 -62.5 -80.5 3.54 2.61 0.03 0.001 0.0
59D -50.0 -58.0 10.14 7.48 0.28 0.011 5.0
520B -37.5 -35.5 1.59 1.17 0.00 0.000 0.0
520D -37.5 -35.5 13.21 9.74 0.56 0.022 15.0
59C -25.0 -13.0 19.17 14.14 0.69 0.027 45.0
520C -12.5 9.5 12.41 9.15 0.43 0.017 15.0
59B 0.0 32.0 24.91 18.37 0.81 0.032 70.0
572 25.0 77.0 18.43 13.59 0.64 0.025 50.0
57B 50.0 122.0 30.26 22.32 0.86 0.034 100.0
57¢C 75.0 167.0 26.90 19.84 0.79 0.031 100.0
57D 100.0 212.0 23.86 17.60 0.94 0.037 100.0
592 250.0 482.0 23.81 17.56 0.76 0.030 100.0

NUMBER OF SPECIMENS: 16
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SOURCE: A5081250.T1 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT~LB)
MID-TRANSITION TEMPERATURE:-28.7 (DEG C),-19.7 (DEG F)
TRANSITION ZONE WIDTH: 114.9 (C DEG),206.9 (F DEG)
UPPER SHELF ENERGY: 26.2 (J),19.4 (FT-LB)

UPPER SHELF ENERGY: 26.2 (J),19.4 (FT-LB)

NOTE: A508, QUENCHED+1250F, TYPE 1

MODEL SET NAME: 7
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SOURCE: A5081250.T1 ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS :
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-31.3 (DEG C),-24.4 (DEG F)
TRANSITION ZONE WIDTH: 75.3 (C DEG),135.6 (F DEG)
UPPER SHELF EXPANSION: 0.820 (MM),0.0323 (IN)

UPPER SHELF EXPANSION: 0.820 (MM),0.0323 -(IN)

NOTE: A508, QUENCHED+1250F, TYPE 1

MODEL SET NAME: 8
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SOURCE: A5081250.T1 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 2.8 (DEG C),37.0 (DEG F)
TRANSITION ZONE WIDTH: 8%.0 (C DEG),160.1 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]: 2.8 (DEG C),37.0 (DEG F)
NOTE: NONE
MODEL SET NAME: 0
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SOURCE: ANALYSIS SET

ANALYSIS SET NAME: A5081250.T2

SET NAME: A5081250.T2
NOTE: AS08 QUENCHED+1250F, TYPE 2

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
519B -100.0 -148.0 0.99 0.73 0.00 0.000 0.0
519C -87.5 ~125.5 0.39 0.29 0.00 0.000 0.0
519A ~75.0 -103.0 0.60 0.44 0.00 0.000 0.0
519D -62.5 -80.5 3.53 2.60 0.18 0.007 10.0
59D ~50.0 -58.0 3.34 2.46 0.15 0.006 10.0
5172 -37.5 -35.5 4.42 3.26 0.25 0.010 10.0
59¢C -25.0 -13.0 5.38 3.97 0.30 0.012 60.0
517B -12.5 9.5 6.85 5.05 0.48 0.019 100.0
59B 0.0 32.0 6.40 4.72 0.46 0.018 80.0
517¢C 12.5 54.5 7.78 5.74 0.53 0.021 100.0
592 25.0 77.0 6.28 4.63 0.38 0.015 70.0
517D 100.0 212.0 6.21 4.58 0.46 0.018 100.0
513A 150.0 302.0 6.85 5.05 0.48 0.019 100.0

NUMBER OF SPECIMENS:
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SOURCE: A5081250.T2 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-51.4 (DEG C),-60.5 (DEG F)

TRANSITION ZONE WIDTH: 65.3 (C DEG),117.5 (F DEG)
UPPER SHELF ENERGY: 6.8 (J),5.0 (FT-LB)

UPPER SHELF ENERGY: 6.8 (J),5.0 (FT-LB)

NOTE: NONE

MODEL SET NAME: 2

TEMPERATURE (°F)
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SOURCE: A5081250.T2 ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS , ‘
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-41.4 (DEG C),-42.6 (DEG F)
TRANSITION ZONE WIDTH: 58.6 (C DEG),105.5 (F DEG)
UPPER SHELF EXPANSION: 0.474 (MM),0.0187 (IN)

UPPER SHELF EXPANSION: 0.474 (MM),0.0187 (IN)

NOTE: NONE

MODEL SET NAME: 1
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SOURCE: A5081250.T2 ANALYSIS SET

Y VARIABLE: SHEAR

MODEYL, PARAMETERS

LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)

MID-TRANSITION TEMPERATURE:-27.2 (DEG C),-16.9 (DEG F)

TRANSITION ZONE WIDTH: 20.2 (C DEG),36.3 (F DEG)

UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]:-27.2 (DEG C),-16.9 (DEG F)
NOTE:
MODEL SET NAME: 21

DESTINATION FILE NAME: 10
DESTINATION DIRECTORY PATH: C:\USER\
FILE NAME: 21

MODEL VARIABLES SAVED

SHEAR (PERCENT}

NONE

TEMPERATURE (°F)
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: A5081250.T3

SET NAME: A5081250.T3
NOTE: 2508 QUENCHED+1250F, SPECIMEN TYPE 3

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG ¢) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
513D -125.0 -193.0 0.68 0.50 0.00 0.000 0.0
513C -100.0 -148.0 2.44 1.80 0.00 0.000 0.0
5153 -87.5 -125.5 6.78 5.00 0.15 0.006 0.0
517B -87.5 -125.5 2.71 2.00 0.00 0.000 . 0.0
515B -75.0 -103.0 5.97 4.40 0.15 0.006 5.0
515C -62.5 -80.5 6.78 5.00 0.25 0.010 5.0
515D ~50.0 -58.0 9.90 7.30 0.38 0.015 5.0
5172 -37.5 -35.5 8.95 6.60 0.38 0.015 5.0
511A -25.0 -13.0 11.39 8.40 0.48 0.019 35.0
513B 0.0 32.0 12.34 9.10 0.56 0.022 40.0
5132 25.0 77.0 12.88 9.50 0.61 0.024 70.0
511D 50.0 122.0 15.32 11.30 0.66 0.026 100.0
511B 100.0 212.0 17.63 13.00 0.79 0.031 100.0
517C 150.0 302.0 16.27 12.00 0.86 0.034 100.0
511C 200.0 392.0 18.30 13.50 0.86 0.034 100.0
NUMBER OF SPECIMENS: 15
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SOURCE: A5081250.T3 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-44.2 (DEG C),-47.5 (DEG F)
TRANSITION ZONE WIDTH: 165.3 (C DEG),297.6 (F DEG)
UPPER SHELF ENERGY: 17.2 (J),12.7 (FT-LB)

UPPER SHELF ENERGY: 17.2 (J),12.7 (FT-LB)

NOTE: NONE

MODEL SET NAME: 3

TEMPERATURE (°F)

-200 -100 0 100 200 300 400 300 600
22.5 T ] T T T T T T
s0.0 [AS08, QUENCHED+1250F, TYPE 3] 5.0
O
17.5 |- 0
= 125
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15.0 |-
5 — 10.0
= 2.5 -
>-
z
] - -~17.
W 10.0 7.5
Ll
75
- 5.0
5.0 |-
~— .5
55 00 O CHARPY DATA 2
' MEAN IMPACT CURVE
o I i I | I 1 | I

0.0 0.0
-150 =-100 -50 O 50 {00 150 200 250 300 350
TEMPERATURE (°C)

E-15

ENERGY (ft-1b)
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SOURCE: A5081250.T3 ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-29.3 (DEG C),-20.7 (DEG F)
TRANSITION ZONE WIDTH: 136.3 (C DEG),245.3 (F DEG)
UPPER SHELF EXPANSION: 0.815 (MM),0.0321 (IN)

UPPER SHELF EXPANSION: 0.815 (MM),0.0321 (IN)

NOTE: NONE

MODEL SET NAME: 4

TEMPERATURE (°F)

-200 -100 0 106 200 300 400 300 600
1.0 = T T T T T T T T
[AS08, QUENCHED+1250F, TYPE 3 |
— 0.035
O o)
6.8
—{ 0.030
£ —{o.025 ©
Eos |- =
z 3
Q —{0.020 H
u =
3 <
o 0.4 = o015 &
o | #1)
—{ 0.010
0.2 |~
O CHARPY DATA — 0.005
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P S VA 1 1 ] ] i ] 1 6.000
-i56 -{00 -50 0 50 i66 {50 200 250 300 350

TEMPERATURE (°C}
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SOURCE: A5081250.T3 ANALYSIS SET

Y VARIABLE: SHEAR

MODEL PARAMETERS

LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 3.2 (DEG C),37.8 (DEG F)
TRANSITION ZONE WIDTH: 83.6 (C DEG),150.5 (F DEC)

UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

TEMPERATURE (50 (PERCENT),50 (PERCENT) SHEAR]: 3.2 (DEG C),37.8 (DEG F)
NOTE:

MODEL SET NAME: 5

SHEAR (PERCENT)

NONE

TEMPERATURE (°F)
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SOURCE: ANALYSIS SET
ANATLYSIS SET NAMES: TSP125T4 AND TSP125T4.FUL

SET NAME: TSP125T4
NOTE: SUB-SIZE CORRELATION PROG., TSP 1250 DEG. F/4 Hours, TYPE 4

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-1B)  (MM) (IN) (PERCENT)
S7E -75.0 -103.0 1.13 0.83 0.00 0.000 0.0
57F -62.5 -80.5 0.39 0.29 0.00 0.000 0.0
57D -50.0 -58.0 1.19 0.88 0.00 0.000 0.0
5112 -37.5 -35.5 3.88 2.86 '0.30 0.012 30.0
57¢C -25.0 -13.0 3.69 2.72 0.36 0.014 70.0
511B -12.5 9.5 4.08 3.01 0.33 0.013 40.0
57b 0.0 32.0 3.62 2.67 0.28 0.011 40.0
511C 12.5 54.5 6.59 4.86 0.53 0.021 100.0
572 25.0 77.0 6.78 5.00 0.61 0.024 100.0
511D 37.5 99.5 6.26 4.62 0.53 0.021 100.0
511E 50.0 122.0 6.33 4.67 0.56 0.022 100.0
511F 100.0 212.0 5.95 4.39 0.46 0.018 100.0
515A 200.0 392.0 5.88 4.34 0.56 0.022 100.0

NUMBER OF SPECIMENS: 13

SET NAME: TSP125T4.FUL

NOTE: NONE

TEMPERATURE ENERGY EXPANSTION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
515D -50.0 ~58.0 0.90 0.66 0.00 0.000 0.0
515C -25.0 -13.0 1.70 1.25 0.03 0.001 0.0
515E . =12.5 9.5 0.30 0.22 0.00 0.000 0.0
515B 50.0 122.0 6.40 4.72 0.58 0.023 100.0
515F ., 100.0 212.0 6.40 4.72 0.51 0.020 100.0

NUMBER OF SPECIMENS: 5
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SOURCE: TSP125T4 AND TSP125T4.FUL ANALYSIS SETS

Y VARIABLE:
MODEL PARAMETERS

MODEL, SET NAME: 1

ENERGY (J)

ENERGY

LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-15.2 (DEG C),4.7 (DEG F)

TRANSITION ZONE WIDTH: 86.1 (C DEG),154.9 (F DEG)

UPPER SHELF ENERGY: 6.5 (J),4.8 (FT-LB)
UPPER SHELF ENERGY: 6.5 (J),4.8 (FT-LB)
NOTE: A508, QUENCHED+1250F, TYPE 4, 2.25 AND 5.5 M/s

~200

TEMPERATURE (°F)
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SOURCE: TSP125T4 AND TSP125T4.FUL ANALYSIS SETS

Y VARIABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-9.6 (DEG C),14.7 (DEG F)
TRANSITION ZONE WIDTH: 64.9 (C DEG),116.7 (F DEG)
UPPER SHELF EXPANSION: 0.557 (MM),0.0219 (IN)

UPPER SHELF EXPANSION: 0.557 (MM),0.0219 (IN)

NOTE: NONE

MODEL SET NAME: 2

TEMPERATURE (°F)
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¢.7 1 T T T T T T T T
[A508, QUENCHED* 1250F, TYPE 4] ' o025
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SOURCE: TSP125T4 AND TSP125T4.FUL ANALYSIS SETS

Y VARIABLE: SHEAR

MODEL. PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)

TEMPERATURE [50 (PERCENT),50

MID-TRANSITION TEMPERATURE:-4.4 (DEG C),24.1 (DEG F)

TRANSITION ZONE WIDTH: 54.7 (C DEG),98.5 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)

NOTE: NONE
MODEL SET NAME: 3

SHEAR (PERCENT)

-206 -100 0

TEMPERATURE (°F)
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100 200 300 400 500 600
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APPENDIX F

A 508, QUENCHED AND TEMPERED AT 704°C
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SOURCE: ANALYSIS SET

ANALYSIS SET NAME: 508_1300.F

SET NAME: 508_1300.F
NOTE: AS508, QUENCHED & TEMPERED € 1300 F

TEMPERATURE ENERGY : EXPANSION SHEAR
IDENT (DEG €) (DEG F) (J) (FT-1LB)  (MM) (IN) (PERCENT)
6SC-20 -46.0 -50.8 29.00 21.39 0.38 0.015 0.0
6SC-18 -18.0 -0.4 68.00 50.15 0.99 0.039 15.0
6SC-10 -18.0 -0.4 58.00 42.78 0.58 0.023 5.0
6SC-16 4.4 39.9 58.00 42.78 0.84 0.033 25.0
65C-22 16.0 60.8 100.00 73.76 1.37 0.054 40.0
6SC-8 23.0 73.4 106.00 78.18 1.50 0.059 50.0
6sC-12 66.0 150.8 152.00 112.11 2.06 0.081 100.0
65C~14 121.0 249.8 153.00 112.85 1.92 0.076 100.0

NUMBER OF SPECIMENS: 8
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ANALYSIS SET: 508_1300.F

Y VARIABLE: ENERGY

MODEL PARAMETERS

LOWER SHELF ENERGY [HELD FIXED] :
MID-TRANSITION TEMPERATURE: 5.7 (
TRANSITION ZONE WIDTH: 129.5 (C DEG
UPPER SHELF ENERGY:
UPPER SHELF ENERGY: 163

TEMPERATURE [41
TEMPERATURE [68

=200 ~100
175

[¢]

),233.1 (F DEG)
163.5 (J),120.6 (FT-1B)

2.7 (J),2.0 (FT-LB)
DEG C),42.2 (DEG F)

30.2 (FT-LB) ENERGY] :-32.0 (DEG C),-25.6 (DEG F)
50.2 (FT-LB) ENERGY] :-6.6 (DEG C),20.0 (DEG F)

TEMPERATURE (F)

100 200 300 400 S1ely) 600

| | ! 1 i

I
|A508, QUENCHED+1300F, FULL-SIZE | = 120
150 1%
-1 100
125
3 — ao ?
< 100 o
N &
®
- 80 &
= 78 Ei
L =z
L
50 — 40
— 20
25 O CHARPY DATA
MEAN IMPACT CURVE
o l 1 ! l l l ! I o
-150 ~108 -50 0 S0 100 150 200 250 300 350

TEMPERATURE (°C)

NOTE: A508, QUENCHED & TEMPERED @ 1300 F, FULL-SIZE
MODEL SET NAME: 508_1300.F
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ANALYSIS SET: 508_1300.F

Y VARIABLE: EXPANSION
MODEL PARAMETERS . ‘
LOWER SHELF EXPANSION [HELD FIXED]: 0.061 (MM),0.0024 (IN)
MID-TRANSITION TEMPERATURE: 1.5 (DEG C),34.8  (DEG F)
TRANSITION ZONE WIDTH: 106.6 (C DEG),191.9 (F DEG)
UPPER SHELF EXPANSION: 2.064 (MM),0.0812 (IN)
UPPER SHELF EXPANSION: 2.064 (MM),0.0812 (IN) - '
TEMPERATURE [0.89 (MM),O}OBS (IN) EXPANSION]:-7.7 (DEG C),18.1 (DEG F)

TEMPERATURE {°F)

-200 -100 0 100 200 300 400 500 600
2.5 I | I | | | | i
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O CHARPY DATA
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0.0 1 I ! 1 | I | ! 0.00
-180 -100 =50 0 50 100 150 200 250 300 350

TEMPERATURE (°C)

NOTE: A508, QUENCHED+1300F, FULL-SIZE
MODEL SET NAME: 508_1300.FE
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DATA SOURCE: ANALYSIS SET
ANALYSIS SET: 508_1300.F
Y VARIABLE: SHEAR
MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)

MID-TRANSITION TEMPERATURE: 21.8 (DEG C),71.2 (DEG F)

TRANSITION ZONE WIDTH: 62.8 (C DEG),113 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)

TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]: 21.8 (DEG C),71.2 (DEG F)

TEMPERATURE (°F)
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REMARK: A508, QUENCHED+1300F, FULL~SIZE
MODEL SET NAME: 508_1300.FS
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SOURCE: ANALYSIS SET

ANALYSIS SET NAME: A5081300.T1

SET NAME: A5081300.T1
NOTE: A508 QUENCHED+1300F, TYPE 1 SPEC.

TEMPERATURE ENERGY - EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
611C -137.5 -215.5 0.46 0.34 0.00 0.000 0.0
611B -125.0 -193.0 1.84 1.36 0.00 0.000 0.0
611D -112.5 =170.5 4.77 3.52 0.08 0.003 0.0
6112 -100.0 -148.0 5.84 4.31 0.13 0.005 0.0
616A -87.5 -125.5 2.05 1.51 0.00 0.000 0.0
69D ~75.0 -103.0 8.13 6.00 0.20 0.008 0.0
616B -62.5 -80.5 27.01 19.92 0.89 0.035 50.0
616C -50.0 -58.0 23.92 17.64 1.04 0.041 50.0
616D -37.5 -35.5 3.61 2.66 0.23 0.009 10.0
620D -37.5 -35.5 19.25 14.20 0.76 0.030 45.0
69C -25.0 -13.0 36.28 26.76 1.02 0.040 100.0
6202 -12.5 9.5 34.49 25.44 1.02 0.040 100.0
69B 0.0 32.0 33.90 25.00 0.99 0.039 100.0
69A 25.0 77.0 37.65 27.77 0.91 0.036 100.0
620C 75.0 167.0 36.74 27.10 . 0.97 0.038 100.0
620B 150.0 302.0 34.25 25.26 0.91 0.036 100.0
NUMBER OF SPECIMENS: 16
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ENERGY ()

SOURCE: A5081300.T1 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [HELD FIXED]
MID-TRANSITION TEMPERATURE
TRANSITION ZONE WIDTH:
UPPER SHELF ENERGY:
UPPER SHELF ENERGY: 37.3

NOTE: A508, QUENCHED+1300F, TYPE 1
MODEL SET NAME: 4

TEMPERATURE (°F)
s 500 -200 -100 0 100 200 300 400 s00

: 0.1 (J),0.1 (FT-LB)
:-50.9 (DEG C),-59.5 (DEG F)
101.5 (C DEG),182.6 (F DEG)
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SOURCE: A5081300.T1 ANALYSIS SET

Y VARIABLE: EXPANSTION

TANH REGRESSION DIVERGING

TANH REGRESSION DIVERGING

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-70.8 (DEG C),-95.4 (DEG F)
TRANSITION ZONE WIDTH: 12.9 (C DEG),23.2 (F DEG)
UPPER SHELF EXPANSION [HELD FIXED]: 0.960 (MM),0.0378 (IN)

UPPER SHELF EXPANSION: 0.960 (MM),0.0378 (IN)

NOTE: A508, QUENCHED+1300F, TYPE 1

MODEL SET NAME: 5

TEMPERATURE (©F)
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SOURCE: A5081300.T1 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL: PARAMETERS

LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-41.0 (DEG C),~41.8 (DEG F)
TRANSITION ZONE WIDTH: 60.9 (C DEG),109.7 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]:-41.0 (DEG C),-41.8 (DEG F)
NOTE: A508, QUENCHED+1300F, TYPE 1

MODEL SET NAME: 6

TEMPERATURE (°F)
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SOURCE: ANALYSIS SET

ANALYSIS SET NAME: A5081300. T2

SET NAME: A5081300.T2
NOTE: A508 QUENCHED+1300F, TYPE 2

TEMPERATURE ENERGY : EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
615B -100.0 -148.0 0.39 0.29 0.00 0.000 0.0
615C -87.5 ~125.5 4.04 2.98 0.25 0.010 10.0
641B -87.5 -125.5 0.26 0.19 0.00 0.000 0.0
615A -75.0 -103.0 3.27 2.41 0.18 0.007 10.0
615D -62.5 -80.5 3.71 2.74 0.23 0.009 " 10.0
611D -50.0 ~-58.0 5.57 4.11 0.43 0.017 45.0
617A -37.5 -35.5 6.47 4.77 0.38 0.015 45.0
611C -25.0 -13.0 8.22 6.06 0.51 0.020 80.0
617B -12.5 9.5 6.21 4.58 0.46 0.018 70.0
611B 0.0 32.0 9.03 6.66 0.69 0.027 100.0
617C 12.5 54.5 9.84 7.26 0.71 0.028 100.0
611A 25.0 77.0 8.53 6.29 0.58 0.023 100.0
617D 100.0 212.0 8.98 6.62 0.69 0.027 100.0
6412 150.0 302.0 9.65 7.12 0.66 0.026 100.0

NUMBER OF SPECIMENS:
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SOURCE: A5081300.T2 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)

ENERGY ()

MID-TRANSITION TEMPERATURE:-56.3 (DEG C),-69.3 (DEG F)

TRANSITION ZONE WIDTH: 90.7 (C DEG),163.2 (F DEG)
UPPER SHELF ENERGY: 9.3 (J),6.8 (FT-LB)
UPPER SHELF ENERGY: 9.3 (J),6.8 (FT-LB)
NOTE: A508, QUENCHED+1300F, TYPE 2
MODEL SET NAME: 9

TEMPERATURE (°F}
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SOURCE: AS5081300.T2 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-50.6 (DEG C),~59.0 (DEG F)

TRANSITION ZONE WIDTH: 91.8 (C DEG),165.2 (F DEG)
UPPER SHELF EXPANSION: 0.673 (MM),0.0265 (IN)
UPPER SHELF EXPANSION: 0.673 (MM),0.0265 (IN)
NOTE: A508, QUENCHED+1300F, TYPE 2
MODEL SET NAME: 8

TEMPERATURE (°F)
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TEMPERATURE [50 (PERCENT),50

SOURCE: A5081300.T2 ANALYSIS SET

Y VARTABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-39.2 (DEG C),-38.6 (DEG
TRANSITION ZONE WIDTH: 62.7 (C DEG),112.9 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

NOTE: A508, QUENCHED+1300F, TYPE 2
MODEL SET NAME: 7

SHEAR (PERCENT)

, TEMPERATURE (°F)
-200 -100 0 100 200 300
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: A5081300.T3

SET NAME: AS081300.T3
NOTE: A508 QUENCHED+1300F, TYPE 3

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
613D -125.0 -193.0 0.95 0.70 0.00 0.000 0.0
613C -100.0 =148.0 3.12 2.30 0.00 0.000 0.0
6132 -87.5  =125.5 0.81 0.60 0.00 0.000 0.0
6153 -87.5  =125.5 9.76 7.20 0.43 0.017 10.0
6138 -75.0  =103.0 10.98 8.10 0.51 0.020 5.0
615B -62.5  =80.5 12.47 9.20 0.66 0.026 15.0
615C -50.0  =58.0 9.49 7.00 0.41 0.016 15.0
615D -37.5  =35.5 11.80 8.70 0.61 0.024 20.0
6172 -25.0  -13.0 16.95 12.50 0.79 0.031 35.0
6198 0.0 32.0 24.95 18.40 0.91 0.036 100.0
617B 50.0 122.0 22.24 16.40 0.79 0.031 100.0
6192 50.0 122.0 23.59 17.40 0.89 0.035 100.0
617¢C 100.0 212.0 23.86 17.60 0.89 0.035 100.0
617D 200.0 392.0 25.22 18.60 0.89 0.035 100.0

NUMBER OF SPECIMENS: 14
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SOURCE: A5081300.T3 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-50.3 (DEG C),-58.5 (DEG F)
TRANSITION ZONE WIDTH: 119.8 (C DEG),215.6 (F DEG)

UPPER SHELF ENERGY: 24.6 (J),18.2 (FT-LB)
UPPER SHELF ENERGY: 24.6 (J),18.2 (FT-LB)
NOTE: A508, QUENCHED+1300F, TYPE 3
MODEL SET NaME: 0

TEMPERATURE (°F}
-200 -100 o 100 280 300 400 500

600

T T T T T T T T
[AS08, QUENCHED+1300F, TYPE 3] ‘

25 — o] O

-1 20.0
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15—
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0
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TEMPERATURE (°C)

F-15

360

0.0
356

ENERGY (ft-Ib)

NUREG/CR-6379




SOURCE: 2A5081300.T3 ANALYSIS SET

Y VARTABLE: EXPANSION

MODEL PARAMETERS :
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-67.1 (DEG C),-88.8 (DEG F)
TRANSITION ZONE WIDTH: 82.3 (C DEG),148.1 (F DEG)
UPPER SHELF EXPANSION: 0.867 (MM),0.0341 (IN)

UPPER SHELF EXPANSION: 0.867 (MM),0.0341 (IN)

NOTE: A508, QUENCHED+1300F, TYPE 3

MODEL SET NAME: 1

TEMPERATURE °F)

-200 =100 ' 0 100 200 300 400 500 600
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MODEL SET NAME: 2

SHEAR (PERCENT)

SOURCE: A5081300.T3 ANALYSIS SET

Y VARIABLE:
MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)

MID-TRANSITION TEMPERATURE:-22.2 (DEG C),

SHEAR

~7.9 (DEG F)

TRANSITION ZONE WIDTH: 42.8 (C DEG),77.1 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)

TEMPERATURE (50 (PERCENT),50 (PERCENT) SHEAR]:-22.2 (DEG C),—7.9 (DEG F)
NOTE: AS508, QUENCHED+1300F, TYPE 3

TEMPERATURE (°F)

-200 -100 o 100 200 300 400 500 600
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SOURCE:

ANALYSIS SET
ANALYSIS SET NAME: A5081300.T4

SET NAME: A5081300.T4
NOTE: A508 QUENCHED+1300F, TYPE 4

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
67F -100.0 -148.0 0.27 0.20 0.00 0.000 0.0
6192 -87.5 -125.5 0.14 0.10 0.00 0.000 0.0
67E -75.0 -103.0 2.18 1.61 0.13 0.005 5.0
619B -62.5 -80.5 1.26 0.93 0.00 0.000 5.0
641A -62.5 -80.5 0.60 0.44 0.00 0.000 0.0
67D -50.0 -58.0 3.55 2.62 0.28 0.011 15.0
641B -50.0 -58.0 1.33 0.98 0.05 0.002 10.0
619C ~37.5 -35.5 5.69 4.20 0.46 0.018 40.0
641C -37.5 -35.5 4.20 3.10 0.33 0.013 30.0
§7C ~25.0 -13.0 5.37 3.96 0.46 0.018 60.0
619D -12.5 9.5 7.73 5.70 0.61 0.024 100.0
67B 0.0 32.0 7.66 5.65 0.61 0.024 100.0
672 25.0 77.0 7.61 5.61 0.61 0.024 100.0
619E 100.0 212.0 6.97 5.14 0.66 0.026 100.0
619F 150.0 302.0 7.16 5.28 0.74 0.029 100.0
NUMBER OF SPECIMENS: 15
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SOURCE: A5081300.T4 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-42.8 (DEG C),-45.1 (DEG F)
TRANSITION ZONE WIDTH: 46.0 (C DEG),82.8 (F DEG)
UPPER SHELF ENERGY: 7.5 (J),5.5 (FT-LB)

UPPER SHELF ENERGY: 7.5 (J),5.5 (FT-LB)

NOTE: AS508, QUENCHED+1300F, TYPE 4

MODEL SET NAME: 6

ENERGY ())

TEMPERATURE (°F)
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SOURCE: A5081300.T4 ANALYSIS SET

Y VARTABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-39.2 (DEG C),-38.6 (DEG F)
TRANSITION ZONE WIDTH: 40.8 (C DEG),73.4 (F DEG)
UPPER SHELF EXPANSION: 0.653 (MM),0.0257 (IN)

UPPER SHELF EXPANSION: 0.653 (MM),0.0257 (IN)

NOTE: A508, QUENCHED+1300F, TYPE 4

MODEL SET NAME: 5

TEMPERATURE (°F)
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SOURCE: A5081300.T4 ANALYSIS SET

Y VARIABLE: SHEAR

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-31.7 (DEG C),~25.0 (DEG F)
TRANSITION ZONE WIDTH: 35.2 (C DEG),63.4 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]:-31.7 (DEG C),-25.0 (DEG F)

NOTE: NONE
MODEL SET NAME: 4

TEMPERATURE (°F)
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APPENDIX G

HSST PLATE 02, QUARTER THICKNESS,

TL ORIENTATION

G-1
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SOURCE: ANALYSIS SET

ANATYSIS SET NAME: 02_F

SET NAME: 02_F

NOTE: PLATE 02 FULL~-SIZE DATA

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-ILB)  (MM) (IN) (PERCENT)
1 -46.0 -50.8 10.20 7.52 UNKNOWN UNKNOWN
2 -18.0 -0.4 31.20 23.01 UNKNOWN UNKNOWN
3 -7.0 19.4 21.70 16.01 0.36 0.014 30.0
4 -7.0 19.4 24.40 18.00 0.43 0.017 20.0
5 -7.0 19.4 27.10 19.99 0.33 0.013 20.0
6 -7.0 19.4 27.10 19.99 0.38 0.015 20.0
7 -7.0 19.4 29.80 21.98 0.43 0.017 20.0
9 -7.0 19.4 32.50 23.97 0.43 0.017 20.0
10 -7.0 19.4 33.90 25.00 0.58 0.023 30.0
11 -7.0 19.4 35.90 26.48 0.46 0.018 20.0
12 -7.0 19.4 36.60 27.00 0.64 0.025 20.0
13 -7.0 19.4 40.70 30.02 0.56 0.022 20.0
14 10.0 50.0 52.90 39.02 UNKNOWN 20.0
15 21.0 69.8 52.90 39.02 0.79 0.031 40.0
16 21.0 69.8 55.60 41.01 0.86 0.034 40.0
17 21.0 69.8 56.90 41.97 0.84 0.033 40.0
18 21.0 69.8 58.30 43.00 0.94 0.037 40.0
19 21.0 69.8 58.30 43.00 0.76 0.030 35.0
20 21.0 69.8 62.40 46.02 0.91 0.036 40.0
21 21.0 69.8 67.80 50.01 0.89 0.035 30.0
22 21.0 69.8 69.20 51.04 1.07 0.042 40.0
23 21.0 69.8 70.50 '52.00 1.12 0.044 40.0
24 21.0 69.8 78.90 58.19 0.86 0.034 30.0
25 38.0 100.4 80.70 59.52 UNKNOWN 35.0
26 66.0 150.8 107.10 78.99 1.60 0.063 80.0
27 66.0 150.8 108.50 80.03 1.40 0.055 85.0
29 66.0 150.8 111.20 82.02 1.47 0.058 80.0
30 66.0 150.8 112.30 82.83 1.60 0.063 90.0
31 66.0 150.8 112.50 82.98 1.60 0.063 85.0
32 66.0 150.8 113.90 84.01 1.55 0.061 80.0
33 66.0 150.8 122.00 89.98 UNKNOWN 85.0
34 66.0 150.8 127.40 93.97 1.75 0.069 100.0
35 66.0 150.8 127.40 93.97 1.60 0.063 100.0
36 66.0 150.8 130.20 96.03 1.68 0.066 100.0
37 T 66.0 150.8 130.30 96.11 1.70 0.067 90.0
38 93.0 199.4 139.60 102.97 1.83 0.072 100.0
39 121.0 249.8 141.00 104.00 1.96 0.077 100.0
40 149.0 300.2 130.20 96.03 2.11 0.083 100.0
41 149.0 300.2 132.90 98.02 1.88 0.074 100.0
42 . 149.0 300.2 132.90 98.02 1.88 0.074 100.0
43 149.0 300.2 135.60 100.01 1.80 0.071 100.0
44 149.0 300.2 138.30 102.01 1.83 0.072 100.0
45 149.0 300.2 138.30 102.01 2.24 0.088 100.0
46 149.0 300.2 139.60 102.97 1.83 0.072 100.0
47 149.0 300.2 143.70 105.99 1.83 0.072 100.0
48 149.0 300.2 143.70 105.99 1.91 0.075 100.0
49 149.0 300.2 149.10 109.97 1.93 0.076 100.0
50 149.0 300.2 151.90 112.04 1.70 0.067 100.0
51 177.0 350.6 145.10 107.02 2.11 0.083 100.0
52 204.0 399.2 127.40 93.97 2.06 0.081 100.0
53 204.0 399.2 130.20 96.03 1.78 0.070 100.0
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54 204.0 399.2 130.20 96.03 1.75 0.069 100.0
55 204.0 399.2 135.60 100.01 2.01 0.07¢% 100.0
56 204.0 399.2 136.30 100.53 1.80 0.071 100.0
57 204.0 399.2 136.90 100.97 1.80 0.071 100.0
58 204.0 399.2 138.30 102.01 1.47 0.058 100.0
59 204.0 399.2 141.00 104.00 2.01 0.079 100.0
60 204.0 399.2 142.40 105.03 2.11 0.083 100.0
61 204.0 399.2 146.40 107.98 1.93 0.076 100.0
62 204.0 399.2 157.30 116.02 1.75 0.069 100.0
63 232.0 449.6 139.00 102.52 2.01 0.079 100.0
64 260.0 500.0 140.30 103.48 2.06 0.081 100.0
65 288.0 550.4 119.30 87.99 1.78 0.070 100.0
66 288.0 550.4 132.90 98.02 1.78 0.070 100.0
67 288.0 550.4 134.20 98.98 1.73 0.068 100.0
68 288.0 550.4 139.40 102.82 UNKNOWN UNKNOWN
69 288.0 550.4 142.40 105.03 1.83 0.072 100.0
70 288.0 550.4 143.70 105.99 1.60 0.063 100.0
71 288.0 550.4 146.40 107.98 1.91 0.075 100.0
72 288.0 550.4 146.40 107.98 2.01 0.079 100.0
73 288.0 550.4 149.10 109.97 2.11 0.083 100.0
74 288.0 550.4 150.50 1ii1.00 UNKNOWN UNKNOWN
75 288.0 550.4 151.90 112.04 1.78 0.070 100.0
NUMBER OF SPECIMENS: 73
G-3
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SOURCE: 02_F ANALYSIS SET

Y VARIABLE: ENERGY
CONFIDENCE INTERVALS: MEAN AND PREDICTED VALUE
MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 2.7 (J),2.0 (FT-LB)
MID-TRANSITION TEMPERATURE: 26.5 (DEG C),79.6 (DEG F)
TRANSITION ZONE WIDTH: 98.2 (C DEG),176.7 (F DEG)
UPPER SHELF ENERGY: 140.6 (J),103.7 (FT-LB)
UPPER SHELF ENERGY: 140.6 (J),103.7 (FT-LB)
CONFIDENCE INTERVAL ON MEAN
95 PERCENT: 138 TO 143.2 (J),101.8 TO 105.6 (FT-LB)
CONFIDENCE INTERVAL ON PREDICTED VALUE
95 PERCENT: 125 TO 156.3 (J),92.2 TO 115.3 (FT-LB)
TEMPERATURE {41 (J),30.2 (FT-LB) ENERGY]: 3.0 (DEG C),37.4 (DEG F)
CONFIDENCE INTERVAL ON MEAN
95 PERCENT:-0.3 TO 6.1 (DEG C),31.4 TO 43 (DEG F)
CONFIDENCE INTERVAL ON PREDICTED VALUE
95 PERCENT:~13.7 TO 15.7 (DEG C),7.4 TO 60.3 (DEG F)
TEMPERATURE [68 (J),50.2 (FT-LB) ENERGY]: 23.9 (DEG C),75.0 (DEG F)
CONFIDENCE INTERVAL ON MEAN
95 PERCENT: 21.4 TO 26.4 (DEG C),70.4 TO 79.5 (DEG F)
CONFIDENCE INTERVAL ON PREDICTED VALUE
95 PERCENT: 12.2 TO 35.3 (DEG C),54 TO 95.5 (DEG F)
NOTE: HSST PLATE 02, TL ORIENTATION, 1/4 THICKNESS
MODEL SET NAME: 7
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DATA SOURCE: ANALYSIS SET
ANALYSIS SET: 02_F

Y VARIABLE: SHEAR

MODEL PARAMETERS

LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)

MID-TRANSITION TEMPERATURE: 29.4 (DEG C),85 (DEG F)
TRANSITION ZONE WIDTH: 87.2 (C DEG),157 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]: 29.4 (DEG C),85 (DEG F)

TEMPERATURE (°F)
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REMARK: PLATE 02 FULL-SIZE DATA
MODEL SET NAME: 02.FS
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DATA SOURCE: ANALYSIS SET
ANALYSIS SET: 02_F
Y VARIABLE: EXPANSION
MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.061 (MM),0.0024 (IN)
MID-TRANSITION TEMPERATURE: 24.8 (DEG C),76.6 (DEG F)
TRANSITION ZONE WIDTH: 98.5 (C DEG),177.3 (F DEG)
UPPER SHELF EXPANSION: 1.892 (MM),0.0745 (IN)
UPPER SHELF EXPANSION: 1.892 (MM),0.0745 (IN)
TEMPERATURE [0.89 (MM),0.035 (IN) EXPANSION]: 20.1 (DEG C),68.3 (DEG F)

TEMPERATURE (°F)
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REMARK: PLATE 02 FULL-SIZE DATA
MODEL SET NAME: 02.FE
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SOURCE:

ANAYLYSIS SET

ANALYSIS SET NAME: 02 T1

SET NAME: 02_T1
NOTE: SUB~SIZE CORRELATION PROGRAM - HSST 02 - SPECIMEN TYPE 1

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
0251 -100.0 -148.0 0.27 0.20 0.00 0.000 0.0
0240 -87.5  -125.5 0.81 0.60 0.00 0.000 0.0
0239 -75.0  -103.0 1.36 1.00 0.00 0.000 0.0
0238 -62.5  =80.5 1.63 1.20 0.00 0.000 5.0
0237 -50.0  -58.0 5.02 3.70 0.15 0.006 5.0
0236 -37.5  -35.5 3.80 2.80 0.10 0.004 5.0
0235 -25.0  -13.0 8.81 6.50 0.36 0.014 15.0
0234 -12.5 9.5 10.85  8.00 0.48 0.019 25.0
0233 0.0 32.0 9.36 6.90 0.46 0.018 25.0
0252 12.5 54.5 10.58 7.80 0.46 0.018 35.0
0253 25.0 77.0 20.07 14.80 0.76 0.030 65.0
0254 37.5 99.5 21.42 15.80 0.91 0.036 80.0
0258 75.0 167.0 32.00  23.60 1.02 0.040 100.0
0255 100.0  212.0 24.95 18.40 0.97 0.038 100.0
0256 150.0  302.0 28.61  21.10 0.94 0.037 100.0
0257 200.0  392.0 28.88 21.30 0.99 0.039 100.0
NUMBER OF SPECIMENS: 16
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SOURCE: 02_T1 ANALYSIS SET

Y VARTABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE: 11.3 (DEG C),52.3 (DEG F)
TRANSITION ZONE WIDTH: 111.4 (C DEG),200.4 (F DEG)
UPPER SHELF ENERGY: 29.4 (J),21.7 (FT-LB)

UPPER SHELF ENERGY: 29.4 (J),21.7 (FT-LB)
NOTE: NONE
MODEL SET NAME: 2
TEMPERATURE (°F)
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SOURCE: 02_T1 ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-0.4 (DEG C),31.3 (DEG F)
TRANSITION ZONE WIDTH: 94.3 (C DEG),169.7 (F DEG)
UPPER SHELF EXPANSION: 0.994 (MM),0.0391 (IN)

UPPER SHELF EXPANSION: 0.994 (MM),0.0391 (IN)

NOTE: NONE

MODEL SET NAME: 3

TEMPERATURE (°F)
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SOURCE: 02_T1 ANALYSIS SET

Y VARTABLE: SHEAR

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)
MID-TRANSITION TEMPERATURE: 16.3 (DEG C),61.3 (DEG F)
TRANSITION ZONE WIDTH: 74.1 (C DEG),133.3 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

NOTE: NONE

MODEL SET NAME: 4
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SOURCE:

ANALYSIS SET

ANATYSIS SET NAME: 02_T2

SET NAME: 02_T2

NOTE: SUB~SIZE CORRELATION PROGRAM ~ HSST PLATE 02 - TYPE 2 SPEC.

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
0229 ~-87.5 -125.5 0.14 0.10 0.00 0.000 0.0
0228 ~75.0 -103.0 0.14 0.10 0.00 0.000 0.0
0227 -62.5 -80.5 0.68 0.50 0.00 0.000 5.0
0231 -60.0 -76.0 3.80 2.80 0.30 0.012 20.0
0230 -58.0 -72.4 1.63 1.20 0.05 0.002 10.0
0232 ~54.0 -65.2 3.53 2.60 0.20 0.008 15.0
0221 -50.0 ~-58.0 4.20 3.10 0.28 0.011 20.0
0222 -37.5 -35.5 4.61 3.40 0.25 0.010 15.0
0223 -25.0 -13.0 6.24 4.60 0.43 0.017 45.0
0224 -12.5 9.5 3.80 2.80 0.25 0.010 40.0
0225 0.0 32.0 7.05 5.20 0.51 0.020 85.0
0226 12.5 54.5 5.97 4.40 0.41 0.016 90.0
0267 100.0 212.0 7.32 5.40 0.56 0.022 100.0
0269 150.0 302.0 7.73 5.70 0.61 0.024 100.0
0268 200.0 392.0 6.78 5.00 0.64 0.025 100.0
NUMBER OF SPECIMENS: 15
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SOURCE: 02_T2 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-50.2 (DEG C),-58.3 (DEG F)
TRANSITION ZONE WIDTH: 53.7 (C DEG),96.6 (F DEG)
UPPER SHELF ENERGY: 6.7 (J),4.9 (FT-LB)

UPPER SHELF ENERGY: 6.7 (J),4.9 (FT-LB)

NOTE: NONE

MODEL SET NAME: 7
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MODEL PARAMETERS :
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-29.2 (DEG C),-20.6 (DEG F)
TRANSITION ZONE WIDTH: 105.3 (C DEG),189.5 (F DEG)
UPPER SHELF EXPANSION: 0.530 (MM),0.0232 (IN)

UPPER SHELF EXPANSION: 0.590 (MM),0.0232 (IN)

NOTE: NONE

MODEL SET NAME: 6
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SOURCE: 02_T2 ANALYSIS SET

Y VARIABLE: SHEAR

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)
MID~TRANSITION TEMPERATURE:-17.7 (DEG C),0.1 (DEG F)
TRANSITION ZONE WIDTH: 69.9 (C DEG),125.9 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

NOTE: NONE

MODEL SET NAME: 5

TEMPERATURE (°F)

-200  -100 0 100 200 300 400 500 600

120 T T T T T T | T

[PLATE 02, TYPE 2] ‘

100 S o
- 80~ -
=
Ll
(& ]
hid
L
a 60 -
@
- o
=
Wy 40~ -]

20 |- —

O CHARPY DATA
MEAN IMPACT CURVE
o 1 1 | 1 1 ! 1 1
-150 -i00 -850 ) 50 106 150 200 250 300 350

TEMPERATURE (°C)

NUREG/CR-6379 G-14




SOURCE: ANALYSIS SET
ANALYSIS SET NAMES: 02_TYP3.NH AND 02_TYP3.FH

SET NAME: 02_TYP3.NH
NOTE: TYPE 3 SUB CVN, PLATE 02, FROM LOW HEIGHT S51.2 FT-LBS

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
02NB -100.0 -148.0 0.80 0.59 0.00 0.000 0.0
02NJ -75.0 -103.0 1.84 1.36 0.05 0.002 5.0
02NG -50.0 -58.0 4.45 3.28 0.18 0.007 10.0
02MQ -37.5 -35.5 8.65 6.38 0.43 0.017 20.0
02MS -25.0 -13.0 13.50 9.96 0.66 0.026 25.0
02NF -12.5 9.5 13.94 10.28 0.74 0.029 35.0
02MZ 0.0 32.0 14.41 10.63 0.71 0.028 40.0
02NN 25.0 77.0 21.92 16.17 1.02 0.040 70.0
02MT 50.0 122.0 20.78 15.33 1.04 0.041 90.0
02NI 100.0 212.0 24.97 18.42 1.07 0.042 100.0
02NK 150.0 302.0 24.69 18.21 0.97 0.038 100.0
02MU 200.0 392.0 27.08 19.97 1.09 0.043 100.0
NUMBER OF SPECIMENS: 12
SET, NAME: 02_TYP3.FH
NOTE: TYPE 3 SUB CVN, PLATE 02, FROM FULL HEIGHT 300 FT-LBS

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
02NM -100.0 -148.0 0.89 0.66 0.00 0.000 0.0
02MR -75.0 -103.0 1.94 1.43 0.05 0.002 5.0
02NA -50.0 -58.0 4.60 3.39 0.18 0.007 10.0
02NE -37.5 -35.5 7.80 5.75 0.36 0.014 15.0
02MW -25.0 -13.0 9.59 7.07 0.46 0.018 20.0
02NH -12.5 9.5 10.82 7.98 0.56 0.022 30.0
02MA 0.0 32.0 12.87 9.49 0.64 0.025 35.0
02NC 25.0 77.0 17.52 12.92 0.79 0.031 50.0
02MY 50.0 122.0 22.80 16.82 0.94 0.037 65.0
02ND 100.0 212.0 24.87 18.34 0.97 0.038 99.0
02MV 150.0 302.0 27.33 20.16 0.94 0.037 100.0
02MP 200.0 392.0 29.12 21.48 1.17 0.046 100.0
NUMBER OF SPECIMENS: 12

G-15 NUREG/CR-6379

et ot




SOURCE: 02_T3_14 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS .
LOWER SHELF ENERGY [HELD FIXED]j: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-6.2 (DEG C),20.9 (DEG F)
TRANSITION ZONE WIDTH: 132.3 (C DEG),238.2 (F DEG)
UPPER SHELF ENERGY: 26.7 (J),19.7 (FT-LB)

UPPER SHELF ENERGY: 26.7 (J),19.7 (FT-LB)

NOTE: HSST PLATE 02, TYPE 3, 2.25 AND 5.5 M/S

MODEL SET NAME: 8

TEMPERATURE (°F]

-200  -100 0 100 200 300 400 500 600
T T ] T T 1 T T T Jos
[HSST PLATE 02, TYPE 3|
30
. O
0 ~ 20
25 |-
7
5 1
220 118
fg- E
x o
L
= 15— 144
W ~1e Y
w
10
—5
5 O CHARPY DATA
MEAN IMPACT CURVE
0 L 1 1 1 1 1 1 | 0
-i50 -10¢ -50 0 50 100 150 200 250 300 350

TEMPERATURE (°C)

NUREG/CR-6379 G-16




SOURCE: 02_T3_14 ANALYSIS SET

Y VARIABLE:

UPPER SHELF EXPANSION: 1.026 (MM),0.0404 (IN)

EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)

MID-TRANSITION TEMPERATURE:-22.8 (DEG C),-9.0 (DEG F)

TRANSITION ZONE WIDTH: 90.4 (C DEG),162.7 (F DEG)
UPPER SHELF EXPANSION: 1.026 (MM),0.0404 (IN)

NOTE:

MODEL SET NAME: 9

EXPANSION {mm)

NONE
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SOURCE: 02_T3_14 ANALYSIS SET

Y VARTABLE: SHEAR

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)
MID-TRANSITION TEMPERATURE: 12.1 (DEG C),53.8 (DEG F)
TRANSITION ZONE WIDTH: 117.7 (C DEG),211.8 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

NOTE: NONE

MODEL SET NAME: 0
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SOURCE: ANALYSIS SET

ANALYSIS SET NAME: 02_T4

SET NAME: 02_T4

NOTE: NONE

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG €¢) (DEG F) (J) (FT-1B)  (MM) (IN) (PERCENT)
0261 -87.5 -125.5 0.00 0.00 0.00 0.000 0.0
0202 -75.0 ~103.0 0.00 0.00 0.00 0.000 0.0
0201 -73.3 -100.0 0.27 0.20 0.00 0.000 5.0
0212 -62.5  -80.5 0.41 0.30 0.00 0.000 5.0
0203 -50.0  -58.0 0.81 0.60 0.03 0.001 10.0
0211 -37.5 -35.5 1.90 1.40 0.18 0.007 10.0
0204 -25.0 -13.0 2.44 1.80 0.25 0.010 20.0
0210 ~8.5 16.7 3.12 2.30 0.38 0.015 40.0
0205 0.0 32.0 4.61 3.40 0.46 0.018 50.0
0209 12.5 54.5 5.56 4.10 0.58 0.023 75.0
0206 25.0 77.0 5.29 3.90 0.43 0.017 90.0
0264 37.5 99.5 5.83 4.30 0.64 0.025 100.0
0207 50.0 122.0 5.83 4.30 0.66 0.026 100.0
0208 75.0 167.0 5.83 4.30 0.61 0.024 100.0
02c4 75.0 167.0 7.73 5.70 0.64 0.025 100.0
0262 87.5 189.5 5.97 4.40 0.58 0.023 100.0
0263 100.0  212.0 5.83 4.30 0.64 0.025 100.0
02¢5 100.0  212.0 6.64 4.90 0.58 0.023 100.0
02C6 125.0  257.0 6.33 4.67 0.61 0.024 100.0
NUMBER OF SPECIMENS: 19
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SOURCE: 02_T4 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-14.1 (DEG C),6.6 (DEG F)
TRANSITION ZONE WIDTH: 74.7 (C DEG),134.5 (F DEG)
UPPER SHELF ENERGY: 6.3 (J),4.7 (FT-LB)

UPPER SHELF ENERGY: 6.3 (J),4.7 (FT-LB)

NOTE: NONE

MODEL SET NAME: 3
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SOURCE: 02_T4 ANALYSIS SET

Y VARIABLE:

EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-17.8 (DEG C),0.0 (DEG F)
TRANSITION ZONE WIDTH: 62.9 (C DEG),113.3 (F DEG)

UPPER SHELF EXPANSION: 0.611 (MM),0.0241 (IN)

UPPER SHELF EXPANSION: 0.611 (MM),0.0241 (IN)

NOTE: NONE

MODEL SET NAME: 2
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SOURCE: 02_T4 ANALYSIS SET

Y VARIABLE: SHEAR

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-3.1 (DEG C),26.4 (DEG F)
TRANSITION ZONE WIDTH: 58.6 (C DEG),105.5 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT) \

NOTE: NONE

MODEL SET NAME: 1
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SOURCE:

ANATLYSIS SET
ANALYSIS SET NAME: HSST02_ T.32

SET NAME: HSST02 T.3A

NOTE: HSST PLATE 02 TYPE 3 WITH A DEEPER THAN USUAL NOTCH, 0.065"

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
0215 -87.5 -125.5 0.54 0.40 0.00 0.000 0.0
0214 -62.5 -80.5 0.81 0.60 0.00 0.000 5.0
0213 -50.0 -58.0 1.90 1.40 0.03 0.001 10.0
0216 -37.5 ~-35.5 5.15 3.80 0.25 0.010 2.0
0248 -37.5 -35.5 4.20 3.10 0.15 0.006 25.0
0217 -25.0 -13.0 5.97 4.40 0.30 0.012 30.0
0218 -12.5 9.5 7.59 5.60 0.36 0.014 45.0
0219 0.0 32.0 8.41 6.20 0.41 0.016 55.0
0220 25.0 77.0 11.39 8.40 0.64 0.025 80.0
0241 50.0 122.0 10.98 8.10 0.51 0.020 90.0
0242 62.5 144.5 14.51 10.70 0.71 0.028 100.0
0243 76.0 168.8 14.37 10.60 0.69 0.027 100.0
0244 87.5 189.5 13.29 9.80 0.64 0.025 100.0
0245 100.0 212.0 10.85 8.00 0.58 0.023 100.0
0247 150.0 302.0 13.02 9.60 0.69 0.027 100.0
0246 200.0 392.0 12.88 9.50 0.76 0.030 100.0
NUMBER OF SPECIMENS: 16
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SOURCE: HSST02_T.3A ANALYSIS SET

Y VARTABLE: ENERGY

MODEL, PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-19.1 (DEG C),~2.4 (DEG F)
TRANSITION ZONE WIDTH: 88.3 (C DEG),158.9 (F DEG)
UPPER SHELF ENERGY: 13.0 (J),9.6 (FT-LB)

UPPER SHELF ENERGY: 13.0 (J),9.6 (FT-LB)

NOTE: NONE

MODEL SET NAME: 5
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SOURCE: HSST02_T.3A ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-15.6 (DEG C),3.9 (DEG F)
TRANSITION ZONE WIDTH: 80.5 (C DEG),144.9 (F DEG)
UPPER SHELF EXPANSION: 0.665 (MM),0.0262 (IN)

UPPER SHELF EXPANSION: 0.665 (MM),0.0262 (IN)

NOTE: NONE

MODEL SET NAME: 4
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SOURCE: HSST02_T.3A ANALYSIS SET

Y VARIABLE: SHEAR

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)
MID-TRANSITION TEMPERATURE:-5.1 (DEG C),22.8 (DEG F)
TRANSITION ZONE WIDTH: 80.3 (C.DEG),144.5 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]): 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

NOTE: NONE

MODEL SET NAME: 3
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: 02_T3.1R

SET NAME: 02_T3.1R
NOTE: HSST PLATE 02, TYPE 3, 0.8 MM NOTCH, 0.lmm ROOT RAD

TEMPERATURE ENERGY EXPANSTION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
02MT ~79.8 -111.6 0.99 0.73 0.00 0.000 0.0
02MS -51.8 -61.3 3.35 2.47 0.08 0.003 0.0
02MU -37.5 -35.5 6.06 4.47 0.15 0.006 10.0
02MR -25.8 -14.4 6.63 4.89 0.23 0.009 15.0
02MV -12.5 9.5 14.60 10.77 0.56 0.022 25.0
02MQ 0.0 32.0 16.04 11.83 0.61 0.024 40.0
02MW 12.5 54.5 19.61 14.46 0.71 0.028 55.0
02MA 25.0 77.0 18.85 13.90 0.71 0.028 50.0
02MB 51.0 123.8 23.89 17.62 0.84 0.033 90.0
02M0 77.0 170.6 25.26 18.63 0.86 0.034 100.0
02MX 150.0 302.0 25.58 18.87 0.97 0.038 100.0
02MY 200.0 392.0 26.94 19.87 0.94 0.037 100.0
02MP 206.9 404.4 25.20 18.59 0.97 0.038 100.0

NUMBER OF SPECIMENS: 13
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SOURCE: 02_T3.1R ANALYSIS SET

Y VARIABLE: ENERGY

MODEL

PARAMETERS

LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-10.2 (DEG C),13.7 (DEG F)
TRANSITION ZONE WIDTH: 91.1 (C DEG),163.9 (F DEG)
UPPER SHELF ENERGY: 25.7 (J),18.9 (FT-LB)

UPPER SHELF ENERGY: 25.7 (J),18.9 (FT-LB)
NOTE: NONE
MODEL SET NAME: 6
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SOURCE: 02_T3.1R ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-11.3 (DEG C),11.7 (DEG F)
TRANSITION ZONE WIDTH: 76.5 (C DEG),137.7 (F DEG)
UPPER SHELF EXPANSION: 0.916 (MM),0.0361 (IN)

UPPER SHELF EXPANSION: 0.916 (MM),0.0361 (IN)

NOTE: NONE

MODEL SET NAME: 7
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SOURCE: 02_T3.1R ANALYSIS SET

Y VARIABLE: SHEAR

MODEL, PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: O :(PERCENT)
MID-TRANSITION TEMPERATURE: 12.8 (DEG C),55.0 (DEG F)
TRANSITION ZONE WIDTH: 88.2 (C DEG),158.8 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

NOTE: NONE

MODEL SET NAME: 8
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SOURCE:

SET NAME: 02_T3.FH

ANALYSIS SET
ANALYSIS SET NAME: 02_T3.FH

NOTE: HSST PLATE 02, TYPE 1, 45 DEG ANGLE, 0.25 MM RAD

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG ¢) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
02NT -100.0 -148.0 2.56 1.89 0.03 0.001 0.0
02NI -75.0 -103.0 6.59 4.86 0.18 0.007 0.0
02NH -50.0 -58.0 11.35 8.37 0.41 0.016 10.0
02NK -37.5 -35.5 16.65 12.28 ‘0.69 0.027 20.0
02NG -25.0 -13.0 16.22 11.96 0.61 0.024 15.0
02NF 0.0 32.0 23.84 17.58 0.89 0.035 60.0
02NB 25.0 77.0 21.77 16.06 0.71 0.028 65.0
02NC 50.0 122.0 30.03 22.15 1.04 0.041 80.0
02ND 75.0 167.0 27.31 20.14 0.94 0.037 100.0
02NL 150.0 302.0 30.59 22.56 1.04 0.041 100.0
02NE 200.0 392.0 32.00 23.60 0.99 0.039 100.0
02NM 200.0 392.0 31.85 23.49 0.97 0.038 100.0
NUMBER OF SPECIMENS: 12
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SOURCE: 02_T3.FH ANALYSIS SET

Y VARTABLE: ENERGY

MODEL

PARAMETERS

LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)

MID-TRANSITION TEMPERATURE:~31.3 (DEG C),-24.3

(DEG F)

TRANSITION ZONE WIDTH: 145.5 (C DEG),261.9 (F DEG)
UPPER SHELF ENERGY: 31.0 (J),22.9 (FT-LB)
UPPER SHELF ENERGY: 31.0 (J),22.9 (FT-LB)

NOTE: NONE
MODEL SET NAME: 1
TEMPERATURE (°F)
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SOURCE: 02_T3.FH ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-44.6 (DEG C),-48.2 (DEG F)
TRANSITION ZONE WIDTH: 91.8 (C DEG),165.3 (F DEG)
UPPER SHELF EXPANSION: 0.968 (MM),0.0381 (IN)
UPPER SHELF EXPANSION: 0.968 (MM),0.0381 (IN)
NOTE: NONE
MODEL, SET NAME: 0
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SOURCE: 02_T3.FH ANALYSIS SET

Y VARIABLE: SHEAR

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 3.1 (DEG C),37.5 (DEG F)
TRANSITION ZONE WIDTH: 100.4 (C DEG),180.8 (F DEG) .
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

NOTE: NONE

MODEL SET NAME: 9
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SOURCE:

ANALYSIS SET
ANATLYSIS SET NAME: 2HSST02_ .T4

SET NAME: 2HSSTO02_.T4
NOTE: HSST PLATE 02, ANVIL SPAN EQUALS 20mm, SPEC. TYPE 4

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
0222 -75.0 -103.0 0.27 0.20 0.00 0.000 0.0
0221 -62.5 -80.5 0.41 0.30 0.03 0.001 5.0
023 -50.0 -58.0 2.44 1.80 0.13 0.005 10.0
02Cc1 ~50.0 -58.0 0.81 0.60 0.05 0.002 15.0
0224 ~37.5 -35.5 2.17 1.60 0.18 0.007 10.0
0225 -25.0 -13.0 1.90 1.40 0.10 0.004 15.0
02c2 ~-25.0 -13.0 3.39 2.50 0.25 0.010 40.0
0226 -12.5 9.5 2.58 1.90 0.23 0.009 35.0
02B1 0.0 32.0 4.61 3.40 0.38 0.015 60.0
02B2 12.5 54.5 5.02 3.70 0.46 0.018 80.0
02B3 25.0 77.0 5.02 3.70 0.53 0.021 80.0
02B4 37.5 99.5 6.51 4.80 0.64 0.025 100.0
0266 75.0 167.0 7.70 5.68 0.61 0.024 100.0
0265 100.0 212.0 7.10 5.24 0.64 0.025 100.0
02B5 100.0 212.0 6.78 5.00 0.69 0.027 100.0
02C3 125.0 257.0 7.10 5.24 0.56 0.022 100.0
02B6 150.0 302.0 6.51 4.80 0.61 0.024 100.0
NUMBER OF SPECIMENS: 17

G-35 NUREG/CR-6379




SOURCE: 2HSST02_.T4 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-9.1 (DEG C),15.7 (DEG F)
TRANSITION ZONE WIDTH: 102.9 (C DEG),185.1 (F DEG)
UPPER SHELF ENERGY: 7.1 (J),5.2 (FT-LB)

UPPER SHELF ENERGY: 7.1 (J),5.2 (FT-LB)

NOTE: NONE

MODEL SET NAME: 3

TEMPERATURE °F}

-200  -100 0 100 200 300 400 500 GO0
l | I a l 1 T 1
g |- [PLATE 02, TYFE 4, 20 MM SPAN] s
O
T -5
L
2 s - b
> €
e >
Ll 4~ 43 @
= &
u =
3 - t
-2
2 f—
. O CHARPY DATA 7!
MEAN IMPACT CURVE
0 0%, ! I | ! ! | l o
=156 -100 -5¢ 0 B0 100 150 200 o250 300 3850

TEMPERATURE (°C)

NUREG/CR-6379 G-36




SOURCE: 2HSST02_.T4 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEIL, PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-7.8 (DEG C),17.9 (DEG F)
TRANSITION ZONE WIDTH: 79.7 (C DEG),143.5 (F DEG)
UPPER SHELF EXPANSION: 0.632 (MM),0.0249 (IN)
UPPER SHELF EXPANSION: 0.632 (MM),0.0249 (IN)
NOTE: NONE
MODEL SET NAME: 4
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SOURCE: 2HSST02_.T4 ANALYSIS SET

Y VARIABLE:

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)
MID-TRANSITION TEMPERATURE:-6.7 (DEG C),20.0 (DEG F)
TRANSITION ZONE WIDTH: 69.1 (C DEG),124.4 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

NOTE: NONE

MODEL SET NAME: 5
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APPENDIX H

HSST PLATE 02, HALF THICKNESS,
TL ORIENTATION

H-1
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: 020_5.FUL

SET NAME: 020_5.FUL
NOTE: HSST PLATE 02 FULL-SIZE, T-L ORIENTATION, HALF-THICKNESS

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG €) (DEG F)  (J) (FT-LB)  (MM) (IN) (PERCENT)
02B-1016 - -1.1 30.0 32.54 24.00 0.61 0.024 20.0
02B-1017 -1.1 30.0 31.18 23.00 0.48 0.019 20.0
02B-1019 -1.1 30.0 23.05 17.00 0.43 0.017 20.0
02B-1012 15.6 60.0 27.12 20.00 0.46 0.018 30.0
02B-1013 15.6 60.0 37.96 28.00 0.61 0.024 25.0
02B-1015 15.6 60.0 47.45 35.00 0.71 0.028 25.0
02C-1008 15.6 60.0 36.61 27.00 0.64 0.025 20.0
02C-1009 15.6 60.0 38.64 28.50 0.58 0.023 20.0
02¢-1011 15.6 60.0 50.17 37.00 0.94 0.037 20.0
02C-1012 48.9 120.0 78.64 58.00 1.45 0.057 60.0
02C-1013 48.9 120.0 79.99 59.00 1.35 0.053 55.0
02C-1015 48.9 120.0 84.06 62.00 1.37 0.054 65.0
02B-1008 93.3 200.0 100.33 74.00 1.75 0.069 100.0
02B-1009 93.3 200.0 104.40 77.00 1.52 0.060 100.0
02B-1011 93.3 200.0 81.35 60.00 1.35 0.053 100.0
02C-1004 93.3 200.0 128.80 95.00 1.83 0.072 100.0
02C-1005 93.3 200.0 123.38 91.00 1.68 0.066 100.0
02C-1007 93.3 200.0 126.09 93.00 1.70 0.067 100.0
02B-1020 121.1 250.0 112.53 83.00 1.83 0.072 100.0
02B~-1021 121.1 250.0 109.82 81.00 1.70 0.067 100.0
02B-1023 121.1 250.0 112.53 83.00 1.68 0.066 100.0
02B-1004 148.9 300.0 109.82 81.00 1.75 0.069 100.0
02B-1005 148.9 300.0 116.60 86.00 1.83 0.072 100.0
02B-1007 148.9 300.0 103.04 76.00 1.68 0.066 100.0
02C-1000 148.9 300.0 124.74 92.00 1.78 0.070 100.0
02¢-1001 148.9 300.0 124.74 92.00 1.88 0.074 100.0
02C-1003 148.9 300.0 115.24 85.00 1.75 0.069 100.0
02B-1001 204.4 400.0 97.62 72.00 1.47 0.058 100.0
02B-1003 204.4 400.0 107.11 79.00 1.68 0.066 - 100.0

NUMBER OF SPECIMENS: 29
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ENERGY ()

SOURCE: 020_5.FUL ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 2.7 (J),2.0 (FT-LB)
MID-TRANSITION TEMPERATURE: 29.2 (DEG C).84.6 (DEG F)
TRANSITION 2ONE WIDTH: 86.4 (C DEG),155.6 (F DEG)
UPPER SHELF ENERGY: 113.8 (J),83.9 (FT-LB)

UPPER SHELF ENERGY: 113.8 (J),83.9 (FT-IB)

TEMPERATURE [41 (J),30.2 (FT~LB) ENERGY]: 15.4 (DEG C),59.7 (DEG F)

TEMPERATURE [68 (J),50.2 (FT-LB) ENERGY]: 36.9 (DEG C),98.4 (DEG F)

NOTE: HSST PLATE 02, TL ORIENTATION, HALF-THICKNESS
MODEL SET NAME: 9
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SOURCE: 020_5.FUL ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS :
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSTITION TEMPERATURE: 23.3 (DEG C),74.0 (DEG F)
TRANSITION ZONE WIDTH: 85.6 (C DEG),154.0 (F DEG)
UPPER SHELF EXPANSION: 1.729 (MM),0.0681 (IN)

UPPER SHELF EXPANSION: 1.729 (MM),0.0681 (IN)

NOTE: NONE

MODEL SET NAME: 8
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SHEAR (PERCENT)

SOURCE: 020_5.FUL ANALYSIS SET

Y VARIABLE: SHEAR

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 37.5 (DEG C),99.5 (DEG F)
TRANSITION ZONE WIDTH: 78.2 (C DEG),140.8 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
NOTE: NONE

MODEL SET NAME: 7
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SOURCE:

ANALYSIS SET

ANALYSIS SET NAME: 02_T3_12

SET NAME: 02_T3_12

NOTE: HSST PLATE 02 -

LINETIIAS e ML IR S e e el e e et

TYPE 3 SPEC., HALF-THICKNESS

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
2B06B -87.5 -125.5 0.95 0.70 0.00 0.000. 0.0
2BO6A ~75.0 -103.0 2.58 1.90 .0.00 0.000 0.0
2B02B -62.5 -80.5 2.85 2.10 0.05 0.002 5.0
2B02A -50.0 -58.0 4.20 3.10 0.10 0.004 15.0
2B10A -37.5 -35.5 6.91 5.10 0.18 0.007 20.0
2B10B -25.0 -13.0 8.81 6.50 0.30 0.012 35.0
2B14A -12.5 9.5 9.08 6.70 0.33 0.013 40.0
2B14B 0.0 32.0 10.71  7.90 0.48 0.019 60.0
2C14A 12.5 54.5 12.34 9.10 0.53 0.021 75.0
2C02B 25.0 77.0 18.71  13.80 0.79 0.031 85.0
2C02A 50.0 122.0 19.12 14.10 0.71 0.028 100.0
2C14B 62.5 144.5 21.56 15.90 0.89 0.035 95.0
2B18A 100.0 212.0 18.98 14.00 0.99 0.039 100.0
2B18B 200.0 392.0 18.57 13.70 0.46 0.018 100.0
NUMBER OF SPECIMENS: 14

NUREG/CR-6379 H-6

e e y————

P e e a ar A




ENERGY ()

SOURCE: 02_T3_12 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [HELD FIXED}: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-12.2 (DEG C).10.1 (DEG F)
TRANSITION ZONE WIDTH: 108.3 (C DEG),195.0 (F DEG)
UPPER SHELF ENERGY: 20.3 (J),15.0 (FT~LB)

UPPER SHELF ENERGY: 20.3 (J),15.0 (FT-LB)

NOTE: PLATE 02, HALF-THICKNESS

MODEL SET NAME: 4

TEMPERATURE (°F)
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SOURCE: 02_T3_12 ANALYSIS SET

Y VARTABLE: EXPANSION
MODEL PARAMETERS

1.OWER SHELF EXPANSION [HELD FIXED]: 0.000 (M) ,0.0000 (IN)

MID-TRANSITION TEMPERATURE:-11.3 (DEG C),11.7 (DEG F)

TRANSITION ZONE WIDTH: 75.2 (C DEG),135.3 (F DEG)

UPPER SHELF EXPANSION: 0.779 (M) ,0.

0307 (IN)

UPPER SHELF EXPANSION: 0.779 (MM),0.0307 (IN)

NOTE: NONE
MODEL SET NAME: 5

TEMPERATURE (°F)
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SOURCE: 02_T3_12 ANALYSIS SET

Y VARIABLE: SHEAR

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE:~8.8 (DEG C),16.2 (DEG F)
TRANSITION ZONE WIDTH: 80.0 (C DEG) ,143.9 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

NOTE: NONE

MODEL SET NAME: 6
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: 02_TYPE_.5

SET NaME: 02_TYPE .5
NOTE: HSST 02 - SPECIMEN TYPE 5 .
TEMPERATURE ENERGY

EXPANSION SHEAR
IDENT - (DEG €) (DEG F) (J) (FT-LB) (M) (IN) (PERCENT)
2B14 -75.0 -103.0 1.36 1.00 0.23 0.009 0.0
2B10 -50.0 -58.0 3.66 2.70 0.18 0.007 0.0
2C14 -37.5 -35.5 6.91 5.10 0.36 0.014 15.0
2B18 -25.0 -13.0 8.41 6.20 0.48 0.019 30.0
2B02 0.0 32.0 12.88 9.50 0.76 0.030 45.0
2B06 25.0 77.0 15.05 11.10 0.81 0.032 70.0
2C02 50.0 122.0 20.07 14.80 1.02 0.040 90.0
2B22 75.0 167.0 16.68 12.30 0.99 0.039 100.0
2C06 100.0 212.0 22.24 16.40 1.02 0.040 100.0
2C10 150.0 302.0 19.52 14.40 1.04 0.041 100.0

NUMBER OF SPECIMENS: 10
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ENERGY (J))

SOURCE: 02_TYPE_.S5 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:~14.1 (DEG C),6.6 (DEG F)
TRANSITION ZONE WIDTH: 109.2 (C DEG),196.6 (F DEG)

UPPER SHELF ENERGY: 20.1 (J),14.9 (FT-LB)
UPPER SHELF ENERGY: 20.1 (J),14.9 (FT-LB)
NOTE: NONE

MODEL SET NAME: 0

TEMPERATURE (°F)
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SOURCE: 02_TYPE .5 ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM) ,0.0000 (IN)
MID-TRANSITION TEMPERATURE:-20.6 (DEG C),-5.0 (DEG F)
TRANSITION ZONE WIDTH: 110.4 (C DEG),198.7 (F DEG)
UPPER SHELF EXPANSION: 1.040 (MM),0.0409 (IN)

UPPER SHELF EXPANSION: 1.040 (MM),0.0409 (IN)

NOTE: NONE :

MODEIL SET NAME: 1
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SHEAR (PERCENT)

SOURCE: 02_TYPE_.5 ANALYSIS SET

Y VARIABLE: SHEAR

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE: 3.0 (DEG C),37.4 (DEG F)
TRANSITION ZONE WIDTH: 88.8 (C DEG),159.8 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
NOTE: NONE

MODEL SET NAME: 2
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APPENDIX |

HSST PLATE 14,
QUENCHED AND TEMPERED AT 950°C
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: 14AS

SET NAME: 14AS
NOTE: PLATE 014 QUENCHED, TEMPERED 950 c/5hr. FROM BLOCK SURFACE

TEMPERATURE ENERGY . EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) . (FT-LB) (v4) (IN) (PERCENT)
Al413 -100.0 -148.0 10.03 7.40 0.05 0.002 0.0
Al462 -75.0 -103.0 22.37 16.50 0.20 0.008 10.0
Al4l4 -50.0 -58.0 29.29 21.60 0.30 0.012 15.0
21466 -50.0 -58.0 34.17 25.20 0.33 0.013 15.0
Al1412 -25.0 -13.0 39.32 25.00 0.43 0.017 25.0
Al461 0.0 32.0 58.44 43.10 0.66 0.026 55.0
Al1465 0.0 32.0 60.74 44.80 0.69 0.027 70.0
Al4ll 25.0 77.0 66.71 49.20 0.79 0.031 60.0
Al463 50.0 122.0 73.89 54.50 0.97 0.038 100.0
Al415 75.0 167.0 71.9% 53.10 0.99 0.039 99.0
Al464 100.0 212.0 72.81 53.70 0.54 0.037 100.0
Al4lse 150.0 302.0 67.52 49.80 0.97 0.038 100.0

NUMBER OF SPECIMENS: 12
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ENERGY (J)

SOURCE:

Y VARIABLE: ENERGY

MODEL PARAMETERS

14AS ANALYSIS SET

LOWER SHELF ENERGY [HELD FIXED]: 2.7 (J),2.0 (FT-LB)
MID-TRANSITION TEMPERATURE:-38.9 (DEG C),-38.0 (DEG F)
TRANSITION ZONE WIDTH: 118.6 (C DEG),213.5 (F DEG)
UPPER SHELF ENERGY: 73.0 (J),53.8 (FT-LB)

UPPER SHELF ENERGY: 73.0 (J),53.8 (FT-LB)

TEMPERATURE [41 (J),30.2 (FT-LB) ENERGY]:-33.6 (DEG C),-28.4 (DEG F)

TEMPERATURE [68 (J),50.2 (FT-LB) ENERGY]
NOTE: PLATE 14 QUENCHED AND TEMPERED @ 9
MODEL SET NAME: 2
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SOURCE: 14AS ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS ‘ t
LOWER SHELF EXPANSION [EELD FIXED]: 0.061 (¥M),0.0024 (IN)
MID-TRANSITION TEMPERATURE:-18.6 (DEG C),-1.4 (DEG F)
TRANSITION ZONE WIDTH: 114.6 (C DEG),206.3 (F DEG)
UPPER SHELF EXPANSION: 0.988 (MM),0.0389 (IN)

UPPER SHELF EXPANSION: 0.988 (MM),0.0389 (IN)

NOTE: NONE

MODEL SET NAME: 3
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SOURCE: 14AS ANALYSIS SET

Y VARIABLE: SHEAR

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-5.9 (DEG C),21.4 (DEG F)
TRANSITION ZONE WIDTH: 100.7 (C DEG),181.2 (F DEG)
UPPER SHELF SEEAR [EELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

NOTE: NONE

MODEL SET NAME: 4
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SOURCE: ANATLYSIS SET

ANALYSIS SET NAME: P__

SET NAME: P_14 T1

14_T1

NOTE: SUB-SIZE CORRELATION PROGRAM, TYPE 1 SPEC., PLATE 14

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG €) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)
2404 -150.0 =238.0 1.65 1.22 0.00 0.000 0.0
2405 -125.0 -193.0 2.56 1.89 0.00 0.000 0.0
2406 -112.5 -170.5 1.38 1.02 0.00 0.000 UNKNOWN
2403 -100.0 =-148.0 4.77 3.52 0.03 0.001 UNKNOWN
2407 -75.0 -103.0 5.99 4.42 0.00 0.000 10.0
2402 -50.0 -58.0 8.01 5.91 0.18 0.007 UNKNOWN
2408 -25.0 -13.0 11.38 8.39 0.30 0.012 UNKNOWN
A401 0.0 32.0 14.30 10.55 0.43 0.017 90.0
2410 50.0 122.0 14.85 10.95 0.46 0.018 UNKNOWN
2409 100.0 212.0 15.74 11.61 0.56 0.022 100.0
A411 200.0 392.0 13.69 10.10 0.51 0.020 100.0

NUMBER OF SPECIMENS:

NUREG/CR-6379
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SOURCE: P_14_T1 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-61.7 (DEG C),~79.1 (DEG F)
TRANSITION ZONE WIDTH: 129.0 (C DEG),232.2 (F DEG)
UPPER SHELF ENERGY: 15.1 (J),11.1 (FT-LB)

UPPER SHELF ENERGY: 15.1 (J),11.1 (FT-LB)

NOTE: HSST PLATE 14, TYPE 1

MODEL SET NAME: 8
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SOURCE: P_14 T1 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEI, PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-33.2 (DEG C),-27.7 (DEG F)
TRANSITION ZONE WIDTH: 74.8 (C DEG),134.6 (F DEG)
UPPER SHELF EXPANSION: 0.510 (MM),0.0201 (IN)
UPPER SHELF EXPANSION: 0.510 (MM),0.0201 (IN) v
NOTE: HSST PLATE 14, TYPE 1
MODEL SET NAME: 9
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SOURCE: P_l4_T1 ANALYSIS SET

Y VARIABLE:
MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)

MID-TRANSITION TEMPERATURE:-37.5 (DEG C),-35.4

SHEAR

TRANSITION ZONE WIDTH: 68.1 (C DEG),122.6 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]:-37.5 (DEG C),-35.4 (DEG F)
NOTE: HSST PLATE 14, TYPE 1

MODEL SET NAME: 0
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: P_14_T2

SET NAME: P_14 T2 -
NOTE: SUB-SIZE CORRELATION PROGRAM, PLATE 14, TYPE 2 SPECIMEN

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG ¢) (DEG F) (J) (FT-1LB)  (MM) (IN) (PERCENT)
A421 -150.0 =-238.0 0.99 0.73 . 0.00 0.000 0.0
2420 -125.0 -193.0 1.98 1.46 0.00 0.000 0.0
2422 -112.5 =-170.5 1.78 1.31 0.00 - 0.000 0.0
2419 -100.0 =-148.0 1.98 1.46 0.00 0.000 15.0
2423 -87.5 -125.5 2.56 1.89 0.00 0.000 10.0
2418 -75.0 -103.0 3.93 2.90 0.13° 0.005 40.0
2424 -62.5 = =80.5 1.84 1.36 0.00 0.000 60.0
2417 -50.0 -58.0 4.12 3.04 0.15 0.006 70.0
A425 -37.5 -35.5 5.03 3.71 0.23 0.009 45.0
2416 -25.0 -13.0 4.58 3.38 0.15 0.006 100.0
2426 -12.5 9.5 5.55 4.09 . 0.23 0.009 UNKNOWN
2415 0.0 32.0 4.77 3.52 0.23 0.009 100.0
2413 25.0 77.0 5.29 3.90 0.28 0.011 100.0
2414 100.0 212.0 5.92 4.37 0.36 0.014 100.0
A428 150.0 302.0 5.22 3.85 0.25 0.010 100.0
A427 200.0 392.0 5.29 3.90 0.33 0.013 100.0

NUMBER OF SPECIMENS: 16
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SOURCE: P_14_T2 ANALYSIS SET

Y VARIABLE:

ENERGY ()}

MID-TRANSITION TEMPERATURE:-83.3 (DEG C),-118.0 (DEG F)
TRANSITION ZONE WIDTH: 150.2 (C DEG),270.4 (F DEG)

ENERGY
MODEL PARAMETERS
LOWER SHELF ENERGY (HELD FIXED]: 0.1 (J),0.1 (FT-LB)

UPPER SHELF ENERGY: 5.6 (J),4.1 (FT-LB)
UPPER SHELF ENERGY: 5.6 (J),4.1 (FT-LB)
NOTE: HSST PIATE 14, TYPE 2

MODEL SET NAME: 3
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EXPANSION (mm)

SOURCE: P_14_T2 ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSION :[HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-38.7 ' (DEG C),-37.7 (DEG F)
TRANSITION ZONE WIDTH: 96.9 (C DEG),174.5 (F DEG)
UPPER SHELF EXPANSION: 0.306 (MM),0.0121 (IN)

UPPER SHELF EXPANSION: 0.306 (MM),0.0121 (IN)

NOTE: HSST PLATE 14, TYPE 2

MODEL SET NAME: 2
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SOURCE: P_14_T2 ANALYSIS SET

Y VARIABLE:
MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-61.1 (DEG C),~78.0 (DEG F)
TRANSITION ZONE WIDTH: 79.3 (C DEG),142.8 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),S50 (PERCENT) SHEAR]:-61.1 (DEG C),-78.0 (DEG F)
NOTE: HSST PLATE 14, TYPE 2

MODEL SET NAME: 1

SHEAR (PERCENT)

~-300

SHEAR

=200

-100

TEMPERATURE (°F)
0 100 200 300

400 500

600

120

100 |~

80

40 1~

0
-200

I

{HSST PLATE 14, TYPE 2|

-180

1

O 0

)]
()]

O

O CHARPY DATA

MEAN IMPACT CURVE

] | | !

=100

0 56 100 150
TEMPERATURE (°C)

-13

200 250

360

350

NUREG/CR-6379

B




SOURCE: ANALYSIS SET
ANALYSIS SET NAME: P_14 T3

SET NAME: P_14_T3 .
NOTE: SUB-SIZE CORRELATION PROGRAM, TYPE 3 SPEC., PLATE 14

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
2436 -150.0 -238.0 3.86 2.85 0.03 0.001 0.0
2440 -150.0 =-238.0 3.21 2.37 0.00 0.000 0.0
2435 -125.0 -193.0 3.42 2.52 0.00 0.000 0.0
2437 -112.5 =170.5 5.60 4.13 0.08 0.003 5.0
2434 -100.0 =-148.0 ~ 5.74 4.23 0.00 0.000 10.0
2438 -75.0 -103.0 6.94 5.12 0.10 0.004 30.0
2433 -50.0 -58.0 8.70 6.42 0.18 0.007 35.0
A439 -12.5 9.5 13.82 10.19 0.33 0.013 86.0
2432 0.0 32.0 14.24 10.50 0.41 0.016 84.0
A429 25.0 77.0 11.93 ~ 8.80 0.43 0.017 '95.0
2430 100.0 212.0 14.95 11.03 0.53 0.021 100.0
A431 200.0 392.0 11.75 8.67 0.41 0.016 100.0

NUMBER OF SPECIMENS: 12
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SOURCE: P_14_T3 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-88.3 (DEG C),-126.9 (DEG F)
TRANSITION ZONE WIDTH: 166.1 (C DEG),299.0 (F DEG)
UPPER SHELF ENERGY: 13.9 (J),10.2 (FT-LB)

UPPER SHELF ENERGY: 13.9 (J),10.2 (FT-LB)

NOTE: HSST PLATE 14, TYPE 3

MODEL SET NAME: 4
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SOURCE: P_14 T3 ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-38.4 (DEG C),-37.0 (DEG F)
TRANSITION ZONE WIDTH: 101.1 (C DEG),182.0 (F DEG)
UPPER SHELF EXPANSION: 0.471 (MM),0.0185 (IN)

UPPER SHELF EXPANSION: 0.471 (MM),0.0185 (IN)

NOTE: HSST PLATE 14, TYPE 3

MODEL SET NAME: 5
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SOURCE: P_14_T3 ANALYSIS SET

Y VARIABLE:
MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-44.3 (DEG C),~47.7 (DEG F)
TRANSITION ZONE WIDTH: 95.3 (C DEG),171.6 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]:-44.3 (DEG C),~-47.7 (DEG F)
NOTE: HSST PLATE 14, TYPE 3
MODEL SET NAME: 6
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: P_14_T4

SET NAME: P_14 T4
NOTE: SUB-SIZE CORRELATION PROGRAM, PLATE 14, SPECIMEN TYPE 4

TEMPERATURE ENERGY EXPANSTION SHEAR
IDENT (DEG €) (DEG F) (J0) (FT-LB)  (MM) (IN) (PERCENT)
2447 -112.5 =170.5 0.53  0.39 0.00 0.000 0.0
R446 -100.0 -148.0 1.25 0.92 0.00 0.000 0.0
2448 -87.5 -125.5 1.25 0.92 0.00 0.000 5.0
2445 -75.0 -103.0 2.24 1.65 0.03 0.001 25.0
2449 -75.0  =103.0 2.62 1.93 0.10 0.004 40.0
2450 -62.5 -80.5 2.82 2.08 0.10 0.004 50.0
2444 -50.0 -58.0 1.45 1.07 0.00 0.000 40.0
2451 -50.0 -58.0 2.56 1.89 0.10 0.004 60.0
2452 -37.5 -35.5 3.85 2.84 0.18 0.007 UNKNOWN
2443 -25.0 -13.0 3.85 2.84 0.20 0.008 - 90.0
2453 -25.0 -13.0 4.18 . 3.08 0.18 0.007 UNKNOWN
2442 0.0 32.0 4.18 3.08 0.23 0.009 100.0
2441 25.0 77.0 4.30 3.17 0.25 0.010 100.0
2454 100.0 212.0 4.62 3.41 0.30 0.012 100.0
A455 ' 200.0 392.0 4.04 2.98 0.25 0.010 100.0
2456 200.0 392.0 4.62 3.41 0.38 0.015 100.0

NUMBER OF SPECIMENS: 16
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SOURCE: P_14_T4 ANALYSIS SET

Y VARIABLE:
MODEL PARAMETERS

ENERGY ()}

ENERGY

LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)

MID-TRANSITION TEMPERATURE:-67.0 (DEG C),~-88.5 (DEG F)

TRANSITION ZONE WIDTH: 109.5 (C DEG),197.1 (F DEG)
UPPER SHELF ENERGY: 4.5 (J),3.3 (FT-LB)
UPPER SHELF ENERGY: 4.5 (J),3.3 (FT-LB)

NOTE: HSST PLATE 14, TYPE 4
MODEL SET NAME: 9
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SOURCE: P_14_T4 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL, PARAMETERS

LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-31.9 (DEG C),-25.4 (DEG F)
TRANSITION ZONE WIDTH: 96.1 (C DEG),173.0 (F DEG)

UPPER SHELF EXPANSION: 0.307 (MM),0.0121 (IN)
UPPER SHELF EXPANSION: 0.307 (MM),0.0121 (IN)
NOTE: HSST PIATE 14, TYPE 4

MODEL SET NAME: 8
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SOURCE: P_14_ T4 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)
MID-TRANSITION TEMPERATURE:-55.9 (DEG C),~68.6 (DEG F)
TRANSITION ZONE WIDTH: 70.0 (C DEG),126.0 (F DEG)
UPPER SHELF SEEAR [HELD FIXED]: 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]:-55.9 (DEG C),-68.6 (DEG F)
NOTE: HSST PLATE 14, TYPE 4
MODEL SET NAME: 7
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APPENDIX J

15Kh2MFA, FORGING 103672

J-1

NUREG/CR-6379




SOURCE: ANALYSIS SET
ANALYSIS SET NAME: WG3CV

SET NAME: WG3CV
NOTE: RUSSIAN SPECIMENS

TEMPERATURE ENERGY EXPANSTON SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (221) (IN) (PERCENT)
WG3Cv27 -80.0 -112.0 8.81 6.50 0.08 0.003 0.0
WG3CV2s8 -80.0 -112.0 4.47 3.30 0.05 0.002 0.0
WG3CV24 -40.0 -40.0 59.66 44.00 0.76 0.030 10.0
WG3CV25 -40.0 -40.0 10.71 7.90 0.10 0.004 5.0
WG3CV26 -40.0 ~-40.0 66.30 48.90 0.91 0.036 10.0
WG3CV19 -20.0 -4.0 76.20 56.20 1.02 0.040 20.0
WG3CV20 -20.0 ~4.0 86.91 64.10 1.12 0.044 20.0
WG3CVa2l -20.0 -4.0 89.62 66.10 1.22 0.048 20.0
WE3CV31l -20.0 -4.0 93.10 68.67 1.35 0.053 30.0
WG3CV32 -20.0 -4.0 72.10 53.18 0.98 0.039 20.0
WG3CV33 -20.0 -4.0 100.50 74.13 1.42 0.056 35.0
WG3CV34 -20.0 -4.0 110.90 81.80 1.58 0.062 35.0
WG3CV35 -20.0 ~4.0 106.70 78.70 1.42 0.056 25.0
WG3CV36 -20.0 -4.0 75.00 55.32 1.04 0.041 20.0
WG3CV37 -20.0 -4.0 68.60 50.60 0.94 0.037 10.0
WG3Cv3is -20.0 -4.0 115.20 84.97 1.70 0.067 45.0
WG3CV3s -20.0 -4.0 46.80 34.52 0.71 0.028 5.0
WG3CV40 -20.0 -4.0 117.30 86.52 1.68 0.066 40.0
WG3CV1é 0.0 32.0 181.54 133.90 2.08 0.082 100.0
WG3CV17 0.0 32.0 124.74 92.00 1.80 0.071 75.0
WG3CV1s 0.0 32.0 129.75 95.70 1.65 0.065 75.0
WG3Cv2s 20.0 68.0 183.04 135.00 2.08 0.082 100.0
WG3Cv30 20.0 68.0 162.56 119.90 2.03 0.080 100.0
WG3Cva22 60.0 140.0 190.49 140.50 2.06 0.081 100.0
WG3Cva3 60.0 140.0 168.80 124.50 2.06 0.081 100.0
WG3CV4l 100.0 212.0 155.00 114.32 1.93 0.076 100.0
WG3CVv42 100.0 212.0 178.40 131.58 2.06 0.081 100.0
WG3CV43 100.0 212.0 183.20 135.12 1.93 0.076 100.0
WG3Cv44 100.0 212.0 183.20 135.12 1.88 0.074 100.0
WG3CV45 100.0 212.0 181.40 133.80 1.91 0.075 100.0
WG3CV46 100.0 212.0 184.50 136.08 1.98 0.078 100.0
WG3CV47 100.0 212.0 191.60 141.32 2.13 0.084 100.0
WG3CVv4s 100.0 212.0 182.00 134.24 2.03 0.080 100.0
WGE3CV49 100.0 212.0 172.70 127.38 2.18 0.086 100.0
WG3CV50 100.0 212.0 191.80 141.47 1.98 0.078 100.0

NUMBER OF SPECIMENS: 35
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SOURCE: WG3CV ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 2.7 (J),2.0 (FT-LB)
MID-TRANSITION TEMPERATURE:-19.5 (DEG C),-3.2 (DEG F)
TRANSITION ZONE WIDTH: 61.6 (C DEG),110.9 (F DEG)
UPPER SHELF ENERGY: 181.3 (J),133.7 (FT-LB)

UPPER SHELF ENERGY: 181.3 (J),133.7 (FT-LB)

TEMPERATURE [41 (J),30.2 (FT-LB) ENERGY]:-39.5 (DEG C),-39.2 (DEG F)
TEMPERATURE [68 (J),50.2 (FT-LB) ENERGY]:-28.0 (DEG C),-18.5 (DEG F)

NOTE: NONE
MODEL SET NAME: 3
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SOURCE: WG3CV ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS
LOWER SEELF EXPANSION [EELD FIXED]: 0.061 (MM),0.0024 (IN)
MID-TRANSITION TEMPERATURE:-25.7 (DEG C),-14.2 (DEG F)
TRANSITION ZONE WIDTH: 51.1 (C DEG),92.0 (F DEG)
UPPER SHELF EXPANSION: 2.029 (MM),0.0799 (IN)

UPPER SHELF EXPANSION: 2.029 (MM),0.0799 (IN)

NOTE: NONE

MODEL SET NAME: 2

TEMPERATURE (°F)
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SOURCE: WG3CV ANALYSIS SET

Y VARIABLE:

SHEAR

MODEL PARAMETERS

SHEAR (PERCENT)

LOWER SHELF SHEAR [HELD FIXED]:

0 (PERCENT)

MID-TRANSITION TEMPERATURE:-11.8 (DEG C),10.8 (DEG F)
TRANSITION ZONE WIDTE: 30.3 (C DEG),54.6 (F DEG)
UPPER SHELF SHEAR [HEELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)
NOTE: NONE
MODEL SET NAME: 1

TEMPERATURE (©°F)
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SOURCE: ANALYSIS SET
ANATYSTS SET NAME: VVER440_.T1

SET NAME: VVER440_.T1
NOTE: VVER-440, TYPE 1 SPECIMENS

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB) (MM) (IN) (PERCENT)
3G38 -100.0 -148.0 0.54 . 0.40 0.00 0.000 0.0
3G37 -87.5 -125.5 4.47 3.30 0.08 0.003 5.0
3G36 -75.0 -103.0 9.49 7.00 0.41 0.016 10.0
3G35 -62.5 -80.5 9.63 7.10 0.41 0.016 15.0
3G34 -50.0 -58.0 17.22 12.70 0.84 0.033 50.0
3G51 -37.5 ~35.5 15.32 11.30 0.71 0.028 60.0
3G52 -25.0 -13.0 15.19 11.20 0.71 0.028 65.0
3G53 -12.5 9.5 29.69 21.90 i.02 0.040 100.0
3G54 0.0 32.0 27.25 20.10 0.97 0.038 100.0
3G55 12.5 54.5 26.17 19.30 0.91 0.036 100.0
3G39 25.0 77.0 26.85 19.80 0.91 0.036" 100.0
3G40 100.0 212.0 21.96 16.20 0.81 0.032 100.0
3657 100.0 212.0 37.15 27.40 0.66 0.026 100.0
3G56 150.0 302.0 30.91 22.80 " 0.86 0.034 100.0
3G58 200.0 392.0 26.71 19.70 0.71 0.028 100.0

NUMBER OF SPECIMENS: 15
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SOURCE: VVER440_.T1 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)

MID-TRANSITION TEMPERATURE:~47.7 (DEG C),=-53.9 (DEG F)

TRANSITION ZONE WIDTH: 95.1 (C DEG),171.2 (F DEG)
UPPER SHELF ENERGY: 29.2 (J),21.6 (FT-LB)

UPPER SHELF ENERGY: 29.2 (J),21.6 (FT-LB)

NOTE: 15Kh2MFA, TYPE 1

MODEL SET NAME: 0
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EXPANSION {mm)

SOURCE: VVER440_.T1 ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-68.3 (DEG C),-91.0 (DEG F)
TRANSITION ZONE WIDTH: 43.3 (C DEG),78.0 (F DEG)
UPPER SHELF EXPANSION: 0.841 (MM),0.0331 (IN)

UPPER SHELF EXPANSION: 0.841 (MM),0.0331 (IN)

NOTE: 15Kh2MFA, TYPE 1

MODEL SET NAME: 1
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SOURCE: VVER440_.T1 ANALYSIS SET

Y VARIABLE: SHEAR

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-43.9 (DEG C),~47.0 (DEG F)
TRANSITION 2ZONE WIDTH: 57.2 (C DEG),102.9 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]:-43.9 (DEG C)

NOTE: 15Kh2MFA, TYPE 1

MODEL SET NAME: 2

TEMPERATURE (°F)
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SOURCE: ANALYSIS SET
ANALYSIS SET NAME: VVER440_.T2

SET NAME: VVER440_.T2
NOTE: VVER-440, SPEC. TYPE 2

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
3G23 -137.5 -215.5 0.00 0.00 0.00 0.000 0.0
3G24 -125.0 -193.0 0.14 _ 0.10 0.00 0.000 0.0
3G67 -125.0 -193.0 0.00 0.00 0.00 0.000 0.0
3G22 -112.5 -170.5 3.66 2.70 0.28 0.011 10.0
3G32 -112.5 =-170.5 2.71 2.00 0.08 0.003 5.0
3G72 -112.5 -170.5 0.00 0.00 0.00 0.000 0.0
3G25 -100.0 -148.0 5.02 3.70 0.41 0.016 20.0
3G68 -100.0 -148.0 4.47 3.30 0.33 0.013 10.0
3G21 -87.5 -125.5 5.69 4.20 0.41 0.016 20.0
3G26 ~75.0 -103.0 4.75 3.50 0.38 0.015 20.0
3G31 ' -75.0 -103.0 5.69 4.20 0.46 0.018 30.0
3G27 -62.5 -80.5 5.56 4.10 0.46 0.018 35.0
3G69 -62.5 -80.5 8.54 6.30 0.58 0.023 100.0
3G28 -50.0 -58.0 8.54 6.30 0.61 0.024 100.0
3629 -37.5 -35.5 8.41 6.20 0.58 0.023 100.0
3G30 -25.0 -13.0 9.08 6.70 0.64 0.025 100.0
3G70 . 50.0 122.0 8.54 6.30 0.61 0.024 100.0
3671 ' 100.0 212.0 7.73 5.70 0.66 0.026 100.0

NUMBER OF SPECIMENS: 18
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SOURCE: VVER440_.T2 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-94.4 (DEG C),-137.9 (DEG F)
TRANSITION ZONE WIDTH: 65.0 (C DEG),116.9 (F DEG)
UPPER SHELF ENERGY: 8.4 (J),6.2 (FT-LB)

UPPER SHELF ENERGY: 8.4 (J),6.2 (FT-LB)

NOTE: 15Kh2MFA, TYPE 2

MODEL SET NAME: S
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SOURCE: VVER440_.T2 ANALYSIS SET

Y VARTABLE: EXPANSION
MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM) ,0.0000 (IN)
MID-TRANSITION TEMPERATURE:-95.7 (DEG C),-140.3 (DEG F)
TRANSITION ZONE WIDTH: 58.3 (C DEG),105.0 (F DEG)
UPPER SHELF EXPANSION: 0.607 (MM),0.0239 (IN)
UPPER SHELF EXPANSION: 0.607 (MM),0.0239 (IN)
NOTE: 15Kh2MFA, TYPE 2
MODEL SET NAME: 4
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SOURCE: VVER440_ .T2 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)
MID-TRANSITION TEMPERATURE:-68.4 (DEG C),-91.2 (DEG F)
TRANSITION ZONE WIDTH: 33.6 (C DEG),60.5 (F DEG)
UPPER SHELF SHEAR (HELD FIXED]: 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)

TEMPERATURE [50

NOTE: 15Kh2MFA, TYPE 2
MODEL SET NAME: 3
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SOURCE:

SET NAME: VVER440

ANATYSIS SET
ANALYSIS SET NAME: VVER440_.T3

T3
NOTE: VVER-440, SPECIMEN TYPE 3

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
3G16 -112.5 =170.5 . 0.41 0.30 0.15 0.006 0.0
3G14 -100.0 =-148.0 0.81 0.60 0.13 0.005 0.0
6G46 -100.0 =-148.0 0.54 0.40 0.15 0.006 0.0
3G13 -87.5 ~125.5 8.68 6.40 0.33 0.013 0.0
6G47 -87.5 -125.5 2.71 2.00 0.00 0.000 0.0
3G15 -75.0 ~103.0 13.42 9.90 0.66 0.026 20.0
3G17 -62.5 -80.5 12.07 8.90 0.61 0.024 15.0
3G18 -50.0 -58.0 14.10 10.40 0.66 0.026 45.0
3G19 -37.5 -35.5 15.73 11.60 0.79 0.031 70.0
3G20 -25.0 -13.0 13.29 9.80 0.61 0.024 65.0
6G45 -25.0 -13.0 25.22 18.60 0.89 0.035 100.0
6G44 - =12.5 9.5 24.68 18.20 0.86 0.034 100.0
6G43 0.0 32.0 25.22 18.60 0.91 0.036 100.0
6G41 50.0 122.0 22.64 16.70 0.91 0.036 100.0
6642 100.0 212.0 25.22 18.60 0.89 0.035 100.0

NUMBER OF SPECIMENS:

NUREG/CR-6379
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SOURCE: VVER440_.T3 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-59.7 (DEG C),-75.4 (DEG F)
TRANSITION ZONE WIDTH: 85.4 (C DEG),153.7 (F DEG)
UPPER SHELF ENERGY: 24.6 (J),18.1 (FT-LB)

UPPER SHELF ENERGY: 24.6 (J),18.1 (FT-LB)

NOTE: 15Kh2MFA, TYPE 3

MODEL SET NAME: 6

TEMPERATURE (°F)

-200 -100 [ 100 200 300 400 508 600
S0 T T T T T T T ]
[ 1SKh2MFA, TYPE 3 | — 20.0
25 (— O
~17.5
20 - I
2
3 i
= —1zs g
O 15 |-
S

z —100 ®©
Z &
W =z

10 — 7.5 W

—1 5.0
5 -
O CHARPY DATA 25
MEAN IMPACT CURVE
lole) I ] ! 1 ! ! ! I

0 .
~-i50 -100 -B¢ o 50 100 150 200 250 300 350

TEMPERATURE (°C)

0.0

J-15 NUREG/CR-6379

—— s e, -
T, T . H




SOURCE: VVER440_.T3 ANALYSIS SET

Y VARIABLE: EXPANSION

MODEIL. PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-75.5 (DEG C),-103.9 (DEG F)
TRANSITION ZONE WIDTH: 62.9 (C DEG),113.3 (F DEG)
UPPER SHELF EXPANSION: 0.863 (MM),0.0340 (IN)

UPPER SHELF EXPANSION: 0.863 (MM),0.0340 (IN)

NOTE: 15Kh2MFA, TYPE 3

MODEL SET NAME: 7
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SOURCE: VVER440_.T3 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)
MID-TRANSITION TEMPERATURE:-46.7 (DEG C),-52.0 (DEG F)
TRANSITION ZONE WIDTH: 48.6 (C DEG),87.4 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]:-46.7 (DEG C),-52.0 (DEG F)
NOTE: 15Kh2MFA, TYPE 3
MODEL SET NAME: 8

SHEAR (PERCENT)
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SOURCE:

SET NAME: VVER440_
NOTE: VVER-440, TYPE 4

ANATLYSIS SET
ANALYSIS SET NAME: VVER440_.T4

.T4

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
3G07 -100.0 ~-148.0 0.20 0.15 0.00 0.000 0.0
3G08 -87.5 -125.5 0.20 0.15 0.00 0.000 0.0
3G12 -87.5 -125.5 0.72 . 0.53 0.00 0.000 0.0
6G63 -87.5 -125.5 0.34 0.25 0.00 0.000 0.0
3G09 ~75.0 -103.0 3.46 2.55 0.23. 0.009 10.0
6G61 -75.0 -103.0 3.59 2.65 0.25 0.010 10.0
6G64 -75.0 -103.0 0.62 0.46 0.00 0.000 0.0
3G10 -62.5 -80.5 5.19 3.83 0.38 0.015 40.0
6G62 -62.5 -80.5 5.00 3.69 0.41 0.016 45.0
6G65 -62.5 -80.5 5.23 3.86 0.28 0.011 20.0
3G11 -50.0 -58.0 7.78 5.74 0.61 0.024 100.0
6G66 -50.0 -58.0 3.82 2.82 0.25 0.010 10.0
3G06 -37.5 -35.5 8.16 6.02 0.56 0.022 100.0
3G05 -25.0 -13.0 7.54 5.56 0.58 0.023 100.0
3G04 -12.5 9.5 7.54 5.56 0.61 0.024 100.0
3G03 0.0 32.0 7.97 5.88 0.66 0.026 100.0
3G02 12.5 54.5 8.04 5.93 0.61 0.024 100.0
3G01 25.0 77.0 7.54 5.56 0.53 0.021 100.0

NUMBER OF SPECIMENS:

NUREG/CR-6379
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SOURCE: VVER440_.T4 ANALYSIS SET

Y VARTIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-67.3 (DEG C),-89.1 (DEG F)
TRANSITION ZONE WIDTH: 37.0 (C DEG),66.5 (F DEG)
UPPER SHELF ENERGY: 7.7 (J),5.7 (FT-LB)

UPPER SHELF ENERGY: 7.7 (J),5.7 (FT-LB)

NOTE: 15Kh2MFA, TYPE 4

MODEL SET NAME: 1

TEMPERATURE (°F)

ENERGY (J))
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SOURCE: VVER440_.T4 ANALYSIS SET

Y VARIABLE: EXPANSION

MODEI, PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-64.6 (DEG C),-84.3 (DEG F)
TRANSITION ZONE WIDTH: 37.9 (C DEG),68.2 (F DEG)
UPPER SHELF EXPANSION: 0.592 (MM),0.0233 (IN)

UPPER SHELF EXPANSION: 0.592 (MM),0.0233 (IN)

NOTE: 15Kh2MFA, TYPE 4

MODEL SET NAME: 0
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SOURCE: VVER440_.T4 ANALYSIS SET

Y VARIABLE: SHEAR

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-54.9 (DEG C),-66.8 (DEG F)
TRANSITION ZONE WIDTH: 35.2 (C DEG),63.4 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]:-54.9 (DEG C),~66.8 (DEG F)

NOTE: 15Kh2MFA, TYPE 4
MODEL SET NAME: 9

TEMPERATURE (°F)
-200  -100 0 100 200 300 400 500

6090

120 T T ] T T T )

| 15Kh2MFA, TYPE 4|

100 o0 S5

80 -

SHEAR (PERCENT)
)
Q
l

40 |-

20 [~ -
O CHARPY DATA
e} MEAN IMPACT CURVE
0 | | l | I I I 1
-1506 -i00 -50 0 50 160 150 200 250 300 350

TEMPERATURE (°C)

J-21

NUREG/CR-6378

.

e e e b g e i







APPENDIX K

HSSI WELD 72W

K-1

NUREG/CR-6379




SOURCE: ANALYSIS SET

ANALYSIS SET NAME: 72W.FUL

SET NAME: 72W.FUL

NOTE: NONE
TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) () (FT-LB) (x4) (IN) (PERCENT)
72W3289 -74.0 -101.2 9.50 7.01 0.08 0.003 10.0
72W343 ~-74.0 -101.2 10.10 7.45 0.00 0.000 3.0
72W449 -48.0 -54.4 14.390 10.99 0.25 0.010 0.0
72W469 -48.0 -54.4 15.50 11.43 0.24 0.008 0.0
72W460 -48.0 -54.4 15.60 11.51 0.27 0.011 0.0
72W327 -48.0 -54.4 16.30 12.02 0.27 0.011 18.0
72W434 -48.0 -54.4 25.80 19.03 0.44 0.017 0.0
72W395 -48.0 -54.4 30.50 22.50 0.39 0.015 0.0
72W341 -32.0 -25.6 19.70 14.53 0.34 0.013 12.0
72W338 -32.0 ~-25.6 27.80 20.50 0.37 0.015 14.0
T2W443 -24.0 -11.2 29.80 21.98 0.69 0.027 32.0
72W350 -24.0 -11.2 32.50 23.97 0.56 0.022 18.0
72W389 -24.0 -11.2 38.60 28.47 0.67 0.026 23.0
72W436 -24.0 -11.2 46.10 34.00 0.69 0.027 25.0
72W435 -24.0 -11.2 55.60 41.01 0.91 0.036 30.0
72W348 -24.0 -11.2 56.30 41.52 0.72 0.028 42.0
T2W393 -24.0 -11.2 65.10 48.02 1.04 0.041 47.0
72W442 -24.0 -11.2 67.10 49.49 1.04 0.041 50.0
T2W456 -24.0 -11.2 69.20 51.04 1.12 0.044 39.0
72W455 -24.0 -11.2 71.90 53.03 1.17 0.046 57.0
72W325 -18.0 -0.4 71.80 53.03 0.83 0.033 52.0
72W377 -4.0 24.8 23.70 17.48 0.60 0.024 44.0
72W359 -4.0 24.8 28.50 21.02 0.48 0.018 20.0
T2W424 -4.0 24.8 35.90 26.48 1.02 0.040 47.0
T2W357 -4.0 24.8 46.80 34.52 0.69 0.027 36.0
T2W378 -4.0 24.8 58.70 44.03 0.97 0.038 35.0
72W336 -4.0 24.8 77.30 57.01 1.18 0.046 48.0
T2W426 -4.0 24.8 78.60 57.97 1.32 0.052 53.0
T2W437 -4.0 24.8 86.80 64.02 1.25 0.049 23.0
72W438 -4.0 24.8 86.80 64.02 1.45 0.057 43.0
72W461 -4.0 24.8 86.80 64.02 1.37 0.054 64.0
72W462 -4.0 24.8 82.20 68.00 1.52 0.060 69.0
72W323 10.0 50.0 107.10 78.9% 1.47 0.058 70.0
72W451 21.0 69.8 50.80 37.47 1.00 0.039 56.0
72W375 21.0 69.8 66.40 48.97 1.14 0.045 38.0
72W371 21.0 65.8 88.80 65.50 1.36 0.054 73.0
72W414 21.0 69.8 96.30 71.03 1.60 0.063 60.0
T2W444 21.0 69.8 101.00 74.49 1.68 0.066 79.0
72W452 21.0 69.8 108.50 80.03 1.78 0.070 78.0
72W301 21.0 695.8 109.80 80.98 1.52 0.060 25.0
72W468 21.0 €9.8 111.20 82.02 1.83 0.072 82.0
72W418 21.0 69.8 112.50 82.98 1.78 0.070 84.0
72W404 21.0 69.8 114.60 84.52 1.65 0.065 80.0
72W445 21.0 69.8 122.00 89.98 2.13 0.084 88.0
72W303 38.0 100.4 134.20 98.98 1.83 0.072 95.0
72W305 66.0 150.8 135.60 100.01 1.79 0.070 95.0
T2W473 80.0 176.0 108.50 80.03 1.60 0.063 86.0
72Wa47 80.0 176.0 122.00 89.98 2.01 0.079 100.0
T2W472 80.0 176.0 124.70 91.97 1.97 0.078 96.0
72W446 80.0 176.0 130.80 96.47 2.21 0.087 100.0
72W387 80.0 176.0 133.50 58.46 2.10 0.083 100.0
NUREG/CR-6379 K-2




72W454 80.0 176.0 135.60 100.01 2.18 0.086 100.0
72W430 80.0 176.0 136.90 100.97 2.39 0.094 100.0
T2W397 80.0 176.0 138.30 102.00 2.08 0.082 100.0
72W453 80.0 176.0 139.60 102.96 2.21 0.087 l00.0
72W420 80.0 176.0 141.00 104.00 2.41 0.085 100.0
72W307 93.0 199.4 136.90 100.97 1.89 0.074 100.0
T2W355 140.0 284.0 124.70 91.97 2.11 0.083 100.0
72W385 140.0 284.0 127.40 93.97 2.03 0.080 100.0
72W349 140.0 284.0 130.80 96.47 2.13 0.084 100.0
72W458 140.0 284.0 132.90 98.02 2.06 0.081 100.0
72W470 140.0 284.0 134.20 98.98 2.20 0.087 100.0
72W457 140.0 284.0 135.60 100.01 2.29 0.090 100.0
72W471 140.0 284.0 136.90 100.97 2.06 0.081 100.0
T2W361 140.0 284.0 136.90 100.97 2.01 0.07S 100.0
72W440 140.0 284.0 136.90 100.97 2.34 0.092 100.0
T2W381 140.0 284.0 148.50 109.53 2.31 0.081 100.0
72W309 149.0 300.2 134.390 99.50 2.05 0.081 100.0
72W450 190.0 374.0 113.90 84.01 1.78 0.070 100.0
72W448 1%0.0 374.0 122.70 90.50 2.12 0.083 100.0
T2W475 150.0 374.0 127.40 93.97 2.06 0.081 100.0
T2W474 180.0 374.0 129.50 95.51 2.21 0.087 100.0
72W408 150.0 374.0 138.30 102.00 2.08 0.082 100.0
721464 190.0 374.0 138.30 l102.00 1.80 0.071 100.0
72W463 1%0.0 374.0 141.70 104.51 2.41 0.085 100.0
T2W441 190.0 374.0 142.40 105.03 2.26 0.08% 100.0
72W432 190.0 374.0 143.00 105.47 2.06 0.081 100.0
72W406 190.0 374.0 143.00 105.47 2.18 0.086 100.0
T2W465 288.0 550.4 135.60 100.01 1.94 0.076 100.0
72W466 288.0 550.4 136.30 100.53 1.97 0.078 100.0
72W412 288.0 550.4 140.30 103.48 2.03 0.080 100.0
72W459 288.0 550.4 141.00 104.00 2.13 0.084 100.0
72W321 288.0 550.4 142.40 105.03 2.24 0.088 100.0
T2W467 288.0. 550.4 147.80 109.01 2.22 0.087 100.0
NUMBER OF SPECIMENS: 84
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SOURCE: 72W.FUL ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 2.7 (J),2.0 (FT-LB)
MID-TRANSITION TEMPERATURE:-4.5 (DEG C),23.9 (DEG F)
TRANSITION ZONE WIDTH: 103.7 (C DEG),186.6 (F DEG)
UPPER SHELF ENERGY: 136.3 (J),100.5 (FT-LB)
UPPER SHELF ENERGY: 136.3 (J),100.5 (FT-LB)
TEMPERATURE [41 (J),30.2 (FT-LB) ENERGY]:-28.1 (DEG C),-18.6 (DEG F)
. TEMPERATURE [68 (J),50.2 (FT-LB) ENERGY]:-5.7 (DEG C),21.8 (DEG F)
NOTE: NONE -
MODEL SET NAME: 9
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SOURCE: 72W.FUL ANALYSIS SET

Y VARIABLE: EXPANSION

MODEL PARAMETERS
L.OWER SHELF EXPANSION [HELD FIXED]: 0.061 (MM),0.0024 (IN)
MID-TRANSITION TEMPERATURE:-5.7 (DEG C),21.7 (DEG F)
TRANSITION ZONE WIDTH: 98.6 (C DEG),177.4 (F DEG)
UPPER SHELF EXPANSION: 2.119 (MM),0.0834 (IN)

UPPER SHELF EXPANSION: 2.119 (MM),0.0834 (IN)

NOTE: NONE

MODEL SET NAME: 0
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SOURCE: 72W.FUL ANALYSIS SET

Y VARIABLE: SHEAR

MODEL: PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-1.0 (DEG C),30.2 (DEG F)
TRANSITION ZONE WIDTH: 99.6 (C DEG),179.2 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SEELF SHEAR: 100 (PERCENT)

NOTE: NONE

MODEL SET NaME: 10

DESTINATION FILE NAME: 1

DESTINATION DIRECTORY PATH: C:\USER\

MODEL VARIABLES SAVED
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SOURCE:

ANATYSIS SET

ANALYSIS SET NAME: 72W _T1

SET NAME: 72W_T1
NOTE: HSSI WELD 72W SPECIMEN TYPE 1

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG €) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
TW1G -112.5 =170.5 1.45 1.07 0.00 0.000 0.0

" IW1F -100.0 =-148.0 0.66 0.49 0.00 0.000 0.0
7W1H -87.5 -125.5 4.75 3.50 0.03 0.001 5.0
TW1E ~75.0 -103.0 10.21 7.53 '0.36 0.014 10.0
7W1I -62.5 -80.5 3.59 2.65 0.08 0.003 10.0
7W1D -50.0 -58.0 13.31 9.82 0.48 0.019 45.0
TWLT -37.5 -35.5 12.35 9.11 0.48 0.019 50.0
7W1c -25.0 -13.0 8.09 5.97 0.38 0.015 65.0
TW1K -12.5 9.5 16.70 12.32 0.69 0.027 75.0
7W1B 0.0 32.0 18.21 13.43 0.74 0.029 75.0
7W1L 12.5 54.5 21.02 15.50 0.91 0.036 90.0
7W1A 25.0 77.0 20.66 15.24 0.91 0.036 85.0
TWIM 50.0 122.0 22.19 16.37 0.89 0.035 100.0
TWIN 100.0 212.0 22.80 16.82 0.91 0.036 100.0
TW1P 150.0 302.0 24.55 18.11 0.99 0.039 100.0
7W10 200.0 392.0 22.47 16.57 0.91 0.036 100.0
NUMBER OF SPECIMENS: 16
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SOURCE: 72W_T1 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-36.2 (DEG C),=33.1 (DEG F)
TRANSITION ZONE WIDTH: 131.9 (C DEG),237.4 (F DEG)
UPPER SHELF ENERGY: 23.7 (J),17.5 (FT-LB)

UPPER SHELF ENERGY: 23.7 (J),17.5 (FT-LB)

NOTE: HSSI WELD 72W, TYPE 1

MODEL SET NAME: 1
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SOURCE: 72W_T1 ANALYSIS SET

Y VARTABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (¥M),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-34.1 (DEG C),-29.4 (DEG F)
TRANSITION ZONE WIDTH: 99.7 (C DEG),179.4 (F DEG)
UPPER SHELF EXPANSION: 0.951 (MM),0.0375 (IN)

UPPER SHELF EXPANSION: 0.951 (MM),0.0375 (IN)

NOTE: HSSI WELD 72W, TYPE 1

MODEL SET NAME: 2
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SOURCE: 72W_T1 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)

MID-TRANSITION TEMPERATURE:-34.9 (DEG C),~30.8 (DEG F)

TRANSITION ZONE WIDTH: 85.6 (C DEG),154.0 (F DEG)

UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT) )
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]:-34.9 (DEG C),-30.8 (DEG F)
NOTE: HSSI WELD 72W, TYPE 1
MODEL SET NAME: 3

TEMPERATURE (°F)

-200  -100 0 100 200 300 400 500 600
120 .
1 T T T T T T T |
[HsSL 72w, TYPE 1]
100 — o) ~5 = =

80 |-

SHEAR (PERCENT)
3
|

40 -

20 (- -
O CHARPY DATA
MEAN IMPAGT CURVE
ol I I I l ! ! I
-150  -100  -5o 0 S0 100 150 200 250 300 380

TEMPERATURE ©C)

NUREG/CR-6379 K-10




SOURCE:

ANALYSIS SET

ANALYSIS SET NAME: 72W_T2

SET NAME: 72W_T2
NOTE: 72W TYPE 2 SPECIMENS

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
7W2H -125.0 =193.0 0.14 0.10 0.00 0.000 0.0
W26 -112.5 =170.5 2.16 1.59 0.05 0.002 0.0
TW2F -100.0 -148.0 1.57 1.16 0.00 0.000 0.0
7W2I -87.5 -125.5 0.79 0.58 0.00 0.000 0.0
TH2E -75.0 -103.0 0.99 0.73 0.00 0.000 0.0
7W2P -75.0 -103.0 4.23 3.12 0.28 0.011 20.0
TW2J -62.5 -80.5 4.75 3.50 0.33 0.013 40.0
7W2D -50.0 -58.0 5.64 4.16 0.36 0.014 70.0
7TW2K -37.5 ~35.5 6.02 4.44 0.41 0.016 80.0
7W2C -25.0 -13.0 6.52 4.81 0.51 0.020 90.0
7TW2L -12.5 9.5 7.21 5.32 0.43 0.017 90.0
7W2B 0.0 32.0 7.28 5.37 0.61 0.024 100.0
7W2M 12.5 54.5 7.40 5.46 0.56 0.022 95.0
W22 25.0 77.0 7.73 5.70 0.56 0.022 100.0
TW2N 37.5 99.5 7.54 5.56 0.64 0.025 100.0
7020 100.0 212.0 7.85 5.79 0.66 0.026 100.0
NUMBER OF SPECIMENS: 16
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SOURCE: 72W_T2 ANALYSIS SET

Y VARIABLE: ENERGY
MODEL PARAMETERS

LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-64.6 (DEG C),-84.3 (DEG F)

TRANSITION ZONE WIDTH: 79.1 (C DEG),142.4 (F DEG)
UPPER SHELF ENERGY: 7.7 (J),5.7 (FT-LB)

UPPER SHELF ENERGY: 7.7 (J),5.7 (FT-LB)

NOTE: HSSI WELD 72W, TYPE 2

MODEL SET NAME: 6

TEMPERATURE (°F)
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SOURCE: 72W_T2 ANALYSIS SET

Y VARIABLE: EXPANSION
MODEL PARAMETERS

LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:~54.2 (DEG C),-65.6 (DEG F)
TRANSITION ZONE WIDTH: 74.7 (C DEG),134.5 (F DEG)
UPPER SHELF EXPANSION: 0.601 (MM),0.0237 (IN)

UPPER SHELF EXPANSION: 0.601 (MM),0.0237 (IN)

NOTE: HSSI WELD 72W, TYPE 2
MODEL SET NAME: 5
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SOURCE: 72W_T2 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-56.3 (DEG C),-69.3 (DEG F)
TRANSITION ZONE WIDTH: 41.4 (C DEG),74.4 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT) '
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]:-56.3 (DEG C),-69.3 (DEG F)
NOTE: HSSI WELD 72W, TYPE 2
MODEL SET NAME: 4
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SOURCE:

ANALYSIS SET

ANALYSIS SET NAME: 72W_T3

SET NAME: 72W_T3
NOTE: SUB-SIZE CORRELATION PROGRAM, TYPE 3 SPEC., PLATE 72W

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT-LB)  (MM) (IN) (PERCENT)
7W3I -137.5 =-215.5 0.92 0.68 0.00 0.000 0.0
TW3G -125.0 ~-193.0 1.26 0.93 0.00 0.000 0.0
TW3H -112.5 =170.5 6.89 5.08 0.18 0.007 5.0
TW3F -100.0 -148.0 4.84 3.57 '0.08 0.003 0.0
TW3T -91.5 -132.7 10.09 7.44 0.36 0.014 15.0
TW3E ~75.0 -103.0 9.08 6.70 0.30 0.012 0.0
7W3K -62.5 -80.5 11.93 8.80 0.56 0.022 35.0
7W3D -50.0 -58.0 11.75 8.67 0.51 0.020 45.0
7W3L -37.5 -35.5 11.93 8.80 0.53 0.021 60.0
7v3C -25.0 -13.0 13.45 9.92 0.58 0.023 65.0
7W3M -12.5 9.5 16.03 11.82 0.74 0.029 85.0
TW3B 0.0 32.0 16.74 12.35 0.71 0.028 80.0
TH3N 12.5 54.5 19.43 14.33 0.76 0.030 100.0
7W3A 25.0 77.0 20.00 14.75 0.81 0.032 100.0
7W30 100.0 212.0 20.23 14.92 0.79 0.031 100.0
7W30 100.0 212.0 20.23 14.92 0.79 0.031 100.0
7W3R 150.0 302.0 20.91 15.42 0.89 0.035 100.0
7W3R 150.0 302.0 20.91 15.42 0.89 0.035 100.0
7W3P 200.0 392.0 24.27 17.90 0.97 0.038 100.0
7W3Q 250.0 482.0 25.15 18.55 0.76 0.030 100.0
NUMBER OF SPECIMENS: 20
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SOURCE: 72W_T3 ANALYSIS SET

Y VARIABLE: ENERGY

MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-54.3 (DEG C),~65.7 (DEG F)
TRANSITION ZONE WIDTH: 183.4 (C DEG),330.2 (F DEG)
UPPER SHELF ENERGY: 22.5 (J),16.6 (FT-LB)

UPPER SHELF ENERGY: 22.5 (J),16.6 (FT-LB)

NOTE: HSSI WELD 72W, TYPE 3

MODEL SET NAME: 7-
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SOURCE: 72W_T3 ANALYSIS SET

Y VARTIABLE: EXPANSION
MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-62.6 (DEG C),-80.6 (DEG F)
TRANSITION ZONE WIDTH: 121.4 (C DEG),218.5 (F DEG)
UPPER SHELF EXPANSION: 0.842 (MM),0.0331 (IN)
UPPER SHELF EXPANSION: 0.842 (MM),0.0331 (IN)
NOTE: HSSI WELD 72W, TYPE 3
MODEL SET NAME: 8
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SOURCE: 72W_T3 ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE:-42.9 (DEG C),-45.1 (DEG F)
TRANSITION ZONE WIDTH: 78.9 (C DEG),141.9 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT) .
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR):-42.9 (DEG C),-45.1 (DEG F)
NOTE: HSSI WELD 72W, TYPE 3
MODEL SET NAME: 9
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SOURCE:

ANALYSIS SET

ANALYSIS SET NAMES: 72W_T4 AND 72WT4FUL

SET NAME: 72W_T4

NOTE: SUB-SIZE CORRELATION PROGRAM, 72W, SPECIMEN TYPE 4

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG €) (DEG F) (J) ~  (FT-LB)  (MM) (IN) (PERCENT)
TWAF -100.0 -148.0 0.90 0.66 0.00 0.000 0.0
TWAG -87.5 -125.5 1.60 1.18 0.00 0.000 0.0
TWAE ~75.0 -103.0 0.70 0.52 0.00 0.000 5.0
TWAH -75.0 -103.0 0.80 0.59 0.00 0.000 5.0
TWAT -62.5 -80.5 2.80 2.07 0.20 0.008 30.0
7W4D -50.0 -58.0 2.60 1.92 0.20 0.008 25.0
VAT -50.0 -58.0 4.00 2.95 0.36 0.014 70.0
TWAK -37.5 -35.5 5.90 4.35 0.51 0.020 100.0
WaC -25.0 -13.0 6.10 4.50 0.48 0.019 100.0
TWAL -25.0 -13.0 6.20 4.57 0.48 0.019 100.0
TWAB 0.0 32.0 5.50 4.06 0.74 0.029 100.0
TWAR 25.0 77.0 5.50 4.06 0.51 0.020 100.0
TWAM 100.0 212.0 5.50 4.06 0.53 0.021 100.0
NUMBER OF SPECIMENS: 13
SET NAME: 72WT4FUL
NOTE: 72W TYPE 4 SPECIMENS TESTED WITH HAMMER AT FULL HEIGHT

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG C) (DEG F) (J) (FT~LB)  (MM) (IN) (PERCENT)
TWAN ~75.0 -103.0 1.87 ‘1.38 0.05 0.002 5.0
7W40 -62.5 -80.5 3.12 2.30 0.23 0.009 20.0
TWAP -50.0 -58.0 3.47 2.56 0.25 0.010 40.0
7W4Q -25.0 -13.0 4.24 3.13 0.36 0.014 80.0
7W4Q 100.0 212.0 5.45 4.02 0.56 0.022 100.0
NUMBER OF SPECIMENS: 5
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SOURCE: 72W_T4 AND 72WT4FUL ANALYSIS SETS

Y VARIABLE: ENERGY
MODEL PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-59.4 (DEG C),-74.9 (DEG F)
TRANSITION ZONE WIDTH: 53.1 (C DEG),95.6 (F DEG)
UPPER SHELF ENERGY: 5.7 (J),4.2 (FT-LE)
UPPER SHELF ENERGY: 5.7 (J),4.2 (FT-LB)
_ NOTE: HSSI WELD 72W, TYPE 4, 2.25 AND 5.5 M/S
MODEL SET NAME: 2

TEMPERATURE (°F)
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SOURCE: 72W_T4 AND 72WT4FUL ANALYSIS SETS

Y VARTABLE: EXPANSION

MODEL PARAMETERS
LOWER SHELF EXPANSION [HELD FIXED]: 0.000 (MM),0.0000 (IN)
MID-TRANSITION TEMPERATURE:-50.6 (DEG C),~59.0 (DEG F)
TRANSITION ZONE WIDTH: 48.0 (C DEG),86.4 (F DEG)
UPPER SHELF EXPANSION: 0.560 (MM),0.0221 (IN)

UPPER SHELF EXPANSION: 0.560 (MM),0.0221 (IN)

NOTE: HSSI WELD 72W, TYPE 4, 2.25 AND 5.5 M/S

MODEL SET NAME: 1
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SOURCE: 72W_T4 AND 72WT4FUL ANALYSIS SETS

Y VARIABLE: SHEAR

MODEL PARAMETERS
LOWER SHELF SHEAR [HELD FIXED]: 0 (PERCENT)
MID-TRANSITION TEMPERATURE:~-50.2 (DEG C),-58.4 (DEG F)
TRANSITION ZONE WIDTH: 33.0 (C DEG),59.5 (F DEG)
UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)

UPPER SHELF SHEAR: 100 (PERCENT)

TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]:-50.2 (DEG C),-58.4 (DEG F)

NOTE: HSSI 72W, TYPE 4, 2.25 AND 5.5 M/S

MODEL SET NAME: 10

DESTINATION FILE NAME: 10

DESTINATION DIRECTORY PATH: C:\USER\

MODEL VARIABLES SAVED
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SOURCE:

ANATYSIS SET

ANALYSIS SET NAME: 72W_T5

SET NAME: 72W_T5
NOTE: SUB-SIZE CORRELATION PROG., 72W, TYPE 5 SPECIMEN

TEMPERATURE ENERGY EXPANSION SHEAR
IDENT (DEG ¢) (DEG F) (J) (FT-1B)  (MM) (IN) (PERCENT)
7W5L -125.0 =-193.0 0.83 0.61 UNKNOWN 0.0
TWSF -103.3 -154.0 0.96 0.71 UNKNOWN 0.0
W56 -100.0 =-148.0 2.83 2.09 UNKNOWN 0.0
TWSM -87.5 -125.5 7.93 5.85 “UNKNOWN 5.0
7W5E -75.0 -103.0 8.37 6.17 UNKNOWN 5.0
7WSH ~75.0 -103.0 10.52 7.76 UNKNOWN 10.0
TWSN -62.5 -80.5 11.40 8.41 UNKNOWN 20.0
7WSD -50.0 -58.0 11.54 8.51 UNKNOWN 45.0
TWST -50.0 -58.0 11.32 8.35 UNKNOWN 45.0
7W5C -25.0 -13.0 14.10 10.40 UNKNOWN 65.0
TWSK -25.0 -13.0 13.80 10.18 UNKNOWN 65.0
7W50 -12.5 9.5 17.07 12.59 UNKNOWN 70.0
TWSB 0.0 32.0 14.53 10.72 UNKNOWN 70.0
TWSA 25.0 77.0 18.40 13.57 UNKNOWN 100.0
TWSP 100.0 212.0 19.92 14.69 UNKNOWN 100.0
7W5Q 200.0 392.0 20.13 14.85 UNKNOWN 100.0
7WSR 200.0 392.0 19.01 14.02 UNKNOWN 100.0
NUMBER OF SPECIMENS: 17
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SOURCE: 72W_T5 ANALYSIS SET

Y VARTABLE: ENERGY

MODEL, PARAMETERS
LOWER SHELF ENERGY [HELD FIXED]: 0.1 (J),0.1 (FT-LB)
MID-TRANSITION TEMPERATURE:-63.6 (DEG C),-82.5 (DEG F)
TRANSITION ZONE WIDTH: 121.1 (C DEG),218.0 (F DEG)
UPPER SHELF ENERGY: 19.1 (J),14.1 (FT-LB)

UPPER SHELF ENERGY: 19.1 (J),14.1 (FT-LB)

NOTE: HSSI WELD 72W, TYPE S

MODEL SET NAME: 3

TEMPERATURE (°F)
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SOURCE: 72W_TS ANALYSIS SET

Y VARIABLE: SHEAR
MODEL PARAMETERS

LOWER SHELF SHEAR [HELD FIXED]: O (PERCENT)

MID-TRANSITION TEMPERATURE:-36.5 (DEG C),-33.6 (DEG F)

TRANSITION ZONE WIDTH: 86.7 (C DEG),156.0 (F DEG)

UPPER SHELF SHEAR [HELD FIXED]: 100 (PERCENT)
UPPER SHELF SHEAR: 100 (PERCENT)
TEMPERATURE [50 (PERCENT),50 (PERCENT) SHEAR]:-36.5 (DEG C),~33.6 (DEG F)
NOTE: HSSI WELD 72W, TYPE 5
MODEL SET NAME: 4
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