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Scope:

This literature review addresses the applicability of the conversion factors contained in ASTM
A370 Table 9 Charpy V-Notch Test Acceptance Criteria for Various Sub-Size Specimens
including Note 4.

Literature:

Curll and Orner published a report for Watertown Arsenal Laboratories describing the
correlation between full size and subsized Charpy impact values for three different steels (Curll
C. H., 1958). This report was in response to the increased use of thin walled tubes in military
applications. The authors selected three steel hardness levels — an as-received cast gun steel (R,
40) and AISI 4340 heat treated to R, 27 (Heat Treatment #1) and R_ 35 (Heat treatment #2).

Steel chemistries are listed in Table 1 and heat treatment cycles for the 4340 are listed in Table 2.

The subsized specimen designs used in this investigation were atypical to Table 9 in ASTM
A370 with the exception of the full sized specimen and the authors noted that different designs
will produce different energy values. The Charpy specimen designs used in this study are
illustrated in Figure 1. The bars were tested in a conventional manner at a range of temperatures
to encompass the ductile to brittle temperature range. The impact machine anvil was modified to
account for the reduced length specimens. Three tests were performed at each temperature and
averaged. Tables 3 through 5 lists the test temperature, average impact energy, percent fracture
face fibrosity, and specimen design for all three steels. Plots of the impact energy versus test
temperature are illustrated in Figures 2 through 4.

The authors observed a reduction in the transition temperature range for the heat treated 4340
steels with decreasing specimen size but not with the as-received cast gun steel. They defined
the transition temperature as the lowest temperature tested with a 100% fibrous fracture surface.
The cast steel had full size upper shelf energy of about 15 ft.-1bs. while the 4340 steels had upper
shelf energies between 46 and 80 ft.-lbs. The response of the 4340 steel was attributed to
reduced plastic constraint and strain rate in the subsized specimens. The reduced strain rate is
geometrically related to the reduced ligament depth in these subsized specimens. The reduction
in impact energy of the gun steel was almost directly proportional to specimen cross-sectional
area. This steel did not show a well-defined transition curve.

The authors examined the relationship of upper and lower shelf energies to specimen size and
found a non-linear correlation (Figures 5 and 6). However, when data taken from within the
transition temperature range was added (Figure 6), this relationship degrades. The authors
concluded that impact energy is proportional to cross-sectional area if the percentage of fibrosity
is held constant.



Curll continued this work by testing six additional steels and developing an analytical correlation
between impact energy and specimen size (Curll C. H., Subsize Charpy Correlation with
Standard Charpy, 1959). Tables 6, 7 and 8 list the chemistry, heat treatment, and hardness of
these additional steels, respectively. The Class 90 steel was used in the as-received condition
and heat treatment information was not available. The subsize specimen design was expanded to
include two geometries that correspond to A370/Table 9 (% Sp and 1/3 S;,). Figure 7 illustrates
the various subsize geometries tested. All six steels are within A370/Table 9’s 0-40 ft.-1b. limit.
Tables 9 through 14 lists the test temperature, average impact energy, percent fracture face
fibrosity, and specimen design for all six steels.

The author developed an analytical formula correlating specimen design, rupture energy, and
deformation energy to subsize specimen energy (Equation 1). The energy of rupture was
calculated from data taken at -40C for all nine steels. A tabulation comparing observed impact
energies to predicted impact energies at an acceptance temperature of -40C using this formula is
shown in Table 15. Since the depth under notch is constant in A370/Table 9, this formula
reduces to the energy proportional to area relationship used in A370/Table 9.

Equation 1. Subsize energy relationship (Curll C. H., Subsize Charpy Correlation with
Standard Charpy, 1959).

- [x(1-5)+ &3]3
€= D Dla

Where e = predicted subsize impact energy per unit area
E* = Energy per unit area of full size bar
A = Cross-sectional area of full size bar under notch
a = Cross-sectional area of subsize bar under notch
D = Depth under notch of full size bar
d = Depth under notch of subsize bar
K = Energy of rupture.

The author republished this report for ASTM in Materials Research and Standards in 1961 (Curll
C. H., Subsize Charpy Correlation with Standard Charpy, 1961).

J.H. Gross conducted a study on the effect of tensile strength and thickness on notch ductility in
five grades of structural steel (Gross, 1970). The 0.2% offset yield tensile strength for the five
steels ranged from 40 to 140 ksi with microstructures ranging from ferritic to tempered
martensite. The author measured Charpy impact properties and developed DBTT curves for full
size, % size, Y2 size and % size specimens using absorbed energy, lateral expansion, and fracture
appearance. Full size (P-1) and subsize (P-3) drop weight NDT values were also measured for
each steel. The author observed an increase in DBTT with increasing CVN specimen width
using either 3.8 ft-1b/0.1 inch width (15 ft-1b full size) or a specific lateral expansion/fracture
appearance value. Gross noted that temperature adjustments allowed in ASME Section VIII
Table UG-84.2 were liberal compared to the variations he observed but were appropriate for



Section VIII. This is the only article found that links ASME UG-84.2 to Charpy impact
properties.

A review of other code requirements with provisions for subsize Charpy specimens may be
useful for comparison to A370/Table 9. The adequacy of code requirements for sub-sized
Charpy testing was reviewed by Towers in 1986 (Towers, 1986). The author lists various codes
which specify requirements for sub-size Charpy V notch specimens and includes codes or
requirements that reduce specimen width only so the specimen design is compatible to
A370/Table 9. The codes listed by the author are given in Table 16. The author does not
indicate if the codes have an impact value range associated with the subsize Charpy requirement.
The following are the observations from the author.

1) Most requirements are for ferritic structural steels and sub-sized CVN specimens are
required for two reasons: the material is too thin for a full sized specimen or the material
geometry does not allow a full sized specimen.

2) Sub-size requirements tend to be similar within industrial sectors, not so much by
country. For example, ship building or construction codes from Japan, Norway, UK, and
the US are similar while ASME section VIII is different from AWS D1.1.-81 which is
different from ABS rules for steel vessels.

3) Two basic approaches are used to correlate sub-size to full sized specimens. The first
approach is a modified test temperature method which reduces the test temperature of
sub-sized specimens to account for the transition shift and normalizes for ligament area.
This method is used by some US and Japanese standards especially when the material is
to be used for low temperature service. The second method is a modified energy
approach where normalized absorbed energy requirements are increased for sub-sized
specimens but tested at the same temperature as full sized specimens. This approach is
used by many international standards and some US standards. In most cases, the subsize
energy requirements are directly proportional to area reduction or a fixed percentage of
the full size specimen energy value.

The author recommends that when a sub-size specimen is used because the section is too thin for
a larger specimen to be extracted, the reduced thickness of the test specimen is used to model the
benefits of a reduced section thickness with regard to the risk of brittle fracture in ferritic steels,
rather than attempting to correlate back to the result which would have been obtained in a full
size specimen. He also recommends that when sub-size specimens are used due to an
inconvenient configuration, a correlation may be required to deduce the result which would have
been obtained in a full size specimen or at least a larger specimen. It is recommended for ferritic
steels that the test temperature for the sub-size specimen should be reduced from that which
would otherwise have been required for the full size specimen and to model the effect of
thickness on the transition temperature. (Note: the data used by the author to arrive at these
conclusions exceeded the Table 9 limit of 40 ft.-1bs.)

Table 9 in A370 can only be used for full size Charpy impact values less than or equal to 40 ft.-
lbs. Steel quality has improved since Table 9 was developed, and impact properties at a



particular test temperature have increased. Unless testing temperatures are reduced, the
usefulness of A370/Table 9 will decrease.

American Iron and Steel Institute (AISI) sponsored a report on the mechanical properties of
structural plate which included Charpy impact properties (Suwan, Manuel, & Frank, 2003). This
study compared the tensile and Charpy properties produced in 2003 from A572 and A588
structural plate to properties generated in a similar study from 1989 (American Iron and Steel
Institute, 1989). The Charpy impact data for the 2003 study was collected from four steel mills
producing two different specifications (A572, A588) in four different plate thicknesses (< 0.75”,
0.757<t<1.57,1.57<t<2.57,2.5”< t =<4”) and at three different testing temperatures (0°F, 40°F,
70°F). Tables 17 and 18 list the statistics results for Charpy impact values from the 1989 study
and the 2003 study, respectively. Charpy impact energies of the full size Charpy specimens
increased between 200 and 300% in the time frame examined, depending on test temperature.
These statistics were for all plate thicknesses. The tensile properties from a specific location in
the plates were also compared with a previous study conducted by AISI in 1974 (American Iron
and Steel Institute, 1974). The frequency distribution of ultimate strengths from these two
studies is listed in Table 19. Tensile properties increased by about 30-50% although the earlier
tensile property data generated in 1974 was only identified by carbon concentration. The carbon
concentration range did however match that of both A572 and A588.

Conclusion:

Table 9 data agrees with the work performed by Curll and Orner when it was originally placed in
A370 (1968) which correlates with 0-40 ft.-1b. impact properties proportional to area.
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Table 1. Chemistry of selected (American Iron and Steel Institute, 1989) steels (Curll C. H.,

CHEMICAL COMPOSITIONS

Moterial Cc_ _Hn_ Bi P S_ Ni Cr Mo
Cast Steel .28 .61 .26 - - 2.37 .86 +45
AIST-4340 «37 75 .27 .013 013 1.70 .83 .25
to to to to to to to to

.385 .77 .28 016 015 1.80 .86 « 27

1958).

Table 2. Heat treatment of AISI 4340 steel (Curll C. H., 1958).

AISI-4340 - Heat-Treat #1

Austenitize 1600°F 2 hrs. 0il Quonch
Draw 1200°F 2 hrs. Oil Quench
Draw S70°F 3 hrs. Air Caal

AISI-4340 - Heat-Treat &%

Normalize 1650°F 2 hra. Lir Cool
Rustenitize 1600°F 2 hrs. 0Ll Quench
Draw 10359F 2 hre. 011 Quench
Draw 570°F 3 hrs. Alr Conl

50, 0
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ALL NOTCH RADI1 = 0.010"

DIMENSIONS IN INCHES

SIZE A B £ Db
FULL 2.18 0.394 0.394 0.079
12 2,16 0.394 0.197 0.039
3 1,125 0.394 0,131 0.026
/4 2,16 0.197 0, 197 0.039
Ve 1.125 0.131 0.131 0.026

CHARPY V ROTCH SPECIMEHS

Figure 1. Charpy specimen design (Curll C. H., 1958).



Table 3. Averaged* impact results of cast steel (Curll C. H., 1958).

FULL SIZE 1/2 SIZE 1/3 SIZE 1/4 SIZE 1/9 SIZE

TEMPER-| FRACTURE
ATURE [ENERGY| % E F E F E F E F

°c___ |[FI-LB | FIBROQUS
RT. | 145t 200 6.6 | 100 4.8 | 100 3.5 | 100 1.7 | 100
+10 141 100 7.3 | 100 4.6 | 100 3.7 | 100 1.8 | 100
0 13.7 85 7.2%| a5 4.0 a5 3.4 | 100 1.4 | loo
-10 13.35 80 7.4t 90 | 4.2 | 95 | 2.6 | 95 1.5 | 100
-20 13.0 55 6.2 | 65 | 4.2 | 90 3.6 8s 1.6 | 95
- 40 12, st 45 5.8 40 4.3 60 2.1 55 1.5 85
-60 10, 2t 30 5.6 25 | a8 50 2,7 45 1.4 85
-80 s.04 20 4,3t 20 3.0 20 1.9 a0 1.4 55
- 100 7.7t 15 3.8 15 | 2.3 20 1.6 25 1.0 45
=125 6.1 10 3.6 10 1.6 15 | 1.5 20 .8 25
-150 4.21 5 1.8 5 1.2 10 1.3 15 .9 20

*¥oLfE: Talues with preater than 25% devistion fros averggs were discarded.
t Raprasents one datum point discarded.
§ Represants two data points discarded.

Table 4. Averaged* impact results of AISI 4340 - Heat Treatment #1 (Curll C. H., 1958).

FULL SIZE ‘ 1/2 SIZE 1/3 SIZE 1/4 S1ZE 1/9 SIZE
TEMPEL- FRACTURE
ATURE |ENERGY| % e | F| E| F| 8| F | E | F
oc FT-LB [(FIBROUS
R.T,: | 79.5 100 24,2 100} 13.7 100 ; 12.9 100 4.8 100
0 75.7 100 22.7 100 | 13.8 100 | 12,5 100 4,3 100
=20 72.0 100 13. 4 100
- 40 71,3 :© lo0 21.9 100§ 13,2 100 | 11,4 100 4,5 100
-60 60,5 95 21,1 100} 12.7 loo ! 11,5 190
-B0 53.4 a5 20.8 100§ 12.1 100 | 10.7 100 4.6 100
-90 44.7 BO 20.5 100
- 100 32,5 60 19.1 95] 10.6 100 | 10.1 a5 4.2 100
=110 16.6 751 10.8 90 i
-120 28.6 55 2,71 s0) 9.2 Bo| 8.8 80 | 4,0t 1loo0
135 0.9 45| 7.4 ss| 7.0 | es |26 | ss
- 150 20. 4 15 ] 8.8 25 .7 45 6.7 45 3.54 90
- 196 E 1.9 | 40 .

*§Or§: VTaluss with graatar ithon 253 deviction from overoge were discarded.
{ Rebresents ona dotum point.discarded.



Table 5. Averaged* impact results of AISI 4340 - Heat Treatment #2 (Curll C. H., 1958).

FULL SIZE 1/2 SIZE 1/3 SIZE 1/4 SI1ZE 1/9 SIZE
TEMPER- FRACTURE
ATURE [ENERGY % E F E F E fF E F
°c  IFT-LB |FIBROUS
R.T. | 45.8 100 16.2| 00 | 8.5 | 100 | 7.8 | 100 | 2,8 | 100
.10 | 438 ] 100 2,8 | 100
-40 40.0t as 15,4 100 | 7.9 | 100 | 7.9 | 100 | 2.7 | 100
-50 14,3 | 100
=60 20.6 75 11,7 80 | 7.9 | 100 | 6.6 95§
-80 26. 74 50 9.3 55} 6.5 | B85 5.5 | 70 | 2.5 | 95
=100 18,3t 30 7.7 40 | 5.3 55 | 4.8t| 55
- 120 15.¢ 20 6.2 20 | 4.5 | 4o | 3.0 a5 | 2.2 | a5
-155 14.2 10 5.8 15| 4.0t] 30} 3.1 20 | 1.4%] 60
- 196 13.1 10 5.7 10 | 2.6 25 | 2.7 16 ] 0,86t 15

*HOTE: Values with greater than 25% dewlation from owerage were discarded.
t Represents one datum point discarded.
§ Represents two dota points discarded.
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Figure 2. Energy versus temperature - Charpy V-notch cast gun steel (Curll C. H., 1958).
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Figure 3. Energy versus temperature — Charpy V-notch AISI 4340 Heat Treatment #1
(Curll C. H., 1958).
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Figure 4. Energy versus temperature - Charpy V-notch AISI 4340 Heat Treatment #2
(Curll C. H., 1958).
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Table 6. Chemistries of steels used in study (Curll C. H., Subsize Charpy Correlation with
Standard Charpy, 1959).

CHENICAL ANALYSES (X by Welight)

No.| Materlal c Mn 81 s p Ni Cr Mo v Cu
1 2340 .43 .78 24 - - 178 .07 | Trace

2 | 3140 A4 1.11 .21 - - 2.56 +88 | Trace

3 4042 .44 T3 .19 - - Trace .03 33

clae | o] | am|

5 | Class 90 .17 .33 .23 .03 .04 | 2,13 .87 .12 .03 0587
6 | NL Stesl A4 .50 .23 .04 L0171 3.30

Forg: 1. Dash means onolysis not made.

Table 7. Heat treatment cycles for steels used in study (Curll C. H., Subsize Charpy
Correlation with Standard Charpy, 1959).

1. AISI-2340

Normalize 1600°F 2 hrs. Air Cool
Reheat 1475°F 2 hrs. Agitated 0il Quench
Draw 1200°F 2 hrs, 0il Quench
2. AISI-3140
Normalize 16 00°F 2 hrs. Air Cool
Reheat 15259F 2 hrs. Agitated 0il Quench
Draw 1106°F 2 hrs. 0il Quench
Redraw 1200°F 2 hrs. 0il Quench
3. AISI-4042
Tormalize T600°F | 2 hrs, Air Gool
Rekeat 1550°F 2 hrs. Agitated 0il Quench
Draw 1000°F 2 hrs. 0il Quench
4,  AISI-4140
Normalize 16000F 1 hr. Air Cool
Reheat 1550°F 1 hr, 0il Quench
Draw 1000°F ¥ hr. 0il Quench

Table 8. Hardness of steels used in study (Curll C. H., Subsize Charpy Correlation with
Standard Charpy, 1959).

: . B Ry
1. AISI-2340 99
2. AISI-3140 ’ 26.2
3. AISI-4042 3a.s
4. AISI-4140 38.3
5. Clase 90 Steel 22,7
6. Nickel Steel 82
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THIRD /38 1.125 304 .31 . 028
QUARTER 1y 5 2.16 197 .97 038
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HALF 12 5y 2.16 .197 304 078
THIRD 13 5p 2.16 131 .30¢ .079
THIRD if3 SL 2.16 304 181 026
HINTH 19s 1.125 131 .131 026

NOZE: Subscripts denote equivalent cross-sectional area with changes in dimensions.

Figure 7. Geometry of Charpy specimens used in study (Curll C. H., Subsize Charpy
Correlation with Standard Charpy, 1959).

Table 9. Averaged* impact data AISI 2349 modified - transverse (Curll C. H., Subsize
Charpy Correlation with Standard Charpy, 1959).

TENP. F.5. /s 1/3 8 1/4 8 1/2 8p 1/3 51
ENERGY| E1EROUS
(°c} {Ft-1b) CCI&?NT E F E F E F E F E F
R.T. 29.7 100 15.2 100 8.7 100 8.9 100
0 38.2 100 B.1 100
- 10 6.3 a5 8.5 100 -
- 20 3.8 25 4.6 100 8.2 100 B.2 100
- 20 34.8 85 14.9 95 )
- 40 28.8 1] 13.5 95 8.0 a5 7.8 95 | 18.5 95 8.8 85
- &0 22.8 ] 12,8 70 1.2 80 8.7 75
- B0 15.2 20 9.7 45 6.4 85 5.8 50
=100 14.5 10 8.5 30 5.2 30
=120 6.0 0 7.0 15 '] 5.0 40 4.0 20
=155 5.0 0 5.0 10 4.0 20 3.0 10
-196 3.5 0 1.2 5 l.8 5 1.1 5

*iverage of Phree Data Points
rransition femperature = 0°¢




Table 10. Averaged* impact data AISI 3140 modified - transverse (Curll C. H., Subsize

Charpy Correlation with Standard Charpy, 1959).

TEV™. F.S. /28 1/3 8 1/4 S 1/2 Sp /3 Sy
(°c) Jﬂf{ﬁ}ggaigﬂ? E| r | E| F| E]|F E| F| B | F
R.T. | 3.8 | 100 | 12.6 | 100 | 8.0 | 100 7.3 | 100 9.1 | 100
~40 | 20.8| 100 |12.8 | 200 | 7.2 | 100} 6.8 | 100 | 15.6 | 100} 8.0 | 100
- 50 | 26.8 90 7.1 | 100] 6.1 { 100

-g0 | 2.0 | 5 |20.5 ) 95 | 6.8 | 100 5.7 95 7.5 | 100
- 70 9.7 | 60 | 7.0 85 | 5.4 80 7.4 o
- 80 | 19.5 40 9.3 | 55 | 62| 75| 5.3 80 8.3 85
-100 | 13.8 20 7.8 | 30 | 5.3 0| 4.5 40 S.4 | 30
-120 | 13.2 10 | .8 | 20 ) s.0o | 3s| 40| 25 .1 20
-155 | 13.0 5 5.6 | 10 | 40 ] 15| 3.1 18 3.8 | 10
L1906 | 7.4 5 .8 |- s | a7 s| 2.4 10 3.2l s

o | s3.2 | 100 |12.8 | 100

*lvarage of fhrae Data Points
fransition Pasberaturs = -40°¢

Table 11. Averaged* impact data AISI 4042 modified - transverse (Curll C. H., Subsize

Charpy Correlation with Standard Charpy, 1959).

TEMP, F.S. 1/2 8 1/3 § 1/4 8 1/2 §p 1/3 sp
FIDNOUS
(°c) ENE'EIG{ CONTENT| E F E F E F E F E F
(Ft-Lb %)
100 26.3 | 100 7.1 | 100
80 27.8 85 | 9.8 | 100 | 7.6 | 100 | 6.1 | 100 | 18.2 | 100 | 10.g | 100
70 22.2 75 6.5 | 100
60 20,9 | 100 {11.2 | 100 | 6.8 95 | 5.8 | 95 | 13.5 | 100 8.5 | 100
50 9.8 85 5.3 | %0 | 14,86} 75
R.T. 17. 70 | 9.1 40 | 6.2 70 | 4.9 | 60| 9.5 &0 | 10.0 75
0 15.0 10 | 7.8 25 | 5.9 40 | 4.1 | 30| s.8 | 20 4.8 20
-20 8. s | 5.8 15 | 5.0 40 | 3.9 | 25| g.0 5 4.0 15
=40 10.8 5 | 6.5 15 | 4.4 30 | 3.5 | 25 | 5.5 5 4.0 10
-60 3.2 §| 4.1 25 | 2.8 | 15| 3.2 0 3.2 0
-80 4.0 0 | 3.5 5 2.8 51 3.0 0 3.0 0

*fverage of fhree Data Points
Transition Temperature = +100°C




Table 12. Averaged* impact data AISI 4140 - longitudinal (Curll C. H., Subsize Charpy
Correlation with Standard Charpy, 1959).

TEMP. F.S. 1/2 8 1/3 8 174 S 1/2 sp 1/3 Sp
o) |ENERSY|comEn| E | F | E Fl e |F | E|F E| F
(x)

R.T. | 42.17| 100 | 13.1 [ 100 | 7.3 | 100 | 6.8 | 100 | 23.4 | 1c0 | 15.7 | 100
- 10 | 33.8 | 100 | 14.2 | 100 | ¢.8 | 100 | §.7 | 100

-20 | 363 | 100 | 12.4 | 100 | 7.5 [ 100 | 6.4 | 100

-40 | 34,6 95 |11.8f 00| 6.6 | 100 | 6.2 | 100 | 20.9 | 200 | 12.0 | 100
-60 ) 27.3| 70 |10.8f 70| 7.0 | 100 | 5.3 | 85 |17.8 | 985 | 13.0 | 100
-8 | 204} 35 | 82| 45| 5.0 | 60 | 4.9 | 75| 9.2 ) €0 | 8.8 | 75
<100 | 15.8 | 20 | 7.2| 25| 4.8 | 35| 4.0 | S0 | 6.3 | 35 | 5.2 | 4§
=120 | 14.0 15 | 6.8 20| 3,9 |- 20} 3.3 | 30| 6.2 | 15 | 4.2 | 30
-1s§ | 13.6 | 10 | Ss.9| 10| 3.0 | 10§ 2.8 15| 6.3 | 10 | 4.0 | 1§
=198 | 9.3 S | 5.5)] 5| 2.9 S| 2.4 | S| 42| 5] 3.9 5

*iverage of Three Data Points
fransition Pemparaturs = =30°¢

Table 13. Averaged* impact data Class 90 steel - transverse (Curll C. H., Subsize Charpy
Correlation with Standard Charpy, 1959).

172 8

1/ 8

TEMP. F.S. 1/4 8 172 sp 1/3 Sp
t°c) | ENERSY Eéﬁ%;ﬂ% E F E F E F E P E| F
R.T. 4.8 100 14.8 100 g8.8 100 7.5 100 19.4 100 12,1 100
.40 | a2.9] 100 | 14.3 | two | 8.9 | 100} 7.6 | 100 | 17.2| 100 | 12.7 | 100
.60 | s1.2| 100 | 13,5 | 100 8.6 | 100] 7.0 | 100 18.8| 100

- 70 | 28 80 | 13.6 | oo | @.6 | 100 | 6.6 | 100 | 17.3 95

.80 | 22 60 | 13.2 90 | 8.1 | 100| 6.6 | 85| 14.5[ o | 12,7 100
. 90 7.9 | 100] 6.5 a0 | 1l.6 65 | 10.4 | @5
=100 16.1 a5 10.3 70 7.8 85 5.3 B0 8.9 50 7.5 B5
-120 | 12.8 15 8.4 0 | 7.0 g0 | 4.8 | 50 8.0 20 6.8 | 40
-135 4.1 35

2155 | 7.8 § 6.0 16| s.8| so{ 3.0 10| 42| 10| 3.0| s
2196 | 4.2 5 2,0 s| 2.8| 15 1.1 s a.0 5 2.5 3

*lverage of Three Data Poinis
fronsition femporolure = -80%¢




Table 14. Test results of nickel steel - transverse (Curll C. H., Subsize Charpy Correlation
with Standard Charpy, 1959).

TEST RESULTS OF NICKEL STEEL - TRANSVERSE

TENP, 2-5 F.S. F.Sy 1/2 5p N —_—

°c) LENERS CONIENT | E F| E F | E F — — —_ | —
(%)

23 ] 78.4 | 109 41.9 100 20.1

- 20 39.0 100

- 40 | 77.8 | 100 | 37.7 a5 ’ 20.5

- 50 | T1.2 90 | 30.2 80

- 60 | 55.3 g0 | 24.7 55 18.8

- 70 | 48.3 40 | 22.9 40

- 80 28.7 20 14.5 20 | 18.8 12.5

- 80 iz.l 16.3 8.7

-100 4.5 F 5 11.5 ' 12.7 8.1

=110 : 7.8

=120 8.5 0 5.4 0 {1

=155 4.7 3.2

frangition femparature = =40°C



Table 15. Comparison of theoretical to experimental data (Curll C. H., Subsize Charpy
Correlation with Standard Charpy, 1959).

COMPARISON - THEORETICAL VERSUS EXPERIMENTAL DATA

(e 6-9) =33

Theo- Experi-
rﬁ;:kal Eatcl Eua '.;._J.quhlc_
ar T
Hatoral Size Foib) | Fom | el | Tavss X
"+ Nl 8340 H.T. 41 172 g 22.9 2.0 +0.9 11,1
u zg, Energy B 3. -0.4 #1.0 .
=70 Feolh 0 174 § 1.5 12,0 -0.5 11,0 2.6
** AISI-4340 H.T. #2 1/2°8 1.7 4.7 0.01 £1.0
Full Size, Fnergy /as 8.9 9.0 -0.1 £1.,0 21.8
=37 Ft-lb vis 7.4 8.0 -0.8 11,0
** Cast Steel, Full 125 8.0 6.0 0.0 £1.0
Size, Energy = 1/3 5 4.0 4.0 0.0 1.0 12
12 Ft-1k _1/4s 3.0 3.0 0.0 1.0
. /2 § 12.9 12.5 -0.5 £1.0
A151e 2340 1/38 8.1 8.0 +0.1 1.0
F.S. Ene 71 S 153 s i +0 2.8
= 30 Fe- 173 5[, 8.1 3.8 1.7 11.0
1/2 s 12.5 12.0 +0.6 11,0
MEL-2140 Nod. 14§, 8.0 7.7 +0.2 +1.0
Blorgy = Vi | okt | 8T | | a8 2.8
28.75Ft-1b 13 s[, 8.0 8.0 0.0 11,6
. 1/28 5.7 5.7 0.0 1.0
E[- 4042 Yo, 173§ 3.9 i.5 -0.8 £1.0
Frery 2 174 5 23 g.g -0.L. 41.0 12
1L.0Fe-1b 173 3.7 4.0 -0.3 £1.0
1-’2 5 10»3 1.7 -ﬂ.E *lon
AIST-4340 /3s 8.2 g -1.3 11,0
Enerqy 3 13 gn 12’? gg'g ?'? RN 1
3L.75 Fe-1b 173 sp 10.5 12:0 -1.§ £1.0
Class 90 1/2.8 13.7 14.5 -0.8 +1.0
Steel 1735 8.5 8.7 -0.3 1.0
Full Size /4 S 6.8 7.5 -0.6 £1.0 21.8
En&r? = 172 % 16.¢ 17.8 -1.2 £1.0
33,25 Ftalb /3 1.1 12:7 -1.8 +1.0
Ni-Stesl 2 5p 74.0 75.0 -1.0 .7
F.5. Energy = F.5y 29.3 30.5 =1.2 £1.5 2.5
37 Fr-lb 12's) 18.5 20.5 -2.0 11,0

“Allowable folerance
155 ovar 20 fi-1b of ensrgy
31 ft~1b under 20 ft=1b of enargy



Table 16. Subsize Charpy energy and temperature requirements for codes and

standards (Towers, 1986).

Energy requiremaent as a fraction
of that for & tull size specimen

Modsficaiions to test
temperatare for sub-size

Srmndard (Specimen thickness (mm} given in specimieng ralaties o full
ar code Relating ta: pareriheses] Size
Auatralia
A51X04. 1 SED Structural slesls n.8s 0ET
TS iE Wong
a5 12061080 Structural stesls
AE1Z210.1877 Unfirad pressisee 080 070 035 Mane
wensels (7.5 15) 12.6)
Conada
C5A GA0. 20-M15TR Robled or welded nas 76 [+ 0.8 033 Hone
structural steal Lt 1O i ) B 11 (23 2.5
F A Garmany
Dibe 1 7100- 1380 Structural steels Praportional to area, down 1o Smem thickness Mane
Fronco
NFAZE-Z0B 1978} Mon-alloy and neckal allgy Some enargy as for full size specimen dawn Mama
steal plates for low 18 Smm thicknass
Lamparaure pressues
vEssalg
MFAZE-Z00 (1876 iusher;itu: stoinlgss slesl o Br — )
cparticnal 1o anea
tar lorew and wery low Nene
hETipEralure prassure
Werrels
Burssu Venjas Rubes and regulations .83 Ea',r - . ) T
1877 for the consiresigs 7.8 %] Home
and classification of
Siel wEsaels
Japan

JIS G326 978 Costesl platos for
pradsure wassels for

low lemparalsnes

Zhalf maimiem sbsorbed energy

JIEGI211.1477 Fargings for stesl

prassie vessals

JI5 G3460-1978

Stesl prpes for low
Temp@raiures

SIS GIAGS- 1978

Fleel heat snchanger
Tubae Tar low tamparaiures

Reduced test temperalurg
is resguired for some of
the steels covered by
3126, by 5 and 15°C for
7.5 and Smim thickness
spscimens, respeclivaly

Cast steel pipes
for welded siructures

JNEGEI -18T7B

D.83 QBT Mane
7.5} a1

D86 Q67011 0.32.0.36 MNane
DEN -] 12.51

D.86 67-0.M 0.33.0.36 Wone
(7.6 151 12.51

DEE 0T Mona
(7.5| 153

e

JWE WESI001-1873 Eynluatimg structural

steeds far low

> half magimum absorbed eaeogy, except for
B%Ni steel for which

Reduced test temparaluiid
of 10 pr 20°C for 7.5 or

tempeEratiere saryice .63 068 Smm thicknass, reapec-
1.5 (LT tivaly, spacalaad if
required temperatura for
tull size spaciman is
=< 20°C, but only when
racqeirament ig for = hall
maximum absorbed
anargy
Blappon Kagi " Fubes and requlations 083 06T Mane
Kypakai 18748 Tar tha cangimuction 17.5) (5]
ard dassrhcation of $hips
Marway
Det AnFske Rulas Tar classification 082085 OBE-0.68 OE0-06Z PMang
Waritas 1881 of gtesl ships (1.6h 15) 2.5




Table 176 (continued). Subsize Charpy energy and temperature requirements for codes
and standards (Towers, 1986).

Energy requiremsant a5 o fraction Modificatiens to s
af that foe @ Tull §ipe SpEcimEn temperaturs for sub-size
Ciandard {Specimen thickness (mm) gven in specimans ralaties o full
af ende Rulating to: parentheses) size
Dt noiske Rulas far submarine
Yeritas 1981 pinzline systems 083 0.67
- - Mans
(7.5) 15k
Dt mees Rules for 1the design,
Weritas 1981 canstruction and inspEeclian
af affahire Glresiures
United Kingdom
B3 1501 Par 1 © and C-Min steels 0.80-0.81 0,70-0,71 Mg
§:1:0e far pressure yveaasls T4 1By
BS 1501: Fart I: Alloy steels for 070-092 04%0784  0.26-0.32 Hane
1470 |Addenoum 1, 19735 pressure vessels {7.5] 15} 12,5
BS 15100 1958 Loww tempesature 100 1.00 Kong
supplermantary 7.6 151
racuiraments for BS 1601
to BS 1604
BS 4350 1978 Wialdable structural OBz-088  OQOER-0EE Mone
steels 17.5} 151
BS 4741197 Walded storage tanks 0.B0-0.81 O.70-0.71 Q.37 Mons
(smendment 2: 1280} for tomperatures dowe 17.5} (1] (2.5
te —S50°C
85 5500: 1962 Unfired fugion walded OB 073 Mane
pressune vessels 7.5y 4%
Llyd's Register 1981 Fules and regulatiaons 0.81-0.84 066058 Warng
far the constrechion 17.5} 151
and classification of
wleel ships
Usa
ASTM AZD-BI L Steed plates for Froportipnal to area Hane
pressyre yeaals
ASTH A320-87 Alloy steel balting 0,80 Keane
materiahs far low (1.8)
TempEratune service
ASTM A3332-81a Seamless and welded Progartional i ares
pipe far low
temperaturs sefide Test tamperature shoukd
- e e — e b reduced if tesipisce
ASTM A334-73 Seamiess and welded Frogorional fo area sarnphes less than B0% o
gcarban and alloy thit section thickness,
stoed tubes for low Temparature reduction
temparaiure seaca dependd on tha degran by
—_ — == wihich thi testpiece thick-
ASTM A350-81 Carban and law alkay Propertianal 10 araa ness is less than section
FRrgings requinng pateh iRicknass, see Table 11,
toughness testing for
piping cempanants .
ASTM AGTIBla | Sampling pracedurs | Froportonal ia area Hane T
for impact tasting
of strisctursl steel
AP GLX-1942 High test line pipe Praporticnal to srea Hane
1SRA)
AMB20-1878 Large, welded low For storage of liquefied hydrocarbon gasses Hang
prasguse storage tanks 075 OE% 051 035 03
(7.5 16.71 151 [ - T
For atersge of rafrigeratad products
083 0E?
(7.5) 15}
AF G50-1980 ‘Weldad steed tanks Fraportionsl b ares Mone

tar ail



Table 186 (continued). Subsize Charpy energy and temperature requirements for codes

and standards (Towers L. , 1986

).

Engrgy requirernant as a fraction
of that for a full see spagimen

Muodilications to tegt
temparature for sub-size

Srandard | Spegimen thickness [mmi| givan in spacimens ralalive ta full
o code Falating to: PErEnIRnEaER] siza -

ASME 8PV Construction of Fropartignal ta area Tes1 temparaiune should
11380} presiury vessels b raduced if tasipiecs
BFY W1 samglas laas than S0%
11980} of the sectien (hickness.

ASME B37 Ja- 1081

Chérmical plant and
pedrobeum relmeny

|:|ip|r|u
WS D11 -1981 Structural wﬂllj";
cofde—eesl
ARG, rules dor Lo temperature
building anad matsrials b siael
clastng stesl whEgEly

wegsels, 1981

SAE

Fallimg abjact
J230- 1980 PIOTECive
J1043 1580 Elructures

Froperionsl 1o area

0B 067 043
175 5] 12.5)
083 0ET NS0
175 (8 (2.5}
0.86 Q.77 Q6B LN 11
i¥.5) 187 |51 3.3

Tamperature reductian
depends on the degres by
which the testpiace thick-
NERE i5 lass than sectan
thicknass, soa Table 11.

Mane

Nina
0.50 Mane
(2.5

Table 197. Statistics of Charpy impact energies from 1989 study (American Iron and Steel

Institute, 1989).

ASTM Test Three-Test Average of Absorbed Energy (fi-Ibs) No. of Tests
Specification| Temperature| Mean SD COV (%)} Min Max )

0°F 21.2 11.2 52.8 4.7 77.0 785

A 572 40°F 36.4 15.0 41.2 8.0 91.0 785
T0°F 53.5 15.4 36.3 16.0 124.7 785
0°F 40.6 28.5 70.2 3.7 165.0 417

A 588 40°F 62.9 39.5 62.8 5.3 290.0 417
70°F 85.2 45.2 3.1 11.3 256.0 417

Table 18. Statistics of Charpy impact energies from 2003 study (Suwan, Manuel, & Frank,

2003).
ASTM Test Three-Test Average of Absorbed Energy (fi-Ibs) No. of Tests
Specification| Temperature| Mean SD COV (%) Min Max )

0°F 61.9 46.2 74.6 3.0 175.0 224

A 572 40°F 8§2.9 48.1 58.0 5.7 194.7 224
70°F 100.7 48.2 47.8 7.7 210.0 224
0°F 108.6 71.9 66.2 7.0 303.3 259

A 588 40°F 143.7 74.5 51.9 12.0 299.0 259
T0°F 162.4 66.5 40.9 17.7 318.7 259




Table 19. Frequency distributions of tensile strength at reference location (Suwan,
Manuel, & Frank, 2003).

Frequency (%)

Range (ksi) | 1974 Study Present Study
Carbon Steel] A572 AS588
20< Fu <30 - - -
30< Fu<40 - - -
40< Fy, <50 2.3 - -

50< Fy<60 18.8 - -
60< Fy <70 56.5 . -
70< Fy <80 16.8 22.8 42.1

80< Fy <90 5.6 74.3 52.6
Fu> 90 - 2.9 5.3

No. of Tests 357 35 38




