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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 A. 
 
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 (Rc 
40) and AISI 4340 heat treated to Rc 27 (Heat Treatment #1) and Rc 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.-lbs. 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 (½ SD and 1/3 SD).  Figure 7 illustrates 
the various subsize geometries tested.  All six steels are within A370/Table 9’s 0-40 ft.-lb. 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). 
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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, ¾ size, ½ size and ¼ 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-lb/0.1 inch width (15 ft-lb 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.-lbs.) 
 
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”, 
0.75”<t≤1.5”, 1.5”< t ≤2.5”, 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.-lb. impact properties proportional to area. 
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Table 1.  Chemistry of selected (American Iron and Steel Institute, 1989) steels (Curll C. H., 

1958). 

 

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

 

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

 

 



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

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

  



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

 

Figure 2.  Energy versus temperature - Charpy V-notch cast gun steel (Curll C. H., 1958). 

  



 

Figure 3.  Energy versus temperature – Charpy V-notch AISI 4340 Heat Treatment #1 
(Curll C. H., 1958). 

 

Figure 4.  Energy versus temperature - Charpy V-notch AISI 4340 Heat Treatment #2 
(Curll C. H., 1958). 



 

Figure 5.  Correlation curves for subsize Charpy impact specimens above transition range 
(Curll C. H., 1958). 

 

Figure 6.  Effect of transition range on energy values as plotted on the correlation curves 
(Curll C. H., 1958). 



Table 6.  Chemistries of steels used in study (Curll C. H., Subsize Charpy Correlation with 
Standard Charpy, 1959). 

 

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

 

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



 

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). 

 

 

  



Table 10.  Averaged* impact data AISI 3140 modified - transverse (Curll C. H., Subsize 
Charpy Correlation with Standard Charpy, 1959). 

 

Table 11.  Averaged* impact data AISI 4042 modified - transverse (Curll C. H., Subsize 
Charpy Correlation with Standard Charpy, 1959). 

 

  



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

 

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

  



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

 



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

 
  



  

Table 16. Subsize Charpy energy and temperature requirements for codes and 
standards (Towers, 1986). 



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

  



Table 186 (continued).  Subsize Charpy energy and temperature requirements for codes 
and standards (Towers L. , 1986). 

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

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

 
  



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

 


