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ABSTRACT 
The margins in the ASME Code stainless steel allowable 

stress values that can be attributed to the variations in material 
strength are evaluated for nuclear piping steels. Best-fit 
curves were calculated for the material test data that were used 
to determine allowable stress values for stainless steels in the 
ASME Code, supplemented by more recent data, to estimate 
the mean stresses. The mean yield stresses (on which the 
stainless steel S, values are based) from the test data are about 
15 to 20% greater than the ASME Code yield stress values. 
The ASME Code yield stress values are estimated to 
approximately coincide with the 97% contidence limit fiom 
the test data. The mean and 97% confidence limit values can 
be used in probabilistic risk assessments of nuclear piping. 

I NTRODUCTI 0 N 
Recent studies of piping system seismic design of nuclear 

piping have evaluated the margins of safety inherent in ASME 
Code Section III methodology (Autaki, 1993, Adams and 
Stevenson, 1992.) These margin studies were focused on the 
failure theories for ductile metal, and the results of tests of 
piping sections under dynamic loads. 

Section III of the ASME Code (ASME, 1992) applies factors 
of safety against incipient yielding or rupture of test specimens 
loaded in simple tension. The allowable stress values 
(designed as S, in the ASME Code) are based on the minimum 
strength properties of metals. Therefore, another margin of 
safety in the allowable stress values is the estimate of the 
material strengths. This paper estimates the margins between 
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best-fit a w e s  for stainless steel material strengths fiom 
available test data, and the values used in the ASME Code to 
determine the allowable stresses. 

TEST DATA 
The allowable S,  values for stainless steel in the ASME Code 

are based on two-thirds of the yield stress at room temperature 
for temperatures up to 300"F, and nine-tenths of the yield 
strength at temperature for temperatures fiom 300 to 650°F. 
Room temperature to 650°F represents the range of 
temperatures typically used in the analysis of nuclear power 
plants. 

Data for three stainless steels commonly used in nuclear 
power plant piping construction were collected fiom available 
sources. The stainless steels evaluated were wrought Type 
304, cast Type 304, and Type 316. 

Wrought TvDe 304 DiDe 
The oldest Type 304 stainless steel data sets are from 

Simmons and Cross (1952). This ASTM special publication 
had two supplements (Simmons and Van Echo, 1965; Smith, 
1969). The 1952 data series contains values for three forms of 
18-8 steel (although Trpe 304 stainless steel is not specifically 
referred to in this reference, its composition is 18Cr-8Ni): bar 
stock, sheet, and other (cast). There is no specific mention of 
the wrought pipe/tube product form. Supplement 1, published 
in 1965, specifically lists wrought Type 304 stainless steel as a 
separate product form, whereas Supplement 2, published in 
1969, lists Type 304-304H pipe/tube as a separate product 
form. Other sources of data are Hays et al. (1986), Hiser 
(1989), Kanninnen (1982), Wilkowski et al. (1989), and 
Yagawa et al. (1984). 
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Cast TvDe 304 pipe 
Most of the data in the ASTM reports (Simmons and Cross, 

1952; Simmons and Van Echo, 1965; Smith, 1969) are for 
wrought stainless steel. The 1969 report excludes data for cast 
stainless steels, whereas the 1952 and 1965 reports contain 
only a few data points for cast material at several 
temperatures. The data in the 1965 report are for cast stainless 
steel pipes that had been bored and cold expanded. Other data 
sources are Hiser (1988) and Chopra et al. (1991). 

TvDe 316 
There are less available data for Type 3 16 stainless steel than 

for Type 304 stainless steel. A comparison of the wrought and 
cast properties of Type 304 stainless steel pipe shows that the 
cast yield stress and ultimate tensile strength values are less 
than the wrought values by about 5 and 3%, respectively. 
From plots of the corresponding values for Type 316 stainless 
steel, it appears that there also is not a great difference 
between the wrought and cast values; therefore, no 
differentiation will be made between these two Type 316 
stainless steels. 

The Type 31 6 stainless steel data are from Simmons and Van 
Echo (1965), Smith (1969), and CF8M (the cast form of Type 
3 16 stainless steel) from Bamford and Swamy (1 984), Chopra 
et al. (1991), Hiser (I988), Wilkowski et al. (1989), and 
Willcowski (1984). 

YIELD STRESS 
Plots of the data for the three stainless steels are shown in 

Figures 1 through 3. Several types of curve fits were used to 
approximate the data. A cubic polynomial appeared to give a 
good representation. The equation of the curve fit, with y 
representing the yield stress and x representing the 
temperature, are shown on the graphs. The ASME Code yield 
stress values for SA-376 Type 304 pipe, SA451 CPF3ICPF8 
(cast Type 304) pipe, and SA451 CPF3IWCPF8M Type 316 
stainless steels are also included on the graphs. The ASME 
Code values are an approximate lower bound to the data. 
There are two test data values that are less than 30 ksi at 70°F 
(one data point each on Figure 1 and Figure 2), but since the 
minimum yield stress for these materials is 30 ksi, pipe from 
these two material lots would not be used in nuclear plant 
construction. Stainless steel does not have a distinct yield 
point, and common practice is to use 0.2% permanent set (as 
determined kom the test) for the yield strength value. The 
lack of a distinct yield point may contribute to some of the 
scatter in the data. 

The best-fit values and the ASME Code values were used to 
calculate the stress differences between the ASME Code 
minimum yield stress values and the best-fit yield stresses at 
the corresponding temperatures. Plots of these stress 
differences are shown in Figures 4 through 6 .  The minimum 
stress difference for wrought Type 304 stainless steel pipe is 

about 3.4 ksi at 450°F (Figure 4). The minimum stress 
difference for cast Type 304 stainless steel pipe is about 3.8 
ksi at 650°F. The minimum stress difference for Type 316 
stainless steel pipe is about 3.8 ksi at 650°F. 

The curve-fit yield stress was divided by the ASME Code 
yield stress value at the corresponding temperature. 
Subtracting 1 IYom these values results in a fraction that 
represents the increase (that is, the margin) in the best-fit 
curve values over the ASME Code values. These increases are 
shown in Figures 7 through 9. The minimum margh for 
wrought Type 304 stainless steel pipe is about 17% at 425°F. 
The minimum margin for cast Trpe 304 stainless steel pipe is 
about 18% at 100°F. The minimum margin for Type 316 
stainless steel pipe is about 20% at 550°F. 

There are too few data points available to determine a 
probability distribution for the stress values. Figure 10 shows 
a histogram of the yield stress values for all three stainless 
steels at 70°F. The distribution could be assumed to be 
constant between 30 and 44 h i ,  or a normal or lognormal 
distribution truncated at a lower bound of 30 ksi. However, 
for purposes of estimating the confidence level that the ASME 
Code yield stress values have with respect to the data, a 
normal distribution was assumed. The data firom all  three 
Stainless steels are plotted together in Figure 1 1, along with the 
ASME Code yield stress values for wrought Type 304 stainless 
steel. Also included is the 97% lower confidence level based 
on an assumed normal distribution of the test data f?om 70 to 
550°F. As seen in Figure 11, the 97% lower confidence curve 
closely approximates the ASME Code values. Thus we can 
conclude that the ASME Code values represent a high 
confidence level, say 95 to 99%, that the ASME Code values 
are less than the test data. For probability studies, the yield 
stress value on the best-fit curve could be used as the mean of 
the yield stress distribution for a give temperature, and the 
ASME Code value could be used as the 97% lower confidence 
limit. 

ULTIMATE TENSILE STRENGTH 
Although the ultimate tensile strength values are not used in 

the ASME Code to compute S, values for stainless steel, the 
test data are presented here for interest. The data for the three 
stainless steels are shown in Figures 12 through 14. The 
ASME values for a minimum ultimate tensile strength of 70 
ksi are included. (The ASME Code also lists 75 ksi minimum 
ultimate tensile strength material.) Third-order polynomial 
curves fits were used for the Type 304 stainless steels, and a 
fourth-order polynomial fit was used for Type 316 stainless 
steel. The ASME Code values and the curve fits appear 
relatively closer together than do the corresponding curves for 
the yield stresses in Figures 1 through 3. In fact, several data 
points are below the ASME Code ultimate tensile strength 
values. 
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CONCLUSIONS 
The material test data used as the basis for the ASME 

Code Section ILI allowable stress values, supplemented by 
more recent test data, are evaluated to estimate the differences 
in the ASME Code allowable stress values and best-fit values 
to the data. The ASME Code allowable stress values (Sa are 
based on the yield stress. The best-fits to the yield stress data 
are about 20% greater than the ASME Code yield stress values 
at corresponding temperatures. Assuming that the yield stress 
data are distributed normally about the mean, it is estimated 
that the ASME Code yield stress represents a high 
(approximately 97%) confidence level to the test data. The 
margins between the ASME Code ultimate tensile strength 
values and the test data appear to be less than for the yield 
stress daw however, these values are not used to determine 
allowable stress values for stainless steels (the stainless steel 
S,s are based on the yield stresses). 
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FIGURE 2. YIELD STRESS DATA FOR CAST TYPE 304 STAINLESS STEEL. 
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FIGURE 14. ULTIMATE TENSILE STRENGTH VALUES FOR TYPE 316 STAINLESS STEEL. 
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