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ABSTRACT. An American Society of 
Mechanical Engineers task group on stain
less steel weld materials was organized to 
determine the need for ferrite measure
ments of production welds required by 
the U.S. Nuclear Regulatory Commission 
Regulatory Guide 1.31 (Ref. 1). The task 
group studied paired ferrite measure
ments, i.e., both calculated and measured 
ferrite numbers (FNs) for the material 
qualifications, versus measured ferrite 
numbers for corresponding production 
welds (PWs). Our purpose was to com
pare Herr i te content as measured in the 
filler metal weld qualification pad with 
that in the resultant PW. Welds made 
predominantly by three common pro
cesses (submerged arc, shielded metal 
arc, and gas tungsten arc) were included 
in the study. Weld metals investigated 
included types 308, 308L, 316, and 316L 
stainless steel. An initial evaluation of the 
paired ferrite measurements was made 
by the task group, and specific conclu
sions and recommendations were made. 
We describe the analysis of the data and 
the conclusions drawn. 

The data base consisted of a heteroge
neous collection of 1449 paired ferrite 
measurements for several forms and 
combinations of types 304 and 316 stain
less steel pipe qualification pad and pro
duction welds. Qualification pad values 
ranged from 5 to 15 FN, and correspond
ing values for the PWs ranged from 2.3 to 
17.5 FN. Only two PW ferrite numbers 
were less than 3. For qualification weld 
ferrite numbers less than 14, the median 
PW ferrite number was in reasonable 
agreement. However, the results show a 
wide scatter. 

As a result of this analysis and the task 
group evaluation, we concluded that the 
requirements of Regulatory Guide 1.31 

on the measurement of ferrite in PWs are 
not necessary and that a minimum ferrite 
number of 5 in the qualification welds 
will, in most cases, result in PW ferrite 
contents greater than 3 FN. 

Introduction 

To minimize the susceptibility of aus-
tenitic stainless steel welds to fissuring, a 
small percentage of 5-ferrite is generally 
required in the room-temperature micro-
structure. For construction of class 1 
nuclear components, Sect. Ill of the 
American Society of Mechanical Engi
neers' ASME Boiler and Pressure Vessel 
Code requires that welding material qual
ifications include determination of ferrite 
content expressed as ferrite number (FN) 
(Ref. 1). All austenitic stainless steel weld 
materials, except cladding materials and 
SFA5.4 type 16-8-2, are required to have 
at least 5 FN as determined from a 
constitutional diagram* or from measure
ments by a magnetic measuring device 
(Ref. 1). Previously, the Interim Regulato
ry Position to the U.S. Nuclear Regulatory 
Commission Regulatory Guide 1.31 (Ref. 
2) required that 10% of production welds 
(PWs) over 25.4 mm thick (1 in.) be tested 
to ensure that the weld metals contain 
sufficient 6-ferrite to provide 3 FN. The 
ferrite number in PWs is measured by 
magnetic devices (Magne-Gage, Ferrite-
scope, Severn gage, Elcometer, etc.) cali
brated to secondary standards traceable 
to the National Bureau of Standards. 

An ASME task group was organized to 
determine the need for measuring the 
ferrite content of PWs, as required in the 

*DeLong diagram is suggested when nitrogen 
content is known, and Schaeffler diagram is 
suggested when nitrogen content is not 
known. 

Interim Regulatory Position (Ref. 2). The 
task group conducted a study of paired 
ferrite measurements, that is, calculated 
and measured ferrite numbers for the 
material qualifications versus measured 
ferrite numbers for the PWs. The pur
pose of this study was to compare 5-fer-
rite contents, as measured in the filler 
metal weld qualification pads (qualifica
tion welds, QWs), with those in the resul
tant PWs. Welds made primarily by three 
processes — submerged arc (SA), shielded 
metal arc (SMA), and gas tungsten arc 
(GTA) — were included in the study. Weld 
metals investigated included types 308, 
308L, 316, and 316L stainless steel. The 
Q W and PW ferrite measurements were 
first evaluated by the ASME task group, 
and specific conclusions and recommen
dations were made. This paper describes 
an analysis of the data and presents the 
conclusions drawn from the analysis. 

Analysis Technique 

The data base consisted of a heteroge
neous collection of 1449 paired ferrite 
measurements on filler metal weld pads 
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Table 1—Summary of Ferrite Measurements by Category 

Welding Process 

Cas tungsten arc 
Shielded metal arc 
Submerged arc 
Flux cored arc 
Gas metal arc 

Material Thickness 

<25.4 mm (1.00 in.) 
>25.4 mm (1.00 in.) 
Unknown 

Number of 
Tests 

914 
303 
228 

2 
2 

631 
273 
545 

Stainless Steel 
Type Filler 

308 
308L 
316L 
316 
Unknown 

Measurement Technique 
on Production Weld 

Ferritescope 
Elcometer 
Severn gage 
Unknown 

Number of 
Tests 

421 
624 

90 
2 

545 

341 
86 

477 
545 

Stainless Steel Types, 
Base Metals 

304 to 304 
304 to 316 
316 to 316 
304L to 316 
304 to 316L 
304 to 304L 
Unknown 

Measurement Technique on 
Weld Qualification Pad 

Magne-Gage 
Diagram'3' 
Unknown 

Number of 
Tests 

921 
75 

339 
25 

7 
8 

74 

485 
419 
545 

( a )Delermined f rom composition wi th constitution diagram. 

and corresponding PWs for several forms 
and combinations of types 304 and 316 
stainless steel pipe. Ferrite number values 
ranged from 5 to 15 for the QWs and 
from 2.3 to 17.5 for the PWs. The tests 
were partitioned according to six vari
ables: 1) welding process, 2) base materi
al, 3) filler material, 4) base material thick
ness, 5) ferrite measurement technique 
used on filler metal weld pad, and 6) 
ferrite measurement technique used on 
PW. Other variables such as source of 
information and welding position were 
not considered. The number of tests at 
each variable level is given in Tables 1 
and 2. Two measurement techniques — 
Magne-Gage and the chemical analysis 
constitution diagram (Ref. 3) contained in 
Sect. Ill of the ASME Code —were used 
solely for QW measurements, and three 
other techniques — Severn gage (both 
ranges), Elcometer, and Ferritescope — 
were used solely for PW measurements.* 
This confounding makes it impossible to 
compare directly the qualification and 
production welds because the variability 

3 
a. 

LU 

5 

o 
Z> 
Q 
O or 
a. 

o 
rr 
rr 
ui 
m 
5 
3 
2 

rr 
rr 

NUMBER OF OBSERVATIONS 
46 187 39 115 71 117 336 80 104 28 6 149 

*Here, QW and PW represent FNs of the 
respective welds. 

FERRITE NUMBER FROM QUALIFICATION WELD PADS(QW) 
Fig. I - Comparison of measured ferrite numbers from production welds with those from filler 
metal weld pads. See Fig. 2 for explanation 

Table 2—Distribution of Differences between Ferrite Numbers of Production Welds and of Filler Metal Weld Pads with Known Measurement 
Techniques 

Partition of Tests with 
Known Measurement 

Technique 
or Filler Metal 

Magne-Gage 
Constitution diagram 
Magne-Gage and 

Ferritescope or Elcometer 
Constitution diagram and 

Ferritescope or Elcometer 
Magne-Cage and Severn 

gage 
Constitution diagram and 

Severn gage 
Filler type 308 stainless steel 
Filler type 308L stainless steel 
Filler type 316L stainless steel 

Number of 
Tests in 
Group 

485 
419 
115 

312 

370 

107 

188<a> 
624 
90 

< - 4 

3.3 
2.1 
0 

2.9 

4.3 

0 

4.3 
2.7 
0 

< - 3 

3.9 
5.5 
0 

7.1 

5.1 

0.9 

8.0 
4.2 
0 

Distribution 
< - 2 

4.3 
20.8 
0 

14.1 

5.7 

30.8 

18.6 
6 6 

33.3 

over Rang 
< - 1 

18.8 
33.4 
10.4 

34.0 

21.4 

31.8 

36.7 
20.8 
33.3 

ss of PW 
<0 

35.3 
53.7 
31.3 

58.0 

36.5 

41.1 

61.7 
39.1 
37.8 

-QW (% 
> 0 

52.2 
42.0 
63.5 

36.2 

48.6 

49.5 

36.2 
48.9 
62.2 

of Group Total) 
> 1 

44.3 
21.7 
33.9 

27.5 

47.6 

33.6 

18.6 
39.9 
24.4 

>2 

12.0 
12.4 
14.8 

20.9 

11.1 

16.8 

9.0 
13.9 
6.7 

>3 

7.4 
9.3 
7.8 

8.7 

7.3 

11.2 

7.4 
9.5 
2.2 

>4 

3.7 
3.6 
0.9 

2.9 

4.6 

5.6 

3.7 
4.0 
1.1 

( a >Oi ihe 42 I type 308 weld data listed in Table I, only 188 had identified welding processes; only these were analyzed. 
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GREATEST VALUE 
CONTAINED WITHIN 
OE UPPER HINGE 

SMALLEST VALUE 
CONTAINED WITHIN I STEP 
OF LOWER HINGE 

UPPER HINGE ,-L 

LOWER HINGE 

I ' / ; (H 

S } A L L POINTS OUTSIOE OF H - S P R E A D + I STEP 
ARE PLOTTED 

Fig. 2 — Description of box plot method for 
displaying data. The "hinges" represent quar-
tiles, and the H-spread is the range of values 
between the lower and upper quartiles 

in results necessarily contains u n k n o w n 
biases that may exist b e t w e e n measure
ment techniques. A l though in subsequent 
t reatment o f the data w e at t r ibute results 
to di f ferences b e t w e e n Q W values and 
PW values, w e must recognize that this 
con found ing is present. 

As w i t h most col lections o f historic 
in format ion , the con found ing of results 
that exists makes it diff icult t o d raw 
clear-cut conclusions. N o at tempt was 
made to enumerate these except to state 
that measurement methods, in addi t ion 
t o being c o n f o u n d e d w i t h the paired 
tests, w e r e also partially c o n f o u n d e d 
w i t h data source and thickness o f mater i 
al. 

Analysis o f Results 

The data are il lustrated in Fig. 1 w i t h 

-MM 

MATERIAL THICKNESS, 

> l l n (273) 

-5 -4 -3 -2 2 3 4 5 

M 

•Ml 

MATERIAL THICKNESS 

<l in. (63II 

2 3 4 5 

Fig. 3 - Distribution of differences (PW—QW) 
between production weld and filler metal 
weld pad ferrite measurements, shown as 
proportion of tests that fall within specific 
intervals for two weld thickness ranges and for 
all available data 

Table 3—Distribution of Differences between Ferrite Numbers of Production Welds PW and 
Filler Metal Weld Pads Q W 

Total in Category (%) 
Thickness 

All <25.4 mm 
Data (<1.00 in.) 

95 0.2 
101 2.7 
126 6.3 
306 14.4 
503 26.5 
703 43.3 
108 9.0 
638 47.7 
224 26.8 
186 9.0 
116 5.4 
42 3.3 
18 1.9 

of differences (PV 

492 23.5 
709 50.2 
242 11.7 
143 6.0 
113 2.1 

data w i t h the same QW measurements 
are arranged in order f r o m smallest t o 
largest. For each o rde red QW set, the 
median is the middle PW value, and the 
"h inges " co r respond t o middle values 

rrite Number 
Difference 
(PW-QW) 

< - 5 
< - 4 
< - 3 
< - 2 
< - 1 

< 0 
= 0 
> 0 
> 1 
>2 
>3 
> 4 
>5 

>2 
> 2 
>3 
> 4 
>5 

Raw Count 
Material Thickness 

<25.4 mm 
(<1.00in.) 

>25.4 mm 
(> 1.00 in.) 

Distribution of di 

1 
17 
40 
91 

167 
273 
57 

301 
169 
57 
34 
21 
12 

6 
7 

12 
28 
75 

124 
16 

133 
79 
52 
40 
12 

5 
Distribution of absolute va 

148 
317 
74 
38 
13 

80 
90 
52 
19 
11 

5.4 mm 
1.00 in.) 

2.2 
2.6 
4.4 

10.3 
27.5 
45.4 

5.9 
48.7 
28.9 
19.0 
14.7 
4.4 
1.8 

29.3 
33.0 
19.0 
7.0 
4.0 

All 
Data 

6.6 
7.0 
8.7 

21.1 
34.7 
48.5 
7.5 

44.0 
15.5 
12.8 
8.0 
2.9 
1.2 

34.0 
48.9 
16.7 
9.9 
7.8 

box plots. These plots are generated by 
determin ing the median and other appro 
priate points that display the distr ibut ion 
o f values (see Fig. 2 for key to Fig. 1) f r o m 
an o rde red set of data. For example, all 

(b) 

I T 7 

i | ; 
-5 -4 -3 -2 -1 0 1 2 3 4 5 >5 
SEVERN GAGE-MAGNE GAGE 

(370 OBSERVATIONS) 

-3 -2 -1 0 1 2 3 4 5 >5 
SEVERN GAGE-CONSTITUTION DIAGRAM 

(105 OBSERVATIONS) 

Q_ 

§ 30 
o 

5 20 
o 
I -

o 
K-

o 
rr 
UJ 
Q-

10 

0 

(0 

- 2 - 1 0 1 2 3 4 

ELCOMETER, FERRITE SCOPE-MAGNE GAGE 

(115 OBSERVATIONS) 

<-5 -5 -4 -3 -2 -1 0 1 2 3 4 5 >5 
ELCOMETER, FERRITE 

SCOPE-CONSTITUTION DIAGRAM 
(312 OBSERVATIONS) 

Fig. 4 — Distribution of differences (PW—QW) between production weld and filler metal weld pad 
ferrite measurements shown as percent of total in each group for four comparisons of ferrite 
measurement techniques, (a) Range reading versus dial reading, (b) Range reading versus empirical, 
(c) Dial reading versus dial reading, (d) Dial reading versus empirical 
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• 

10 

NUMBER OF TESTS 115 312 370 107 

MEASUREMENT QW-MG DIA MG OIA 
TECHNIQUE p w _ f F S FS SG SG 

L E L EL 

Fig. 5 - Distribution of differences (PW-QW) 
between production weld and filler metal 
weld pad ferrite measurements for four com
parisons of ferrite measurement technique 
with all weld metals measured. MG, Magne-
Gage; DIA, constitution diagram; FS, Ferrite
scope; SG, Severn gage; EL, Elcometer 

O 
I 

LU 

o 

or 
UJ 
l i -

CC 
LU 
CD 

~Z. 

LU 
r— 

£ -2 
LU 

- 6 

OOO 

9 

I 

(9) 

between the median and extremes, that 
is, quartiles. Thus, at most, 50% of the 
data fall inside the interval spanned by 
the rectangle (H-spread). If hinge points 
are included in the H-spread interval, 
then we can say that at least 50% of the 
observations are contained in the inter
val. Unusual plots, such as in Fig. 1 under 
QW o\ 13, call attention to and summa
rize important distributional aspects of 
the observations. Here no upper region is 
shown because at least 25% of the data 
are equal to 17 FN. In the extreme case, 
where all values in a data set are the 
same, there is no structure, just a median. 
Displaying data in the foregoing manner 
has been suggested by Tukey (Ref. 4). 

The median PW value at each QW 
level below 14 FN is a reasonable mea
sure of the corresponding QW value. 
Figure 1 illustrates the wide scatter in 
results over the QW range from 5 to 15 
FN (PWranged from 2.3 to 17.5 FN). At a 
QW\eve\ of 15 FN, none of the 149 PW 
values exceeded 13 FN. We omitted 171 
tests from the figure because they were 
scattered at different QW levels and their 
inclusion would be misleading. The only 
reason for including the six tests at 
QW = 14 was to provide a complete 
coverage of integral QW values from 5 
to 15. Of the 1449 PW measurements, 
only two PW values were less than 3 
FN. 

47 

MG 
EL 

370 

MG 
SG 

T 4 7 

DIA 

FS 

3 i 

DIA 
EL 

46 

DIA 

SG 

NUMBER OF TESTS 13 

MEASUREMENT f Q W - MG 

TECHNIQUE \ p w - F S 

F I L L E R : TYPE 3 0 8 L STAINLESS STEEL 

Fig. 6 - Distribution ot differences (PW-QW) between production weld and filler metal weld pad 
ferrite measurements for six comparisons of ferrite measurement techniques with type 308L 
stainless steel weld metal 

Distributions of Differences 
(PW—QW) 

For the remainder of our discussion, 
we analyze the behavior of the differ
ence (PW— QW) about zero. Ideally, the 
ferrite number measurements for the 
QW and PW should be the same for a 
given set of conditions, so the difference 
would be zero. It is of interest to deter
mine, for example, if measurement tech
nique or material thickness biases these 
differences in one direction or another. 

The distribution of differences (in raw 
counts and percentages) is given in Table 
3 for all data collectively and for data 
from welds with thicknesses less than 
25.4 mm (1 in.) and those of at least 25.4 
mm. The distribution of absolute differ
ences, also given in Table 3, shows that 
nearly half (48.9%) of all tests differed by 
at least 2 FN and that one in ten (9.9%) 
differed by more than 4 FN. The distribu
tion of differences over equally wide 

intervals is pictorially displayed in Fig. 3, in 
which the proportion (X100 = percent
age) of tests falling inside the intervals (as 
marked by midpoints) is plotted. 

Partitioning of Measurement Techniques 

The techniques used for measuring 
ferrite numbers in the PW may be di
vided into two classes: 1) the "range 
reading" Severn gage and 2) the "dial 
reading" Elcometer and Ferritescope. 
That is, each Severn gage response cov
ers a range of values, and the dial reading 
devices yield a single number on a contin
uous scale. Ranges magnify the variability, 
and although in this study all magnets 
were employed, we used the lower end 
of the range, i.e., if FN = 5 to 7.5, then 5 
FN was used. 

These methods were compared sepa
rately with results from the dial-reading 
Magne-Gage and the empirically deter
mined constitution diagram. This compar-
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NUMBER OF TESTS 55 

MEASUREMENT fQW - M G 
TECHNIQUE \ p w - FS 

126 
DIA 

FS 

7 
DIA 

SG 

8 
DIA 

EL 

82 
DIA 

SG 

FILLER: TYPE 308 
STAINLESS STEEL 

FILLER: TYPE 3 i 6 L 
STAINLESS STEEL 

Fig. 7 — Distribution of differences (PW-QW) between production weld and filler metal weld pad 
ferrite measurements for six comparisons of ferrite measurement techniques with types 308 and 
3 I6L stainless steel weld metals 

ison is shown by the distributions of 
differences given in Fig. 4. As expected, 
the dial-reading results, as seen in Fig. 
4(c), exhibited less scatter. All data falling 
outside the intervals with midpoints of 
± 5 are placed in a single category 
labeled >5 or <—5. It must be recog
nized that the subjective conclusion of 
less scatter includes a bias due to unequal 
sample size. In general, scatter (range of 
data) increases with sample size. Still, the 
107 Diagram-Severn gage tests, Fig. 4(6), 
exhibited a large scatter. 

Note that Fig. 4(b) displays a bimodal 
distribution of the Diagram-Severn gage 
differences. None of the tests produced 
PW values equal to the QW results. The 
distributions in Fig. 4 are plotted as box 
plots in Fig. 5. Although not readily appar
ent when the two figures are compared, 
the tighter central concentration seen in 
Fig. 4(d) emphasizes the wide scatter of 
the same results when shown in Fig. 5. 
On the other hand, with the exception of 
Magne-Gage, Ferritescope and Elcomet
er, Fig. 5 clearly shows the large spread of 
data. Note that the bimodal character of 
Fig. 4(i>) is hidden in a box plot. 

Partitioning of Filler Metals 

The data may also be partitioned 
according to filler metal types 308, 308L, 
and 316L stainless steel. The two tests on 
type 316 stainless steel have been omit
ted from the discussion. The distribution 
of differences is given in Table 2 and 
shown as box plots in Figs. 6 and 7. 
Scatter in the data is substantial and 
masks any real effects of filler metal type 
on ferrite measurement. 

Partitioning of Base Metal Type, Thickness, 
and Welding Process 

The data were also partitioned to 
determine the effects of base metal type, 
thickness, and welding process. In gener
al, scatter in the data masks any real 
effects of those variables on PW— QW 
differences for these welds. 

Distribution of Numbers Not Exceeding 10 
FN 

Because ASME Code Case N47-21 
requires that the ferrite number for stain
less steel welds be between 3 and 10 

Table 4 

Number of 
Tests 

46 
187 
39 

115 
71 

FN for 
QW 

5 
6 
7 
7.5 
8 

Number of 
Tests in which 
PW Exceeds 

10 FN 

3 (6.5%) 
8 (4.3%) 
1 (2.6%) 

23 (20.0%) 
16 (22.5%) 

(paragraph 2433.2) (Ref. 5), it is of interest 
to look at the distribution of PW mea
surements for which the QW measure
ment does not exceed 10 FN. The 1034 
such paired results are compared 
below: 

1. 129 (12.5%) PW measurements 
were equal to 10 FN, 

2. 212 (20.5%) PW measurements 
were greater than 10 FN, 

3. 180 (17.4%) PW measurements 
were greater than 11 FN, 

4. 93 (9.0%) PW measurements were 
greater than 12 FN, and 

5. 2 (0.2%) PW measurements were 
less than 3 FN. 

At specific levels of QW, the number 
of tests in which PW exceeds 10 FN is 
compared in Table 4. It should be noted 
that only two of the 1449 data points had 
PW values less than 3 FN. 

Discussion 

We have demonstrated in this study 
that wide scatter exists in ferrite number 
measurements of QWs compared with 
PWs. For any given Q W ferrite number, a 
large variation in PW ferrite number val
ues can be expected because of several 
confounding factors. The largest effect 
on differences between ferrite number 
values for PWs and QWs was found to 
be measurement techniques, with the 
dial-reading techniques providing less 
scatter than the range-reading and chem
ical analysis diagram techniques. 

However, it is important to note that 
only two PW values (0.14%) fell below 3 
FN for the 1449 data points with corre
sponding QW values of at least 5 FN. 
Therefore, as a result of the evaluation by 
the ASME task group, to which this anal
ysis was provided, it was concluded that 
the requirements of Regulatory Guide 
1.31 for measurement of ferrite in PWs 
are not needed. The document has since 
been changed to reflect this conclusion 
(Ref. 6). 

Conclusions 

1. The median production weld ferrite 
number is a reasonable measure of the 
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qualification weld ferrite number for val
ues less than 14 FN. 

2. The dial-reading measurement 
techniques (Elcometer vs. Magne-Gage 
and Ferritescope vs. Magne-Gage) pro
duced less scatter in the distribution of 
differences between PW and QW values 
than did the range-reading techniques 
(Severn gage for PW). 

3. Partitioning of data according to 
welding processes, base metal, filler met
al, or thickness did not reveal significant 
effects on the distribution of difference 
PW- QW. 

4. Even though a wide scatter of data 
exists, the percentage of PW values less 
than 3 FN is very low (0.14%) for QWs 

with 5 FN or more. 
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Welding Research," to be held in Gatlinburg, Tenn., May 18-22, 1986. This eight-session symposium will 
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