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APPENDIX 5

MATERIAL 5

MANUAL METAL ARC (MMA) WELDMENT IN A533B-1 BASE

AND

HEAT AFFECTED ZONE MATERIAL FOR MMA WELD AND A533B-1 BASE



MATERIAL TYPE 5 
MMA WELD, HAZ IN A533B-1

INTRODUCTION

Nine heats of manual arc welded A533B-1 steel were studied, namely,
ETI heats 9 to 12 (I to L) and CE heats 12 to 16 (L to P). A brief des­
cription of the various heats is given in Table 5.1. More details on the 
ETI heats are given in reference 13, and for the CE heats in reference 12. 
The test results extracted from the data bank are listed at the end of 
this section.

TENSILE TESTS RESULTS

The 2-in. gage section tensile test results are illustrated in Figures 
5.1 to 5.15 together with plots of the cubic polynomials that were fitted 
to the data. The curve fit coefficients and the statistical data for each 
curve are summarized in Table 5.2. The figures are divided as follows: 
Figures 5.1 to 5.5 correspond to MMA weld longitudinal (direction of weld) 
properties with J (i.e., property) values ranging from 2 to 6. Figures 
5.6 to 5.10 correspond to MMA weld transverse (perpendicular to weld) 
properties with J again ranging from 2 to 6. Finally Figures 5.11 to 
5.15 correspond to heat affected zone (HAZ) properties with J similarly 
ranging from 2 to 6. Note that the heat-affected zone samples are a 
combination of weld metal, HAZ, and base metal in the gage section; this 
combination often means that the property measured is that of the weakest 
element, generally the base material. Also, the CE samples used a 2-in. 
gage section while the ETI samples had a 1-in. gage section for this 
material.

CHARPY V-NOTCH RESULTS

Impact Energy

The Charpy V-notch energy results for material 5 were curve fitted 
using the tanh analysis and-the resultant statistical parameters are given 
in Table 5.3. The deviations of the various statistical parameters in
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Table 5.3 from the mean values are given in Table 5.4. The tanh curve fits 
for the manual metal arc weld data are shown in Figures 5.16 to 5.25. Note 
that CE measured the MMA weld impact properties in both the longitudinal and 
transverse orientation. The tanh curve fits for the MMA heat affected zone 
(HAZ) data are shown in Figures 5.26 to 5.28. The T^ values for CE heat M 
(longitudinal, 231351) is high, and the variance for CE heat L (HAZ, 231253) 
is large due to one outlying data point in the transition region (Figure 5.26).

Lateral Expansion

The statistical parameters related to the tanh fit of the lateral ex­
pansion data are given in Table 5.5, and the associated deviations of these 
parameters are given in Table 5.6. The lateral expansion data for the MMA 
welds are plotted in Figures 5.29 to 5.38, and the data for the HAZ are 
plotted in Figures 5.39 to 5.41. The T^ value for ETI weld metal heat I 
(25952) is high as is the C value for CE heat L (231253). Again, the var­
iance is high for CE heat L (231253)

Percent Shear

Table 5.7 summarizes the curve fit parameters obtained from a tanh fit 
of the percent shear data. The deviation of these parameters from the mean 
values is given in Table 5.8. The percent shear results are shown graphically 
for the MMA weld and HAZ materials in Figures 5.42 to 5.51 and Figures 5.52 
to 5.54, respectively. ETI heat I (25952) has high values of A and T^, 
and CE heat L (231253) again shows a large variance.

Summary of Charpy Impact Test Data

A review of the variance statistics reveals that data set 231253 (CE 
heat L, HAZ) exhibited a substantial deviation from the mean values. The CE 
HAZ heat impact energy data (Table 5.4) had a normalized deviation for var­
iance of 3.14, 2.11 for lateral expansion (Table 5.6) and 2.54 for percent 
shear (Table 5.8). A check of the corresponding figures (5.26, 5.39, and 5.52) 
reveals that one of the data points exhibits an exceptionally large deviation 
from the tanh curve.



5-3

A comparison of the transition temperature corresponding to the lower 
knee of the Charpy curves (TQ - C) with RTNDT and NDTT is given in Table 
5.9. There appears to be little correlation between these various meas­
urements of the ductile-brittle transition temperature. Note the large
difference between the T^ - C and or NDTT values for data set0 NDT
251253 (ETI heat L, HAZ).

INSTRUMENTED PRECRACKED CHARPY RESULTS 

Dynamic Fracture Toughness

The tanh curve fit coefficients and the statistical parameters for 
material 5 data are summarized in Table 5.10, and their deviations from 
mean values are given in Table 5.11. The data sets for the MMA weld are 
plotted in Figures 5.55 to 5.60. The data sets for the HAZ heats are 
shown in Figures 5.61 to 5.63.

Normalized Energy, W/A

The statistical parameters obtained by fitting the normalized energy 
data with the tanh curve are given in Table 5.12. A further analysis of 
these parameters is given in Table 5.13. The W/A data for the MMA welds 
are shown in Figures 5.64 to 5.69. The W/A data for the HAZ materials
are shown in Figures 5.70 to 5.72.

Summary of Precracked Charpy Results

An examination of the statistics again reveals the large variance 
associated with CE heat L. The TQ - C values for the precracked Charpy 
data are compared with RT^^ and NDTT in Table 5.14. The T^ - C values 
from the W/A curves seem to correlate fairly well with the NDTT. The

kprecracked Charpy K data for all the heats of material 5 have been
summarized and compared to the KTr> curve in Figures 5.73 (MMA weld) and
5.74 (HAZ). Note that for manual metal arc weldments in A533B-1, ETI
heat K (11) and CE heat M (13) fall below the curve. Also, CE heat
N (14) falls right on the lower portion of the kt„1R curve.
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Figures 5.75 and 5.76 summarize the normalized energy data for the 
MMA welds and HAZ materials, respectively.

STATIC COMPACT AND DYNAMIC ONE-INCH AND FOUR-INCH FRACTURE TOUGHNESS RESULTS

The results for static 1-in. and 2-in. compact fracture tests (test 
types 5 and 11), dynamic one-inch and four-inch compact tests (test types 
8 and 7), and dynamic one-inch bend tests (test type 6) for material 5 
are illustrated in Figures 5.77 to 5.85. The number of tests were very 
limited and tanh curve fits were not made. The static fracture toughness 
data for the MMA welds and HAZ are summarized and compared to the KTT> 
curve in Figures 5.86 and 5.87, respectively. The static fracture toughness 
falls well above the K curve, as would be expected. The dynamic toughness 
data from the 1-in. and 4-in. fracture tests are summarized in Figures
5.88 - 5.91 compared to the K curve.XR

EFFECT OF ERROR CODES

The static and dynamic fracture toughness results for material 5 were 
statistically analyzed with and without the data points which did not meet 
the EPRI procedures. Tanh curve fits to the total data and acceptable data 
only are shown in Figures 5.92 - 5.95. The influence of the error code 
data on shelf properties and variance was determined. Both the overall 
variance and the variance in the transition temperature region (Tq ± 50°F) 
were compared. A summary of the error code analysis is given in Table 5.15. 
The variance ratio (F) was calculated for the static and dynamic fracture 
toughness results. The ratios shown in Table 5.15 had a high probability 
of occurring by chance, and it is concluded that the effect of the error 
codes on the data was not significant.



Table 5.1. Summary of MMA Weld and HAZ Materials in A533B-1 (Material 5)

TEST LABORATORY HEAT CODE
WELDING
CONDITIONS NDTT (°F) rtndt COMMENTS

CE (Weld) M (13) -70 -70 |

N (14) -70 -70 J

0 (15) (Ref. 12) -60 -60
(E8018-C3 Electrode

P (16) -80 -80

ETI (Weld) I (9) -50 -10
K (11) (Ref. 13) -50 -40

|E8018-NM Electrode

CE (HAZ) L (12) (Ref. 12) -70 -40 heat CA base metal

ETI (HAZ) J (10) -40 -40 heat EH base metal

L (12) (Ref. 13) -50 -50 heat EF base metal



Table 5.2. Summary of Statistical Parameters for Tensile Data on MMA Welds and HAZ in A533B-1 Base
Variance, Degrees of Standard

Property Material A B C D
2

0
Fre|dom Deviation

0

Yield Stress CE Weld (L) 7.382X10 -5.865X10_2 5.876X10_4 2.424X10"7 13.99 20 3.74
ETI Weld (T) 7.842X10 -5.899X10'2 1.439X10"4 -1.415X10"7 14.01 8 3.74

CE & ETI HAZ 6.782X10 -6.779X10' 1.824X10' -1.566X10' 23.72 14 4.87

Ultimate Weld (L) 8.835X10 -6.182X10_2 9.078X10"4 4.788X10"g 3.01 20 1.73
Tensile Weld (T) 9.349X10 -7.255X10 2 1.345X10 4 -5.144X10 8 4.95 8 2.22
Strength HAZ 9.228X10 -7.819X10 1.297X10 -1.674X10 16.64 14 4.08

Uniform Weld (L) 1.287X10 -1.311X10-2 -9.818X10_5 5.leixio'g 0.49 19 0.7

Elongation Weld (T) 9.596X10 -1.542X10"2 3.368X10'5 -2.228X10 R 0.60 8 0.77
HAZ 1.104X10 -1.437X10" -1.455X10" 5.859X10 1.84 13 1.36

Total Weld (L) 3.131X10 -1.137X10~2 -6.387X10_5 1.298X10"g 1.7 20 1.30

Elongation Weld (T) 2.274X10 -1.379X10~3 7.258X10's -9.891X10 8 11.60 8 3.41
HAZ 2.692X10 -9.375X10 -3.788X10' 6.898X10 4.74 14 2.18

Reduction Weld (L) 7.374X10 2.mxio~2 -1.195X10_4 1.191X10"5 6.58 20 2.57

In Area Weld (T) 6.044X10 -1.370X10'2 2.086X10"5 -3.058X10 7 111.62 8 10.57
HAZ 6.771X10 -1.409X10 6.294X10" -2.107X10 25.63 14 5.06
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Table 5.3. Tanh Fit Parameters for Charpy Impact Energy Data (MMA, HAZ, A533B-1)
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Table 5.4. Deviation of Charpy Impact Energy Curve Fit Parameters from Mean Values(MMA, HAZ, A533B-1)
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Table 5.4. (continued)
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Table 5.4. (continued)
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Table 5.4. (continued)
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Table 5.5. Tanh Fit Parameters for Charpy Impact Lateral Expansion
Data (MMA, HAZ, A533B-1)
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Table 5.6. Deviation of Charpy Impact Lateral Expansion Curve Fit Parameters
from Mean value ^MMA, HAZ, A533B-1)

A
I0IRL 540,2
555H 41.553846 !. 5
CT , 3JEV 2,572306159

KEY VflL
E''5952 44.24

231353 38.84
231251 38.75
531352 40,88
231551 40.44
231552 41„88
531651 39.08
231652 43,03
251053 40,25
251152 39,88
251253 40.55

2231451 46,65
2231452 45,51

DEV
u j'".

..2 a 7 ;

.2,80

.0.67

.1 „ 11
i( i:,!.

.2,47
1,4 8

.1. , 38

.1 , 56

..1. „ 0 0
5, 18
• I-':-.0 « 5 U

40F44RLIZEJJ DEV
1.04 

-■ i. 06
.1.00
.0,26
.0.43-
0, 1 7 

.0,94;
0 „ 57

.0.5 1

.0.61

.0,39
1 q o
1,54

B
7'8 TfiL. l'.'.'.' . 4; '"'l i44

•J Ei ::E -..j

HE RH /" i:::- - "i .-i
O O u O -J C;= :i' 67 iE.

87Y; DEV 1,127464822

KEY 3 FiL DEV RORruiL 1 ZED DEV■ Kl-' •. ....:.... * :.... 38.51 .0, j. 5 .0 , : 3
.j, ...,i ..j 38.84 0 „ 1 8 0. 1 62 1. 3 5 i •■R i;;;: -7 0,0 9 8.08

4...1 ',.4 :.... 4 0 „ 8 8 "j 1.97••••i •; i::.- •;i::. •:>.;. .j ...j j. 37,05 .1,61 .3. , 42
•’j '"j '• i77 !77 -'E i.... *...* J. •...’ t.... OC: .0,3 l .8,2 7j;;;* .i.l er .j j. 39.08 0.4 2 0.38•'■'i •! 177■E. .3 J. -J 38,41 .0 „ 25 .0.22
2 510 5 3 36.37 ., 0 .2.03177 •• 177 - 'j,1. J, ;.... 38.78 0.12 0 . 1177' •! 177.1 ii... '..i r: '-7. ;;i lr ,;e j- .0,3 9 .0,34

ci ■...' .!, ■» .i. 39,84 1. 18 i. 05
c <c: 1 H- -j c. 39,3'9 0,73 0.65
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Table 5. 6. (continued)

TOT.. .362„85ilEHH .27,, 91 153346SIT, DEV 22.95256008

i I'- v !:::. • VHL DEV2 5922 25.52 53,, 431I, I..,. i » «:• 0.08231351 -■23.35 4,, 56231 Si 5 2: .v o1—• :: '.J : 4,, 2 4o -j i::;; i:::; i1.... ,£. .4 7,, 42 .1 9 ,, 5 1231552 .39.65 .11.74231651 -53.40 .25.49231652 .41.37 .13.46251053 .26.30 1.6 1-j •;•••<. '..t* .1. .1. '.,1 1. . 3 1 29.22■j it; •; -;j i::.; .40.99 .13.08223:1 451 .55.24 r ,« oo2231452 .10.46 17.45

C"if! r: •: -s
.5 :: J. J.

MEAN 45.62384615
ST. DEV 22.43718957

i j”"KI;::. \ VAL DEV
i:r: r: i::-'

.j /■_ 74 „ 04 28.42
-ss .1. -j 98.33

...a,
•••.' C.a 1! !

■j *t it; -i«•••» ' t • >!• ’..4 •!. 45.53 ..0.09
i '’J it;

36.99 o d
■"j O •! IT' i:::; •::1... .1. •.,.1 \..< .j. 30.80 -■ 1 4.82
231552 30.36 ..1 t', j:::-

.!. b -j J. 33.49 .... 7 -j
•j o:;*• • *•«.' •••* '.a.* t aaa 32.70 ..1 2‘.. 9 ■?

•"T i::r •: f" >::y
:i 4.3 8 ..10.74

251152 4 1. . 92 ..3.70
*';> -j - j 74 „ 29 • •; ....:«

O n b •'
2231451 20.51 .. 'j i:::j ■; ■■

2231452 34.27 1 i •• •«

■■nJKhflLIZED DEV■p
i. •• «

0.06 
ii? . 20 
0. 1 S

.0.85
-0.5i
.i, i i
.0 „ 59
0=07
•{

.0.57

.1 = :i pi
0. 76

NORMRLIZED DEV
2= 35

.0. 00

.0 ii 38

.0.66

.0.63

.0.32

.0,58

.0 > 4 3

.0, 17•: r.1 u u". c:>

.1. 1 2

.8.51
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Table 5.6. (continued)

PHI
■ ]" j j "f pi i 9 g

MEAN ?’384615385
ST. DEV 2,1031 I I 248

1-' I””K i:::. VAL d e:: v NORMAL I 21!!!' i‘"i ill!'...J ..j 12,, ij y 4,, b l:"i 2, 19

ii...,...1 .i. ii... .* 8 0 0 0 a 6 2 y „ 2 9

I;::! 'J 1. ■.:* '0 1. 5 :: 00 .'? = 3 hi - 1 ii 1 3il... 1 ,i, il... 3 „ 0 0 i;;i .. hi 0» 3 9•,;;i -i ii::; i::;; -iil... .i. •,..1 .i. 4,0 0 ...3 :3 H .11, 6 1

:!... i *!.j :!... 'i::‘ , 00 .0 „ 3 8 .0n 18•• I [•••. 1 i ;'.i.1 il. *.*■ .i. 5 „ o 0 ...qil... :: :...! .i ii 1 3■•••; •'"! •! .■••• i:::- j, ...j V’ 0 0 .0,3 8 .0 .i 1 8
9 0 0 1 :: 62 0i, 77ii::; -i -j •,;:ill... .1. -I. 8 „ 8 0 8 n hj 2 0 ? 9

• '.i.* il. !•■■< 8.00 ]":i <.3 2:::: '..i1 01, 29

8231451 9 „ 00 1.62 0„ 77•'3 :i:;. j, ‘-t •. > 6,0 0 "j
-0 I, 86

VARIANCE
T OTAL 1 688 = 32
MEAN 129=916983
ST. DEV 80=79034177

KEY VRL DEV NORMAL I ZED•‘"i I!!!' tl".j y .j : | -j •::>oi- -I. ‘.J II 'i..1 .j. 6 i, El 4 .0.21•“« -i •;:« cr!•••• >■« M.M ' 300= 68 170= 76 2. 11-i i::r •!.t j, 78.76 .51 ,1 16 -0.63’’”i •! 'Y's 1!!!':!... '...! il... 147.26 17.34 0.21•• i::r ini' ■!*,,a‘ ,i. 1.i.‘ ,i. 269=34 1 3 9 „ 9 v '! “/•i a i '.D•j -j k: t::; •;:> 47.34 .P o c; o•a..- :i •a..1 .1 „ 02831651 1 0.85 .119= 07 -1.47231652 77.62 -'"i •m,i ru-Ja -0.65251053 J. 3 b = J, 6.7 9 0.08•••'■ -i -i ir •-! ii... - J .{. .1. -...UE 96= 29 ..... o•.a.1 •...* a Ca* '...! ■-0=42•'"i r.r -i •-i i:::- •-i i!... J. :!... •-J 128=32 -1 = 60 .0.028831451 1 1 6 = 1 2 .13 „ 8 0 .0. 172831452 165=85 " i mr q 0.4 4

np1 ',,i .!■« !....
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Table 5.7. Tanh Fit Parameters for Charpy Impact Percent Shear Data
(MMA, HAZ, A533B-1)

KEY j H B T 0 5 PH 1 VAR

■' i i! !' :)"t K”’ 'j 
il... i!.- l;::,4,49 '"I' K'z- d. d. .'j iiii' l’"l t'"i

ll 4 „ 8 0 1 ll O f :: 'Zl b
■ ) 'T: 'i ■'!!*.!. jl...

iiii’ •”'i il.i’ 'l:
• j«:::. := -j \ 4 9 52 ? , 00

..... .... ....
‘j h; <4j. i/j 9 r;i M’. .. i;;; i;9

• •'■'! •! ’’"i i!!!'
.!. -.j-j .l /i. 5 0,4 i 504 I .. 1 j = 2 6 5 = 0 6

ii:'
•J ■ :19 „ 9 8

■ m! 'Y; i ■ j '"j .1. n:;,
. . ..... .....

':i- 7 « i''
:'"i

'•t .. i •i ii::' i-i .•'•
,i. -.m ii Lj 5 6 „ 6 8 0 i-' i i": .. '■■■'■ .-i

•; •;
0 0 a : 3 h

.. ..... ..
i:'i' i'” ;; !,

. ....; ...
■■■ 1 r = B: y

ii"' ••
5 i 1 ii

•" i -i il"' iiii'
• i -j j 4 13 i . 74 ’"i’ '-'j •: d .r;: C: .•.... Y i-i

o '"r ::;i
Z J 1 b Z 1 4

i"’s .-i r': .. !--i- .. :4 -31= 39 -.4 ., d. i.'::
]. 0 3 = 5 4

• •: iiii'j. ...j ;l:i. i-j ;3:3 3 ':;i- 6 „ 7 1 .... 1 "9 O'Y .s i ..., •. • ' O 3 90= 1.9
liii' •: iiii’ " :

ii!'.. ■. j i. v.! 4
iiii' : i"’i.j i:;.: Ci l.ii' :'il »"‘i

-...l ‘O ;i O ..B = 1 2 91 = 6 3 3 0
.: .••••! - . •• ij . J •••(' .. i ,.i .1

i:::; 'j -j ii:;; -z 4 . i C: i:Ti _ ; .. ^ .•'! !,2 ii"' ML,,*j• * : . : r .' •/ •• 
i ii ii.;. .!. 3 7 „ 8 4 C; .. ,.... ... ... .. ..

.!. j d ' • J
iiii -| iiii’

.!. ii”. 4 ,'i -i
: i' r i .• 3": "•i: i

‘"i' C< « .1. .... 4 4 „ q Q r" o i:;;’ C; 2;;' .. i;;;i ';;1

ii". ,i. !”i' J j. 4 5 ti ,• 0 'P' .y .. >; i-j. ...> i;;;i 1 i;;;i
'......... .,........
ii. . ^ •...’ ! 9

i", .•••; .;
« f l";

d:^. X -.J ii".
..... t.. .....
• J i » r;= • J 4 4- , 1 4 ... 'i 'T; '1 C1.i. ’...■ « .f. |...1 •:-i u ‘j Ci 6 4 i;;1 ;; r. i; j

Table 5.8. Deviation of Charpy Impact Percent Shear Curve Fit Parameters from MeanValues (MMA, HAZ, A533B-1)

T UI ML 6 6 0 „ 0 4-

A

ME AN 56„7?2 "'l :"ii i'"i
v- ; nj

i ,. ;.,i i;;;,' 3. .. 7 1 71 204 39

i •' •••••!.
•••. C. i YfiL. 1423 NORMALIZED DEV• i i... ; i L ' J ...,i .j 54,49

..... ....,.....
3. 1 7

d. '■■.'}• j. i::;! 'O d ir • *:
ii... • ! 1 = 80 :i. 05-j -i

:'... •...i .1. •...' 50.41 ..0= 36 -0.21
ii"! -.;;i 1 ’ j d. 49.77 ...1.00 ...0.58
2 3 15 5 1 C" fil •

d b ...0.41 ...0„ 84
• j •■;.! ’| i;::; <"■'
..... *...' .1. *■.. ...i. 5 1.74 0.97 0.56
331651 48.94 ...3.. 83 ...1 = 07
•'"l ••••; -i iiii' •"'Ij. n .j “i 2.31:3 1 = 56 0.91•"'i i::“ -i !,"i i:::' ■

-J I ij -J 50= 38 ...0= 39 ...0.23
25ii53 •••!• Cs i;;;i ...;2 „ i 5 ...1 . p 5

2 5 3. 3! Ij 3 48.71 ...2.06 ...1.20
333 3. 451 50= 07 ...0 = 70 -0. 41
• j T1 '"j • ,'i x:!.... !.... •...• .i. : •...1 . 5 1.. 65 0.88 0.5 1.
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Table 5.8. (continued)
B

Tnini. j. O !l -D

PIER i-i H- P , ‘I- 8 ,:SP b '1

ST, uiilv o -t i;:.! 't r i' • j

.• i""
i s i:::. i ■l h !.... DEV R0EMRI.... I ZED
• 5 :3‘ hi i;;r '5

4S. 22 ...1 „ 20 ...5 „ 51.

.5. -.3 J. '.3 4b „ 50 ...0 u 9 8 i"ii --! I-I...h ! ;;;!
:8'

i .j ■ 50.41
'.l1 C\ Ci .■•*, ■■■;!

•‘‘‘i •" •; ili’
ill •.3 El 49.77 2 „ 3 5 1 „ 00
•■j •; c; ii:;
il.. ’..I ■ .' .: 47.71 iC .. 0. i 2
-•••. .•••. .:
i. ., .i.

••i ill il! liii
:"i‘ J -J •...i

-i r"i "'i;
... i. .. o i ...5 7 S'

/;(.,5 j. ri!") | 4 8 „ 164
•! I.lij

'lii:= ':1
•'il" 

ill ■ J ,i O '. 1 :5. 4- P:, :: S ii. ...9,7 1 •■■■0 „ 20
ili -i ;'li iiii'

:il. -J 1 11' -j 50 „ 38 S, 9 6
1 Ci c;

:i :i... •..!
O ii.; -i ii.:;

;;t 3 i: ip 1 , 28
iiii' -j

u« -.j.!.
• ili' liii
iii. -.j '. i::. j 48.71 ;!_ i'-i 0 5 5

• •••; -i il:' i
iii. •,:i j. :-i -j j. 42.84

.4 I”! !"i
...!;;;: -3! . 04

c d .1 ;-v •..= iii 4 4 j 4 ..... !;;;•! •■■■ 1 3-3

jj p w
,i,.' I,.,.

I0
i U i hi... . 1 hh {' 1
MERH ...IS.51615385i 3 i:::. I-' >! 3 „ li J 8 3 3 4 3 3

1 £ Y
i::i r; -'h

'.■'Ri.. DEV i. ORMREI24 5 „ 99 5 b . 5 i in
ii... .. •...* ..j7 :: 00 •j •••:' i::i

•i. f , -JC. 0.78
... iii:; -i

ii... •..! 5 „ 8 9 0 ■- 24
-!• -j :i ;/ i:::i ....5,44 .0 „ 2 4

....3. 7.82 ....7 39 ....0.33
"16.92 ....6.40 ....0.29
....2 1 . 1 9 ....10.67 ■■■0.48
....17.33 ....6.81 ....0.31

....8. 13 2.39 0. 117.21 0. 79
■ - 4 4- „ 9 9

....34,43 ....1.54
....36!lb ....25.64 ....1. 15
....1. 3. 18 ....iii b is ....0. 12

‘ i
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Table 5.8. (continued)

C
T CURL ;■ b 4 „ b b
MEAN 58.819280?7C' 'T ■; • j:;' : 20 „ 08482:24

KEY 108 L DEV ii(JiUlRi Sized dev
i"" i "’i !i::' •._,_i ;; i :■' ]■ . 8 8 i:::;

S' 8 0 3 0

..:;l 1 ■Z v1 .0 5 i:::- „ 40 4 2 ...0 ; 12:

2 3 1 3 5 1 8 5. 0 6 6 „ 2 -I 0 , 31
' j '?? i '?? !•••! '?’i 

il... 5 6 „ b 8 ...?:, 1 4 - 0 1.1
•; \

.. J. 1 . - J 12. 7 0 i? 3
• : : ■: !!..* •

•...i •. 3 4. O ...2 4 „ ij 0 ...X 1 S'
'i 8" 'i

-.J j. O 53.
•• •(

i’ ... • J , S‘ ... 0 ■■"i o

•9 J. i'.j ’"j !4 8 6 ...;2 3 B 9 6 ' I 1 9
• il!” -j ,”!: :!!!'.J j. ::;.i .. } 9 1. 6 i. 3 2 „ i .i ''V

C.-J J. J. -J 87. 34 2 9. 02 i

7:. ...j i.
...

r c-, 1;;;: 1 7. 80 0 8 9
i /i i:;;! ••i. .. 8:8,

!_:• •••:'
■J ! ...•?? i“:|-...! U.' :i 2 5 ...!

-i
■J J.

'"j -i r:/: -u
1 ’-r •..= 4 2. • j ...j. b 2 4 ...0 8 i

PHI! U ! I-i L 100 ---
MEAN 7. '892307892
81. iJi::7X 2.050883378

i / i......
r-. i::;. i VRL DEV HORrlRL I ZED DEV
■ i i... : j :... • :

:. .. 1 2.0 0 41 3 1 2.09
•‘‘5 i!!!' ' 4
:.... •...' 8 „ 0 0 9.. 9 1 0. 1 5
1 i • { i - i :... ■:

.l -.u •...* j 5.0 0 ....z » !;;;i 'y ....1.3 1
■?]' j •?]' ‘•i] •”
<!... a. •...I v.1 r... 8.00 Pi. 1 0. 15
••••; •”: •• ir i::;' 4 
:!... -..j .:. 5.0 0 ....•'9 \C Ci1.... ,...1 .. - i . 3 1

'i i!!!' i!!!’
v;. 1 -j-j 8 „ 00 0.3 1 0. 15

••! : !•••. ‘"‘ii.... '...* 5.9 Ei ....tZ K ■ 1. 3 1
.' 1... • ;

iS. ,i. Lu ‘J 8.00 8.31 0 . 3.5
2.5 1 0 5 3 :i 0.00 2.3 1 1. 1 2
•j i.r 'j ■; i:::;

8 „ 010 0i.. 3 1 01 5
y I;;? ], ux !j ui 8.00 0.3 I. 01 5
•':> i .■■j k-: 1

9.0 0 1.3 1 0.64
”4 •) i:::- ••••.I..1. !!... a* 1 i.... 0.00 .j. „ 6 9 .0.82
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Table 5.8. (continued)
VARIANCE

MEHN 139!: E?3e?r
.• c 7 ;i •.: = r, A 7. i::;;j.;;

k ; • r L DEV
y • ) :::i ■ j ^ 3,, i:i £ .5 i. ., 7

1. 3 6 6 „ £ £ ■J 3 '

7: EEi l 49. >S ri ....C:
'•■J

e:! 3 1. 353 3:0:5 „ y\ 3 6 31.

i. 5 5 1 i -y ■/ / 3 4,
3559 7: „ 49 .? 1.7
,.65 1 1 0 8 „ •J '••!■ .30 „ 7•:> i. 655 9 0 „ i •::! .49.0

••::: .j 953 :i 54. b '"ii I 5.3i
■-;
.;E '..J . 1 59 1 50. 2 5 1. 0.9
5 ■.353 v ■? £ 9 83.4

. 45 1 9 V a i::i- .4 6 ., !:;;i
£ 3 , 453 4 0,, 6 0. ....: ;:i 8 „ i::>
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Table b.9. Comparison of Tq - C from Impact Test Measurements with RTndt and

(MMA, HAZ, A533B-1)
T0 - C (°F)

KEY
IMPACT
ENERGY

LATERAL
EXPANSION

PERCENT
SHEAR RIroi (°F> NDTT (°F)

25952 -34 -49 -19 -10 -50
231253 -156 -126 -49 -40 -70

231351 -106 -69 -70 — -70

231352 -65 -61 -73 -70 -70

231551 -137 -78 -89 — -60

231552 -72 -70 -52 -60 -60

231651 -92 -92 -74 — -80

231652 -95 -74 -52 -80 -80

251053 -51 -61 -100 -40 -40

251152 -52 -41 -81 -40 -50

251253 -109 -115 -122 -50 -50

2231451 -91 -76 -65 — -70

2231452 -69 -45 -56 -70 -70
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Table 5.10. Tanh Fit Parameters for Precracked Charpy Toughness
Data (MMA, HAZ, A533B-1)

KEV
•

i.3 T i3 VRk

:::: 1 2 3,32 , j. J. . 3 2: 7;i 2;,: j ’ , 7 2:
■: i.::' ' :

... ■.. • .i :..... ; •../ 1 3 211 3 ii-i : 3 4 ..3 s 69 37. 32 3 .. '.'ii'j
- : ■■ ■;. ;. j_ 2 1 2;3 3 i 3. 4 i'j t- 3 0 i3 ■2:3 3: ;2 ■ t j. !. , ' .:j c

■■V-;: j. 5:52 J 3i:3 , :3 3 3 1 64 0 :2 2; 3 i , : 7.;
■...;

.. 3 J.

\32,32 1 37 ,. ::72 ..2: „ i;:1:;:; 4 4,64 ;2 ... . 0 2

2 5 3 . 3 33 ;; 21 3 2 ! . 4.33 i -j O - ,:7

-• •. ••• r
...:= • .i. • j ;2 (: ■23 i3 '3 i:j2i 32:;; 50 1 .: 13 !;'!

7 0

■■IS 1 ; ■i 2 2 , y? 2 13
s::: ■■ -■>■ :■ ■, \ - 2:4 „ 33 ..... 33

3;-r::31 '2 3 2 3 2:: :3;i 1 33.. :33 1 3i. 9 2'7 „ 3 1 6
.... .....
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Table 5. .1. Deviation of Precracked Charpy Fracture Toughness Curve Fi+ Parameters from Mean Values (MMA, HAZ, A533B-1)

A
TO Ti l!... 1:5 1 !T , 4 1
OLriO I Sy . 045005!;.
TT:, ]iiT v A 9,OT 376743

OET VriL DEV iORMFiLIZED IMO:5 j 3 8 . , ‘r . 3. . 55-j •••;
. .1. ;. T. 0 „ i 9 >;, 14 0.64j. .:;i !j 1 8 iT „ !:::!:! 1 8,46 0,973 OITTOT 1. 9 0 • 9 'j t:. „ , r* 3 , 3. 71 'o 5 3, 8 3:; „ 0 2 3 9,4 ? 3. 03:3 0 1 0O:;;:: 1 65 , 8 9 .••• ..•••:.. [5 i;;;: .0 .. 1 635 1. 1 iOT 1 4 G „ 0 8 . 2 1, = 9'? -1 . 1 5

i::r i i;: •. ; . 1 | : 1 56, 0? . 3. 3. , 98 .0. 63■ j ; ..'i ::: ■ i bs 00 .605 -0,3>;

B
MEAN 1 ' ;

13.64470085

KEY V H i...
•T- iT;; 1 i. t 30o:: 1 ■ :> i:y • 140,24oo •• o ,[ .... .... i '•+ *::«« !:::=

33 3. 550 101.6433!600 i47.93
35i053 •• i •{ i:::-

"• 1........ a

35 1 3. 53 98.00
351053 1 2 1. 3. 3

3231453 130.33

DEV 3 0 R 3 3 Ft!.... IZ E D
.1. 'T, 4 3. .0.93

3. 3. „ 0 0 0.63
1 7, 95 0 » 8 b

c. Cl '5* 3.. 23
1 9:: 21 1.03
.7, .0. 4!!“j..,9 H 'P 1 .3.. 65ir•J O .0. 41.o O O -0.45
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Table 5.11. (continued)

T0
MM ri I
MEHM-i" •; ; i""•::> ! .lu::: v

........
p. c ; 1:' I1!!.... DEV HORiini i z

i;:;' ;"'i ” -p
-.7 •.7 7' £ '.3 v'j :: o i:7 -..J U f 0 ; .. .

"7 -'j 'j ri" •“_! r;
.....j .. r\, .... 1 fj 4 2 ....; , !

"'i •! i!"'
•.7 '.7 .i. -.7 i7. 3 0 :: 0 2 : .. j'"' 0 . !‘7 i;;;i

•• s::;' •'
..;;i j. .,„i... s i:;;. 0 „ 9 3 ....9,0 0 ....0 ; C. '3'

pij. i:;;; i'j .;7 3’ O ....1. 3 „ 7 1 .... 0 4 0
351053 ‘4 :: 5 b ....S. 17 ....0 18

i i:::' •[ •• i:::'
•...l i. .i. ,...1 ! i.... ,...1 '!.J i -: 1 .7-7 j \

• i;;:' t •“'i
..7 .i. 1.7

i:::'
.....,,.i { >-i- .... b ;4- .: : t i''' .... ! O

O -p Eb i ,1 i:-:; ,,7O C .i. ' i: . 1 5 1 9 ’'I :: '■■j' b 0 i. 3

i r::- •'7 ••7 • 7.!. ' J I. .. ..
•' : " •: •

:i- » C: .1. i7. -.7 i:7 -.7 7;

C

; U i H:. >iiJ4 r'1 ib
PlhHN 33,, S6222222
STb EEV 19.717835G9

KEY VRL'"'i !i!!' : " i.."i .j . .i i:::j ;:7 '/
■" ; '1 *" i i!.!' • "i■.3 '3; .1 ;V. •...' 5 0 „ 9 G•'■j •''> -j •'3 i;." 7.:j . 3 . j 6 '3 ,: b 8'! i3’ i!!“ j. .j .j 33 3 1 , 1 3
"1 . "1 j i 3 !. i P. .:i|- .. ; i:.|.

' ■! i 3 V.".j. !.J -..j -.7 1 3. :: 2 1•! :...• '..,1 4 80
••3 J. :3. - J 3 4 :: 06

O 1:3 -.3 J. 4-J «:3 2 73: 41
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Table 5.11. (continued)

PHI
1 OTfiL 5 y
MEHH "j = 9 -j 5 ~j '0 ‘j ' j 5 8
ST, .D3 0 n -j o o y o b o y

i.-' r" i.!:::. i 3' H L. DEV
:3 5 '■ f; 5 „ 08 .0 5 6

: 3:1 4 :: 00 .1. . i::r O
:31 •: ■ 5 y 8,00 2 „ 4 4
; 3 1 y y 5,: 00 .0 „ Pi i;;;:
! -"j i: .!. i. 5 £ 8 :: 00 31» N.j.
i -i ; ‘’ •J i i;::. 'T; 6,00 8 , 4 :1
i i:::; •} -i s:::; 4 00 ..1 . '•••.

110" j i:::-!-J J. '..J -.j 4.00 .i „ 5 €
: 31453: fc , 00 0 , it!, ::.j.

<MfiLIZED DEV 
- 0.35 
• 0,98 
1.54 

-0.35 
1.54 
0.38

.0.98
.9 8 

0.303
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TOTAL 19904„31MEAN £ £ 1 1 :: 5 9ST. D EV 0 ! ,::;i 7 955 1 0; i-;;

!.•• ..... .
V H L. DEV NORMALIZED

Y.'.'.’ I'"; L5 •’"i
o ...j •.v e'. b 5 4,9 8 ... } !;;> . j y ‘:3 » -J E:.
'T; 3 • ’: ■ 9. ”i . 5 ^ •„.! ..5 :7 :::! o o ■, o t* i' l' i' -J s 2.43

• ’j ■'"! it!’ ''9
•/j •,"* 1. ■."! -..J 411 1.92 .1. 7 hj k)» 0.59

,,"i •! i!!! :!'-!’ •"'!..9 [ .J .J 1033,31 ... j. j. !' O Q ...0. 37
• "l ‘"'i •; i!!!‘
. 9 r;i -.„i lE,. 5 1.80 ...£ ;j 5 9 a 7 q ...0,60

'...! J. L.1 C\ q '7 'J
:i i..„

.-I .» .[ .1 -;i
...s:“ j. .!. .1. :: r. ...0. 66

••“i -i
'..-1 i 183.73

...i "i o e:
...0.63

i!!!' •! !!!!' •.9 .j j. e:. £ £ 0 £ i:"i 70.76 0.02

231453:
•i i;::’ i'j i”':
J. -j 7 7 B r ...611.87 - 0 , 1 9
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Table 5.12. Tanh Fit Parameters from Precracked Charpy W/A Data
(MMA, HAZ, A533B-1)

i""
;; ft B T 0 l; pm: v !'"i l'\

•“ : s" : i!"' •" :
..:;i .j .j c -.5 •••■» r:i ■-}

l.... : 2503„00 ':i 1 „ ‘i;15 74. 13 ■J 3. . 3. 81 + 0 5
•'“l •"'! 'i 'T1 'j
\..! •...l .1. ...! •J

s'"; -i •••:' ■•••:
i. r « Q j. ■: .. ; i ';::i,, 80 1 j. 6.59 £ .. r. i;;. j 3:3 b

.j /;;• .•••.
• "i .i. o '..j

ir
...■ 4 46 0„40 4205„60 2 0 „ !:::i 4 :•••: Q .:1 7 II C. ij ■i” 0 5

'"'i 'i i":' i;::-
o ,i. '.,j ii ■J

ir r":
•J ■:! J "• <: i'

.'i i"3: s'": i;;;'
l"i- r, k i.. ....< 2 5' ,i ( ft

.:
i' : 1. ,i. 7 II 69 ■i- 0 5

..j j. I;;;:
ir
-J 4 b i''12 = 2! ■ j i;j l;;;i ,. 1 0,02 6 8 „ 4 6 7 701.1 i, 50

•'"j ill!' •! i'ti
x.i .j ■J 3661 = 90 .. 1 5 0 1 .••• .•••. : •••

b S u :i' '-J
■•j
•m.1 4- ii 04- "!" 0 5

•'j i":, j i
■J

.... . ..........

J. -j \ ......: :3.i.*.... *.,.* * v. . t,. . 4 3 . y-11 ir
•.J

.-! - "I . . .1
j r o i. „ 38

• : > i-: ir 'T1 O 'T1 ‘ j ■ ”i, ..1 I. ! . ..1 j* .. .. .1 •'"s I i Uf "'2 ir
.. .: r .. r ....■ ....3. 3.84 3 9 , 1 4 4 6 „ 191 : f 0 5

32.3 3.452 i:::-
■J

• .•! •‘“i .•! •‘"i:..i. f". ", ...:.t : s....
•'j •• r-i C\ "y | .."j „ i;;;: i;;! r;: 1,051 : t 9 5

Table 5.13. Deviation of Precracked Charpy W/A Curve Fit Parameters from Mean Values(MMA, HAZ, A533B-1)

TOT RL. i::;' •■"i ii"'
.J . J "i i, 3. 2

MEfiN b b b -.i 124444
C'Ti i; .l..- !.... ! 737 II 3244433

KEY V i'i L. DEV NORMAL1Z
359 52 kI 'y\. ' i- C. .3 ':::i 3:3 „ 7 0 .1 ,i 2 i.
-'j •] ’ 5 i"3: 'T:,.,.1 *...' -...' '...' .1. i i: '..., ;i... .1 m i'"i .0n 3.5

•'9 •'"! -i ir ''j:i... 4460,, 40 5341, 28 1..' is i i.,..
•'"i •! :3"' siii',9 ..j .[. i::r rj ■ ;:> ■'•j i •"> '"ft '"ft liT ]'?. 181
-• ..l t.......: .j. i *...• i ...... :i •...I 746ii 13 3.0 3.i:::- •! r.i i::r..J ,i. i:;,l hi hi 1. , !:;1 .- ..i .-.O '"!• a r. .hi ht

•••;.» v,:;; •» v.r.'•...* •.,.! .!. .1. •...' :!... '•;> -j v"; .790II 75 .1 ,i 07
3:3 3:3 3. 2! 5 3:3 O ."i . j .Cl -"j \a .0n 13

J c. .!. ’-t -.j 3463.42 ..i.r;«„ j- r.: .0 „ 63
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Table 5.13. (continued)
C

TOTAL 674,, 66
MEAN 74.89555556
ST. DEV 20.73758852

!\L i VRL DEV NORMAL 1Z
•j n; q 74. 13 ....0.77 .0 0 4

••j •} ••j
*«>*^ .i. ii.>. *•••' 116.59 i :: O 7 2.0 1
■',9 '7' ■! '7: !•••' ''9

J. ,...i ii... 89.42 14.52 0.78
•••'! ••••i -i i.::- s:::- ••••i1 'J -j -i

t -.9 , !-f i. ....1.49 ....8.07
'9 m;; i:::;
'.H* *• ... T..* «>•■* 68.46 ....6.44 ....0.31
351853 62.45 •i

C.. :: "T -.J ....8 „ 68
351 .1.52 77.80 v •:::i i";

0. 14
• 9 ...J 1-J '.9 39. 14 ....21 ;S !;9

i "9

i 4=ivV_^ •1.11 '•!•* .1. Mil. r « (9 (2; "■' 2 » 8 4 ....0. 1. 1

PHI
TOTAL TOi
MEAN 5.55555555b
ST. DEV 1434000684

KEY V A L.
r-. i:;- •••;•.9 -.9 71i:7 5.0 @•> t.1. i....'..i1 6.00•9 ''9 i c:r •;a

«M 'll.’ it. '...* in,. 7.00
331552 7.00
331652 7.00
• ,i ir -i ;' :i i:::''..i1 3.009 5 '1 1 5 9 5.00
351253 4,. 80

3231458 6.00

DEV NORMAL I ZED DEV
....0 ,, . !j hi ....0 7 9

0 , .1 0 .: 3 1

1 . i9.
1 „, 0 1

I. . i:j. i:;!.
1 .. 0 1

1 „
:! !. j:.|.

1 ,. 0 1

....4 ■.
r.::
•...! !"9 .... 1 . 79

....0 .
i:::- 

. ..j ....0,
■•••< hi

1 -.9 7

....1 , 1 -’i) O ....1 , . 09
0 ,, t'.l

0 , , 31
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TOTAL. 5089226.8
P iA Ti 5 h 0 4 h y „ fc; 4 4 4

•:3 j :l jj r::. v o J. r a: o !:::> „ ■••t- k) r

EEY VAL. DEV HORrlALIZED DEV
35952 i.I8E+05.4.47E+05  8.55

3 312 5 3 <2.6 6 E + 8 6 2 „ 0 9 E + 0 6 2 „ 5 6
3 31. L:! 5 2 'A . 2 6 E + 0 5.3 9 9 31 „ 6 4 .8,0 5
3 31 • j 5 2 4 „ 6 9 E + 0 5.9 6 3 6 4« 6 4 .01 2
381652 701 13.50.4.95E + 05 .0.6j.
351053 4.84E + 85.81111„64 - 0.18
351152 37817.30.5.28E+05  8.65
351253 6„19E+05 53697.36 0.07

3 2 8 14 5 2 1.8 5 E + 0 5.4.61E + 0 5  0.5 6
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Table 5.14. Comparison of Precracked and RTndt (MMA,

TQ - C (°F)

Charpy Transition Behavior with HAZ, A533B-1)

KEY Kid’ Ka W/A ET8DT (<>F) NDTT (°:

35952 -10 -32 -10 -50
331253 -57 -99 -40 -70
331352 -36 -69 -70 -70
331552 -30 -48 -60 -60
331652 -48 -58 -80 -80
351053 -6 -47 -40 -40
351152 68 -29 -40 -50
351253 -78 -53 -50 -50
3231452 -12 -51 -70 -70



Table 5.15. Summary of Error Code Analysis for Material 5 (MMA, HAZ, A533B-1)

TEST TYPE
INCLUDES 

ERROR CODES
NO. OF 
POINTS

SHELF(Ft-Lb) 
LOWER UPPER

VARIANCE
OVERALL TRANSITION REGION

VARIANCE RATIO F
OVERALL TRANSITION REGION

Static (5) Yes 42 7 6364 6530
0.85 1.07

No 34 41 7462 6129

Dynamic (6,7,8) Yes 42 28 7975 16927
1.10 1 .31

No 35 76 7222 12957 -27
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Figure 5.78. Static and Dynamic Fracture Toughness Data for CE Heat N
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Figure 5.80 Static and Dynamic Fracture Toughness Data for CE Heat P
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Figure 5.83. Static and Dynamic Fracture Toughness Data for CE Heat L (HAZ)
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Figure 5.84. Static and Dynamic Fracture Toughness Data for ETI Heat J
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Figure 5.85. Static and Dynamic Fracture Toughness Data for ETI Heat L

-112



FH
HC
TI
JR
E 
TO
UG
HN
ES
S/
 E
SI
-I
N'

SSB

ut
B

.. SBB

.. HSB

HBB

J. 3SB
❖3BB

25B VA
2BB © MATER mL 5 HS33B MELD

X n KEYNORDS B B B S 2 tl«*tj TEST TYPE 5 LEGEND:-
.. ISB

.. IBB

.. SB

HERT NUMBER 9 
HERT NUMBER I I 

<^> HERT NUMBER 13 
HERT NUMBER IH 
HERT NUMBER IS

2

X" HERT NUMBER IB

K ~ 2 ksi-in^/s

-H----------------------- 1----------------------- 1----------------------- 1----------------------- 1----------------------- 1----------------------- 1----------------------- 1----------------------- 1----------------------- 1----------------------- 1----------------------- 1 .........1------------------------- »■■■■■■ l----------------------- ►

-ISB -SB SB ISB 25B 3SB HSB SSB
CTEMPERRTURE-RTNDT)/ DEB. F

ui

1

Figure 5.86 All Static Fracture Toughness Data (Weld Metal)
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Figure 5.94 All Dynamic Fracture Toughness Data
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Figure 5.95 Acceptable Dynamic Fracture Toughness Data
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MATERIAL 6

MANUAL METAL ARC WELDMENT IN A508-2 BASE METAL
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MATERIAL TYPE 6 

MMA WELD IN A508-2

INTRODUCTION

Five heats of manual metal arc welded A508-2, (heats A-D and K) were 
studied by Babcock and Wilcox. A description of each heat is given in 
Table 6.1. The results are encoded in the data bank extract shown at 
the end of this section. A complete description of the test program 
performed on material 6 is given in reference 11.

TENSILE TESTS RESULTS

The 1.25-in. gage section tensile test results on the MMA weld in 
A508-2 are shown graphically in Figures 6.1 to 6.5. Cubic polynomial 
equations were fitted to the data. The statistical data and curve fit 
coefficients are summarized in Table 6.2. Heat K (11) had generally lower 
yield and ultimate tensile strengths than the other heats.

CHARPY V-NOTCH RESULTS

Impact Energy

The impact energy results for material 6 are shown graphically in 
Figures 6.6 to 6.15. A tanh curve was fitted to each set of data; the 
coefficients and statistics are summarized in Table 6.3. Each quantity 
shown in Table 6.3 was examined separately. The results are shown in 
Table 6.4. The EPRI test matrix required the determination of the Charpy 
V-notch properties of the base metal and heat affected zone associated 
with each weld. The A508-2 base metal was characterized as material 2.
The properties of the HAZ material are included here.

The HAZ material for heat C (data set 22363) had an abnormally high 
variance in the transition temperature range. This high variance was due 
to the odd behavior of this material in the upper shelf region. The fitted 
curve passed through the center of the shelf data, at a position in good
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agreement with the other curves. However, other points scattered in a 
range of about ±60 ft-lb about this level. One high point was included 
in the end portion of the transition range. The A and B values for HAZ 
material heat K (221163) were abnormal as indicated in Figure 6.15. Heat 
B HAZ material (22263) had a significantly higher than the mean value.

Lateral Expansion

The data were analyzed as described above. The statistics are summar­
ized in Tables 6.5 and 6.6, and the data are shown graphically in Figures
6.16 to 6.25. The main feature of note is the high A value for data set
221163 (HAZ for heat K), indicating (since B was in line with the other 
heats) that the lower shelf, A - B, was high. As before, the T^ value for 
heat B, HAZ (data set 22263) was appreciably higher than the other heats.

Percent Shear

The percent shear results are shown in Figures 6.26 to 6.35. The 
data are summarized as before in Tables 6.7 and 6.8. The lower shelf was
high (high A value and low B), again due to the paucity of data points,
for heat K HAZ (data set 221163). The only other noteworthy feature was 
the unusual property scatter of heat C HAZ (data set 22363), as shown by 
the exceptionally high variance value. Table 6.8.

Summary of Charpy Impact Test Data

The ductile-brittle transition temperature estimated from the Charpy 
V-notch curves, T - C, is shown compared to and NDTT in Table 6.9.
There is reasonable agreement between the percent shear values and RT j.

INSTRUMENTED PRECRACKED CHARPY RESULTS
&

Dynamic Fracture Toughness,

The elastic and elastic-plastic fracture toughness results for material 
6 are shown in Figures 6.36 to 6.40. Tne properties of the curves are 
summarized in Table 6.10, and analyzed in detail in Table 6.11. None of 
the heats were significantly different from the others.
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Normalized Energy, W/A

The W/A results are shown in Figures 6.41 to 6.45. The curve-fit 
statistics are summarized in Tables 6.12 and 6.13. As for the K values, 
none of the data sets differed significantly from the mean for all of the 
heats.

Summary of Precracked Charpy Results

Table 6.14 shows the T^ - C values for the fracture toughness and 
the W/A curves, compared to RT^^ and NDTT. In contrast to the percent shear 
data, there was poor correlation. The T^ - C results for W/A were in 
slightly better agreement with and NDTT than those for K.

The instrumented precracked Charpy data are summarized in Figures
6.46 and 6.47. The fracture toughness results are compared to the
curve in Figure 6.46. There were some points below the curve in
the lower shelf region, but in the transition range the data were well
above K . The W/A data are shown in Figure 6.47.IK

STATIC AND DYNAMIC COMPACT FRACTURE TOUGHNESS RESULTS

The static one-inch compact data (test type 5) and the dynamic one-
inch and four-inch compact data (test types 8 and 7, respectively) are
shown in Figures 6.48 to 6.52. The large dynamic compact specimen for
heat D was three inches thick (test type 10) rather than four inches. As
before the data is shown without a tanh curve fit due to the limited data
for each heat. The static test data are summarized in Figure 6.53, and the
dynamic compact data are summarized in Figure 6.54. Note the one point to
the right of the K curve in Figure 6.54.IK

EFFECT OF ERROR CODES

The static and dynamic fracture toughness results for material 6 were 
statistically analyzed with and without the data points which did not meet 
the EPRI procedures. Tanh curve fits to the total data and acceptable data 
only are shown in Figures 6.55 to 6.58. The influence of the error code
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data on shelf properties and variance was determined. Both the overall 
variance and the variance in the transition temperature region (Tq ± 50°F) 
were compared. A summary of the error code analysis is given in Table 6.15. 
The variance ratio (F) was calculated for the static and dynamic fracture 
toughness results. The ratios shown in Table 6.15 had a high probability 
of occurring by chance, and it is concluded that the effect of the error 
codes on the data was not significant.



Table 6.1. Summary of MMA Weld Materials in A508-2 (Material 6)

TEST LABORATORY HEAT CODE
WELDING
CONDITIONS NDTT (°F) rtndt <0f) COMMENTS

A (1) -100 -100 E8015-C3
B (2) -40 -40 E8018-C3

B & W C (3) (Ref. 11) -80 -80 E8015-C3
D (4) -90 -90 E8018-C3
K (11) -80 i 00 o E8015-C3

ILn



Table 6.2. Summary of the Regression Analysis of the Tensile Test Data Weld, A508-2)

Property A B C
Variance, Degrees of2 Freedoma a

StandardDeviationa

Yield Stress 7.938X10 -6.512X10"2 1.74 X10"4 -1.932X10"7 26.73 26 5.45

UltimateTensile Stress 9.284X10 -6.67 X10"2 1.119X10"4 -4.739X10-8 35.49 26 5.96

UniformElongation 1.367X10 -1.457X10‘2 -9.151X10"6 4.391X10"8 1.30 26 1.14

ReductionIn Area 2.81 X10 -1.363X10'2 -1.055X10"° 3.261X10"8 2.22 26 1.49
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Table 6.3. Tanh Fit Parameters for Charpy Impact Energy Data (MMA, HAZ, A508-2)
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Table 6.4. Deviation of Charpy Impact Energy Curve Fit Parameters from MeanValues (MMA, HAZ, A508-2)
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Table 6.4. (continued)
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Table 6.4. (continued)
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Table 6.4. (continued)
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Table 6.5. Tanh Fit Parameters for Charpy Impact Lateral Expansion Data(MMA, HAZ, A508-2)
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Table 6.6. Deviation of Charpy Impact Lateral Expansion Curve Fit Parameters From Mean Values (MMA, HAZ, A508-2)
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Table 6.t>. (continued]
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Table 6. 6. (continued)
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Table 6.7. Tanh Fit Parameters for Charpy Impact Percent Shear Data
(MMA, HAZ , A508-2)
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■p p p <4 45=47 4 1.76 -77.60 :•"? o...' ! H i.... ,„.. 3 408= £2
8 2 4 6 2 4 56= 58 44= 9i f"r•..! « I •-!'t = i;:.1 =r 148 ■ P

4 b -.i 49. 18 49= 18 ..7:3,70 101 = 40 2 j. 8 8 = 3. 8
2.2 1 1. 6 £ sr ••"i cr :'b 

J C. n -J 7 43.75 ....oo ■; o ... •...t :: ■..., 24 = 75 i:..; 3 7 j. u 20
221168 4 ... .. ....,

O .!. : r ;• i' » -J i “30= 50 <•••» ir •••:■ j
.j u s* I £ 7 = 39

Table 6.8. Deviation of Charpy Impact Percent Shear Curve Fit ParametersFrom Mean Values (MMA, HAZ, A508-2)

A
i'OiBL 521.78
ME ON 52. 3.78
ST. DEV 4.263529576.

KEV V H!... DEV NORN ML I ZED DEV
22162 5 8 = 9 8 ..1.20
wi.!. b 55 = 26 3 = 03
■•"1 ■';;i 5 1 = 9 8 ..0= 20

50= 60 ..j. „ 53
■'d -'j \ i j:;:' ' D•.J •..., :i •...* 1 3. = 3. '33—j
I.... t.... *...' 't..' ’...^ 45.47 ..6 = 7 3.

50=58 ..1. a 60
.-. .-. , . -
uZ C. ‘'T b <9 49. 3.8 ..3,00

22 3.3.6 2 ir s:::;i!... :i 0 = 4 3.
221.3.63 61 = 77 C| tr q

:: •...*

-0.28 
8,72 

-0. 05 
-0.37 

0.28 
1.. 57 

0.37 

0.70
0. 10 c
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Table 6.8. (continued)

B
TOTAL 4:57,3H
MEAN 45,733
ST. DEV 3.846238567

KEY V H L

22162 47.63.•••. .j .•••.
i:::..!. ■ ::> ..::i 4 9 a 2.7••...

47.73

l:. ..3 4 '~! i
•- ....0 46.33... ....■ 4 1.76

22462 4 4 „ 9 1

22463 49. 18

221162 43.75

221163 37.51

DEV 

1 „ 8 9
•■j

1 99 

3 . •")
0,59

...• 3 q

i":! r"j...!;•! .. o

3.. 44 

...1 u 9 9

^ 1! In.i

■HORMfiLIZED DEV 
0» 4 9 
0.92 
0.52 
0.98 
0. 1. 5

...1.. 03

.0.22
8.89

...0.53

...2,, 14

T
0

TO TflL .: .( .t.i 1' !:-i- ,:-l-
MEAN .16.744
ST. DEV i'/: |L- i:~ .-j C)t:::; i:::-•...* 11 L.‘ ...J ''T ’..J

KEY V A!... DEV ■■iuRnAL I ZED
'j ..33.30

.: I"”.. : i... :...il ,...1 ..0.33
t::. 7 021 8 6 „ 9 5

1 1.30 2 El,, El 4 El. 55
2! 2! 2! 6 3 622, 22 K a l;;;i •i ir !*'*i1 s. -JO
,:::!i::;i y -■36. 19 ..19,45 ..0 „ 38

I...1 ..77.60 ..6 El „ El 6 ..1 „ 2E1
2 2 4 6 2! ..!:«' u;r

I.M. IS ..9.01 ..8. 18
2 2 4 6 3 ..75.70 ...j ri i r\ ..1,, 16

2:2 1 16 2 ..382, 13 ..16.39 ..0 „ 32
221163 ..30.50 ■j •■"t i:;“1! i - 0 „ 27
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Table 6.8. (continued)

C
TOT 8 L.

MEAN
r::;

. “i" •!•. :....
b i .« JJ i"i C\ i Ci O "7 -Vi

KEV V Ri... DEV NORMALIZED
s:"! j. 'Z1 i'i

•-I :i.;;! .. .,;;i ..1 4 „ 9 9 ..0 „ 49
L •";! 3 1 0 :: 0 1 •J !"j :: -!j '":i i . t: 3

,:8 kz rZ.
.•j .'••• j

:,t o u !:::■ ..h .. 4 b ..0.21

74.01 p fi c::; q 0.67
cl ■t:- 4 1.63 ..1 1.79 ..0 B 38

!■••) I...- K.' 'j •••' •o ..1 6 . 14 ..0.52
‘cl!:"!'t i;;:- ]d 24.02 ..2 9 „ 4 0 ..O. 95

•'"* .--i K.' •'"=
v..1 . 0 .!. . 40 ri

i, c* 155
c 8 1 3. 6 3;:! 24.75 .. i:“. a i;;,i •' ..0.93
*'1 •• •! ,....

A'.V C. i l‘.”! • 3 5 = / l •! •":i ••
.!. i ii ! .!. ..0.57

PHI
MEAN 3.7
ST, DEV 1.702938637

KEV VHL. DEV NORMALIZED DEV
8 3:::! 3L b 8! b. y y 3:::;. 30

\ j i :7; • :> 2 „ 00 ...1.70
8> Kr 7> 4.00 8 „ 3 n

'cl 'cl Cl !"> 2.00 ...1.70
d b 0 0 2 30

,.j I;;;! 3.00 ..0 7' 0
u!. “T L.: 5.0 0 1,30

d i:™ "I 8.0 0 ...1.70
2 2; i ;j. £ v FI. !:;l 0 1.30

’j -j i 7: 3::3.8 0 ...1.70

1 •">
■i. :: •«.'

...1. . 00

0 . i. 3

...1.00
•: ••"i i:::-
-i. is •..!

...0 u 41

0.76

.1,, 00
0.76 

...100
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Table 6.8. (continued)

VARIANCE

T OT Hi. j. £? 4, !■'

MEnH 1 ■? f . 475

'o i .. .U1::.. v‘ 11 6 7' 1 6 3 G;

j / l'-'Ki:::. i i. / IL HE M NOR Hill r '7 p- j"|
j i'"; ‘7' 3, b 0 . '•"i 8 0; -•0 'T:

.y j, 7:1, .!j - 1 07 : :i 3 .0 73 3
i;..: ; i i 0:3 . j. b5 .0 1 4

y 3; 3 7 ..5 '.j 3 1 .0 -.J K. '
I:;:!■.:> !o i:"! 3 .8 !;;;i 01 0 .0 ? 7
2 2 3 6 3 4 0 8 :: "j "y qii... i ! -.J 3 4 2

i."' il.j. :• •• 1 4 5 3 3 i 6 0; 33 •: ii::'i -..J
ill'. ;'T 1 7:1 8 1. 8 I"! ';;:i i 0 b 2.

Z 2. ! 1 i::.i l...i 1 7 1 •'4 L:i 4 2 33 0 . !-
P.2 i. J 37: 7 33 0 .13 1 3.33 1 05

]J Ii V1

Table 6.9. Comparison of Tn - C from Impact Test Measurements with RT.irvr
and NDTT u (MMA, HAZ. A508-2) NDT

T0 - C (°F)

KEY
IMPACT
ENERGY

LATERAL
EXPANSION

PERCENT
SHEAR rtndt^ f) NDTT (°F)

22162 -119 -143 -72 -100 -100
22163 -116 -80 -40
22262 -83 -71 -36 -40

o
t

22263 -21 -38 -11
22362 -127 -100 -78 -80 -80
22363 -134 -118 -115
22462 -82 -63 -50 -60 -90
22463 -156 -190 -177
221162 -123 -86 -66 -80 -80
221163 -23 -168 -54
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Table 6.10. Tanh Fit Parameters for Precracked Charpy Toughness Data
(MMA, HAZ, A508-2)

i J i:::l B

32 1. 62 i. ' 1 4 i. :: b .. r;;> 11

32262 2 1. b J. 4 4 i 14 . i. 3

32362 ■;"••• : ■...* :: \J il... 140.18

32462 2 150.34 1 0 S' „ 5 0

2:1 1 62 2 146.23 :i 01.01.

T0 C !■■ H T : ,■ i:-j k

" 0 o : 0 2! 1 4.7? •0

4653 1 3 „ 63
2 6 5 3. „ i6 1 5 ,2337, :::7i.

B Q i'.•' 5 3457.ol.■;;; 6 •i i ';: 'Vi-;i. EJ •• O 3 ' 1.26., 30

Table 6.11. Deviation of Precracked Charpy Fracture Toughness Curve Fit ParametersFrom Mean Values (MMA, A508-2)

A
T 07' RL ? 7 5 =6

p'l F" R N
•i i:r:; -i i::;-

;; .1. •...’

ST. DEV i • o C\"? |T! • j c\ iii • :>

KEY VflL DEV HOP MR!.[ZED
,5 j. h: 1 4 3. „ b 2i . i i:::; ...P: Q 9

i:;:! Id !;;> I:1:! 1 6 1 „ 4- 4 6|2 S' 0 ,, 'l b,
\d. •::> i:;:> ■:;! ••

j. s -j •: 2.0 „ 4 7 1.51
o A.1 —r i_ _: .^ ^ 3.50.84 - 4,, 31 .0.32

j. j. i. 4 b „ 2! 3 .o „ '3 2. .8.6 6

TOT RL

B
5234 „ 44

TERN 112.888
ST,, DEV 1.6.323:303555

1/ ..... .
m:::. i VflL DEV HORMfiLI ZED

j. i;;) 39,. 60 ...i 3 „ 2 S' ...0.81
. 11 4 „ 1.5 1. „ 26 0.08

|.M. 't.t‘ It.t. 140.18 e' 7 v :::;i 1.66
•'2 O

109.50
•-> •-> I".... ;;i .. ._;;i y ...0.21

2:1 16 2 1 0 3. . 0 1 ...1.1 „ 88 ...6.72

DEV

]] f
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Table 6.11 (continued)

T
0

7 n T W : "• .."l ,!
MEAN ! '"i- “T

ST, DEV 40.I£097494

KEY ■fli DEV NQEMFiL. I ZED
j, rj ....■ j!: 02 ....'j y „ 6 y ....1.26

O /;!r-. ,3. f i:::-
>« j

1!"‘ i'"i iill'
.. .j 1 = 3 ;"i-

•...l i'... • : .. /; 1;;;,
■■ r:
J- '"i O 0.32

. j :,T !; :, y 10 » 3 9 0.26
21 1 62 ....• : „ 86 ..26 44 ....0.66

C

TOTAL 120.6

MEAN 2 4 = 1 2

ST. DEV 17.0550 i. ;.!'i r.

r\ b. i V r! L D E :v! NORMAL 12
i.;;i]. b;

••••» ""I
.1. i-' l ..9 ;; 3 5 ..0.55
■\ iZ' "j 1. 0.4 9 ..b 1;;;. 2

■"j • j \jit..... i....
,i

D j. . .!. 2 7 „ 4 Si 1.61
32462 i....  i: .1.

i:::- .•••• r-.
.j .. I;:;i :;:s 03 3

321162 10,78 •j ••••» .-i
J. O •.;> "t ..0.733
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Table 6.11 (continued)

PHI

TO TRL
MEAN D = 4
ST. DEV 0 = 0 H r',:::! 4! 0 -j 0

KEY V I" IL DEV NORMAL I Z
'/[[ j. i;;;. 6 00 0 b 0 i. i 0!.:;i ]d I:;;! 5 „ 0 0 - 0 „ 4 0 .0.73

,...i i'.,.. 5,0 0 ■■■• 0 4 0 .0.73
■4 i:':: v 5 5 00 .0 „ 4 0 .B. 73

6 „ 00 0 „ 60 1. i 0

VARIANCE

TOTAL c; 1 q
,i. „•

.-i: i

HE Mi ! 1333 , 148

ST. DEV 1 32 1 : 80012

KEY VfiL BEY HnPrjp! T '/

3216? 1497.94 -341.21 ..Kl i;;;.

3 v 3 6 3 •' i {•••. .•••.!.... |....i. ..1617.47 -1.22

32362 j o ■:::i y 1• n : .1. 1058:, 56 0 ,: 3 0

32462 34573: 61 1 b 1 8 ,: 4 6'

321163 11 20:: 80 ..'•::11 o i:;::i L.* it ..0,, 54

E V
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Table 6.12. Tanh Fit Parameters for Precracked Charpy W/A Data (MMA, A508-2)

i/ 1..\\t. ! ,.j fi B Tfi 3 PHI V R k

j. r;: S ■J ■■■■'• : ::i i a{.... i : :: .,.;;i i:;i .. I;;;! .•j r..1 r K' » 4 89484,, 10
3 £ 2 6 £ ::'r 6= -.d I"!1 ■£' '-J i •"!; :£: ’ 3m.1 ,...1 ! 1...1 :: i 2j O "j 49. 13 £„84E+05

>' f, ? i:::-■J ■ • "i i J !::> a "j :d 3 1 8 1 = 4 £ . h: h: .. i]": •t :”'in CD E' 6 5 „ 75E"r06
3 2.4 6 £ ■J 4037.3? 41. .. ,:t!“) £ i „ 97 d. a ':e Ej. 2 5 8 3 9 ,, 3CJ••• • •; •:i j. •;;> ■J 3 4 £ £, 4 £ _ i..:, / .! 9,, S3 1 02„55 ilj. 1 „ 99E-838'

Table 6.13. Deviation of Precracked Charpy W/A Curve Fit Parameters From Mean Values (MMA A508-2)

A
! OTRL 18208,,
MEHN 3641. . 646
ST, 3£6 357'„ £78£993

K E V 1011.
y i ;'-T y ire:; :: i.... •'.s £•. E'i 4026.65
r!... 3366.5£

,.j
.3 tL ‘•‘I’ CD :C. 6037,, 87

3422„42

DEV NORMALIZED
..O „ •“D O ..0. , 30

-.j O -J ,, 00 1., 08
..£ 7 b . 13 ..0 „

3 9 5 „, 7 £ 1. ,:, 1.1
. . V ] 0 ^ £3 ..0 i; , 6 1

DEV

T OTRL
B

.; ••••: .•••, ■•••.1. y i C. n b .1.MEAN •:> k; d 9i ii i._, i...."i- V : i ;o j , i,iv .■\ ir •! i:::' r-i ^.:• ••••: -i-...i j. • j 7 y > j. -t

VRL LEV NORMALIZED
■.:> c. 1. cd y. £ 7 4 1 „ 6 U •,.J a "■ 1 ,, £ 9
. .:£ i:;;' i;;;t y •C: f Cl' u T iC. 2.4 „ £0 0.05
. ’y i;;;: d 3181„42 ..173.10 ..0.38
3 £ !i- b £ 4018.45 6 6 3 „ 9 3 1.47

; iC. i i l’“ El •“! 4 v 4 b 67.90 8. 15

DEV
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Table 6.13. (continued)

T
0

TOTFiL. .i::;l 0 „ 5 9
MEAN .1 £ 1 38
ST„ DEV 4 0 „ SS2b4089

KEY VRL DEV NORMAL I 2
.30.8? . j. .0 = 4 b
33.95 4 b. 09 :i.. 13

L>.» 'ii' ' ..... .6 f::-. £ b -i' •...i .1 .2. .... 1 *j - j
V 4 fc' 'd b 1U... >t. I! ..' f 34. 1 1 U. ,:;i-

• i ' : '1 '1 ,• :J. !. o .19.53 . . 3 9 .0. 18

C
, OTRL 3 O 4 . b
ME HR 60.872
ST. DEV 3 5 » 4 6 3 i:E iS 8':::! fcl

KEY VAL DEV NORMAL 1 ZED
d. 1. b 2! 4 0 „ L:i ? .£8.80 .Li. 5 9.••• ••••.

("J .•• }•••, 49. 13 .11.74 .6.33
•■"i ••j ■i r-i ,■••• r(J. :/ « >::<:? ...4 1. 1 8 .1. 1 6

..j .-2:. !-t fc:* e:, 9 n 9 p 3 2!. 0 0 Li. 9 Li
.1 .j .i. o 102.55 .•i i n!i- .1 b O 3 . 1.8

DIE V
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Table 6.13. (continued)

PHI
TOThL. 2:4
RE RM 4 „ El
ST. DEV 1.0954451 15

!< E :r VfiL DEV HOKRnL. 12' -1 'I V.: 4 ■, 0 0 .0 „ 8 0 .6.73
n". i 2 CD 6 „ 8 0 1 „ 2 El 1 . 1 03 26- 2! 6 „ 0 0 1.20 i. 10>: q i;;:, V 4 „ 00 .El. !:::; 0i .0.733 2 1 162 4.00 .0 „ 8 0 .& „ 73

VARIANCE
; uTTlL 1 171800.9
HERN 234360„ 18
873: 1)£V 214772,, 5023

KEY VRL DEV HORMfiLI ZED DEV
32162 89484. 10.1 ., 45E + 05 .0„ 67
•,j e:. rv'-t I;::. ■+• ki .j <4 >4 j. i;;:. „ okj „
32362 5.75E+05 3.41E+05 1„59
32462 25039,, 80 2„ 09E + 05 .8„ 97

921. 162 1 „ 99E + 05 35779. 18 .0. 17
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Table 6.14. Comparison of Precracked Charpy Transition Behavior with 
NDTT and RT^DT (MMA, HAZ, A508-2)

To - C (°F)

KEY KId’K d* W/A rtndt <°f> NDTT ('

32162 -73 -71 -100 -100

32262 33 -15 -40 -70

32362 -46 -86 -80 -80

32462 -27 -71 -60 -90

321162 -45 -122 -80 -80



Table 6.15. Summary of Error Code Analysis for Material 6 (MMA, A508-2)

TEST TYPE
INCLUDES 

ERROR CODES
NO. OF 
POINTS

SHELF(Ft-Lb) 
LOWER UPPER OVERALL

VARIANCE
TRANSITION REGION

VARIANCE RATIO F
OVERALL TRANSITION REGION

Static (5) Yes 25 67 306 3503 6235
0.987 1.163

No 17 48 312 3548 5361

Dynamic (7,8,10) Yes 30 59 258 3818 3750
1 .450 1 .383

No 25 13 320 2634 2712
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MATERIAL 7

SUBMERGED ARC WELDMENT (SA) IN A533B-1 BASE METAL

AND

HEAT AFFECTED ZONE MATERIAL FOR SA WELD AND A533B-1 BASE
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MATERIAL TYPE 7 
SA WELD, HAZ IN A533B-1

INTRODUCTION

Five heats of submerged arc welded A533B-1 were studied by Combustion 
Engineering, Inc. at their Windsor and Chattanooga laboratories. A 
brief description of the heats is given in Table 7.1. The extracted data 
bank entries for this material are appended to this section. More details 
on Material 7 can be found in reference 12.

TENSILE TESTS RESULTS

The 2-in. gage section tensile test results are shown in Figures 
7.1 to 7.10. The coefficients for the cubic polynomials fitted to the test 
data are summarized in Table 7.2. Note that the heat affected zone material, 
heat I (9), exhibited substantially less strength and ductility than the sub­
merged arc weldments. In fact, the HAZ properties are almost identical 
to the base metal properties (see material 1, CE heat A). This behavior 
is most likely due to the fact that the two-inch gage section of the 
tensile samples was a combination of weld metal, HAZ, and base metal; the 
samples broke at the weakest link — the base metal.

CHARPY V-NOTCH RESULTS

Impact Energy

The impact energy test results for the SA weld and HAZ material are 
summarized in Figures 7.11 to 7.19. The curve-fit results are extracted 
and analyzed in Tables 7.3 and 7.4, respectively. The data set 223772 
(CE Windsor, heat G transverse) had an abnormally high B value, indicating 
that the upper shelf was high (159 ft-lb compared to the mean of 131 
ft-lb). The same heat had an unusually low T^. Heat I (23973) had a high

variance probably indicative of HAZ material.

Lateral Expansion

The statistical parameters related to the tanh fit of the lateral
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expansion data are given in Table 7.5, and the associated deviations of 
these parameters from the mean values are given in Table 7.6. The curve 
fits are shown in Figures 7.20 to 7.28. The results for heat I HAZ 
material (data 23973) had an abnormally low B value, indicating a low 
upper shelf (75 mils compared to 83 mils, the mean for all results). The 
Tq value for heat G (data set 223772) was again low, agreeing with the 
impact energy data set. Heat H (data set 23871) had a high variance, shown 
in Table 7.6. This was caused by a single outlying data point.
Figure 7.22.

Percent Shear

The results are shown in Figures 7.29 to 7.37. The results of the 
curve fitting procedure are summarized in Table 7.7. Each parameter has 
been analyzed in Table 7.8. The only significant feature noted in this 
analysis was that heat I HAZ material (data set 23973) had an abnormally 
high variance. This was again caused by a single outlying data point. 
Figure 7.37.

Summary of Charpy Impact Test Data

The quantity T^ - C for the impact energy, lateral expansion, and 
percent shear results is compared to RT^^ and NDTT in Table 7.9. Apart 
from the heat I HAZ material (data set 23973), the T^ - C results for 
impact energy and lateral expansion agreed quite well. There was little 
agreement between any of the T^ - C quantities and RT^^ or NDTT.

INSTRUMENTED PRECRACKED CHARPY RESULTS

Dynamic Fracture Toughness, K^,

The dynamic fracture toughness test measurements for the precracked 
Charpy test are shown in Figures 7.38 to 7.42. The results of the curve 
fit procedure are shown in Table 7.10 and analyzed in detail in Table 7.11. 
There were no outlying results.
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Normalized Energy, W/A

Figures 7.43 to 7.47 summarize the test results. The curve parameters 
are listed in Table 7.12 and analyzed in Table 7.13. Again, there were no 
significant outlying sets.

Summary of Precracked Charpy Results

The precracked Charpy toughness results are summarized in Figure 7.48.
Temperatures were normalized by RT^^^ and the curve was added. The
K curve falls inside the 3a limit for the transition data. The W/A IK
data points are plotted together in Figure 7.49, normalized to RT^^. The
values of T - C are compared to RT ^ and NDTT in Table 7.14. There 0 NDT
was fair agreement between the W/A results for T^ - C and or NDTT.

STATIC AND DYNAMIC COMPACT FRACTURE TOUGHNESS RESULTS

The static one-inch and two-inch compact (test types 5 and 11) and 
the dynamic compact (test types 7 and 8) results for the SA weld and HAZ 
materials are shown in Figures 7.50 to 7.54. Because there were few data 
points, the data are shown without curve-fitting. All the results are
summarized by loading rate in Figures 7.55 and 7.56 and compared to the
curve. The K curve lies below the data for both static and dynamic loading 1R
rates.

EFFECT OF ERROR CODES

The static and dynamic fracture toughness results for material 7 were 
statistically analyzed with and without the data points which did not meet 
the EPRI procedures. Tanh curve fits to the total data and acceptable data 
only are shown in Figures 7.57 to 7.60. The influence of the error code 
data on shelf properties and variance was determined. Both the overall 
variance and the variance in the transition temperature region (T ± 50°F) 
were compared. A summary of the error code analysis is given in Table 7.15. 
The variance ratio (F) was calculated for the static and dynamic fracture
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toughness results. The ratios shown in Table 7.15 had a high probability 
of occurring by chance, and it is concluded that the effect of the error 
codes on the data was not significant.



Table 7.1. Summary of SA Weld and HAZ Materials in A533B-1 (Material 7)

TEST LABORATORY HEAT CODE
WELDING

CONDITIONS

G (7)
CE (Weld) H (8)

J (10) (Ref. 12)
K (11)

CE (HAZ) I (9)

NDTT (°F) rtndt ^ COMMENTS

-70 -70 (

-70 -70 <Linde 0091 Flux
-70 -70 I
-70 -70 I
-40 -40 Heat CA base metal

I
Ul



Table 7.2. Summary of the Regression Analysis of the Tensile Test Data (SA, HAZ, A533B-1)

Van' ance Degrees of Standard
Freedom Deviation

Property Material A B C D a2 4> a

Yield Stress Weld (L) 8.187X10 -6.137X10_2 1.760X10"! -1.995X10"! 4.07 20 2.02
HAZ 6.607X10 -8.092X10" 2.346X10" -2.118X10' 0.14 2 0.37

Ultimate Weld (L) 9.585X10 -6.821X10^ 1.271X10"! 6.257X10"! 2.60 20 1.61
Tensile Stress HAZ 9.059X10 -9.104X10 1.728X10 -4.309X10 0.27 2 0.52

Uniform Weld (L) 1.037X10 -i.suxioj 2.685X10"! -7.526X10"! 0.24 20 0.49
Elongation HAZ 8.874X10 -1.976X10 2.093X10" 2.322X10" 0.02 1 0.14

Total Weld (L) 2.756X10 -2.145X10^ 2.698X10"! 4.374X10"! 0.70 20 0.84
Elongation HAZ 2.161X10 -1.224X10 8.846X10 -1.181X10 2.09 2 1.45

Reduction Weld (L) 6.844X10 1.915X10_2 -6.563X10"! 3.594X10"! 7.22 20 2.69
In Area HAZ 5.576X10 1.351X10" 2.777X10' -5.132X10 6.16 2 2.48
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Table 7.3. Tanh Fit Parameters for Charpy Impact Energy Data
VSA, HAZ, A533B-1)
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Table 7.4. Deviation of Charpy Impact Energy Curve Fit Parameters from MeanValues (SA, HAZ, A533B-1)
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I I
Table 7.4. (continued)
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Table 7.5. Tanh Fit Parameters for Charpy Impact Lateral Expansion Data
(SA. HAZ, A533B-1)
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Table 7.6. Deviation of Charpy Impact Lateral Expansion Curve Fit ParametersFrom Mean Values (SA, HAZ, A533B-1)
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Table 7.6. (continued)
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Table 7.6. (continued)
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Table 7.7. Tanh Fit Parameters for Charpy Impact Percent Shear Data
(SA, HAZ A533B-1)
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Table 7.8. Deviation of Charpy Impact Percent Shear Curve Fit Parameters fromFrom Mean Values (SA, HAZ, A533B-1)
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Table 7.8. (continued)
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Table 7.8. (continued)
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Table 7.8. (continued)

VARIANCE
TO TRL ??0 ;; 38
MEAN O i:"! Q "? '7 '7 O

ST„ DEV T 8,1537878i

i/ r'
r-. i:::. \ VHL Ti F L MUR MAT. I 2

i;;;! i :i 94.86 S1 „ £ b 0. 1 3
i:'‘' -.'.'J O • 2 122.07 3 b 4 7 0:, 58

1”*: .• *>*• i 245.54 159.94
o s' ■ TL D . b b ....4 0 ;i 0 4 ..0 „ 57

C. : 8 3 3.75 ..51.85 ..0.74
3i0i Ti. 20.52 ..65.08 ..0.93
3107 3 3 5 9 2 ....49.68 ..0. 71
3 3. 1 3 59.81 ..25.79 ■■■■00, 87
3 :i. i. 2 3 12.35 26.75 0.38

Table 7.9. Comparison of To - C from Impact Test Measurements with
rtndt and NDTT (SA, HAZ, A533B-1)

T0 - C (°F)
IMPACT LATERAL PERCENT RW°F)KEY ENERGY EXPANSION SHEAR NDTT(

23871 -73 -47 -90 7H23872 -94 -85 -106 -/u -/U
223771 -55 -57 -71 /in -40223772 -138 -143 -115 -4U
231071 -80 -87 -96 /in231072 -71 -81 -52 -H-U -4U
231171 -53 -58 -90 70 ~ir\231172 -85 -84 -56 - / u -/U
23973 -106 -37 -18 -70 i O
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Table 7.10. Tanh Fit Parameters for Precracked Charpy Toughness Data
(SA, HAZ, A533B-1)
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■8 '.::lE 3:3 -i •';> 0 3. 3.33;: :33i: 3j .  3. 3331 71 43. 4 3.
....,

2'33833:5 „ 3 3
.:::. - J i:”. i LV O .=. !...s 3 33 ' 8 13.7 i33:i 3. . 3.3.

i....! 9.: 9:: si 34 6 3. 85 3. . 04
3 3. 0 'i::: 2 333: 3. 6 3. Y) Y 3. 10 4:333i 31. 8 65 ,6. i 33 333i 6 3. 3. 8 79
333 3. 3. 72 ■9 -i "9 7 L.i 3.333:0 7 333; - •”> i:!!' 4 33: 2 1 0 5 ;:3; ■.y 3:3 'T ,. 65

Table 7.11. Deviation of Precracked Charpy Fracture Toughness Curve Fit Parameters
From Mean Values (SA, HAZ, A533B-1)

A
TOTHL 829,8
i'll:::.iiN 1 bj „ bb
ST,, :[iEv 8 „ 6646:!. 3.986

i‘- i..:
i VFIL

:s 34 7 8
•j i:::- -j i:;;;

3:3 3:3 9 7 3:3
•: •••:> •••■, .| 
j. i •."* :: 9.1 j.

..... ........,

!.... •..,l i !
.1
.:. O O i:

:«-.8 .1. ‘::J •' 3. 6 3. . 53

.: •.”! J. .i. i!...
•i ''7 Q

T'lf-b1 Kinphifi: Y 7i:::'TiI........ : ! '.J I •. i : : : l.......i. .. I... .I.,1

3. 333:. 1333: 3. .j.. 48
7 „ 05 0 . ;333 3.

,, 333 3 6 0 i •.:! T
...i:!:. , 43 .0, ir •! •..1 ,i.
? , . i;;;j !,;;i 0 ,, 90

DEV
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Table 7. 11 (continued)

B
•••• :•••• '•••• .•••; i r':! !..J i i-i L.. ..J :... * « -J O
MEHN 3. 19. i 16
ST. JJEV 5.600426769

I"" i VFlL DEV i. • !vi i" : { T "7r-.rin!....i.

■,"i i. "i* f O 5 „ E 6 3. . 0 3.
.”i.i;:1 f •i "i •-i i:::-i -j «• • j » ■ j i-j .. i;;;: i:;;]

3 2 3 'F 7 2 1 1 7,01 ..2 „ 1 1 ..M ''j

33 1072 1 1 0 49 ..I;;;! „ l;;;i -1.54
331 i 72

•i >,,,i1. I:!;. W :i i O 1,6 l 0 „ ,33 9

T0
TOT PL.

i:::’
■J

•• ir 
.1. -J

i ■'! E Fi N 3. ,, 83

st. de::v "‘‘i ' •'! '"•! ' "3i! 1....

i::;. i VPL DEV
i ....;

MUKi’nil....!.

'..J i :3... \... ii 43 .. O : 4 b ..i., 3. 0
• •'"i :-,,i ■"I1

. j "'■I i •,"> ..3. 0. r' 1 ..3.3.
,-i ..0 , .•i ir ... j

, .... .... .
i.... i ..3 3. „ y ..3.2 8 1 ..fi 5 0

.••• .••• .!
•.j i. •' 3. 8. 6 3. 7 b !::3 0 6 8

•.:> j, j. i 3:3 h . 4 2 3 '”3' 3. 3 ?

p I, !
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Table 7.11. (continued)

C
: : ; i :—j i

MEAN

i 44 „ f

2. ' j „ 9:

ST. LEV 1. 4. ?■ ^ 04: 4 5

KEY VRL DEV ■!0R!viRL IZ

■.j C. 4 3.49
•i •• ••••j, .. . _ i r: 25 „ 98

3 3 9 i:;: 3 43,41 1 4., 4 8 i":i s' *iK! , 7 O
J V. C. 9,20 ..i q __ '7 •i •-!

3 3 1 9 r 2 2 P, 50 -1 „ 43 ..0. 10
’do i •= 2: i05 ..'/ s 9 3 ..0,58

. IZE'D DEV

PHI
T 0 TriL 34
MEAM b :: 8
ST. DEPl 0,8 3 6 6 Pi Pi Pi 2 ?

: i"" /i\i VAL DEV NORMAL. I Z
'...I i::i, 00 Pi „ 2 3 0.24

3 3 :? ‘F13 7 = 00 0 „ 20 •0,24
.>* ''m1 : Pi . 00 ..0 „ 8Pi ..0.96-| .-! •!•j j, Kj Pi „ 0 0 -■0.80 ..0.96••••,> -..P .i. . 8,00 1,2 Pi 1.43

i ii:::.
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Table 7.11. (continued)

VARIANCE
TOTFlL 5 1 94. •.H i'

MEHN 1 H38.
1"., r“ i i
•r’ ! « .i.?v

•• v;
.i. -J :: 954;;::; i. 3

KEY i. j r
!.... DEV i 9 71 i 1H!... 1 2

i;;."
•.J :« 1 ? ...513.70 ...0 „ 4 4

..;;i ;7 29b5 „ i!... j i;;;s .. i^- "3 1 6 6

E 1 25 1 e 0 ,:i' 2 1 2. 3. 7 0. 1 8
'■:i j. ' E 1 1 3 79 ...9 E 0 . Id El ■ 0 7 9

3 1 1 72 9' -i 4 ;i
{'2 k;:;

...704.32 -G. 61

Table 7.12. Tanh Fit Parameters for Precracked Charpy W/A Data (SA,HAZ, A533B-1)

KfY H Ei T 0 L Hi.; Vi 5:5:

E3 El El i;.:: 9 3492,: 95 3 4 0 4 .. 55 ..... ,:2 rj by, 7;id 4 3,923 ■ ■!■■ H:
•.j •:>'d1 r' -d'i '0 : E: 33 E3 8 „ 23 ...:!.03

.j
; 'j ]•

323773:
•-i •• •:

'.v •' •...! » "i e:. 9::l 3 4 9 .
i::.;

...0.63 • - J „ 9:1 E:, Id 7 i "i" ;■'! 5'

'J 9i i y 7 e 5 3205.75 2923 :: 02 ...7,, 4 3 1; e:. « ed 3 4.001 ■ "i i:
9! 9:1.1. 1 7 E III: 9:1 o b 9:1 :: 91 0 9; i;:!; :3 5 , i 37. 16 i;j 7 „ E b :, 95 El b 9) 1 i. :55 E
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Table 7.13. Deviation of Precracked Charpy W/A Curve Fit Parameters fromMean Values (SA, HAZ, A533B-1)

A
T !j I r 1 . •: ' .'"i -O :: ^.E.
riE: r N 3 P;! b':::! „ 4 0
ST. MV 3 0 i''' = 3 b 4 ;:::i :;:i- o >0

iP i:E Y V !"i!.... DEE'3 Hi HE PinL I PE
::::
-.j ..1 1. S 45 ..0 ;; .■j i;::;"i-....

:E; PE; EE1 E'? PE; -"i:• J '"j- . 0 0 4 E;> 0 lEl 03
-.j ;r 4 p::; 1 8 -4. 0 pe: Ei

....

: i 0 3 pe: /e! 0 5 i''' 3 ..o G 5 ..i. 4 1
PE; I :i 7'PE: r! rj l:;1 EE 0 p": ;;E! 1 5 0 1. 1 PE

[i i:;; w

B
TOTHL.

, ... ..... ... ... |—■
i. i.;;: i:;j o J i.

M PER Pi PE;34i ,, El0PE:

ST. U EE V PE56.9 1. 30401

i r- .:
m;::, i VRL ED iEE. V ' i U PE PI i'i i....L 3!:: J J

i,"i
.j •T|r 3;'.. • EH H 0! .. Ej ,’j i;E;:.. E‘j 0,2 PEE

r •.:>
• |”ij
..EE: . :;;;i i"p: .. ,;pp. KJ ■4 0 ;; 3 i:EJ 0„ IS

! iPEE. -.EEi i' RE.
•"'i •”'1 .'i : ’t i!7‘ ’"I1
. EE: ..EE; '■■■)• ,. ,j ( ;EEE: ilEE, 0 „ 0 :Ei

; 3107 PE ■ “i •‘"t 1'": i''!! •'"!*•*: ^••' |*". . r > .** ..... -i 1 ''EE! ;EEE;
...1.61

3 '.EH .i. ,L i' i:E.. PE: 8 3 G „ i 7’
.- .-.
::EE. EE'1 :'i' « : 1. 1 5
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Table 7.13. (continued)

T
0

TO I hL 1. 9. ii ,

ME On 3 a 96 D

ST. DEV :! ii. 8 ■;}y \ j.

KIEV VR
1 DEV N j R ii ii L J Z

v,: 1.... ..0 „ ' i:7 ..12 „ ...0 h: : J

•E; !'--l ' ..1 . ii Ei ..4.. Eii C.\ ..ii ■'v ilZ li... !...!

i : . ..0 . ii ii ..4 5 ;i:i ..0 2 4

1. i;:j r'’ ..i::: „ 43 ..1 1 ,
•••': r-. ..0 6 0

E> .i. i ■.J I’ :: 1. 6 i;i 3 , 2.0 I 7 6

.'.ED LEV

C
T OT HL :L. Ci :: -.J

MERii
................ :

■J 4 .1 i' ”i "O
ii 1 <: Ob V 8,973S01546

ME V VRL DEV HORMRL1Z
..:;ibi { 6 0 8 0 4,, 0i;.i R. 45
3 3 9 ? 3 ir "7 -i

•..J i ...... .1. \[J i''i- I'": 0.05
ii... '..-1 ! ! 0 ’ J •: 4: ..i. i ;ii: ..0. 3.2
31 0 7 2 ,:i i::!i:> ii 3. ii „ i;i ii: ir ir 

.i. « J J
'Z: 'j i ‘"2 i!-. .0 L,‘ !i ii... 3. til, !5 ]. 3.. i 7
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Table 7.13. (continued)

PHI
3 0 
6

j •’ .., 3
L ? \' H L D EV -hjRnfn I 'Z

3 3 8 ■■ 4' „ 130 .2 „ 08 .1. q
E 7' „ 00 1 „ 00 0 „ E!' O

3 :;..i ■.;> ;■* 6 00 0 0 0 0 „ 00”, ""i.j ■: 5 „ 0 0 . 1 „ 00 ...0 „ 6 3, ..■ ij, j. i 2 8 „ 3 0 2 „ 0 8 ]. id

VARIANCE
TOTAL 3516487.5
MEAN 703297.5
ST. DEV 926446„7093

LEV VHL DEV
3337? 5„O6E+05.i.97E+05
33973 2.33E+ 06 1.63E + 06
973772 2.09E + 05.4.94E + 05
931072 4.0OE+05.3.03E+05
931 172 68633,. 50.6.35E + 05

NORMALIZED DEV
.0.2 1

1
•s. :s : L.1

.0.53

.0.33

.0.69
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Table 7.14 Comparison of Precracked Charpy Transition Behavior with NDTT and RT^DT (SA, HAZ, A533B-1)

To - c (°F) 
*

KEY Kid- Kd W/A rtndt^ f) NDTT
33872 -71 -69 -70 -70323772 -21 -56 -70 -70331072 -9 -50 -70 -70331172 15 -30 -70 -7033973 -54 -58 -40 -40



Table 7.15. Summary of Error Code Analysis for Material 7 (SA, HAZ, A533B-1)

TEST TYPE INCLUDES ERROR CODES NO. OF POINTS

Static (5,11) Yes 30

No 24

Dynamic (7, 8) Yes 32

No 25

SHELF (Ft-Lb) VARIANCELOWER UPPER OVERALL TRANSITION

48 -- 1884 3919

71 -- 2433 2732

72 -- 1919 2506

57 2131 2614

VARIANCE RATIO FREGION OVERALL TRANSITION REGION

0.774 1.434

0.901 0.959
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7-89

(468) 2..23...?-?~2~20-
(409) 2..23...7...7-2-16-
<410) 2-23-7-7-2-18- 
(411 ) 2-•'3..8...7...2...1-0
(412) 2..3-8-7-2-2-0
(413) 2-3-8..7-2-3...S
(414) 2-3-8-7-2....4-8

(415) 2..3-8-7...2-5-0
(416) 2..3-8-7-2-15-0
(417) 2-3..8-7-2-16-0
(41.8) 2..3...8-7-2-17-0
(419) 2..3-S-7-2-6-0
(428) 2-3..8-7-2-7-6
(421) 2..3-8-7-2...18-0
(422) 2.3- 3--7--2-9-0
(423) 2-3..8--7-2...10-0
(424) 2..3-8-7-2...11-0
(425) 2..3-8 '7-2 ■12-U
(426) 2..3-8-7-2-13-0
(427) 2-3-8--7-2..i4'-0
(428) 2-3-8-7..1....1-0
(429) 2-3-8..7-1-2...0
(436) 2..3-8-7-1-3-0
(431) 2..3...8...7...1-4-0
(432) 2-3..8-7...1-5-0
(433) 2..3...8-7-1-6-0
(434) 2-3..8-7-1-7...0
(435) 2..3 •••8-7-1-3-8
(436) 2-3..3-7-1...9-8
(437) 2-3..8...7... :! -16 8
(438) 2-3-3-7..'.I....11-0
(439) 2-3-8..7-1-12...8
(448) ?-3-8-7..1-13-0
(441 ) 2..3-8...7-1-14-0
(442) 2-3-9-7-3-1-8
(443) 2..3-9...7...3...2-8
(444) 2-3..9-7-3-3-0
(445) 2..3-9-7-3..... 1..8
(446) 2-3..9-7-3■■-5-6
(447) 2-3-9-7-3..12-8
(448) 2-3..9-7-3-13-0
(449) 2-3-9-7-3-14-0 
(450.:' 2-3-9-7-3-6"8 
<451> 2-3-9-7-3-7-0
(452) 2..3...9-7-3-18-0
(453) 2-3..9... 17...3-9-0
(454) 2-3-9..7-3-10-0
(455) 2-3-9-7-3-11-0
(456) 2 - 3- 9-7-3..15....8
(457) 2-3-9-7-3-16-0
(458) 2..3-9-7-3-17...8

1 300.00 155,00
1 425.90 158.60
i 558.00 174.00
.198. 00 •-i 00
-100. 00 s! 00
-60. 00 £... 1 ■ 00
..40. 00 66. 00
-20. 00 73. 00
- 1 0 . 00 90 .00
" 1 0 .00 91 . 00
-10 ,00 86 ,00

0. 00 90. 00
20. 00 86. 00

4 8 ,00 1 17 , 00
60. 00 1 2 6, 00
100 .00 133 . 00
160 .00 •| •. i:J. -J . 00
300 . 00 136 , 06
425 .00 136 . 00
556 . 08 130 . 06

-190. 00 4, 00
-100. 00 10. 00
-60. 00 28. 00
-40. 08 23. 00
-20. 00 74. 00

0, 00 6 3, 00
20. 00 86. 00
46. 00 183. 00
68. 00 11 4, 00
100 ,06 1 i 2 . 00
160 . 80 115 . 06
300 . 00 127 . 00•i • "i cr•4 u. -j .00 117 . 00
550 . 00 ■j O j1 li- . 00

-160. 00 rU n 00
-70. 60 2 2. 00
-30. 00 25. 00
-10. 00 42. 00

10. 00 i:r •- • J £ * 00
20 . 00 66 . 00
20 . 00 79 . 00
20 .00 151 , 00

30. 00 70. 00
58. 00 113. Q0

76 .00 88 . 00
90. 00 120, 00
130 . 00 119 . 08
190 . 00 119 . 08
300 .00 128 . 80
425 .00 196 . 00
550 .00 103 . 06

91.88 180.00 
91.08 188.00 
77.00 100.00

0,60 0.00
0.00 9.00

15.00 30.00
54.00 50.00
52.00 50.08
68.08 70.00
55.00 70. 80
59.00 60.00

56.00 60. 00
58.90 50.00
79.80 88.00

79.00 90.00
87.60 99.00
82,60 100.00
86.60 .1. 00.00
87.00 100,00
78.00 100.00
0.00 0. 00
2.00 0. 00

13.00 35.00
28.06 35. 00
72.90 45. 90
42.60 50,08
58.60 70.00
71.00 75.00
81,00 90.00
83.00 90.09
79.06 99.00
86.80 100,00

102.00 100,00
84,00 100,00
0,90 0. 00

12.00 10.00
17,08 10.00
38.00 20.00
36.00 30,00
35.08 30.00
48.80 40,00
72.80 88.60

52,80 40.00
69.80 90.00
65,06 85.00

76,00 180,00
78,00 100,00
77.00 100.00
77.06 109.00
60.00 100.00
32.60 100.00



7-90

(459 > 2--3 10-7-2.1..0 -190.00 3.00 0,00 0.00
<460) 2-3 10-7 -£-2.8 -100.00 11.00 3.00 0.00
<461 > --I -i

■C..o IS.7-2-3-0 -60.00 32,00 20.00 30.00
< 462) 2. 10-7 "2.4..9 -46,00 22.00 32.00 25.00
< 463 > 3 10-7.2..5..0 -20,90 36.00 28.90 30.00
< 464 ) 2.3 10-7.2-15-0 -10.00 70.00 50.00 50.00
< 465) 2.3 10.7..2-16-0 -10.00 74.00 49.00 50.00
<466) 3.3 10-7.2..17..e -10.00 56.00 35.00 40.00
< 467' :■ 10-7-2.6..0 0.00 59,00 43.00 46,00
<468) •j 10....7 -2-7-@ 20,00 94.80 59,00 65.00
< 4 69) 2 3 18-?"2-3-0 40.00 95.00 68.06 80,00
f'470) ••••. 10 -7-2-9-0 60.00 103.00 72.80 85,80
< 4 ? 1) ;:3- 3 10-7-2-10-0 100.00 111.00 79.80 95,00
< 4 7 £) 10.7-2-11..0 160.00 125.00 83.80 100.00
<473) 2- 3 10-7-2.12..8 300.00 135.60 88,80 100.00
<474) 3 '"■! 10.7-2-13-0 425.00 i o o >. w y 96.08 100.00
(475) 10-7-2-14.e 550,00 127.00 80.00 100.00
<476) 2.3 10-7 -1.1..0 .190.00 2.00 0.00 0.00
< 477) 2.3 1.0.7..1-2..8 -100.00 7.00 2.00 0.00
< 4?fi) 2.3 10-7-1-3.0 “60.00 24.0U 1 7.00 38.08
<479) •“j 10-7-1..4-0 -40,00 24.08 17.00 30.OQ
< 480) V 3 1 0-7 -1-5.0 ”20,00 63.00 44.68 45 „ 60
< '18 1 ) 2-3 16-7.1..6-0 0.00 78.00 53.60 60, 00
< 4 8 2) ii ~ 3 10-7-1-7-0 20.00 36.00 58.80 60,00
< 488) 2.3 10-7-1-3.8 40,00 102.00 70.00 80,00
< 484) -•••> ••"ii:l ',2 10-7-1.15-0 60,00 84.00 53.00 70.00
< 485) 2.3 10-7- 1 - 1. 0- 0 100.00 122.00 79.08 90,00
<486) . ••'i 10-7-1.1.1-0 160.00 116.00 77.80 99.00
< 437 ) c. 10-7.1..12-0 300,00 128.00 84.00 100,00
< 4 8 8 ) 2 3 10-7.1..13..6 425.00 128.00 101.00 100.00
< 489) • ..6 10-7 -1.14-0 550,00 117.00 81.00 100.00
<490) !_ . 11-7-1-1-0 “190,00 3.00 0.00 0.60
<491) .;2 O 11.7-1-2-0 -100,00 8.00 4.00 0.80
<492) 11-7-1.3-0 “60.00 15.00 7.00 30.00
<493) !... -.H1 11-7.1-4-0 ..40.00 20.00 15.00 30.00
< 494) 8.3 11.7-1-5-0 -20,00 36.00 26.00 30.00
< 495) 2.8 13. - 7.1 - 6..0 0.00 65,00 48.80 50.00
< 496) 2.3 11-7--1.7-0 20.00 83.08 53.80 50.00
497) 2-3 11.7..1..8..0 48.00 101,00 71.00 80.00

< 493) 2.3 11-7-1.9-0 60,00 101.00 72.00 70.00
< 499) 11.7-1-10-0 100.00 105.00 70.00 75.00
<586) 2 -3 11-7-1.11-0 160,00 114.00 78.00 100.00
<501 ) r... 1 1 - 7 -1.12...8 300.00 122.00 85.00 100,00
<502) 2-3 11-7-1..13..0 425.00 125.00 95.00 160.08
< 593) 3-3 11-7.1..14-0 550,00 121.08 82,00 100.00
<584) 2.3 11.7-2-1..0 -190.00 2.00 0.00 0,00
<505) 2-3 11.7-2-2-0 “100,00 4.00 0.00 0,00
<506) i’ 11-7-2-3-0 “60,00 31.00 19.00 35.00
<507) •“l •-!

• .2 31-7.2-4-0 -40.00 29.00 32,00 35.80
<508) 2-3 11-7.2-5-0 -20.00 44.00 31.80 30.00
<509) 2-3 11-7-2-15-0 “10.00 57.06 39,00 48.00
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(510) 2-3-11-7..2-16-0 -10.00 69.00 49.00 50.00 — ___
(511) 2-3-11-7-2-17-0 -10.00 65.0Q 45.00 50.00 —

(51 £) 2-3..11-7-2-6-0 0.00 68.00 46.80 40.00 —

v 513) 2-3-11-7-2-7-0 20.00 89.00 54.00 45.80 — —

(514) 2-3-1.1-7-2-8-0 40.00 81.00 55.80 50.00 — —

(515) 2-3-11-7-2-9-0 60.00 105.00 72.80 90.00 — —

(516) 2-3-11-7-2-10--0 100.00 112.00 77.80 99.00 — ____

(517) 2-3-11-7-2-11-0 160.00 128.00 85.08 100.00 ——

(518 ) 2-3..11-7-2-12-0 300.00 132.00 88.80 100.00 —

(519) 2-3-11-7-2-12-0 425.00 118.00 81.00 100.00 — — —

(520) 2-3 " 11-7-2..j 4-0 550.00 117.00 82. 88 100.08 — —

(119 ) 5..3 7-2....4-3 - 145.00 54.60 __ -- — 1. 18
(120) •-i..- r r - -J ~ U -70.00 180.80 171.30 ■----- 1.50
(121 ) 0... 3... -/ _ 7..s-g-g -10.00 -- 289.29 271.60 — 2.10
(122) 5-3-7-?..2-15-0 50.00 --- 348.40 328.20 — 2.58
(123) 5-3 -8-7-2-3-1 - 130.00 76.70 — — — 1.00
(124) 5-3-8-7-2-6-0 - 100.00 -- 109.38 182.98 — 1.10
( 125) 5..3-8-7-2-27...0 -70.00 144.48 138.78 — 1.28
(126) 5-3-8-7-2-2..0 -70.00 112.30 108.10 -- 1. 10
(127) 5-3-8-7-2-1-0 -10.00 ..... 165.68 155.68 — 1.30
(128) 5-3-8..7-2-13-0 50.00 --- 300.40 286.28 — 2.48
< 129) 5-3-8..7-2-14-0 50.00 312.58 297.80 — 2.46
(138) 5-3-9--?-3-20 -! -160.00 83.90 — -- — 1.00
(131 ) 5-3..9-7-3-25-4 -40.00 ...._ 177.30 166.20 — 1.50
(132) 5-3-9--7-3-3-0 20.00 387.50 287.28 — 2.48
(133) 5-3-9-7-3-14-0 80.00 ...._ 358.30 3 3 8.4 0 — 2.80
(134) 5-3-10-7-2-7-1 -130.00 62.40 — — — _ 1.00
( 135) 3-3..10-7....2-1-2 “70.00 — 127.68 121.80 1.30
(136) 5-3-10..7...2...21-0 -10.00 --- 168.38 160.00 __ _ 1.30
(1 37) 5-3-10-7-2-23-0 50.00 --- 334.18 317.08 2.70(1 38) 5..3...11-7-2-10-1 “130.00 73.20 — — — 1.10(1 39) 5-3..11-7-2....2-0 -70.00 -- 134.80 12 y. 4 0 ___ 1.28’
(146) 5-3..11-7-2-9-0 -70.00 -- 113.88 109.10 1.10
(141 ) 5-3..11-7....2...24-0 -10.00 ...... 200.58 187.78 1.50
(142) 5-3-11-7-2-13-0 50.00 — 341.50 324.40 ....... 2.66
(in) 11-3-7-7..2-1-6 75.00 -- 528.80 466.00 ... 5.20
(172) 11-3-7-7-2-2-0 75.00 -- 515.70 4 6 y. 8 0 ... _ 5.10
(173) 11-3-8..7-2-2...0 75.00 -- 398.68 361.50 _ 4. 10
(174) 11-3-9-7-3-2-0 75.00 439.00 399.00 4.70
(175) 11-3-10-7-2-2-0 75.00 — 432.88 391.08 — ^ 3.80
(176) 11-3-11-7-2-1-0 75.00 — 437.58 397.38 — — 4 ■ 4L1
(184) 7-3-8-7-2-1-0 -40.00 104.00 __ — 1900.00
(185) 7-3-10-7-2-1-0 -40.00 77.60 — — — 2.20
(186) 7-3-11..7-2...1-0 -40.00 82.6 m — — _ _ 2.20
(218 ) 1-23..7-7...1....1-0 -130.00 95.58 106.70 12.80 31.00 69.18
(219) 1-23-7..7-1-2-0 “70.00 88. 80 101.90 11.68 30.00 68. 70
(220) 1-23-7-7-1-3-0 -10.00 85. 10 97.50 10.40 28.00 69.70
(221) 1-23..7-7-1.....4-0 110.00 80.60 91.40 8.5Q 26.00 72.68{ o o -o 1-23-7-7-1-5-0 250.00 76.90 87.88 7.20 23.00 71.18
( 2 2 3 ) 1-23-7..7-1...6...0 550.00 72.48 90.28 9.28 26.08 67.20
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(224) 1-23-8.7..1...1-0 -70.00 36.90 102.20 1 1 , 68 29.58 65. 3ij
•? '=•, -1 1..........o.. r *1 c:. - y -10.00 81.38 95. 10 10. 40 27.00 68. 16

(226) 1-23-8.7-1-3-0 50.00 78.78 92,80 10,30 27.00 68.80
\ ui:.i 1-23-8.7..1....4..0 110.00 75.78 88 48 9.10 25.50 72.38
(228) 1.23-8..7-1-5..0 258.00 72.88 84.50 9,16 22.00 64.90
(228) 1-23..8-7-1..5-8 550.00 66.70 82.88 8,48 23.50 64 i 90
(230) 1..23-9-7-2..1-0 -108.00 76.90 101.20 11.00 23.58 56.80
(231) •i • "i r'l ••••t '-i i7ij. :ir..'.:).::f --1 -• ,:i..U -40.00 69,40 95.00 9.38 23.50 58.30
(232) 1.23..9-7..2-3..0 20.00 64.58 83.80 8.40 20.00 54,08
(233) 1..23..9..7..2...4-8 140.00 59. 18 80.78 6.60 22.00 62. 10
(2:34) 1-23-9....7.....2.....5-0 250.00 57.80 78.20 22.00 68.50
t 3 -i•. t— •«.* .• 1-23-9-7....2-6-0 550.00 57.38 85.60 8.20 22.00 61.88
(236) 1-23-10....7-1......1-0 -70.00 85.98 101,60 11.68 23.00 61.30
(837) 1....23......10......7......1-2-0 -10.00 82.20 96.70 11.00 27.58 65,80
(233) 1-23-10....7.......1-3-0 50.00 79,90 92.48 9,70 26.50 70.90
(239) 1-23....10-7-1-4-0 110.00 77,30 89,40 9. 10 25.00 •-i ••“i iTi

1 k'_ a i-.. C.1

(240) 1....23-10-7-1-5-0 250.00 72.48 85.80 3.50 23.58 67.70
(2:4) 1....23.....10......7-1-6-0 550.00 67.08 36.20 8.48 23.50 66.00
(242) 1....23-11-7-1.....1......0 -■70.80 83.60 100,00 11.68 28.80 66.70
(243) 1-23....11-7......1-2.......0 -10.00 81.78 96.88 9.78 27.58 63.90
(244 1-23-11-7-1-3-0 50.00 78.78 93.08 9.70 26.50 69.30
(245) 1.23..11...7..1....4-0 110.00 77.68 90.20 9. 10 26.00 71.10
(246) 1-23.11...7-1-5...0 250.00 73.98 85.88 7.80 23.00 70.60
(24? ) 1-23..11...7-1-6-0 550.00 66.78 87. 10 9.70 22.58 63.60
(278) 2-23.7......7-1-18-0 550.00 168.80 82.00 100.00 — —

. -..j ... .

V 8 ;• 9 3..23..7-7-2..11-0 -160.00 39.00 140.00 2.20E+05
(380) 3..23..7..7..2-1-0 -130.00 48.40 -- 385.00 3 , 20El+05
(SSI ) 3-23.7..7-2-3-0 -100.00 45. 18 __ 658.80 3 , 20El+05
(332) 3-23.7-7-2-13-0 ~70.00 43.80 1000.00 3.70E+05
(383) •-1 i.m. i i k... I... HJ -70.00 63.40 _... 975,00 3 .70E+05
(334) 3-23.7-7..2..16-0 -40.00 57.38 __ ~~ 2320.08 3.60E+05
(335) 3-23-7-7-2.7-0 -40.00 60. 10 .......... 1474.06 3 .80E+05
(386) 3-23-7-7.2..21-0 -■10.00 --- 254.08 253.08 3316.00 3.3GE+05
(337) 3-23-7-7-2-18.0 ”10.00 153.80 156.00 2558.00 4.8GE+95
(383) 3-23-7-7.£-6-0 20.00 ...... 279.00 281.08 5392.00 3 . 50E-+05
(389) 3-23-7-7-2.15-0 20.00 241.08 243.08 5385.80 3.40E+05
(390) :•i r j."" £-1$ 50.00 -- 271.00 270.10 5842.80 3.90E+05
(391) 3-23-7-7-2..10-0 50.00 -- 283.00 287.08 6385.60 4.10E+05
(392) 3-23-7 ■-7-2....4.....0 80.00 ..... 288,00 287.08 6781.00 3 .30E+05
(393) 3-23-7....7-2 ■ 5-0 8 0.8 0 --- 293,00 291.80 5921.00 4.20E+05
(394) 3....23-7-7......2......8-0 110.00 295,00 295,08 6868.00 3 .782+05
(395) 3....23-7-7-2.....14-0 110,00 286.80 294.08 6385.80 3.202+95
(396) 3-23-7-7-2-19-0 300.00 283.80 281,00 6-532.08 3. 16E+05
(397) 3-23-7....7-2.....20-0 425.00 -- 282.88 284.80 6911.00 3.50E+05
(398) 3-23-7-7-2-9-0 550.00 --- 307.80 307.00 7579.08 3.10E+05
(399) 3-23-7-7-2-17-6 550.00 — 300.00 298.00 8486.00 3.00E+05
(400) 3-3-8-7-2-1-2 - 160.00 45.00 — 110.00 2. 30E+05
(401 ) 3-3-8-7-2-2-2 - 130.00 42.58 __ 229.80 1. 20E+05
(402) 3-3-8-7-2-3.-q _ 100.00 57.80 — 428.00 2. 30E+05
(403) 3-3-8-?-2-4-8 -70.00 49. 10 — -- 922.00 2. 68E+05
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<404) 3 ~ 3..8 - r'...2...5 ■- 0 -70.00 51-. 00 — -- 971.00 2 .40E+05
< 405) 3 - 3 - 8 ~ 7 - £ -■■■ 6 - 0 -70.00 43.50 -- 1123.00 2 .30E+05
< 4 0 G)

.'“I -,c
o t “ .c...r .:i -40.00 68.36 -- -- 500.00 3 .70E+05

< 407 > •;:>.........o... r c.....;::l....W ..10.00 ...... £08.30 205.90 3709.00 3 .30E+05
<408) 3-3..8-7-2-10-6 -10.00 221.30 217.60 3701.00 2.50E+85
< 409 > 3-3-8-7..2-11-0 20.00 -- 269.66 266.30 5114.00 2.70E+05
< 4 10 > 3 •- 3 - 8 - 7 - 2..12-0 50.00 283.20 279„48 6145.00 4.70E4 05
<41 1 > 3-8-8..7...2...13-0 50.00 -- 227.90 224.90 6086.00 3.30E. + 05
<410 > 3-3..8-7-2-15-0 80.00 -- £67.38 265.80 6363.00 3.00E+05
< 41 3 )

-i
o oi.... I 110.00 -- 274.56 £69.69 6291.90 4.00E+05

< '41 4 > ................ r " ....1 < l-J 110.00 -- 280.50 276.80 5768.00 4.80E+05
< 4-15 >

•'•’i •-I .-i h r.
110.00 -- 279.50 275.40 6424.00 3.40E+05

< 41 6) 300.00 __ 333.00 327.00 3358.00 2.70E+35
< 417 > o ..o r “• & U c. 425.00 -- 273.00 267.00 6959.00 3.00 E + 05
< 4 1 8) 3-3-8..7...2...21-2 550.00 -- 245.00 249.00 66 19.00 4.20E+05
< 41 9 > 3..3-9-7-3-1-0 - 130.00 50. 10 ...... 328.00 2 .60E+05
<420) 3..3...9-7-3-2-0 - 100.00 51.46 183.00 3 .06E+05
<421) o..i..............o-0 -70.00 52 „ 30 --- 460.00 2 .50E+05
< 4 2 £ ) S-3-9-7-3..4-0 ..40.00 206.30 203.50 3547.00 6 .20E+05
<423) 3-3-9-7-3-5-0 ..40.00 66. 76 __ 1053.00 7 .20E+05
<424) 3-3 -9-7-3-6..0 ....40.00 60. 76 -- 1231.00 5 .20E+05
<425) •’"I •i :"'i 1 j•j -• 71 o • - i.....y -10.00 -- 152.26 150.40 2601.00 3 . o u L: y,. i
< 42b) 20.00 233.36 279.90 3934.00 2 .80E+05
< 427) 3-3..9-7-3-9-0 20.00 -- 281.90 •'-I -? |~| .'Ji c« n otl 7309.00 4 l q k) i::. y
<428) 3..3...9 - 7 ■■ 3 ■ - i. 0 - 0i 20.00 -- 185.20 182.80 2604.00 3.99E+05
<429) 3-3..9-7...3...11-0 50. 00 280.56 U-. 1 1 II —1 hm' 4442.80 4.10E+05
< 430) 3..3-9-7-3...12....0 80.00 -- 363.30 359.90 8583.00 ••"i r". : i-;. r;. j „ ;? ; |e t ki.
< 4:31 ) 3..3...9-7-3-13-0 80.00 -- 347.20 343.80 3541.00 3.50E+05
<432) 3-3 - 9-7-3-14-0 80.00 -- 329.26 'J c; C; (a k... H '.J h.J 0958.00 4.50E-+05
< 4 3 3) .... ..q... .......' ... i ,:r 110.00 -- 268.68 2 6 5.0 0 6149.00 1.38E+05
<434) 3..3...9...7-3-16-0 140.00 208.40 206.20 7098.00 5;40E+05
< 4 3 5) 3-8..9-7-3...17-6 140.00 -- 264.20 260.40 6145.00 8.39E+05
< 4 3 6 ) 3-3-9-7-3-18-26 140.00 -- 308.70 302.30 6766.00 9.50E+05
<437) 3..9-9...7-3-19-26 300.00 286.10 230.30 b 3 5 r . 0 0 5.30E+05
< 4:38) 3..3...9-7-3...£0...0 425.00 272.80 269.10 5786.00 3.90E+05
< 489) 3..3-9-7--3-21-6 500.00 -- 297.20 293.70 7652.00 5.90E "r05
<440) 3..3-10--7-2-1-6 -160.00 42.60 -- 88.00 1.9QE+05

d 1 5 8 ■■.! 4 - 4- 4 : : y ,-::o :• i.i ■') , ij M : 0L ;
< ' U:i -V-

.. | :.;j i h'\ . ! = ; =
■ : '.J L 44 0

4 / 4 b-■ Z ■ 5 ■ 0 0 b,, 4 4':;.. i '

:'i 5 ) •• 8- i 5 ■■■■ ): ■ £- 6- - £ ..45,00 ■ 0 474.80 . :.) 44:: f 4:4
: . : i;i ■ ..21 4 0.. 8 0 j i": :■ r : 4
i ,:.r 4 3 -'4 )y-2 ..1 5i, 0 0 'O"" „ 4-0 ... .... J

i;l -: O y ij ■■ 4 ■-!■■■■: - 10. 00 i: • •! . 0 .04 0 :: !::i 0 1 1 U l: i-:) 5
('14 S') '■■■ : 0.. ' 1 0- 0 •" 1. 0 „ 0 3 ...... 98 48 Q I-.:. :';:i 4 '10 4 89 4.202 445

4":0 : :): ■■■ 0- 7 ■ 2 1 1 -2 2 0,0 0 ! 65„20 i 6 l „ <9 <9 0 881') . Hb 6
: 4 5 1 / 8- 1 if i ■' :: ); ' 1 4 ' 8 5 0 0 0 ...... 206„28 :;4 8 5 3 „ : 4 0 ■■■\- "i1 4) 7.
/ i:.:' ■..)...:) " i "" ■' ' i ■■■:■.. i'< 5 fi. e 0 0 6 8 „ :; 0 3;. -J ;-T 3.! 5 8 8 8 „ 0 0 4 „ 1 yF-i-uE
(453' 8' ■ 8- 8 ■■■■■- 2 ■■■■ i 5 0 8 0.0 0 ...... o ■/ -| ■: :i ;'.'j 2 6 8,0 0 io I:;ikI i:;'i " 1.4 i .■• ■... i-•../ u 'i..1 1...
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MATERIAL TYPE 8 
SA WELD IN A508-2

INTRODUCTION

Five heats of submerged arc weldments in A508-2, (heats A - D and K) 
were studied by Babcock and Wilcox. The various heats are described in 
Table 8.1. The results were encoded in the data bank, and the listing 
for material type 8 is given at the end of this section. The test program 
performed on material 8 is described in reference 11.

TENSILE TESTS RESULTS

The 1.25-inch gage section results are shown graphically in Figures 
8.1 to 8.5. The statistical data and curve fit coefficients for cubic 
polynomial equations fitted to the data are shown in Table 8.2.

CHARPY V-NOTCH RESULTS

Impact Energy

The impact energy results for the submerged arc weldments and assoc­
iated HAZ materials are shown graphically in Figures 8.6 to 8.15. The 
results of tanh curve fits to each data set are summarized in Table 8.3 
and examined in detail in Table 8.4. Note the high TQ for heat K (HAZ) 
and the high variance for heat A (HAZ).

Lateral Expansion

The data are summarized in the curves shown in Figures 8.16 to 8.25. 
The curve fit properties are summarized in Table 8.5. Each property has 
been analyzed in detail in Table 8.6. There were no deviant data sets.

Percent Shear

Figures 8.26 to 8.35 show the percent shear data. The curve fit 
results are summarized in Tables 8.7 and 8.8. Apart from heat K weld 
material (data set 221182), which had a somewhat larger than normal PHI
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value (and heat D weld had a high value of variance), none of the results 
differed noticeably from the others.

Summary of Charpy Impact Test Data

The T^ - C values from the various Charpy measurements are compared 
to RT^jp^, and NDTT in Table 8.9. There was no evidence of a correlation 
between TQ - C obtained from Charpy V-notch data and or NDTT.

INSTRUMENTED PRECRACKED CHARPY RESULTS
JL

Dynamic Fracture Toughness,

The data sets are shown in Figures 8.36 to 8.40. The results for the 
curve fit procedure are summarized in Table 8.10. Each parameter has been 
examined in detail, and the results are summarized in Table 8.11. There 
were no outlying results.

Normalized Energy, W/A

The normalized energy data are shown in Figures 8.41 to 8.45. Results 
of the curve fit analysis are summarized in Table 8.12, and reviewed in 
detail in Table 8.13. As before, there were no outlying data sets.

Summary of Precracked Charpy Results

The RT^rj, and NDTT data, and the T^ - C results are summarized in 
Table 8.14. Again there is little agreement between the various measure­
ments. The fracture toughness data are combined in Figure 8.46. The
data fall close to the K curve with one point lying slightly below theIK
limit. The W/A data are combined and referenced to RT^jyj, in Figure 8.47.

STATIC AND DYNAMIC COMPACT FRACTURE TOUGHNESS RESULTS

The test type 5, 7, 8, and 10 data are shown graphically in Figures 
8.48 to 8.52. There were too few data points to perform a curve fit.
The compact fracture test data are summarized by rate in Figures 8.53 
and 8.54. There was considerable scatter in the data.
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EFFECT OF ERROR CODES

The static and dynamic fracture toughness results for material 8 were 
statistically analyzed with and without the data points which did not meet 
the EPRI procedures. Tanh curve fits to the total data and acceptable data 
only are shown in Figures 8.55 to 8.58. The influence of the error code 
data on shelf properties and variance was determined. Both the overall 
variance and the variance in the transition temperature region (Tq ± 50°F) 
were compared. A summary of the error code analysis is given in Table 8.15. 
The variance ratio (F) was calculated for the static and dynamic fracture 
toughness results. The ratios shown in Table 8.15 had a high probability 
of occurring by chance, and it is concluded that the effect of the error 
codes on the data was not significant.



Table 8.1 . Summary of SA Weld Materials in A508-2 (Material 8)

TEST LABORATORY HEAT CODE
WELDING

CONDITIONS

A (1)
B (2)

B & W C (3) (Ref. 11)
D (4)
K (ID

NDTT (°F) ETmyr (°F) COMMENTS

-30 15 Linde 80 Flux
-80 -80 Linde 0091 Flux
-60 -60 Linde 0091 Flux

0 0 Linde 80 Flux
-50 0 Linde 80 Flux



Table 8.2. Summary of the Regression Analysis of the Tensile Test Data (SA, A508-2)

Property A B C D
Variance,2

o

Degrees of 
Freedom

Standard
Deviation

a

Yield Stress 7.679X10 -6.257X10"2 1.542X10-4 -1.579X10"7 43.8 26 6.62

Ultimate
Tensile Stress 9.411X10 -6.716X10"2 8.844X10"5 -1.692X10"8 20.82 26 4.56

Uniform
Elongation 1.29X10 -1.483X10"2 -1.141X10'6 3.104X10"8 1.95 26 1.4

Total
Elongation 2.672X10 -1.6X10-2 -8.155X10"6 3.308X10'8 2.27 26 1.51

Reduction
In Area 6.67X10 7.76uX10"3 -6.127X10"5 5.975X10'8 23.68 26 4.87

8-5
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Table 8.3. Tanh Fit Parameters for Charpy Impact Energy Data (SA, A508-2)
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Table 8.4. Deviation of Charpy Impact Energy Curve Fit Parameters from Mean
Values (SA, A508-2)
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Table 8.4. (continued)

B
i U I hi 55
MEHN ? 5 „ 9 5 5
ST. DEV

i'' - 
\C 
}-.u 
•J-:

;jj

;.T';

C
M

K. i:::. VRj.. DEV HQRfihLIZi i"':
O 3 7.37 ...38.59 ...i „ 8 '9

. i..... 89k 39 1 3 „ 4 4 0.4 5
c. c ',d !::> d b d , b 3 ...;i 5 „ 4 ...3 „ 4 1

''jid.. !.... 100.59 24 „ 74 0. 553
d. d. d fci d. 1 00.79 24 „ 84- 0 „ 3 3
■ 5 •‘"i -'5
■ ■■ *■ j.... 'ifi* '. 92,, 89 16,94 O. 57
■j "> i;;;: ■ j

4 2 „ 59 -'D
...1 „ 1 £

.-i i’"i
'"i O 77. 10 1 1 5 O,, 04

.. i!... J. .!. 35.35 ...40 „ 8 5. ...1.36
■’J •’"> i j C”:. i.....!. .i. !..,l •,..1 119„76 4 3 „ 8 5. 1. „ 47

T
0

TOTRL , .•••, ■' ;i.1. i‘
MEAN ••••» ■ ;;! si i
ST. DEV ■ "i i"j i5‘ 5." -j ' “•../ -. j :i V21 l!"1 bJ '-.J ...v

KEY VfiL. DEV NORMHLIZED
•“’i •”'!

I 9 „ 4 i o o , r' H Vi „ S 9
•"‘j •"'i 4 i""l ''"ij. O ..“i

115 sj”_j .'5
....42„20 ■d.-. n...!:;i „ r

-12 1 „ b W .. ;:t n s’ ...0 „ 03
.’"i t'”i

..4 4 „ 5 1 ..  C. i' 11 .1. O
j":; ir -i

...Kj s« J i

.. J. O « i ..1 „ :i. 4 ...0 „ 02
i»i. *•... ‘.i.^ ..54.51

.. -j v":
...0.70

••••; '-s .'i s•'•l ••••;
..i 3,, 08 .••! O j 11 '...' 0 „ 0 8

•'"s .•! : "s
:C. lC. "t O •"« ..8 4 „ 5 3 .. "7 ch: 1 v..' ...1.45

•[ i s"'i| j. 16.00 3 3 3 3 0 „ 6 3
E> -j i C:Si.., ... .1. 57 '...^

■■Z\ "a 5/ i:::j 1 I '4 ;; r! 2 „ 16

DEV



8-8

Table 8.4. (continued)
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Table 8.4. (continued)
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Table 8.5. Tanh Fit Parameters for Charpy Impact Lateral Expansion Data
(SA, A508-2)
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Table 8.6. Deviation of Charpy Impact Lateral Expansion Curve Fit Parameters Mean Values (SA, A508-2)
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Table 8.6. (continued)
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Table 8.6. (continued)

PHI
TOT PiL :-:;h

•Pi E R N 0.0
3TO DEV 2 .,22361067?

KEY VFiL. DEV NOi:;4iHL. I Zi
2 V; 1 8 V; 5 * 80 I 50 0.67•O: -'j •; yd -
t!>.. u... '..Y •.,.1 2 0 0 ..1 „ 5 0 ..0.67
d d d is I; 1 „ 0 0 ■ S S". |Sj :: 1 . 1. 2:
El E! i::! i:l is 2. 00 ...i, 5 8 ..0.67O ■ j O 6 „ 00 E: = 50 i: sZ.

i!.,. .■ ■ -..J 8 „ 00 ..1:: 58 ..0.67
22 482 i . 00 ■2 „ 50 ..1 . 12
22488 2 00 ..1 ;; 5 0 ..6.67

821,1 88 700 3, El 0 j. •.J !
22 13 88 El :: 00 ..1. „ 50 ..6,67

VARIANCE
T OTiiL .1 Y”: :

;'tC1« :/ ■ d

MEEiN « o d!-.d

&T. DEV 45. 1 8824 3450

! j-' ■.iO. ; VRL DEV NORMRLIZED
2:2 j, 8 2 600 35 3. I''' ‘4 b 0.39
22 3. 88 4 3. . 02 •j yd "D "" 0.04
2! El d. i:3 2 46.42 t;::; o

00, 08
••••; s'": • '

0.55 .......42.34 .0.94
•"D '"D '"D s'd 119.63 ..... ...i' i:::«, i*' ‘i- 1.70
•'D ••;.! yd ''D
Sn.t '.t.* '.1.' 1 0i. 84 .... '6 i/j i:;:i

....0o, 64
.-i c::* o 3. . 43 .......4 3. „ 4 fc ....99 2

El E! 4 81:3 3.09 ■"'i.. Yj LJ ....8 „ 38
221 3.82 11 8 . 3. 2 ., j:;;' 'A 3.. 000
22 3. 3. 83 200, 48 ....1 9.4:!. ....0. 43



8-13

Table 8.7 Tanh Fit Parameters for Charpy Impact Percent Shear Data (SA, A508-2)
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Table 8.8. Deviation of Charpy Impact Percent Shear Curve Fit Parameters from
Mean Values (SA, A508-2)
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Table 8.8. (continued)

VARIANCE
"i 0 f-ll.. 1 4 ‘;:i‘ i:::.« ■:!. -j

■| 4. V • ; 9

sr. otv ]. Si :3 : • i : ;•:: ■?

!' !:::. Y u • i !.... DE:V Mi J K 8 Hi .. j. s:

S 2.1 8 2 i. 7 7 4 4 r: 2, I Si 0 j. 71 :•••:
s i5 8 .1.: 7, 5 Y .Si s i

•"j •'“! 1 4 .;[ j 0!.. 4 S .0 6 'i"
2.2 2.8 3 :l. 0 C| •■■■133 ;; 1-1 .0 6 Si‘T' o 1 0 8 0 5 .2 4. „ '''> i'ii .:... .0 3 S3

.. Y. i 6 i 3i: .... i '7:0.:. ;.... i...1 1. 3 .0 i;j i;;;i
'd Zo Z 653 Y": 56 S'. 'o H ■;:' b••"i ••“i .'i •••'!i.... : '";l ::.i. b 0 ..49. hi S3 .0,

182 1 57. 6 1 1 2. 7 6 0 0 ':::i
:::21 i83 1 3 l : l"•r "7 3 4 0 , 2 4

Table 8.9. Comparison of Tq - C from Impact Test Measurements with RT, and NDTT (SA, A508-2) '

T0 - C (°F)
IMPACT LATERALKEY ENERGY EXPANSION

22182 -150 -9722183 -122 -13022282 -80 -5222283 -130 -10822382 -134 -8822383 -127 -9022482 -134 -11122483 -125 -136221182 -53 -90221183 -53 -76

PERCENTSHEAR rtndt<°f> NDTT(
-68
-87 15 -30
-65-84 -80 -80
-96-72 -60 -60
-13-109 0 0
-20-74 0 -50
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Table 8.10. Tanh Fit Parameters for Precracked Charpy Toughness Data 
(SA, A508-2)

KE>‘ H B 10 c PHI VFlR

-'j " I::.! j. •"! k i.: *;"• -"j " j Ci 1 . 51 1 '5 4 0 f,

3 2 2 2 j. 49 , : 1 I 04 1 S ...7.48 !.0„ 55 y: o "y

•. j!... r...
■\ i ];i •7::: ... : 12., Q 2. • - :-!•;i .. i/j i;;;, 9,6 ? 7- 1 2. ? , 02

O ;,i' O f:". 0 ■! •'
.1 i=•. ■.:> • J

O iV..1 I...! ::-i' 1 = 4 6 ?. 4 i i::.i ‘"'I'7:. m * *••' y..* •* ■ 11 *•

■"‘i ' ’i 'i 2 1 \J Ci i'’ T’ ■"j ‘"j Cii; 7.....’ 4 i. 51 3 03 2 8 ! b

Table 8.11. Deviation of Precracked Charpy Fracture Toughness Curve Fit Parametersfrom Mean Values (SA, A508-2)

A
TOT hi... 701. . 19
PIE Fir! 140., 2 3 Ei
ST. DEV •• .-i i" ;■-> • "i r-. .-i: i „ 5;....«-i' •' e:.

r"' v.1 !•••. i:::. VRL DE V N U 3':3 P Pi i.. 1. 2,U
•'"i j. • .:= s;::. 1 3 3„03 .••;,i 'i .0 .. 4 3:3
•'"l .'“i -’j i] ];’..7 U... !.... 1. 49.41 9 3i. 7 b .. i;:;. j.
•../ il... ,...1 ,...1 :!... i. b 3:::! „ 0 3:::! 3!. . 4£3
•.j i5. ! t Ei -i- ..... : :: '...' '...’ . 1 ' j p_ Ci r”i.p! .. r:i 1;;;.

j, j i;;;! j. 2.0.. ■.■> y .1.0 „ 8 6 .0 ;i 73
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Table 8. LI. (continued)

! Li ! i 1L ■H-bb. j. b

MERN

31": DEV
•i • / ■■■■. o i;;: l::= o ai si s L..1

KEY VRL DEV NORM Hi... IZ

y j. i;;;! /•’ O (Z. :: -• 10.4'8 ...0.7 1

. 3 y 3 3 4 . 1 8 1.0 „ 95 0» 74

"j i"'t •i •! •'■'t.!. J. :Z. :: :'Z- ;Z. ■! i-": |•••i
.!. 51 :: -..,1 1.33

'■"l
Z1 iZ. !,i O C.

r s ;•••; •:
C' C1 s: !"1 1 ...4=63 ...3 „ 31

'i •!"t j j( rj ..z, 77.79 ...15.44 ...1.04

TO TRL 54.56
HERN 10.9 1.2ST. DEV 39=35514160

KEY VRL DEV
“! .;Z j, rj i:::' r: •••’s

•J o is o 47.47
o•?

.... :,... s.... .7.48 -18.39
•■•••

,.;;i i;;;» .4 0= 06 -50.97
o O •Z:

"T 4-1.43 30.52J. 3. S3 2.29 .8.62

NORMAL IZ 
1.21 

-0.4? 
■-1.. 30 
0. 73 

.0.22

.0 DEV
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Table 8.11. (continued)

C
TOTAL i:? I. „ 05

MEAN ■! a 1

ST. hEy •• i,;; O C- i j'/j i'4 '! ''j

KEY VAl DEV iiOEMAL IZLIi

i. 51 ..i ■r'' Yi ..0 . Si 0

: y
•i ;":i i::v
j. O « -J-J ... .. t;;;. r-. ..0 , ■ -Ti

.. !";i K ....4.54 ..0
• •J:-i- r>. 7.4 1 ..6 80 ..0 4 3

i. C. 4 1 , '3 1 27.70 1 7 4

PHI
; OTA!..

!T ERN 5.4
ST. DEV 0.804427i91

KEY VAL DEV H v ivi e.; j : l: Ti
: : : : : !....... . i.,.. !.... ;

■; iS’i 5.0 0 ..0.40 ..0 , :'Y .J

■ 5 u'.i j’"* Ei i'j .. i;;1 !;;1 0. b 0 0 b K
CT ,7.i

•.,.1 il... 6 „ 0 0 0 „ b p: 0 b
'"'c

•.4 d. O 0 . Pi p! 0 „ iS 0 0 b 7

). 1 y e 4.00 .. 1 40 - i Ij K
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Table 8.13. (continued)

T0
! > i ! ri
MERN 1. 8 „ q. 8 6

..j.. I-, j'-;- ; . 23 S4 1 876U8

L Y '/RL. DEV ' ■! U K i;l H I... !. 4 L JJ
: Y; Y: ••j : 0 „ 5 6

r;‘ • J C.i i 18':.....•’ L.' 1 0 6 T" 0.45
■ . - i!,.. ... r:; c; ..38„84 .. ], .. b l;;;:

7 3 8,0 9 19,6 0 0 „ 8 3
•• •' •:
.i. 6/ 1 4 02 ..4 i: 4.7! ..0., 19

TOT RL 389
C

m: hi-] F'7 „ 3 3
i, i. IIEV 8,::; . j'3 r-. r:Jb :/ i

j.' .. 1r i VRL DEV NORMRL I Zj. ! ; d :. J. 4 4 b 36 57 1.59
yd 6! 6 = 4 6 O i::r '.J 1: i 0.37ii...1 yd 6 7 :: El 9 . 1. 0 , !;;;■ 0 . 0 a 4’ fo•71 C.: • d. 58.60 •i •'“i. ; -I .:• <•* K .0.84a>: 1 i: ' 2 62.63 .15„26 .0.66
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Table 8.13. (continued)

PHI

MEAN 4.8

ST. DEV

i:- i:::. ; VflL DEV HOEriRL I ZED

3£ j 82 4-, @ 8 ..g „ 8 g ..1; 1 ' v1 i;;;,
C; 6 „ 0 0 3.. 28 J. 4'.:;;

•••;, "j Q
'm* 5 „ : 0 0 „ 2; 0 0,24
•"'i • “I

!,t ‘.j t;". 5 ;; 0 0 02:0 0,2:; 4

:: 1182 4 „ 0 0 ..8,23 23 ..0 „ 3:3 s

VARIANCE

TuTiiL "4 3 0220 „ 3

MEAN 3. 42044 u 86
l~- 'T T: • 1 1
•:::= s » .v!:::. s* j. ;H d . ’ „'t j. 0

}.■' i"”
j VAL DEV NORMAL I Z

1 o 1.
, ..... j |... j,... .j .... ....

... • j333. !;3.: ...,f ... .j. "'j' )’ 33* :: ''3.* 8 : ...3:31. 38
•'j 'Zi ‘"j r: ''33' 4 „ :3;3?E + 0h 3, 1.0E + 05 J. « ! -...i
•'33: -'23: • l3.3: ''33:

• J '.33: 3398.: 80...88046.06 ...0.50
i

'.33; ;i 3. Im!' '3 3' i:33. 3:1 3. . 60...3.. 15E + 05 ...g s 5

-j '} ;333; '"3: .'i O •: i:"’ •'"i -'"i
“t j .l „ •• r,l....j o ■'0,52
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Table 8.14. Comparison of Precracked Charpy Transition Behavior with 
NDTT and RT^DT (SA, A508-2)

T0 - C (°F)

KEY KId’ Kd W/A rW0f> NDTT

32182 57 -83 15 -30
32282 -18 -57 -80 -80
32382 -50 -88 -60 -60
32482 34 -21 0 0
321182 -40 -49 0 -50



• Table 8.15. Summary of Error Code Analysis for Material 8 (SA, A508-2) •
TEST TYPE

INCLUDES 
ERROR CODES

NO. OF 
POINTS

SHELF(Ft-Lb) 
LOWER UPPER

VARIANCE
OVERALL TRANSITION

VARIANCE RATIO F 
REGION OVERALL TRANSITION REGION

Static (5) Yes 25 3 5666 8200

0.85 1 .64
No 20 19 6660 4992

Dynamic (7,8, 10) Yes 30 9 5664 12511

0.94 1.17
No 25 37 5995 10668
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