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FOREWORD

This report was prepared by Syracuse University under USAF Contract
No. AF 33(616)-2362. The contract was initiated under Project No. 7360,
"Materials Analysis and Evaluation Techniques", Task No. 73605, "Design
and Evaluation Data for Structural Metals" formerly RDO No. 614-13 "Design
and Evaluation Data for Structural Metals", and was administered under the
direction of the Materials Laboratory, Directorate of Research, Wright
Air Development Center, with Mr. A. W. Brisbane as project engineer. This
work was performed in the period between March 1954 and June 1955.
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ABSTRACT

Supplement 1 of WADC TR 55-103, is a summary of all test results
‘assembled in this investigation. The results are presented in graphs
" which indicate all the important parameters.

PUBLICATION REVIEW

This report has been reviewed and is approved.

FOR THE COMMANDER:

M. R. Whitmore
Technical Director
Materials laboratory
Directorate of Research
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SYMBOLS USED

SYMBOL
X: Theoretical stress concentration factor as derived by
Neuber's theory.
L: Longitudinal specimens, 1.e. gpecimens taken along the
direction of rolling.
Tr: Transverse specimens, i.e. gpecimens taken perpendicular

to the direction of rolling.

R.L. & C.1: Longitudinal specimens taken from the rim and from the core
of V-Mod. 4330 bar respectively.

R.T. & C.T: Transverse specimens taken from the rim and from the core
of V-Mod. 4330 bar respectively.

e: Eccentricity, i.e. the distance from the center of the
specimen to the line of load application.

D: Shank diameter of notch-tension or notch-fatigue specimens.

a: Notch dlameter of notch-tension or notch-fatigue specimens.
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INTRODUCTION

Appendix A of this report summarizes in graph form all the data ob-
tained in this investigation with the exception of the repults of the pro-
gram covering hydrogen embrittlement which were submitted as separate re-
ports. The results are plotted against all the important parsmeters
studied, and are presented in a manner most suiteble for deslgn purposes.
Esch plot is self-contained indicating all conditions existing during the
test. ’

The data are presented for each steel in the following order:

Metallographic, hardenability, tension, herdness, ductility, notch-temsion,
impact, fatigue and notch-fatigue, end strese-rupture.
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FIG. 1 MACROGRAPH OF L4340 STEEL (HEAT 1) AS RECEIVED
SECTION, ETCHED WITH 25% SOLUTION OF NITRIC
ACID.
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(a) Transverse
Pattern

(b) Longitudinal
Pattern

FIG, 2 PHOTOMICROGRAPHS OF 4340 (EEAT 1)STEEL OIL
QUENCHED AND TEMPERED AT 500°F, 4% NITAL
ETCH. 100 DIAMETER MAGNIFICATION,
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FIG. 62 MACROGRAPH OF 4340 STEEL (HEAT 3) AS RECEIVED
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FIG. 77 MACROGRAPH OF 4340 STEEL (HEAT 4) AS RECEIVED
SECTION, ETCHED WITH 25% SOLUTION OF NITRIC

ACID.
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(2) Trensverse
Pattern

(b) Longitudinal
Pattern

FIG. 78 PHOTOMICROGRAPHS OF 4340 (HEAT 4) STEEL OIL
QUENCHED AND TEMPERED AT 500°F. 4% NITAL
ETCH, 100 DIAMETEZR MAGNIFICATION,
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FIG. 92 MACROGRAPH OF 98BL4O STEEL AS RECETVED SECTION,
ETCHED WITH 25% SOLUTION OF NITRIC ACID.
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(a) Transverse
Pattern

(b) Longitudinal
Pattern

FIG, 93 PHOTOMICROGRAPHS OF 98B40 STEEL OIL
QUENCHED AND TIMPERED AT 500°F. 4%
NITAL ETCH. 100 DIAMETER MAGNIFICATION,

WADC TR 55-103 Sup. 1 9
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SECTION: 4% IN.DIA,

NUMEER OF CYCLES

SPECIMEN: ROTATING REEAM TYPE

TEST TEMP; R.T,

WADC TR55-103 SUP, 1

120



STRESS -1000 PSI

500 T T T T T 1T T T T T 1111
— 98B40 I X =

—  1550°7/0IL ° 1 -

[ 650°F (245,000 PBI) _

400 [— ]
300 | — -
200 [— ~C —
— ‘\\o -

L \. O —

100 |— o < Q —
= | .\ i T =

| ° ] —

= r"“ —= -

o L 111l R L Lt SRR L Lttt
109 10t 105 106 107 108

NUMEER OF CYCLES

FIG. 120 S-N CURVES FOR SMOOTH ARD KOTCHED SPRCIMENS.
SECTION: Lk IN.DIA,

SPRCIMEN: ROTATING BEAM TYPE

TEST TEMP; R.T,

WADC TR 55-103 SUP. 1 121



STRESS - 1000 PSI

500 T T T T TTTTTT T T T I II'IIHI[ T T 179
- L K .
[~ 983840 = = -
— 1550°¢/01L o 1 —
— 800°F (204,000P51) ° 8 -~
400 [— —
300 £ E
200 —
[~ - —
— "-.O —
E “““o |
Y ]
— \.' g =t 3
o | 1L i1l R L L | L [ ¢ LT
103 10 10° 10% 107 108
NUMEER OF OYCLES
FIG. 121 S-N CURVES FOR SMOOTH AND NOTCHED SPECIMENS.
SPECIMEN: ROTATING ENAM TYPE
SECTION: 4% IN.DIA.

TEST TEMP: R,T.

WADC TR 55-103 SUP, 1

122



ENDURANCE LIMIT - 1000 PSI

ENDUBANCE RATIO

120

T T T T T 17 T T 1 1T 1] T 1]
L 98B40 L X o ]
1550 F/01I1L, o 1 /' ]
B [ ] 8 o) ]
100
— O/ .
-— L~ —nCL\\\h-_—"/,/” ::
80 ad ©
- 7 _|
| Ve ]
b / .
60 I/ »
L/ —
s oo ]
40 *‘Jf_—' T e=——¢"
0-5 T
— \\O\ —]
0.4
KARPOV, 1939 \ o
QDG TR 53-254 Pt, 2) O-__...Of'o —
0.3
N
\\
0.2 N~ -
\.'/.
7S O I I [ A T O O O T T I
100 150 200 250 300

TENSILE STRENGTH - 1000 PSI

FIG, 122 VARIATION OF ENDURANCE LIMIT AND ENDURANCE RATIO WITH

SECTION:

TENSILE STRENGTH.

4% IN.DIA,

SPECIMEN: ROTATING EEAM TYFE

TEST TEMP;:R.T.
WADC TR 55-103 SUP, 1

123



FIG. 123 MICROGRAPH OF SUPER HY-TUF STEEL AS
RECEIVED SECTION, ETCHED WITH 25%

SOLUTION OF NITRIC ACID.
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(2) Pransverse
Pattern

(b) Longitudinal
Pattern

FIG.12, PHOTOMICROGRAPHS OF SUPER HY-TUF STEEL OIL
QUENCHED AND TEMPERED AT 500°F, 4% NITAL
ETCH, 100 DIAMETER MAGNIFICATION,

WADC TR 55-102 Sup. 1 125



ROCKWELYL, "C" HARDNESS

70
] ¥a 2 8 81 Sr Mo Y | surmR
HY-TUT
0.41 1,28 0,014 0,024 1,77 1,26 0,33 0,17|1700%/0I}
60
++ _:_ I l ] | l
RER B b B A I IR B B o e I T N S
50
40
30
20

0 b 8 12 16 20 24 28 32 36 O 44 48
DISTANCE FROM QUAENCHED END OF SPECIMEN ~ SIXTEENTHES OF INCH

3IG, 125 HARDENABILITY OF JOMINY - QUENCH EAR.

SECPIOK: 3 IN,DIA,

WADC TR 55-103 8UP. 1 126



350 | | !
SUPER HY-TUT L. Yr
1700%F/0IL TENSILE o e
0.2% YIELD g =
300 ,
-——-O\
® o
o ————
o [
= \E
é 200
:
[
n
150
100
) 200 400 600 800 1000 1200

PTEMPRRING TEMPERATURE - °F

FIG, 126 TENSILRE AND YIELD STRENG?H AS A FUNCTION OF TEMPERING
TEMPERATURR , :
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STRENGTH.

SECTION: 3 IN.DIA,
SPECIMEN: 0.3 and 0.5 IN,DIA,

TEST TEMP: R.T.

WADC TR 55-103 SUP. 1 135



NOTCH-STRENGTHE RATIO

o 400°F (307,000 PSI)
e 500°F (250,000 PSI) SUPER EY-TUT
O 700°r (294,000 PSI)  1700°F/0IL
m 800°F (260,000 PSI)
1,6 | 1 | T
1.4 /\\ /‘\‘
A
[ % /R
1..2 LY \\
o\\. / "
1.0 I°§
0.8 - >
\-
0.6
0.3 IN, DIA, - L 0.5 IN, DIA. = L
0.4 -
ya /

A/ /

1.0

o Q

0.8 .< -0
\- 0.5 IN. Du- - TI"

0.6
» r
0.3 IN. DIA, - Tr, '\
0.4 | | | 1 n
1 2 5 10, 1 2 5 10

STRESS CONCENTRATION FACTCOR, K
TIG. 135 VARIATION OF NOTCH-STRENGTH RATIO WITE K.
SRCTION: 3 IN.DIA,

TRST TEMP: R.T.

WADC TR 55-103 SUP. 1 136



%) . I
S r000r/ott 800°%
7 TEMPER
@
g 20
M o)
K —
O s O

0
: =
5 800 °F
& TEMPER
S 2
2 20
&
]

0 ° ° ° Il

=200 -100 0 100 200 300

TEST TEMPERATURE - °F
FIG, 136 VARIATION OF IMPACT STRENGTH WITH TEST TEMPERATURE,
SECTION: 3 IN.DIA,
SPECIMEN: STD, V-NOTCE CHARPY

WADC TR 55-103 SUP. 1 137



STRESS - 1000 PSI

SPECIMEN: ROTATING ERAM TYPR

TEST TRMP: R.T,

WADC TR 55-103 SUP. 1

138

500 | 1
L X
___ SUPER HY-TUT o 3 —
17009F/01L R p
oo | 800°F (260,000 PSI)
300
200 . <_
\"-0
™0
\O
\ \\0\ |
~
100 03\ o 8=
® —— - —
0
100 10% 105 10 107 108
NUMEER OF CYCLES
TIG, 137 S-N OURVES FOR SMOOTE AND NOTCHED SFRCIMENS,
SRCPION: 3 IN,DIA,



FIG. 138 MACROGRAPH OF SUPER TM-2 STEEL AS RECEIVED
SECTION, ETCHFED WITH 25% SOLUTION OF NITRIC
ACID.
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(a) TRANSVERSE
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(a) LONGITUDINAL
PATTERN

FIG. 139 PHOTOMICROGRAPHS OF SUPER TM-2 STEEL, OIL QUENCHED AND TEMPERED
AT 5000F, 4% NITAL ETCH. 100 DIAMETER MAGNIFICATION,
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TI1G, 183 NOTCH-STRENGTE AS A TUNCTION OF TENSILE STRENGTH.
SECPION: L IN,SQ.
SPECIMEN: 0.5 IN.DIA.

TEST TEMP: R.T.
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WADC TR 55-103 8UP. 1 185



350

300

250

200

FOTCH-STRENGTE - 1000 PSI

. -
150 V-MOD, 4330
1600°F/01L

100 . |
100 150 200 250 300 350

TENSILE STRENGTH - 1000 PSI
TIG. 185 NOTCH-STRENGTH AS A FUNCTION OF TENSILE STRENGTH,
SECTION: L IN.8Q.
SPECIMEN: 0.3 and 0,5 IN.DIA.
TRST TEMP: R.T.

WADC TR 55-103 SUP. 1 186



oo _ 7
,/
D K L Tr | //
350 Fe.3 5 o e 7
/ Q
R /
g 3% 12
S / Q .
J /
By
& L ]
E 250 / \:. ‘/,(Ii
y | ®
177 ] / '.___.
& /
g 200 7
/
/
/
150 V=-MOD. 4330
1600°r/011L,
100 |
100 150 200 250 300 350

TENSILE STRENGRE - 1000 PSI
716, 186 NOTCH-STRENGTH AS A FUNCTION OF TENSILE STRRNGTH.
SECTION: 4 IN,SQ.
SFECIMEN: 0.3 and 0,5 IN.DIA,
TEST TEMP: R,T,
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WADC TR 55-103 SUP. 1 188



NOTCH~STRENGTH RATIO

o 250°F (263,000 PSI)
e 400°F (250,000 PSI) Y-MOD. 4330
[¢)

O 500°F (236,000 PSI) 1600°F/0IL

o 650°F (222,000 PSI)

m 800°F (201,000 PSI)
1.6 !
1.4 E! / :
1.2 -.~_5?

/ —~{
1.0
0.8
0.6
- 0.3 IN, DIA, - L 0.5 IN. DIA, - L
el Vi
NV V.
. 0\'\
1.0 / \D\\".:"‘--V Q\\.
* s}
0.8 o
0.6 '
0,3 IN, DIA, - Tr 0,5 IN, DIA, - Tr

0,4 | I

12 5 10,1 2 5 10

STRESS-CONCENTRATION FACTOR, K
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T1G, 192 8-N CURVES FOR SMOOTH AND NOTCHED SFRCIMENS

SECTION :

SPECIMEN:

TEST TRMP:

4 IN,8Q.

ROTATING EEAM TYFE

R.T,

WADC TR 55-103 SUP. 1

193



STRESS - 1000 PSI

500 _ I |
RL, C.L,
I V- MOD, 4330 N
1600°r/01L ° -
Loo — 500°F (236,000 PSI)
300
200 <
.
O
\O
‘&D,oﬂ\qj
100 T -
=
0
103 10% 10° 10° 107 0

NUMERR OF CYCLES
¥16,193 S8-N CURVES FOR SMOOTH AND NOTCHED SPECIMENS,
SECTION: 4 IN.SQ. |
SPECIMEN: ROTATING REAM TYPR

TRST TEMP: R,T,

WADC TR 55-103 sUP.1 194



STRESS - 1000 PSI

500

| T
2.5L C.L.
| V-MOD. 4330 _
1600°T/011, U
400 1= g200p (222,000 BSI)
300
40 0\
Og
\B\E
[#]
.
100 o _ g
0
10° 10% 105 106 107 108

NUMERR Ofl' CICLES
FIG. 194 S-N CURVES FOR SMOOTH AND NOTCHED SPECIMENS.
SECTION: 4 IN,S8Q,
SPECIMEN: ROTATING ERAM TYPE
TEST TEMP: R.T.

WADC TR 55-103 SUP. 1 195



STRESS - 1000 PSI

500 | -
v " R.L. GC.L, _K
| =MOD, 4330 S - L -
1600°F/01L,
800°F (201,000 PSI) ) [ 8
koo [— () UNDERSTRRSSED
300
200 _
——
N ™4l
0o %
100 —————--——;$(.§!. "-\B_ S
] =
. .
0
10° 10% 105 106 107 108

NUMEER OF CYCLES
¥1G, 195 §-N CURVES FOR SMOOTH AND NOTCHED SPECIMENS .
SEOTION: &4 IN,SQ.

SPECIMEN: ROTATING EEAM TYFR

TRST TEMP: R.T.

WADC TR 55-103 §UP. 1 196



ENDURANCE LIMIT - 1000 PSI

ENDURANCE RATIO

120 |
V-MOD. 4330 L B
1600 »/0IL o) 1
100 hd 8
/ O
/ 0/O O\
4/- - o)
80 /
7/
e ®
Py /
60 [ i
74
40 —
0.5 <
~
\
\0--.._
0.4 i Oj“o
KARPOY, 1939 \o
N E (WADC TR 53-254 Pt, 2 \
[
0.3 \
~
.
S S }
0.2 ~ 0. rg
0.1
100 150 200 250 300 350

TENSILE STRENGTH - 1000 PSI

PIG.196 VARIATION OF ENDURARCE LIMI? AND ENDURANCE RATIO WITH
TENSILE STRENGTH.

SECTION: 4 IN.S8Q.
SPECIMEN: ROTATIRG HEAM TYPR
TEST TEMP: R.T.

WADC TR 55-103 SUP.1 197



FIG. 197 MACROGRAPHS OF HY-TUF STEEL AS RECEIVED,
ETCHED WITH 25% SOLUTION OF NITRIC ACID.
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FIG. 198 PHOTOMICROGRAPHS OF HY-TUF STEEL OIL
QUENCHED AND TEMPERED AT 500°F, 4% NITAL
ETCH, 100 DIAMETER MAGNIFICATION,
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FIG. 200 TENSILE AND YIELD STRENGTH AS A FUNCTION OF TEMPERING
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¥IG, 203 VARIATION OF ELONGATION AND RRDUCTION OF
AREA WITH TENSILE STRENGTH,

SRCTION: 3 IN,DIA,
SPRCIMEN: 0,28 IN,DIA.

TEST TEMP: R,T,
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' WITH TEMPERING TEMPERATURE,

SECTION: 3 IN,DIA.
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TEST TEMP: R.T.
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WITH TEMPERING TEMPERATURE,
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