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TO: Mr, Be Es Rossi, Executive Secretary
Pressure Vessel Research Committes
ioom H03 ’

29 West 39th Stroet
New York 18, N. Y.

Progress Report No., 7

PRZSSURE VESSEL RESEARCH COMMITTEﬁ
Tabrication Division

Lehigh University Pmw ject

Octobor 1, 1950 to September 30, 1951

Introduction

The program carried out during the fiscql year 1950~1951
at Tiehigh University consisted of two phases. The first was
a Study of the effect of plate edge conditions as produced
by machining, flame=-cutting, or shearing on thec notch tough-
ness of the pedigreed steels A201 and A285 used in previous
investigations. The second phasse éévered the repcated load
tests on cold worked and on welded specimens, in which the
behavior of the steels was studied undor repecated plastic
straining.

The results of these investigations are reported in the
form of the papers preparcd for publication.

Respectfully submitted,
S. 5. Tlr
Je. M. Huzek

R. D. Stout
Profcssor in Metallurgy
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Part I
Effect of Plate Edge Preéparation onﬁNotch Toughness
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The Effect of Fabridafion Processes

on Steels Used in Pressure Vessels

EFFECT OF FLATE EDGE PREPARATICN Q¥

NOTCcH TOUGHNESS

By
5.5, T8r, J.M. Ruzek, R,D. Stout

This work has beon carriéd out as a
vart of an investigation sponsored
by The Fabrication Division of the

Pregsure Vossel Research Committce.

Fritz Engineering Laboratory
Lehigh University

Bethlchem, Pemnsylvania

July 6, 1951
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EFFECT OF PLATE EDGE PREPARATIN (N NOTCH TOUGHNESS

By

S.5, T8r¥, J.i, Razek**, and R,D. Stout***

INTRODUCTI QY

Thig paper is one of a series resulting from a project
at Lehigh University sponsored by the Fabrication Division of the
Pressure Vessel Research Committee. This Project has as its object,
the study of the effect of various fébricatiOn operations such as
welding, cold forming, and heat treatment on the mechanical pro~ -
perties of pregssure vessel sfeels.

One of the steps in fabrication is the sizing of plates
by machining, flame cutting, or shearing. The question arises
whether these operations will affect the notch toughnéss of the
steel by introdmcing notches or metallurgical changes. It may be
said that these conditions will later be erased during the Jjoin-
ing of the plate edges by welding; but not all of the edges neces~
sarily recsive Welding, and others may be incompletely joined by.
skip welds or partial fillet or lap welds,

It was decided to investigate the notch tougﬁness of steel
plate which had been prepared by machining, by flame cutting, or

by shearing.
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* Sadun S. T¥r is associated with B, I, du Pont, Wilmington, Del-
aware, formerly Research Associate, Fritz Ingineering Laboratory,
Lehigh University.

o

Jan M., Ruzek is Research Assistant, Fritz Engineering Laboratory,
Lehigh University,

**% Robert D. Stout is Professor of Metallurgy, Lehigh University.



TEST PROCEDURE

Specimen.Design
- In order to measure the effect.of‘édge preparation on

notch toughness, it was necessary to develop a specimen that would
incorporate a notcﬁ in which the prepared edge would be an integral
part, This was to avoid an artificial notch which would mask the
effect of the oriéinﬁl edée céndition. The design'which:was adopted
is shown in Fig, 1. This specimen is tested under slow beﬁding,
with the center notch in tension,

| It will be noticed that the notch is of large radius to
permit its preparation by shearing or flame cutting. The ends of
the specimen are undercut to prevent possidle tilting during bending.

The width of the specimen is equal to the original plate thickness.

The Steels

The steels used for these tests were the two pedigreed
steels described fully in pfevious reporté(l), They were ASTH

grades 4-201 and A~-285, 5/8 inches thick and apélyzing as follows:

Steel Analvsis

c hin P s - si Cr ¥i cu
 4~201 0,15  :0.53 0.20 0.022  0.20 0.04- 0.05 0,07

A-285 C.20 0.35 0,19 0.028 0.02 0.04 0.10 0.1%

All specimens were cut from plates in the as-rolled condition,



Specimen Preparation

The significant step in the preparation of the specimens
was the production of. the notch contour. Three series of specimens
wore prepared: one by machining, one by flame cutting, and one by
shearing.

The machined notches were obtained by drilling and reaming
a one-inch diameter hole in the plate and then splittihg the plate
through the hole.on a band-saw, Two specimens éould then be pro-
duced. from the pieces.

The flame-cut notches were made on a svecial machine which
provided a circulér motion at the proper speed for a standard cutting
torch,

The sheared notches wore produced by punching a one~inch
&iameter hole in the plate on a commercial press and.then splitting
the plate as was done for the drilled holes.

Fnough spécimens were prepared to permit postheafing to
be a part of tho study. Postheating was carried out for one.hour
at SOOOF! 1150°F, and 1600°F (the latter on A~201 steel only),

The appearancé of the propared notches is represented in

Fig, 2,

Testing
The specimens werc in sufficient number to allow tests

over a range of temperature., The observations recorded during the
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tests included the percentage of latoralAcontraction at the bottom
of the notch and the energy absorbed to failure, The transition
tomperature was defined as that at which the contraction or onergy
absorption had dropped to half its value in the shear fracture tempa
erature range,

Testing temveratures were obtained %y a cooling (or heat~
ing) bath from which the svccimens were transferred to the testing
Jig shown in Fig. 3, Nofe tha guide at one side of the jig to
provent tivping of.the spocimen, The crosshead of thé tengile

machine provided loading at 2,7 inchos per minute.

RESULTS AND DISCUSSIQN,

The results of the investigation arevpresented a8 transition tempera-
ture curves in Figs, 5 through 11, The transition temperatures have
boen selected from these cﬁrves and plotted in a summary bar graph

in Fig. 12 for easier examination. Only the lateral contraction

data have been given, because the encrgy aBsorption criterion leads
to identical conclusions and virtually identical transition tempera-
tures.‘ Typical fractured specimens arec shown in Fig. 4, Note the
large deformation and shoar fractures evident in tests at the higher
temperature as compared to the slight deformation and cleavage frac-
tures at thellow temperature - except for the machined notch,

Examination of Fig.. 12 roveals soveral points of interest..



In both stecls the machined notches were too miid to produce a
transition even at -140°F, the lowest temperature tested. The
flame cut notches had higher transition temperatures, but they
were not nearly so high as those obtained with the shearod notches.

Heat treatment as 500°F had an adverse effect on both
flame cut and shéared specimens, whereas treatment at 1150°F im-
proved both types noticeably.

The vostheating at 1600°F of the 4-201 plates was espocial-
ly significant, The transition temperaturés of both flame cut and
sheared specimens were lowered beyond -160°F. This is strong ovi-
dence that the harmful effects of these methods of cdge preparation
are not due to the sharp notches that are introduced by the ripples:
of the flame cuﬁ or the small tears accompanying shearing, but rather
that the heat effect or the plastic deformation is responsible,

In other words, the adverse effects are not due to geometrical
factors such as tiny notches; they are dus to metallurglcal changes
resulting from flame cutting or shearing,

Cne other factor must not be overlooked with. .respect to
the 1600°F treatment. In the furnace,.the atmospherc scales the
stecl and thus sloughs off a few thousandths of an inch of the
metal, This can conceivably contribute to the imorovement by its
removal of superficial imperfections.. It is not believed, however,
that this effect was important in these tests,-

It can therefore be comcluded that flame cutting, and



especially shearing, lower the notch toughness of tho plate. In
flame cutting, the rapid thsrmal cycle probably produces micro-
structures of péduced ductilitys. In shearing the cut edge of the
plate is so severely deformed plastical ly that it retains little
ductility when further deformation is- imposed,  Since heat treat-
ment at 1150°F relieves thsse~condition3'somewhat; it is memsurably
beneficial, Normalizing at 1600°F restores the as-rolled properties
of the plate. Thus local rlame-normalizing of either of these edge

conditions might be of defirite benefit in actual fabrication.

SUMMARY

1. A specimen has Leen developed to allowlstudj of the effect

of plate edge preparation on notch toughness,

2, . Flame cutting and especially shearing lower the notch
toughness,
3, Postheating at 500°F roises further the transition tempera—’

ture of flame cut and shearcd specimens, - Postheating at 1150°F is
noticeably beneficial to the steels.

4, . Postheating at 1600°F lowers the transition temperature
below ~160°F. This behavior is strong ecvidence that the adverse
sffects of flame cutfing'or shearing are not due to the formation

of notches at the surfsce but.rathq; are due to metallurgical changes.

in the metal at the preparecd edge by heating or nlastic deformation.
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FIG. 8. TRANSITION CURVES OF A-285 STEEL 5/g THICK, SHOWING THE EFFEGT OF MAGHINED,
" FLAME CUT AND SHEARED EDGES AFTER HEAT-TREATMENT AT 500°F.



: PLATE EDGE EFFECT TESTS
STEEL: ASTM A-20! ‘ ———+ MACHINED EDGES

HEAT-TREATMENT: LI50°F . o=-—-—-=—o FLAME CUT EDGES
"CRITERION: % CONTRACTION ~-—-—a SHEARED EDGES
50
aol—, ‘ = v
[ ] e 'e
& .
O el
2 30 _ e e
O / T —— __—-—‘?’,
é A// a A
= P~
. CZJ . // o ./- R . —t
O 201 ;8! .’1 A A A
o - 7 |
[-) A /
o A ./.
/'/
. P4
10 A —
/‘/
A
A
0

*
-160 -120 -80 -40 0 40 80
' TEST TEMPERATURE, °F ‘

FIG.9. . TRANSITION CURVES OF A-20! STEEL “g" THICK, SHOWING THE EFFECT OF MAGHINED,
FLAME CUT AND SHEARED EDGES AFTER HEAT-TREATMENT AT 1I50°F.



PLATE EDGE EFFECT TESTS

STEEL: ASTM A-20I o———— FLAME CUT EDGES
HEAT - TREATMENT: 1600°F a—.—.—a SHEARED EDGES
CRITERION: % CONTRAGTION
50 — =
A —
iy SR S
S N Mt &
> .-:. — et l
40“ A g
Z /
o \
= Y
&)
* 30
<
o
(&)
5°
20
10 -
“160 -120 80 -40 0 40 80
'TEST TEMPERATURE, °F '
FIG.Il. - TRANSITION CURVES OF A-20I STEEL %' THICK, SHOWING THE EFFECT OF FLAME

£
i
i

CUT AND SHEARED EDGES AFTER HEAT-TREATMENT AT 1600°F.



PLATE EDGE EFFECT TESTS :
STEEL: ASTM A-285 ——— MACHINED EDGES

HEAT TREATMENT‘- I150°F o——=——oc FLAME CUT EDGES
CRITERION: % CONTRACTION ~—-—--a SHEARED EDGES
40 [
/L oo
o _
[o]
30 )
<N
g /’// 8 \\\ A
= o - L SN .
2 ‘// /./; '~'§.§\e‘
x 20 © —— .{‘-
— ° //" . 7~
% ° ’L/’> _ // A
O ’// _-
3® T | /I
10— : ndé
| o i~ 7/
A T . /
o ~ y
-~ a ~._ 17
By ~
0 bl :
-160 -120 -80 -40 0 40 80 . 120

TEST TEMPERATURE, °F

FIG. 10. TRANSITION CURVES OF A-285 STEEL 5/8" THICK, SHOWING THE EFFECT OF MACHINED,
'FLAME CUT AND SHEARED EDGES AFTER HEAT-TREATMENT AT II50°F.



DM # 0!

. 4 o008
‘dwg| wWooy

7///////////////////////,%///////////////////////%.._ -0Gl

2777277277273 $008

‘dwa] wooy

S IR _e06t

0000007 3 00

‘dwa] wooy

- FLAME CUT  SHEARED

MACHINED

A-285

4 .009I
3 o0Sll

/4 006G

‘dwa} wooy

!

4.009I
4 -0Gll

N

0 02777077/77777773 2008

‘dwa] wooy

Al O 06

7027727777772 3 4008

G

'dwg] wooy

SHEARED

A-201 |
SUMMARY OF TRANSITION TEMPERATURES AS AFFECTED BY EDGE PREPARATION

FLAME CUT -

-200

-150

o
o

—o

g}
'

o

- 3YNLVHY3dWN3L NOILISNVYL

o
n

100
NOTCH CONDITION ~MACHINED

STEEL

©FIG. 12,



	Lehigh University
	Lehigh Preserve
	1951

	Effect of plate edge preparation on notch toughness, July 6, 1951
	S. S. Tor
	J. M. Ruzek
	R. D. Stout
	Recommended Citation


	tmp.1349700844.pdf.8qbP1

