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ABSTRACT

This report covers the first portion of an investigation
to determine the relative cracking tendency of simple geometries
commnon to ship structures and presents the results of tensile
tests on edge notched specimens. The edge notched specimens were
15" wide by 4OV iong and prepared from 3/4Y" thiek Dn steel.

Flame cutting was generally utilized in preparing the edges and
notehies of the specimens, However, for one type of specimen,
the edge notches were vrepared with a jeweler's hack saw. The
edge notehing consisted of nctehes at the mid-length of the
specimen and notches separated by sz reduced width vortion.

The results of the tests are classified on the basis of
strength, energy abscrption and transition temperatures, The
results indicate that there is no marked difference in transi—-
tion temperatuTg for the various types of edge notches, which
inecluded a Jjeweler's hack saw cut at 9@9 to the nlate edge, a
similar flame cut notch, flame cut notches with various included
angles, flame cut semi-circles, and notches similar to the fore-
going but having an elongated reduced width section. There is,
however, a considerable difference in the action of the specimens

with regard to strength and energy absorption,

=



Fig, No,

LIST OF FIGURES

Title
Exploratory Specimens.svecoscssooes cseoesosacoan 3
Exploratory Tests, Variable Widthe.os..... sevnoo B
Sealing Pattern After Fracture of
Exploratory SpecimeéliSoocooeccocvosasosooscssss eree 7

Progressive Development of Scaling
Pattern for 5% Wids by 1/4%" Thick
Exploratory Spe¢imsncococcocscoscosesscoccocosase 9

Progressive Development of Scallng
Pattern for a 5" Wide by 1/4" Thick
Specimen Similar to Type V SpecimeNooscsococeoo 10

Exploratory Tests, Constant Width,
Variable Raduced Section Lengthoocvecesooosecwo L

Exploratory Tests, Constant Width, Variable
Reduced Section Length, Unit Energy to

Maximum Load..

nnnnn

6 D 00 V6T D0 D e e 000 & e 0S8 e 08000 1"!‘

General Edze Conditionscccccecocoes cecevoecascsce 16

Types of OpecimeliScc.cocsoccssoosansscsossossosco L7

/40
3/40
3/4m
3/
3/
3/

3/

Plate
Plate
Flate
Plate
Plate

Plate

i Plate

Layout,
Layout,
Layout,
Layout,
Layout,
Layout,

Layout,

plaate AGODDOO0.0DQ.O.DWCOBQB 18‘

Plate Boocoecsscocos O
Plate Cocoocoavssocecs coseve 18
Plat® Dececesccooonassoe S £
Piate Eocorsncsacseconencanss 19

Pla‘te FDGOGOOOO0000.050000@8019

Plate Gf}t}a‘)s@ﬁb ﬂﬂﬂﬂﬂﬂﬂ 0.00.06]59

Type T Specimen Welded to the Pulling Heado.oocoo2l

Control Tests on DN steelooceceoossccnosssoscoosooes

Page



LIST OF FIGURES (Cont‘d,)

Fig, No, Title Page

19 Type III Specimen with Clip Gages and

Spool Extensometer Attached.cicesccvsceoscooa 25
20 Summary of Average Energy and Load Valueso.... 28
21 Relationships Between Ultimate Tensile

Strengths and Temperature (I, II, IIT,

IV, v)ﬂ.ﬂ.."u.llO....I.I.O..U....IO ...... o8 9 31
22 Relstionships Between Ultimate Tensile

Strengths and Temperatures (¥X-1, X-2,

X-3, Y)ooo -------- L B I I CECRE BRI K IR B BN B RE- RN R -] 31
23 Relationships Between Energy to Fracture

and Test Temperature for Edge Notched
Specimens (I’ II, III, Iv).h....o...ﬂﬂl..ﬂﬂﬂﬁ 36

2k Relationships Between Energy to Fracture
and Test Temperature for Edge Notched
SpECimenS (V’ X-l, X-2, X-"3 D& 000 mGEEe PO RO Ce D6 36

25 Relationship Between Energy to Fracture

and Test Temperature for Unnotched Type
YspecimenSooomoooeooo.olo..uo-o-a lllll a0 ® 0 en 37

iii



Ne,

%)

LIST OF TABLES

Title Page

Exploratory Tests 1/4%" Thick Hot-Rolled
Plates, Specimen Width Variablecceesscecnssces 5

Exploratory Tests, 1/4" Thick Hot-Rolled
Plates, Constant Width, Variable Reduced
Seation@tDGODDQQHUQDGQ.QO OOOOO Q@ ¢ & &« 0 a3 U W =0 O [ ] 12

Sumnmary of Results of Wide Plate Series
with no Weldmentoccoooeoos eocessosomo . an coooo 27

Transition TemperatuUr®Scecoe.sccecaocasososccaos 40

iv



3=A
L-A
S-A
6=A
7=A
8-A
9-4

(a)
(b)

Data
Data
Data
Data
Data
Data
Data
Data
Data
Data

LIST OF TABLES

APPENDIX A

Summary ,
Summary,
Summary,
Summary,
Summary,
Summary,
Summary,
Summary,
Summary ,

Summary,

Title

Type
Type
Type
Type
Type
Type
Type
Type
Type
Type

Hooouc...ﬂneﬂﬂeolﬂeﬂea

HHO....OO..«
IIYocaoon
IIT (Cont'd)...

Iv.....
Veoeron
X~loooa
X=20e0s
X=3ioeo
Yoooeo.

o

o

s 8 &0

4« &= 00

* 4 00

L ]

@ & 00O

an &0

Page

46
46
47
47
48
48
49
L9
50
50



6-B
7-B

9-B

Summary Type I Specimensc.....

n

i

)

LIST OF FIGURES

i1

a1

it}

APPENDIX B

1T
11T
Iv
v
X-1
A=2
-3

vi

a8 00000

o o L} o e
nnnnn [
L) o 00w
oooooooo -]
nnnnnnn oo



LIST OF FIGURES

APPENDIX C

Load Elongation Curves

Figure No. Specimen Temperature
1-C I - Al 78
2-C I - B3 66
3-C I - Bl 60
L-C I- A2 56
5-C T - B2 45
6=C I - BS 40
F=C I - A8 35
8~C I - 43 30
9-C IT - A6 60

10-C IT - A% 50

11=C II - BS 50
12=C II - B6 5o
13=C II - B 30
1b=C IT ~ AL 0
15-C I1T ~ BY 95
16-C IITI - AlO 80
17-C IITI - A7 73
18-C III - B9 60
19-C TIT = All 50
20-C ITI - B1O 40
21-C IIT - Bll 30
22=C IIT ~ A9 20
23-C IIT - Al2 5
oh-¢ IIT - C8 60
25=C IIT - C7 50
26-C IITI = C9 o)
27-C IIT - C6 20
28=C IV - Ch 78
269=C IV - C5 60
30=C IV = C2 50
31-C IV - Bl2 L5
32-C IV - C3 40
33=C IV - C1 10
34-C V - El2 10
35-C V - E8 35
36=C V- F2 30

vii

. o
sy f



LIST OF FIGURES (Con't.)
APPENDIX G

Lozd Elongsticn Survaes

Figure No. Specimen Temperature
37 V - E]1 25
38=C V - 311 25
390 V - F1 15
4L0-C TV -~ G12 is
4i-¢ V - ELO i0
EQ-C XI - ¢1 60
L3l X1 - 0% 50
AT XI - D% &5
Lo XTI - D6 Ly
La-C XI - C2 40
L.C XI - DY 35
L8.C XT - D 20
L9~C X2 = D10 7
50=0C X2 =~ E2 60
51-C X2 - Bl 55
g_-c X2 - D11 gg
3-C X2 - D3

Sh.C X2 = D9 L0
55=C X2 - D2 Lo
56-C X2 - D1 30
57=C X2 - D8 15
58=C X3 - B9 55
59-C X3 - Diz Ly
60-C X3 - EA L0
61~C X3~ E7 Lo
€2-C X3 - E3 30
63-C X3 - ®h 20
6L4-C ¥ = GL Lo
65~C ¥ - F12 10
66-C Y -~ F13 20
67-‘\,;0 Y o 3 O
£8~C Y - G10 .
69=C Y - G2 =10
70-C Y - G9 -10
71-C Y - F9 -30



FIR3T PROGRESS REPOET

NAVY BUSHIPS CONTRAST NObs~50250
FROJECT SR-118

WORACKING OF SIMPLE STRUCTURAL GEOMETRIESY
The Effects of Edge Notch Gecmetry on Flat Steel Plates
Prepared by
Samuel T. Carpenter
Rovy F., Linsenmeyer
Swarthmore College = Dept. of Civil Engineering
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THTRODUCTICN

The program herein described was established to secure
facts relating to the tensile strength, ensrgy abscrpiion, and
transition temperature of flat steel plates of variocus design
geometries, and is the initial part of a broad program planned
to study the relative cracking Tendencies of simpie structural
geometries common to ship design. The geometries investigated
in this report include specimens with symmetrical edge notch
variations using 15" wide plates of 3/4% thick Dn steel, and _
faired unnotched specimens 133" wide and 3/8" thick, The plate
edges and edge notching, except in cases to be noted, were all
prepared by flame cutting. The flame cutting employed was in-
tended to represent average shipyard workmanship.

The edge notch variations included notches prepared by

a jeweler's hack saw cub, flame cut square notches, flame cut
0o '

(2
notches with included snglaesg of 907 and 135 , and semi-cireular

notches. Notched specimens were tested with twoe variations in

plate layout. One variation placed the edge nolches at the



. _2- :
mid-length of the plate; the other placed the notches gﬁ the
ends of a centrally located reduced width. (See Fig. 9)

An exploratory program to determine the optimum width
of the test specimens preceded the testing of the 3/%” thick
plates., The exploratory test specimens were made from 1/4V

hot=rolled steel plates.

EXPLORATORY TESTS

Since the overall objective of the project involves a
comparison of notch geometries to be directly useful in the
design and inspection of ships' hulls, the test specimens should
yvield results which approach the full scale and hear the same
interrelationships as they would in the full scale. It was
therefore deemed desirable to select a minimum width for 3/#"
thick specimens which would approach the behavior of an in-
finitely wide plate. This was accomplished by examining the
action of smaller and thinner specimens. All exploratory ten-
sile tests were made using ohn long specimens cut from 1/4V
thick hot~rolled plates. The specimens fell into two categories as
shown in Fig. 1. The type shown in Fig. 1 a had variable widths;
with saw cut edge notches, while the type shown in Fig. 1 b had
constant widths of 5% with the reduced width section variable
in length. All tests were made at a room temperature of about
75°F.

Specimens of varying widths (See Fig. 1 a) were psed to

determine an optimum width which was considered to be greater



MACHINED EDGES

L+~ VAR{ABLE —] s
WIDTH (CONSTANT)
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than the minimum width which would still permit plastic defor
mation to occur in the plate above and below the notched cross«~
section before fracture, and at which the average unit tensile
resistance of the notched cross-=section did not reflect localized
notch restraint. Table 1 lists the test results for specimens
of varying widths. The first specimen listed, Xulo5oU; is an
unnotched specimen 13" wide. All others are notchedghwith widths
varying from 1.5" to 17". The unit stress on the net-section for
the yield and maximum loads are plotted in Fig. 2. As the widths
of the specimens increased, the average unit stress at maximum
load decreased. When the net width was about 8" the stress at
maximum load was nearly equal to the yield stress of the unnoteched
specimen, The strength impairment of notched bars is thus clearly
shown., The yield point stresses shown in Fig. 2 were based on
loads giving a 0.2% elongation over the 24"_gage length. These
yield stresses are comparable, with some variations; to the yield
stresses based on general yielding throughout the notched cross-
section. Restraining effects of the notech are clearly shown by
the high unit yield stress for the narrow specimens. It is also
important to note that the unit yield stress was only slightly
lower than the unit maximum stress as widths were increased. _
The volumes of the exploratory specimens undergoing plastic
strain is clearly shown in the photographs of Fig, 3. These scaling
patterns are those at the fracture load. The 1.5" and 2" wide

specimens have a perfect circle pattern, whereas with increased
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TABLE 1

Exploratory Tests 1/4" Thick Hot-Rolled Platea
Varjable Specimen Widths

Sp;g:}men }I‘{;'LS:?, i;}z:es Aﬁzz neldzield and Max;gglmdi.gads MHM En_gg_gy, in, lb:; Remarks
sq.in, lbs. psi. 1bs, pai. 1bs. psi. | Max.,load Fracture
I1l.5 1.5 unnotched) .392 17,500 44,500 | 17,250 b4,5200 1 23,300 | 59,500] 35,400 473,800 4y unnotched
x5 |1s | 6% A37 | 7,500 | 54,000 | 6,500 | 47,500 | 8,900 | 65,000 385 500 | ouners
X2 2 1 275 | 13,500 | 49,200 | 15,000 | 54,600 | 16,350 | 59,500 925 1,400 foteneds
X3 3 2 +550 28,000 51,000 | 27,800 525200 [ 28,700 | 52,200 2,700 4,950
4 4 3 835 | 43,000 | 51,500 | 43,350 | 52,000 | Ak,400 | 53,300| 5,200 | 11,000
X ‘5l 5 4 1.1 51,500 46,750 | 51,000 46,500 | 52,500 { 47,700 10,200 18,200
X5, 5 A 1.1 | 55,000 |} 50,000 | 55,500 | 50,500 | 56,500 | 51,400 9,650 19,070
X6 5 1.37 | 65,500 | 47,800 | 65;000 | 47,500 | 68,000 | 49,600 | 14,250 | 29,680
X9 9 g 2.2 | 95,000 43,000 | 87,500 | 39,800 [ 99,000 | 45,300 36,250 | 73,000
117 17 16 Lo |175,000 39,800 (176,000 40,000 |189,000 | 43,000 | 54,000 188,000
Specimens

# Based on unit strain 0,2%
#*% Hased on gen., yleld across nctch zone

TABLE 1

ALl scecimens 24" long
Edge notehes 1/2" deep made by jeweler's

Hack Saw

Energy reported over 24" length.
Plates averaged 0,275 in. in thickness
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-8 | _
width the circular pattern is replaced by a‘diamond pattern‘wiph
Tuder lines extending into the general areas of the plate above
and belcw the notch. _ , _ _

The photographs of Fig. 4 represent the progressive dgyelop-
ment of sealing for a 5" wide exploratory specimen., 4An elliptical
pattern is evident with an absence of scaling within the ellipseo
This, in generaly is the pattern of development for all exploratory
specimens beyond a width of 3" and was also noted in the 3/4" thick
specimens subséquently tested. As loads increased toward the maximum
load the elliptical pattern disappeared and scaling ocqurred through-
out the notched cross=section. Later; after tests on 3/4" thick
specimens having a semi~circular noteh (Type V), a similar explora-
tory type of specimen 1/4" thick and 5" wide was tested. Photo-
graphs of progressive scaling are shown in Fig. 5. Similarity
of patterns witn those of Fig. 4 may be noted, although they occurred
at higher loads. The specimen having semi-circular notches had a
maximum load of 79.3 kips as compared&to a maximum load of 5h.% kips
(average of two tests) for the saw cut square notched exploratory
tests of the same width. The maximum loads for the 1/L¥ thick
specimens are in approximately the same ratio as the maximum loads
found for geometrically similar 3/W4" thick Specimehs; Types I and
V, failing by shear.

The exploratory tests led to a decision to make the subse-
quent 3/4" thick specimens 15" wide. This width was based on the
apparent fact that the 5" width would permit the development of
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general yielding in, above, and below the notched cross-section,

The 5" width also appears to be a threshold width where specimens
wider than 5" would show only slight losses in strength, and where
narrower specimens had increased strength and also restricted defor-
mation. The 15" wide by 3/4" thick specimens are accordingly geometri-
cally similar specimens based on the 5" width of the 1/4" thick
speci.iens.

Longitudinal separation of the notches was anctner variable
investigated, An exploratory series of tests were made using 1/4"
thick specimens of the type shown in Fig. 1 b. The specimens all
had a gross width of 5%, the optimum width selectad by the previcusly
described exploratory tests. The results are -zoorded in Table 2,
The first notable fact is that the maximum loads exceeded the maxi-
mum loads of the saw cut notched specimens of equal width and re-
mained approximately equal as the edge opening, or reduced section
increased in length. Visual examinations of scaling indicated the
formation of two scaling zones, one at each end of The reduced sec~
tion, which, with increasing reduced section length, developed into
patterns similar to those noted for a series notched at mid-length.
For a reduced section length of 4" and greateré two square shaped
(horizontal diagonals at notch) scaling pattern:s, one at each end
of the reduced width section developed., 4% & reduced section length
of 5% both patterns were separately distincet and did not cverlap.
After the formation of these vatterns, an inecrsasing lesd caused

general scaling throughout the reduced widih,



TABLE 2

Exploratory Tests 1/4" Thick Hot-Rolled Plates

Constant width and variable reduced section length.

Energy
Specimen _Width, inches Length of Net Yield and Maximum Ioada Energy, in.lbs. reduced
No. Totzl Net reduced Area Yield* Yieldw Maximum to to section
aection 8q, in., 1lbs. psi 1bs, pal 1bs, psi Max,load Fracture lengths
inches in. 1bs,
X 5-1/4 5 4 /4 1.1 52,500 47,700 51,000 46,500 63,000 57,000 39,500 52,700
see note
X 5-1/2 5 A 1/2" 1.1 52,000 47,250 55,000 50,000 65,000 59,200 47,000 58,000
X 5-1 5 L 1 1.1 51,500 46,800 50,500 46,000 65,500 59,500 51,600 61,000 12,200
X 5-2 5 A 2 1.1 51,000 46,500 51,000 46,500 64,500 58,500 48,000 62,000 14,400
X 5-4 5 L I 1.1 49,500 45,000 51,000 46,500 63,000 57,000 39,500 52,700 21,500
X 5.6 5 L 6 1.1 47,000 42,800 LB,500  LA,000 62,500 57,000 42,600 —m——m 26,900
# Based on unit strain of 0.2%
#¥ Based on general ylelding in reduced section length Svecimens

Note

Energy in reduced section zone to maximum load.
Value not obtained for 1/4" and 1/2" reduced section lengths.

All specimens 24" long

Averare specimen thickness 0,275"
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The energy to maximum load per cu., in. of volume absorbsd
within the reduced section lengths is shown on Figa 6. This energy
trend is towards an zsymptotic value as the reduced section length
is increased. This is largely due to the elimination of notching
restraint at the ends of the reduced section. Accordingly, it
was reasoned that a reduced section length of 5%, i.e., lS“_for
the 3/4" thick specimen, would reduce notch effects on energy absorp-
tion to practically a constant value, and as vpreviously indicated,
not affect maximum load capacity.

Figure 7 is a plot of the unit tensile stresses at yield
and maximum loads for the specimens having various lengths of
reduced section. (Values for a so-called zero length of reduced
section were taken from the exploratory tests first discussed.)
As the length of reduced section inereased, only a small difference
was noted between the yield and maximum stresses of the specimens
having a sectién of reduced width and the yield and maximum stresses
for an un-notched plate. This indicates that the impairment of load
capacity noted for the previous series can be partially eliminated
by increasing the distance between notches,

Hence, the exploratory tests led to the adoption of 15" wide
specimens of 3/4" thick steel with 15" as the reduced section length

for the types involving a separatiocn of the notches.

GEOMETRIC VARIATION PROGRAM WITH 3/4" THICK PLATES

Specimens and Material s

With only one exception the specimens had flame cut edges and
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flame cut edge notches. The edges and notches all showed the
usual burning variations and grooving. Figure 8 is a photograph
representing typical edge conditions after burning.

The steel used for all specimens used in the program was a
fully killed steel normalized, designated as Dn., Dn steel is
fairly uniform in character and has been used in earlier investi-
gations.l* The chemical analysis of this steel is, C-0.19, Mn-0.54,
8i-0.19, Al1-0.019, Ni-0.1l5,

The geometries of the test specimens are shown in Fig. 9,

The types of specimen fall into three categories; (a) Types I, II,
IIT, IV and V with edge notches at the mid-length of the 40" long
specimens, (b) Types X-1, X-2, X-3 were edge notched at the ex-
trementies of the 15" long reduced width mid-section of the LQv
long specimen, and (c) Type Y, a faired unnotched specimen. #£11
notches were flame cut, except for Type I which had Jjeweler's hack
saw notches.

The specimens were cut from 6' X 10 plates of 3/4" thieck
Dn steel, with the 40" length in the rolling direction. The
plate layouts are shown in Figs. 10 to 16 inclusive, indicating
the location of the specimens, Seven plates of steel were used
and were given the laboratory notation of plates A,B,C,D,E,F, and
G, A test specimen is designated by giving its Type, a letter
identifying the 6' X 10' plate from which it was cut, and a number
giving its location within the plate. For example, (ITAM) indicates

* Numbers shown as superscripts refer to references listed in the
bibliography.
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a Type II specimen cut from plate "A", location 4. _

Figure 17 is a typical arrangement for the specimens.
The figure shows a Type I specimen welded to the pulling hc_eadso

To determine thg effects of burning on edge and notch
hardness, a hardness survey was made using a Rockwell Hardness
Tester. _ o

Two samples were saw cut from a fractured Type_III specimen.
Sample #1 was 1" wide and parallel to a flame cut notch surface, and
Sample #2 was 3" long and normal to & flame cut notch surface.

On Sample #1, the average of the hardness readings on the
flame cut surface was B—92° .On the saw cut surface parallel and
1" from the flame cut surface, the average of the hardness reading
was B-=70.

On Sample #2, on a saw cut surface normal to a flame cut
surface, the hardness reading was B-80 at a distance of Ool"‘from
the burned surface; at 0.2", the reading was B-76; and from 0.75"
to 3" the increased hardness due to flame cutting seemed to vanish.

Since the hardness measurements were made on specimens cut
from a strained plate, additional hardness readings were taken on
a cut surface of an unstrained Dn steel specimen. The average of
these readings was also B-70. The positions from which the hardness
survey specimens were cut from the fractured plate were regions

of very low unit strain.

Control Tests

The uniformity of the various 6' X 10t plates with regard to

o™
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temperature sensitivity was checked by the use of the small edge
notched tensile specimens shown in Fig. 18. The test specimens
were loaded to 15,000 1bs. in one minute, and the temperature read
at that load. The reduction in thickness at the notch after fracture
was obtained and the plot of these reductions against temperatu:g is _
also shown in Fig. 18. Although scattering of the results is apparent,
the separate plates were deemed to be assentially uniform in notch
sensitivity. It is to be noted that control specimens were also
tested from a remnant of plate No. 33. This plate was of Dn steel
and was used in Contract NObs-45521, which dealt with 12" wide in-
ternally notched specimens. The control tests indicate that this_

plate was quite similar to the plates used in the.present program.

Elongation Measurements

The elongations of the test specimens with an increas;ng
tensile loading were measured on two gage lengths, 164" and 49“.

A modified e¢lip gage utilizing two SR-4 bonded bakelite
gages measured the elongatigns on the 163" gage length. The gage
length,was symmetrically located with respect to the mid-length
of the specimen. Four such gages were used on one face of thg
specimen, The 164" gage length was adopted so_that‘allkop_negyly“
all of the localized elongation of the specimen at the notch might
be included.

_ The measurement of elongations on the hOﬁ gage length_ygs
accomplished by using a spool ext@nsometer? Although the terminal

points of the extensometer mountings were placed on the pulling heads,
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see Fig, 17; making a length between attachments greater thag
40", the measured elongations were attributed; in view of the
thick head plates,; to the test specimen alone, These elongaf
tions were read to the nearest 0.005", F;gure 19 is a photo-
graph of a type IIT specimen with slip gages and spoocl extenso-

meter attached,

Temperature Control

The entire specimen was surrounded with an insulated
temperature control chamber with Plexiglass windows. Below
room temperatures were obtained by blowing air over ﬁry i@e_plaged
in a separate box and cireculating the cooled air into and through
the chamber. Above -room temperatures were obtained by plaeing elegs
trie strip heaters inside the chamber. Two thermccouples were
placed on each specimen rnear the notch to measure the temperature

of the steel.

Test Data

The detailed load elongation diagrams for each specimen are
given in Appendix "C", The data; inecluding temperatureé loads,
energy, character of the fracture and elongations; are summarized
in Tables 1-A to 9~A, inclusive of Appendix "A", The loads are
tabulated for three points on the loading curve: (a) the load
at which a visible crack was noted at the notch or edge of specimenj
(b} the maximum load observed:; (c¢) the load at complete fracture.
Tne energies absorbed (areas under load-elongation curves) are given

for the three loads for both the 164" and 40" gage lengths.
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Elongations of the specimens for both gage lengths are recorded
for the maximum and fracture loads. The charactsr of the fracture
is stated as a percentage of the fracture surfacz exhibiting a
shear failure, A specimen failing completely in the cleavage
mede is designated by 0% shear. All fractures ozcurred at the
notched crosse=sections,

The lozad necessary to establish a visible crack was cone
sidered to be important, as after a visible crack has been es-
tablished the effect of initial notch acuity is probably minimized
and a new acuity, that of the advancing crack, substituted.

The test data for each type of specimen has also been
summarized graphically in Figs. 1=B to 9-B of Aprendix "BY. These
gummaries are pletted from the data given in Tables 1-A to 9-=A4.

Subsequent sections of the report will discuss strength,
energy absorption and transition temperature as found for the
various specimen geometries. As an aid in discussing overall
effects the data for average maximum loads, and average energy
for 100% and 0% shear failures are given in Table 3 and graphically

summarized in Fig. 20.
DISCUSSION OF TEST RESULTS

Stresses at Visible Crack

With all notched specimens, the first visible evidence
of fracture showed az a small crack irn the root of ths notch
at the mid-thickness of the plate. As the load was increased; the
crack opened slightly, deepened, and extended towards the edges

of the plate. The crack reached the edge and "rcunded"™ the corners
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TABIE 3

SUMMARY OF RESULTS OF WIDE PLATE Dn STEEL SERIES WITH NO WELDMENT

Transition Ave . Energy to Max, Ave, Energy to Max,
Temp, °F Ave, Load to Load - ineh kips Load - inch kips
Based on Visible Crack Ave,Max Load-kips 163" gage length 40" gage length
Fracture 100% Shear OF Shear 100% Shear OF Shear 100% Shear O% Shear 100% Shear 0% Shesr
Type  Appearance Failures Fallures Failures Fallures V¥asilures Fsilures Failures Failures Remarks
d ad; Notch
I 42 3M7a)  374(3) w3y 387(3)  282(4) 92(3) 420(4)  112(3) ?eﬁzie?} zs:nHack ga: git
I 39 373(3) 381(2)  L48(3) 397(3)  230(3) 92(3) 410(3) 92(3) Edees & Notches Burned
111 53 371(2)  3w4(5)  455(2) 425(5)  255(2) 1138(5) 432(2) 215(5) v w m n
I 48 381(3)  383(3) 508(2) 438(3)  295(a) 135(3) 558(2)  262(3) v n o "
v 20 116(L) 426(L4)  590(4) 586(3) 658(3) 591(3) 145(4)  1109(3) noon " "
-1 42 368(4)  &1L(1)  502(4) L45(3)  510(4) 255(3) 791(4)  390(3) noom om n
X-2 52 37TL(5)  369(4)  508(5) Le8(3)  4=5(5) 378(3) 7h2(5)  677(3) v oo om "
%3 L2 L15(3)  387(3)  563(3) 553(3)  951(3) 851(3)  1505(3) 1264(3) fow n
T 25 580(2) 600(6)  2190(2) 1790(6) 3190(2) 2930(6) Net Width 10&"; Values

Inflated to Correspond
to 12" Net Width,

* Numbers in parentheses indicate
the number of tests inecluded in
the average.



ENERGY TO MAX. LOAD IN 1000 IN. LBS, OR MAX, LOAD IN KIPS

1600

1500

1400

1300

1200

1100

1000

900

800

700

600

500

400

300

200

100

T 7
40%G.L. _1
3190
- 4l 1 S (1D C ogrol. |1
40"G.L. 2/750\
16.5"G.L. _t
2190
16.8°G.L.
1770
16.5"G.L.
LEGEND:
AVERAGE ENERGY TO MAXIMUM 40"G.L.
oAb~ faove L
100% SHEAR SPECIMENS:
0% SHEAR SPECIMENS: - --—--
AVERAGE MAXIMUM LOAD- aoneL
100% SHEAR SPECIMENS: —o—— | | | }==-= Lt
0% SHEAR SPECIMENS: --0-~-
1857 G.L. ]
40" G.L.
40"G.L.
16.5% G.L. L 40" G. L |
18,57 G.L. |
—= o= "‘"3"‘
40" G.L. g
16.5% G.L.
—— —— -—-0--—=
—_—
—_———
—— | wovel el ---0--- -9 -- liI83vG.L.
[ 407Gk [0 --- [1e.5"6.L._
18.5" G. L.
185"G.L. | g suc . HO2NG-L. 1 402 6.L. | 18.5"G. L. |
———40"6G.L. |
16.5"G.L.
40" G.L. 168" G.L.F—~~-—~
oty 5. 1<V
16.5"G. L. s

TYPE I TYPETX TYPEII TYPEDIZ TYPEX TYPE X! TYPEX2 TYPEX3 TYPE Y

JHC. FLAME Toxd 135° |'é" R 90° as° |'/2" R
CuT FLAME FLAME FLAME FLAME FLAME FLAME
cuT cuT cuT cuT cuT cuT
FIG. 20 SUMMARY OF AVERAGE ENERGY AND LOAD
VALUES

SWARTHMORE COLLEGE



=2Q=

to the faces immediately pricr to maximum load.

The loads at which the first crack became visible were
recorded and are tabulated in Tables 1-A through 9-A. The unit
tensile stress at the first visible crack on the 15" wide sections
above and below the notches for all types of specimens; except
types V, X=3, and ¥, was approximately 33.5 k.s.l, On the 1an
wide reduced section, at the notch, the unit tensile stress was
about 41.0 k.8.i. For specimens exhibiting 0% shear failuresé
the unit stresses at visible crack are in substantial agreement
with those for specimens exhibiting 100% shear failures.

Types ¥V and X=3 are net in close agreement with the types
just considered. For both of these types,; the unit tensile stress
at visible crack was about 37.8 kos.i. on the 15% wide sections,
and 46,1 kos.i. on the 12" wide sections.

It appeara from these data that the strassesz at the vwisible
crack are relatively independent of the test temperature, and
independent of the mode of subsequent fracture. Some scatiering
of thess data is evident, but since the determination of the crack
was by visual inspection, it is expected that a certain amcunt

of scatter would be present,

Maximum Tensile Strenszilb

The results for Typss I, II, IIT1, IV and V, specimens having
edge notches at their mid-lengths, indicate that Type V with semi-

circular notches is superior in load carrying capacity. The lcad
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capacity of Types I and II are about the same although I had

a jeweler's hack saw notch and II a burned notch. Type V shows

a load improvement of 32% over Types I and II for 100% shear
failures and 52% for 0% shear failures. Types III and IV with
vee=type notches also show a siight improvement in load capacity
as compared with Type I. _

The results for Types X-1 and X-2 with the 15" long reduced
width sections terminating in end notches indicate a general
imprvement in load capacity over their edge notche@ counterpa;ts
represented by Types II and III, However, a comparison of Types
X-3 and V indicates V as slightly better.

Increasing the angle of the notches improved the strength
of specimens notched at mid-section. The less acute the notch the
greater the load improvement for specimens failing in 0% shear,
(See Table 3). In fact, for Types V and X—3; each having a notch
burned to a radius, the average maximum loads for either shear or
cleavage failures are essentially the same.

The average unit stress at maximum load for the individual
specimens of various types with varying temperature are compared in
Pigs. 21 and 22. Also, on Figs. 21 and 22 the maximum unit
stresses have been plotted for 3/4" square un-notched tensile
bars of Dn steel. These data agree with those on ,505" diameter
tensile bars presented in the Final Report2 of the University of
Illinois. Figure 21 also shows the results obtained by the Univer-
sity of California3 for 3" wide, 3/4" thick edge notched specimens
of Dn steel.
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Standard tensile bars show an increase in the ultimate
stress as temperature decreases. The 3V wide tests follow this
trend, with a discernable drop in value in the region where the_
transition from shear to c¢leavage fracture occurs. Notch effects
prevent the ultimate strength of the various 15" wide Types tested
from rising to the "par level® for the unnotched specimens.

The Type Y specimens also show an increase in maximum tensile
stress when test temperatures are lowered; except for é drop in
value in the transition temperature range. However, the maximum
tensile strength values are from 3 to % k.s.i. lower than those
for the 3/4" square unnotched specimens., Since previous inves-
tigatorsB have shown that maximum tensile strength of mnotched
specimens is little affected by specimen size, these lower values
for the unnotched Type ¥ series may be the result of edge hardness
and edge grooving due to burning. It should be noted too; that__
the 3/4% unnotched square specimens did not show a transition_from
shear to cleavage modes of failure in the range of test temperatures,

Specimens of the Type V series failing in the shear mode
exceeded the "par level" of maximum tensile stress established by
the 3/4" square unnotched specimens by 1 to 2 k.s.i. For specimens
of the Type V series which failed in the cleavage mode; the maximum
tensile strengths were 3 to 4 k.s.i. lower than the “par level",
There was a tendency for the specimens of the Type V series to show
increasing values of maximum tensile strength as test temperatures

were lowered.,
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To determine the effect of the edge and notch groovipg due_y
to burning; one specimen of Type V was prepared with the’notch sur-
faces ground smooth, This specimen was tested at_OOF3 25°p lower
than the transition temperature for the Type V series. The specimen
did not fail at 616 kips; the capacity of the testing machine. This
was 8 kips higher than the maximum load on any previcus Type V specimen.
The 616 Kip load produced an average unit stress equal to the unit
stress on the "par level" at OOFo

A comparison of Type I and the California 3" wide specimens,
is possible since each had square saw cut notches. Previcus inves-

)
tigations »3

have shown that for internally notched wide plates max-
imum unit stress is reduced by inereasing width while maintaining a
constant thickness., These findings probably account for the difference

in maximum tensile stresses between the 3" wide specimens and Type I.

Energy to Visible Crack

The energy absorbed by the test specimens to visible crack
was calculated for all types except type Y. These energies are
tabulated in Tables 1l-A through 9=A for energiez absorbed in the
164 and 40 in. gage lengths, )

For all specimens of types Xml; szé =34 the &longatipns
to visible crack and the energies to visible crack are greater than
for their centrally notched counter=partg on both the 16%" and 40"
gage lengths. It was shown in a preceding section that for all

types of specimens except types X~3 and V that the average unit
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stress on the 15" width of specimens was 33.8 X.s.i. and on the

12" width, 41.2 k.s.i. Since a greater proportion of the lengths

of the X-1, X~2 and X~3 Type of specimen are subjected to the higher
stress, 1t is to be expected that the elongations would be greater,
These increased elongations are reflected in higher energies to

the visible crack load. The average energies to the visible crack

load are tabulated for all specimens in the Tables of Appendix A.

Energy to Maximum Load

Energy absorption to maximum load, averaged separately for
100% or 0% shear fractures is given for all Types in Table 3.
Specimen Types I to 1V inclusive absorbed less energy than Types V,
X=ly X~24 and X=3, This is true for. either the shear or cleavage
medes of failure, The above general statements are equally true for
the average energy determinations for both the 164" and 4O gage
lengths.

The average energies to maximum load as given in Table 3 may
be misleading. Whereas, it has been generally ecxpected that energy
would decrease for cleavage fracture and generally be lower than the ‘
energy found in the shear mode, such has not always been the case.
Two factors, load and elongation, enter the determination of energy.
The maximum loads for certain of the Types were greater in the
cleavage than in the shear mode, and it was not unusual for elonga-
tions to be greater also. Broadly, a trend toward a decrease in
energy for the cleavage mode was significant only for Types I to IV
inclusive, and X~I1, For the other types, values for singles test
specimens generally show that energy in the c¢leavage mode can be as

great or greater than in the shear mode, (See Figs. 1-B to 9-B.)
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There is little question but that the separation of the edge
notches by the 15% slot length improves energy absorption. Increased
loads and increased elongations are each contributing to this improve-
ment. This can also be physically explained by the formation of two
regions of high plastic strain, one at each end of the dotted length,
rather than the single plastic region developed when notches are at
the mid-length only.

Energy to Fracture

Values for energy to complete fracture were calculated and
are tabulated in Tables l-A through 9-A, and are shown graphically
in Figs. 23 through 25.

Energies to fracture for specimens failing in the cleavage
mode are equal to the energy to maximum load. The values of energy
to fracture for specimens failing partly or totally in the shear mode
were greater than the energies to maximum load. The values for the
shear mode depended upon the readable elongations after maximum load.

There was a general trend for the loads at fracture, for
specimens exhibiting 100% shear fracture surfaces, to increase as
temperatures were lowered. In a few instances (¥-Fl2, X1-C3,)
specimens tested near the transition temperature failed suddenly at
the maximum load but still exhibited 100% shear fracture surfaces.
The test temperature at which single specimens absorbed the greatest
energy to fracture was 50 to IOOF above the transition temperature
for all types. (See Figs. 23 through 25). At higher temperatures
there was marked tendency for the energies to be somewhat less than
this value. At lower temperatures, within the transition zone from

shear to cleavage modes of failure, there was a considerable drop in
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the energy values. The energies remained low on further lowering
of test temperatures, except fgr Types III, X-2, X-3, and V. The
results for these types indicated a tendency for the energies to
rise again to some higher level., However, it cannot be established
from the limited data available whether this represents scatter or
a natural phenomenon.

None of the notched specimens were capable of absorbing as
much energy as the unnotched Type Y, when the values for that speci-
men were expanded to corresvond to 12" width, the net width of the
other specimens. The cldsest approach to Type Y were the specimens
of the X-3 series. The average energy to fracture for these speci-
mens was about 55% of the average of Type Y. The specimens of the
Type I series absorbed an average energy to fracture which was about
15% of the average value for Type ¥. All centrally notched types
exhibited average energies to fracture which were less than 20% of
the average value for Type Y, with the single exception of Type V
which was about 40% of the average Type Y value.

As in the case of the average unit stress and energy to
visible crack, the energies to fracture for the X-1, X-2, X-3
types were higher than thé energies far their centrally notched

counterparts.
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Transition Temperatures

Transition temperatures for all types are summarize@ in
Table 4..They have been determined as single values of temperature
and as temperature ranges.

The basis for selecting single values of transition temperature
is as follows: The mid-value between maximum and minimum values of
percent of shear, or energy to maximum load, or energy tq fracture,
where the latter quantities were separately plotted against temper-
ature, was first located. #n intersection of the mid-value line with
the curve in question determined the single value of temperature de-
fined as transition temperature. Transition temperature ranges were
determined as the temperature zone within which there was a likeli-
hood of an abrupt change in energy level or a change in fracture from
a shear to a cleavage mode.,

In general, the transition temperatures and ranges fora given
Type of specimen were about the same; regardless of whether they were
based on fracture gppearance; energy to maximum load? or energy to
fracture, Minor variations of this vecur particularly for Type Y,
when the transition temperature was 10 to 120F lower bhased on energy
than when based on fracture appearance.

A1l types except V and Y might be sald, with small error, to
have a transition tempergture of about H5OF. The effect of the less
severe notching of T&pe V is to lower the transition temperature to

approximately that of the unnotched Type ¥, 20 to 25°F,
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TABLE 4

TRANSITION TEMPERATURES

o

-

Baged on Energy

Based on _ Based on Energy
Type of Fracture te Maximum to PFracture
Specimen  Appearance Load '
Single Pt. Range Single Pt, Range Single Pt. Range

I L2 45 to 60 45 or 57 45 to 60 38 30 to 45
II 39 4O to 50 35 L0 to 50 39 LO to 50
III 53 50 to 60 48 50 to 60 46 50 to 60
Iv L8 45 to 50 L5 45 to 50 L6 45 to 50
v 25 25 to 30
X=1 42 LO to 45 40 40 to 50 42 40 to 50
X-2 52 30 to 55 52 30 to 55 52 30 to 55
X-3 42 L0 to 45 42 LO to 45 L2 L0 to 45
Y 25 20 to 30
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Type I having notches produced by Jjewelers hack saw cgts,
has essentially the same transition temperature as Type II with
burned notches. The acuity of the notch is definitely different _
until the visible crack occurs at the notch. It may be postu;ated
that the acuity of the visible crack is the controlling factor__
instead of the origin;i notch, The visible crack should alsoestablish
the notch acuity fof Types V and Y. This is apparently confirmed by
their near equality in transition”temperatureo The fact that these
Types show a lower transition than the others may be due to the higher
local strain in the region of the initial crack, thns shifting the

transition downward.
CONCLUSIONS

The following conclusions are based on an analysis ofqthe
test results of tensile specimens made from Dn steel. The specimens
were 15" wide,* 40" long, and 3/4" thick, having flame cut edges
and edge notches of varying geometry. The edge notching va:iations
including square cut notches using a jéweler“s hackmsaw; square
cut flame cut notches; flame cut Vee type notches with variations
in the notch angle from 90O to 13509 and flame cut semi-cireular
notches. All notched specimens had a net width of 12". The
specimens were either notched at mid=jength or at the ends of a
159 iong section having a reduced midth of 12", _

The basis for selecting single transition temperature values

is as follows: The mid value between maximum and minimum values

* Except for unnotched specimens which were 104" wide and faired
to a 133" width at the ends.
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of; (a) the percentage of shear failure observed in the fracture

surface, (b) energy to maximum load, or (c) energy to fracture,

where the percentage of shear and energy values were separately

plotted against temperature.

(1) For any of the criteria stated above, the transition

(2)

(3)

temperature does not appear to change significantly

with a change in the geometry of the flame cut edge
notches investigated, except in the case of semi-
circular notches at mid-length. The transition tem-
perature for the latter form of notch is approximately

20 to ZSOF lower than the results for the other noteh
formsy, and is approximately the same as the transition
temperature for flame cut unnotched plate.

The transition temperature of specimens having flame

cut notches are approximately equal to the transition
temperature found for specimens having jeweler's hack=
saw notches, the semi-circular notch excepted,

The transition temperature of 10#" wide unnotched specimens
with flame cut edges is approximately 20 to 25OF lower ‘
than the transition temperature for the notched specimens,
except for the types having semi-circular notches at

mid-length. In the latter instance, the transition tem-

perature was essentially the same as for the umnotcHed

spe ¢clmens.
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(5)

(6)

(7)

(8)
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The tensile strengths are severely impaired by edge nobhing
but the impairment is less as the included angle of

the notch is increased. None of the notched specimens
except those wifh notches cut to a radius have strengths
approaching the tensile strength of unnotched bars.

The tensile strength of specimens having the shear

mode of fracture exceeds that of specimens having a
cleavage mode of fracture; except in the case of
notches cut to a radius. For these speeimens thg
strengths are approximately equal for the two modes

of fracture, _

The energy absorbing capacity to maximum load and to
fracture 1 severely imvaired by edge notchingf The
energy to maximum load absorbed by specimens fracturing
in the cleavage mode is less than the energy absorbed
in the shear mode of fracture excent for unnotched
specimens and for those specimens with notches cut to

a radius, where the energy to maximum load absorbed

in the two modes of fracture may be nearly equal.
Specimens with notches cut to a radius show less
impairment in load and energy absorbing capacity to
maximum load compared with unnotched specimens than
any other form of notch investigated.

Specimens notched at mid-length show less strength and
energy absorbing capacity to maximum lcad than thelr

counterparts having a reduced width section 15" long.



-l

BIBLIOGRAPHY

i. ”Correlatlon of Laboratory Tests with Full Scale Shlp Plate
Fracture Tests", Serial No. SSC- 9, Dated March 19, 1947,
Gensamer, Klier; Prater, wagner, Mack and Fisher.

2. Final Report, "Cleavage Fracture of Ship Plates as Influenced
by Size Effect"; Serial No. SSCulO; Dated June 12, 1947;
Wilson, W. M.; Hechtman; R. A., and Bruckner, W. H,

_ University of Illinois

3. Final Report, "Causes of Cleavage Fracture in Ship Plate;
Flat Plate Tests and Additional Tests on Large Tubesg
Serial No, $5C-8, Dated January 17;_1947, \
Davis, H. E.; Troxell; c. E.; Parker; E. Rey Boodberg; Aa;
and O'Brien, M. P.

University of California



- 45 -

ACKNOWLEDGMENTS

The investigation and report were under the direct super-
vision of Samuel T, Carpenter; Chairman of the Department of Civil
Engineering, Swarthmore College; with Professor Roy F. Linsgnmeyer
as an investigator and collaborator. Tests were conducted under
the supervision of R. F. Einsanmeyer; E, Kasten and A. W. Zell.

Theodore Bartholomew and Bugene Urban have prepared al;_
test specimens and assisted in testing. Drawings of the report
were made by John Calvin and John Simon. Frances M. Wills has
aided in the stenographic duties,

The investigators are deeply indebted to Mr. James B.
Robertson, Jr., and to the members of the Advisory Committee re-

presenting the Ship Structure Committee, for their many contributions.



APPENDIX A



Spee,
No.

B3
Bl

A8

A3

Spec.
Ko.

TEmp .

oF

78
66
60
56
L5
40
35
30

Flat Plate Tests — Size: 15" wide x 3/L" thick x 40" long

- u6

TABLE 1A

DN Steel - Type I Specimens

Two External Notches 13" Long

Jeweler's Hack-saw Cut

% Shear loads in Kips
Fracture Visible Max. Fract.
Surfaces Crack

100 370,0  446.0  160,0
100 3740  426.0  180.0
100 3710 450.5 165.0
75 35,5 Llh.2 21,0
100 376.5 439.3 160.0
25 %6,3 3915 300.0

0 390.0 390.0 322,0

0 366.2 389.0 389,0

To Maximum Load

Energy in Inch Kips

To gis. Crack L

To Fracture

164" Lom 164" Lov 164" Lon
12.0 L4,O  245.0 434,60 450.0 668.,0
66,0 66,0 208.0 360.0 410,0 616,0
32,0 0.0 3050 500.0 L40.0 677.0
20.0 24,0 1540 246,0 385.0 495.0
66,0 52,0 205.0 35,0 401.0 602,0
13.0 32.0 110,0 T2.4  285,0 4.0
114,1 -— 1141 122,54 166.0 -
19.8  35.0 73.0 102.0  73.0 90,0

*Energy and elongation glven for 163" and LOP Cage Lengths
#*Unsymmetrical Tear

Tenp.
°F.

o 8 8 8 8 &

% Shear
Fracture Vislble Max. Fract.
Surfaces  Crack
100 364.2 L4L.O
100 386.5 463.2
100 370.7  LALLO
5 37L.8  415.0
0 388.0  404.0
0 —— 387.0

Flat Plate Tests - Size: 15" wide x 3/L" thiek x 40" long

TABLE

24

DN Steel = Type II Specimen

Two External Notches 14" long with 1/16" Root Radius

loads in Kips

155.0
1,1.0
165.0
15,0
404.,0
387.0

163

0.0
20.0
21.0
55.0
67.0

Flame Cut

Ener
Lo" 16in
50.0  240.0
40,0 215.0
B.0 23,0
57.0 153.0
61.0 91.0

*Fnergy and elongation given for 163" and LO" Gage Lengths

in Inch Kips*
To Vis. Crack To Maximum Load

Lo 16én

Lo0.L  508,0
425.0 540,0
405.0 423,0
153.0 267.0
93.0
85.0

91.0
85,0

To Fracture

Lo

682,0
750.0
680.0
267.0
93.0
85.0

Elongation in Inches®

Max, Load

1640

0.620
0,540
0.750
0.400
0.530
6,300
0.300

0,200

Lom 1640

1,075 1,125
0.945 1,050
1,225 1,100
0.655 1,070
0,990 1.050
0.315 0,830
0,350 0.450
0,300 -

n in

Inches®

Fracture

LO"

1.65
1.60
1,750
1.315
1,550
1.025

Elongatio
Max, ad

164

0.60 1.
0.53

0.58

1,
1.
0.40 O,
0.265 0.

0.

Fracture

Lon 16;n

030 1.20
1,30

1,20

OL
01

70 0.40

275 0.265

250

Lon

1.75
1.85
1.70
0.70
0.275
0.250



Spee,

No,
**B7

A0

# B9

A1

#% B10
Bl
A9
Al2

Spec,
No,

4
<9
cé

=
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TABLE 3A
DN Steel = Type III Specimens
Flat Plate Tests - Size: 15" wide x 3/4" thick x LO" long
Two External 90° V Notches

Flame Cut

loada in Kips

Ener,

in Inch Kips

Temp, % Shear Viaible Max, Fract, To Vis. Crack To Maximum Load To Fracture
°F, Fracture Crack 164" pom 1640 Lo" 1640 Lon
Surfaces

95 100 365.0 411,0  360,0 34,0 67,0 232,0 370.0 557.0 651.0
80 100 373.0  L50.8 170,0 66,0 62,0 220,0 40,0 510.0 702.0
73 90 370.0  M6.8 33,5 40,0 55.0 134,0 278.0  L69.0  654.,0
60 90 375.0 393,0 160.0 4,0 50,0 90,0 86,0 46,0 3240
50 90 78,5 403.0 180,0 20,0 0.0 80.0 102.0  280.0 470.0
L0 25 368,0  460,0 L400.0 24,0 0,0 218.0 4000 3W0.0  524.0
30 0 370 387.0 387.0 10.0 24,0 55,0 78.0 55.0 78.0
20 0 L0 470.0  470,0 13.0 23.0 150.0 4.0 150,0  314.0
5 0 375.5 4L25.0 425,0 10.0 2.0 97.0 162,0 97.0 162.0
#Energy and elongation given for 163" and 40" Gage Lengths

##naymmetrical tear

TABLE 3A (a)
DN Steel - Type III Specimena
Flat Plate Tests - Size: 15" wide x 3/4" thick x 4O" long
Two External 90° V Notches
Flame Cut
TE‘;F. gri:::e i“d: 1:&3:. Fract, To Vis, Crack %Eﬁ‘ﬁ%m
Surfaces Crack 164 Lom 164" LOm 164" Lo

60 100 370.5 45L.0 365.5 40.0 46,0 286.0 436,0 485.0 693,0
50 k) 377.0 k1.2  95.0 35,0 50.0 177.0 275,0  365.0 470.0
40 ] 375.5 42,0 420.0 11.0  55.0 142.0 20.0 142.0 230.0
20 0 380.0 465.0 465.0 12,0 23.0 18.0 285.0 148.0 285.0

#Energy and elongation given for 164" and LO" Gage Lengths

Elongation in Inches#
Max. Load

'ﬂl&i"

0,57
0.56
0.36
0.25
0.22
0.53
0.15
0.38
0.25

40"

1.00
1,075
0,745
0.285
0.295
0.99
0.24
0.775
0.435

Fracture

164"

.40
1.3
1.21
1.21
1.10
0.81
0.15
0.38
0.25

Lon

1.75
1.75
1.70
1.15
1.30
1.25
0.24
0.775
0.435

Elongation in Inchee
Max, acturae

164n

ad
LKo"

0.70 1.085
0.45 0.725
0.36 0.61
0.36 0,70

164"

1,2

0.45
0,36
0.36

mn

1.675
0.725
0,61
0.70



Spec,
No.

C5
c2
Bl2
c3
1

Spec.
Na.

Gl
Fl
12

T »
oF.

78
60
50
h5

10

Flat Plate Tests = Size: 15" wide x 3/L" thick x 4OV long
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TABLE 4A

DN Steel = Type IV Specimens

Two External 1359 V Notches

Flame Cut

% Shear Loads in Kips Energy in Inch Kips Elongation in Inches#
Fracture YVisible Max, Fract., To Vis, Crack To Maximum Load To Fracture Max, Load Fracture'
Surfaces Crack 164" 40" 1641 4Ot 1647 Lot 164" L0 I6dm Lom
100 368.0 480.0 105.0 440 52.0 287.0 480.0 677.0 920.0 0,70 1,215 1.70 2.30
100 390,0 54,0  235,0 54,0 70.0 305.0 575.0 631.0 935.0 1.3k 0.70 2,10 1l.14
100 |67  501.0 165.0 92,0 100.0 288.0 5L0.0 64L6.0 932,0 0,69 1,31 1,50 2.20
0 390.0 482,0 482.,0 85,0 94,0 210,0 L40,0 210,0 L40,0 0,53 1.10 0.53 1.10
0 385.0 407,00 4D7.0 81,0 100,0 112,0 199.0 112.0 199.0 0,30 0,55 0,30 0.55
0 375.0  427.0 427.0 132 25.0 120,0 5.0 81,0 145,0  0.21 0.39 0.21 0.39

*Energy and elongation glven for 164" and LO" Gage Lengtha
*Unsymmetrical Tear

Temp.
emp

% Shear

Yoads in Klps

DN Steel - Type V Specimens

TABLE JA

Flat Plate Tests - Size: 15" wide x 3/4" thick x LO" long

1 1/2" Radius Notch

Fnergy in Inch Kips

Flame Cut

Fracture Vislble

Surfaces
100
100
100
100

10

50

Crack
425.0
425.0
423.5
391.5
412,0
420.0
437.3
434.0

Vax.

590.2
604.0
602.5
563.8
564.0
607.0
567 .8
587.5

Fract.

210.0
235.0
235.0
305.5
564.,0
607.0
331.0
587.5

To Vis.

1630
75.0
122,5
87.5
112.5
66.5
150,0
145.5

Crack
Lon

125.0
107.5
165.0
127.5
237.5

92,5
305,0
247.5

To Maximum Load

1630

791.0
722.5
L60,0
492.5
707.5
490.0

574.0

#Energy and elongation given for 164" and 4LO" Gage lengths

Lo
1,135.0
1,290.0
1,290.0

867.5

977.5
1,286,0

97745
1,065,0

"To Fracture

1637

1,001.5

1,007.5
735.5
492.5
707.5
802.5

5740

LO"
1,440.,0
1,492.0
1,590.0
1,172.5

977.5
1,286.0
1,262,5

1,065.0

Elongation in Inches®

Max, Load Fracturs
1640 40" 16km o
1.115 2.25 2,00 2,91
1.23 2.2, 2.06 2.89
1.41  2.55 2.23 3.8
(96 1.845 1,50 2.45
1.05 2.09 1.05 2.09
1.34  2.47 134 2.47
105 2,09 1,71 2,67
1.10 2.6 1.10 2,16



-y .

TABLE 6A

DN Steel - Type X-1 Specimens

Flat Flate Tests ~ Size: 15" wide x 3/4" thiek x 40" long

0 = 0% d = 157 b = 12

Spec, Temp. & Shear

No. OF. Fracture
Surfaces

c1 60 100

c3 50 100

D5 45 100

Db 45 100

c2 40 0

7 35 0

o, 20 0

## [nsymmetrical tear

Flame Cut

Loads in Kips Energy in Inch Kips
Visible Max, Fraet, To Vis, Crack To Maximim Load
Crack 164" wr 16ie 40"
375.3  507.5 —R 114.0 172.8 558.8 870.4
385.0 510.3 510.3 159.6  199.6 566.4 848.4
375.0  482.0 140.0 114,0 146.0 420.0 664.0
340.0  503.5 244.0 31.2 51.2 492.8 782.0
.0 476.0  476.0 177.4  237.3  331.0 559.3
- 471.5 - 98.4 101.8 1333.0 430,0
— 386.0 386.0 -— -— 108.1 193.0

* Energy and elongation given for 164" and LO" Gage Lengths

ggfc. Tg?p.
D10 %
E2 60
B 55
D1 50
D3 50
b9 40
D2 40
D1 30
D8 15

#*Energy and elongation given for

% Shear Loads in Kips

Fracture Visible Max, Fract.
Surfaces Crack

100 350,0 497.0 160.0
100 5.0 486.0 363.0
100 375.0 507.3 370.0
Y 350,0 501,0 501.0
10 376.0  493.0 491.5
100 400,0 517.0 293.5
100 3%4.5 452,0 307.0
0 378.0  502.5 502.5
0 375.0 511.0 511.0

TABLE 7A

DN Steel - Type X2 Specimens

Elongation in Inches*

To Fracture

164" LT
—wn oex 1,31
- 1,302.0 1,35
760.0 1,082.0 1.05
832,0 1,141.0 1,16
3310 559.3 .88
333.0  430.0 .84
108.1  193.0 .30

Max, Load

Lon 16%n

2,05 —
2.135 3.82
1.635 1.90
1.87 2.05 2
1..1 .88 1
1.350 .84 1

55 .0

Flat Plate Tests - Size: 15" wide x 3/4" thick x 4O" long

8 = 45% d = 15"; b =120

Flame Cut

Energy in Inch Kips
To Vias. Crack

164"

8l.6
102.4
107.2

40.0

86.8
120.0

90.0

80.4

9l1.2

Lo"

82.8
1544
130.4

68,0
106.4
162,0
108.8
105.2
110.8

To Maximum Load

16in

L49.6
410.8
512,0
404.8
418.0
L77.6
2684
355.4
420,0

164" and LO" Gage Lengths

Lon

8L9.2
725.6
842,0
701.6
720,0
818.8
470.4
6242
709.6

1g;“FractuZ8"

768.,0 1,187.2
838.0 1,187.6
866,0 1,277.2
4048 701.6
487.6 854.0
903.2  1,274.8
616.4 904.8
355.4 624,2
420.0 709.6

Fracture

L.o"

3.115
2.650

75
4l
.350
.55

Elongation in Inches"

Wax.
164"
1.07
1.00
1,18
.95
1.70
1,08
.69
.83
.98

Load

LoV 16;n

1.82 1,815

2,00 1.795
1.99

1.67

2,05

«95
1.1,
2,05

1.725
1.845
1,55 l.225
1.475 .83

.98 1.65

Fracture

w"

2.7
2.85
3.00
1.67
2.00
2.91
2,30
1.475
1.65
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TABLE 8A

DN Steel - Type X-3 Speclmens
Flat Flate Tests - Size: 15" wide x " thick x LO" la
R=14"; d % 157; b = 12"

Flame Cut

__Loads in Kips Energy in Inch Kips

Elengation in Inches*

Spec, Temp. %Shear Visible lax, Fract., To Vis, Crack To Maximum load To Fracture Max, Load Fracture
No, °F,  Fracture Crack 164" Lom 164" Lo 163" LO" 164" Lo 164" poOn
Surfaces
E9 55 100 22,0 s568,1 125,0 167.0 249,0 1,096,0 1,620.5 1,483.5 2,060.5 2,20 3.33 3.09 4.285
D12 L5 100 422,0 581,8 1356,0 192.0 242.0 1,272.0 1,902,0 1,632.0 2,345.0 2,70 3,77 3.53 L.75
Eb6 40 0 361,0 535.,0 535,0 100,0 111,5 611,5 995.0 611.5 995.0 1.3 2,255 1,36 2,255
E7 10 0 379.2 531.5 531.,5 112.5 147.5 570.0 900.0 £70.0 900,0 1,28 2,04 1,28 2,04
E3 30 100 401.0 540,0 329.0 L46,0  210,0 L840 994,0  915,0 1,496.0 1,30 2,22 2,00 3.3
E4 20 0 422,0 592,0 592,0 154,0 200.0 1,371.0 1,897.5 1,371.0 1,897.5 2,50 3.655 2.50 3,655
#*% ES5 20 -— 380 - — - _— —_— — — _— - - - -
* Energy and elongation given for 164" and LO" Gage Lengtha
% #Fgiled in weld before maximm load
TABLE g5

Spee,

No.

[

F13
G3
G10
G2

DN Steel - Type Y Specimensa

Flat Plate Testa — Size: 1:2&" wide x 3/4" thiek x 4LO" long

Unnotched

Flame Cut

Temp. % Shear Loads in Kips Energy in Inch Kips

Elongation in Inches*

OF. Practure Visible Max, Fract. To Vis, Crack To Maximum Load To Fracture Max, Load Fracture

Surfaces Crack 164 4o 164" Lo 1630 LO" 164" Lom 16kn 4on
40 100 —  508,0 112,0 — — 1,620.0 2,525.00 2,775.0 3,400  3.59 6.05 6.32 7.58
0 100 —  507.5 507.5 — === 2,220.0 3,060.0 3,210.0 3,480.0 4,85 6.775 6.80 7.575
20 0 ——  511.4 502,5 — — 1,833.0 2,607.0 2,463.0 3,069.0 3.94 5.75 5.18 6,685
0 0 —  500.0 500,0 — — TI7.5 L.44T7.5 717.5 L1,447.5 1.75 3.425 1.75 3.425
0 ] -—  530.5 530.5 — — 1,835.0 3,190.0 1,835.0 3,190.0 3.80 6.71 3.80 6.71
-10 0 —  535,0 535.0 -— — 1,900.0 3,000,0 1,900.0 3,000.0 3.98 6.325 3,98 6,325
-10 0 -—- 529.0 525.0 — ~— 1,375.0 2,595.0 1,590.0 2,960.0 2.93 5.58 3.35 6.28
-30 0 -——  545.0  545.0 — -— L,745.0 2,565.0 1,745.0 2,565.0 3.55 5.35 3.55 5.35

*Energy and elongation given for 164" and 40"

Gage Lengtha
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