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RESTRICTED

ADDITIONAL NOTES ON THE CONDITIONS OF FRACTURE

OF MEDIUM STEEL SHIP PLATES

ABSTRACT

A series of medium steel tensile specimens each 24 inches long, 12

inches wide, and 3/4 inch thick, with a notch at midlength and midwidth, were

tested to rupture under static loading at various controlled temperatures.

It was found that the degree of ductility as well as the mode of rupture was

affected by the temperature. A specimen notched with a hacksaw cut broke

with a cleavage fracture at a temperature of 75 degrees fahrenheit whereas a

similar specimen when tested at a temperature of 100 degrees fahrenheit broke

with a shear rupture. The characteristics of the breaks were not altered by

the presence of sharp fatigue cracks at the ends of the sawcuts.

INTRODUCTION

Earlier accounts of the progress of thought at the David Taylor

Model Basih about the plastic behavior of metals have been given in previous

reports (1)* (2) (3) (4). Summarizing briefly, these stated that in many ap-

plications the capacity for elongation in shipbuilding steel is thought to be

more important than its strength, and that the elongation, even in steel or-

dinarily quite ductile, may drop to extremely small values when the history,**

geometry, and temperature of the specimen, and the speed of the load appli-

cation, or rate of strain, fall within certain limits. The main purpose of

continued work at the Taylor Model Basin is to find certain of these limits

as they apply to the distinction between cleavage and shear modes of parting.

In the present report the following arbitrary terminology is used.t

A plate is said to be brittle if the plastic reduction in thickness does not

exceed 2 per cent at'the fractured surface; otherwise it is said to be duc-

tile. The break is called a cleavage fracture if the parted surfaces are

perpendicular to the plane of the plate. Thus it is possible to have either

a brittle or a ductile cleavage fracture depending upon the amount of plastic

elongation in way of the notch prior to rupture. If the parted surfaces are

inclined to the plane of the plate, the break is called a shear rupture.

* Numbers in parentheses indicate references on page 18 of this report.

* By history is meant the chemical, metallurgical, and mechanical treatment of the metal up to the time
of the test. By geometry is meant the configuration of the specimen, such as the overall dimensions

and the size, slape, and location of the notch.

t This terminology has already been accepted by the various agencies working under the Bureau of Ships
of the Navy Department, the U.S. Coast Guard, and the National Defense Research Committee for current
studies of the structures and the materials of welded merchant vessels.



2

GENERAL CONSIDERATIONS

The exploration of the effects of variation of the four parameters

mentioned, i.e., history, geometry, temperature, and speed of loading, even

when it is limited to the simple determination of whether fracture is by

cleavage or shear, is still an immense task. One way to break this task down

is to maintain one parameter, say the rate of strain, approximately constant,

and to vary the other three while attention is focused upon them. In current

work at the Taylor Model Basin this is being-done. The average strain rate

in all tests is of the order of 10- 4  , and the history, geometry, and tem-sec o and the history, geometry, and tem-
perature are varied.

The complexity of the problem, which involves the plastic behavior

of metals, is very great; the best treatment of the subject in brief form is

given by Gensamer (5). A systematic attack on this whole problem needs the

collaboration of many agencies. Several of these are already working direct-

ly on the plastic behavior of ship steel, and others are active in closely

related lines. A central office is needed to receive, digest, and promptly

make known to all of the agencies concerned the plans, progress, and test

results of each of these agencies as they relate to the subject. From such

a service of information, a general agreement on the main elements of the

problem and methods of attack might be expected.

In the meantime most of the work now underway at the different

agencies still has the character of reconnaissance. Such is the nature of

the tests described in the present report.

TEST SPECIMENS AND PROCEDURE

The present series consisted of eight test specimens. The speci-

mens were cut from medium steel plating 3/4 inch thick with the length of the

specimens parallel to the direction of rolling; they were 24 inches long and

12 inches wide.

The specimens were designed and tested to show the effect of cer-

tain variables on the type of fracture. The variables were: 1) three degrees

of sharpness of the notch; 2) temperature; 3) history, such as strain aging

in the region of the notch, and local heating and quenching of the plate in

the region of the notch.

All of the specimens were notched at midlength and midwidth. Data

on the form of the specimens are given in the sketch, Figure 1. Three of

them, Specimens 113, 114, and 115, each had a notch consisting of a simple

circular hole 2.4 inches in diameter. The remaining width in way of the

notch was thus 9.6 inches; the net area was 7.2 square inches.
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Figure la - Sketch of Specimens 110, 111, and 112 Figure lb - Sketch of Specimens 113, 114, and 115

Figure 1 - Form of Tensile
Test Specimens

Hacksaw Cut Foatigue All specimens were 24 inches long. Specimens 113,

Crock 114, and 115 contained a hole 2.4 inches in dia-
meter. Each of the other specimens contained a
hole 3/4 inch in diameter with a hacksaw cut on
either side which brought the total width of the

2 notch to 2 3/8 inches. In Specimens 116 and 117

fatigue cracks about 3/32 inch long were developed

S12" 1 at the end of each sawcut before testing.

Figure Ic - Sketch of Specimens 116 and 117

The other five specimens had approximately the same net area in way

of the notch, but they had a different type of notch. In these specimens the

notches were formed by drilling a hole 3/4 inch in diameter and then making

a hacksaw cut 13/16 inch long from each side of the hole on the diameter per-

pendicular to the long edge of the plate. In two of these specimens, 116 and

117, shallow fatigue cracks were induced at the ends of the sawcuts by cyclic

loading in the alternating-load testing machine. Thus the notches in these

two specimens had the same sharpness as natural cracks. The additional

length of each of these cracks was about 3/32 inch.

Without systematic investigation of the effects of history, two of

the notched specimens were given treatment affecting their history. Speci-

men 114 was heated locally with a torch played on the inner surface of the

hole and then quenched by immersion in water. Although it is realized that

the plate was of low carbon steel and therefore would not be greatly affected

by such treatment, the treatment was considered significant since it is sim-

ilar to that sometimes used in shrinking and straightening operations in

shipbuilding.

Specimen 112 was cold-worked mechanically with a severity not un-

like that encountered in the fabrication of ship hulls. After the plate was
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notched, it was bent lengthwise as a beam until it took a permanent bow of

about 1 inch, by a load applied through a fulcrum of about 1/2 inch radius,

placed transversely at midlength. It was then turned over and bent out of

flat the same amount in the opposite direction. It was finally straightened

to its original flatness. The strain-aging resulting from this operation was

expedited by heating at about -00 degrees fahrenheit for 2 hours.

The surfaces of the specimens were ruled with longitudinal and

transverse lines, as shown in the photographs following, to give a visual

indication of the strain pattern as plastic deformation took place.

After the specimens were prepared for testing, the remaining vari-

able was the temperature at which the specimens were tested. The main point

of interest in these tests was the nature of the fracture, i.e., whether the

plates ruptured in the cleavage or the shear mode. It was desired to so

choose the temperatures at which the different tests were conducted that some

of the specimens of each group would break in the shear mode and others in

the cleavage mode. Thus the temperature at which the transition from shear

to cleavage rupture occurred would be bracketed within a certain temperature

range. This was not always accomplished because of the limited number of

specimens of each type available for test.

TEST RESULTS

The results of the tests are summarized in Table 1.

Specimen 110 was tested at a temperature of 75 degrees fahrenheit.

It broke with a ductile cleavage fracture as can be seen from the photograph,

Figure 3 on page 9.

Specimen 111, which was similar to Specimen 110, was tested at a

temperature of 100 degrees fahrenheit. It broke with a ductile shear rupture

as shown in Figure 4 on page 11.

Specimen 112 was similar to Specimen 111 except that it was cold-

worked mechanically and strain-aged as described in the preceding section.

When tested at a temperature of 100 degrees fahrenheit, it broke with a

cleavage fracture.

Specimen 113 contained a hole 2.4 inched in diameter. When tested

at a temperature between 80 and 90 degrees fahrenheit it failed with a duc-

tile shear rupture as shown in Figure 5 on page 13.

Specimen 114 was identical with Specimen 113 except that it was

heated and quenched as described in the preceding section. It was tested at

a temperature of 75 degrees fahrenheit. This specimen exhibited a large

amount of plastic elongation before cracking, which started as a ductile



TABLE 1

Results of Static Tension Tests of Medium Steel Plate

The tests were made to study the effect of temperature and of the
sharpness of the notch on the type of fracture.

Width of Hole Temperature Maximum Stress at
Specimen and Notch degrees Load Maximum Load Fracture Remarks

inches fahrenheit kips kipsitt

Cleavage fracture 1 1/8 inch long at

110 2 3/8 Notch t 30 42.0 Cleavage 302 kips load followed by complete
3/4 Hole cleavage fracture at a load of 303

kips.

2 3/8 Notch 100 341 47.3 Shear Crack visible at surface at a load
3/4 Hole of 330 kips.

2 3/8 Notch 100 358 49.5 Cleavage Plate strain-aged by bending and112 3/4 Hole 100 gheating.

113 2.4 Hole 85t 435 60.5 Shear Normal shear rupture.

Cleavage fracture when increasing
Shear load to 329 kips after the shear

114 2.4 Hole* 75t 454 63.0 then cracks had progressed 2 1/4 inches
Cleavage at the left side of the hole and

3/4 inch at the right side.

115 2.4 Hole 75t 421 58.5 Shear Normal shear rupture.

2 3/8 Notch** Short initial cleavage fracture at
116 3/4 Hole 70t 278 39.5 Cleavage each end of slot at a load of 261

kips (37 kipsi).

3/2 Hol Notch 100 330 46.9 Shear Normal shear rupture.
31 /4 HoleI I

* The periphery of the
quenched in water.

** In Specimens 116 and
determine the effect of

hole in Specimen 114 was heated to above the critical temperature and

117 a fatigue crack 3/32 inch long was started at each end of the sawcut to
a very sharp notch compared to that of the sawcut notch of Specimens 110

and 111.

t The reduced temperature for Specimens 113, 114, 115, and 116 was obtained by cooling with ice;
Specimen 110 was tested on a cool day at a temperature of 75 degrees. In nearly all of these tests
the temperature around the notch increased because of plastic straining.

tt The abbreviation kipsi is used to designate thousands of pounds per square inch.

shear rupture and then shifted to a cleavage fracture, as may be seen in

Figure 6 on page 15.
Specimen 115 was identical with Specimen 113. It was tested at a

temperature of 75 degrees fahrenheit; rupture was in the shear mode.

Specimen 116 was similar to Specimen 110 except that it contained

shallow fatigue cracks at the ends of the sawcuts. When tested at a tempera-

ture of 70 degrees fahrenheit it broke with a cleavage fracture.

Specimen 117 was identical with Specimen 116. When tested at a

temperature of 100 degrees fahrenheit it broke with a shear rupture.

A representative true-stress-strain curve obtained from the test

data on three standard 0.505-inch round tensile test specimens machined from

the plate from which the specimens were cut is given in Figure 2.

I_ I_____I __ 1__1_ I_ _ _
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Figure 2a - Data Plotted on Rectangular Coordinates
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Figure 2b - Data Plottea on Log-Log Coordinates

Figure 2 - True Stress-Strain Curve for the Medium
of the Specimens Described in This Report

Steel

The experimental points may be represented by the analytical expression a = 108 c0.224

as evidenced by the linearity of the data in Figure 2b. The slope of the line is 0.224
and the intercept at E = 1.0 is 108. In this plot a is the true stress and E = log A
is the natural or logarithmic strain.

It should be noted that as the logarithmic strain approaches unity the experimental
points lie above the straight line drawn.

* The abbreviation kipsi is used to designate thousands of pounds per square inch.
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(For the convenience of the reader in referring to the figures,

this page is left blank so that related text and figures appear

on facing pages.)



DISCUSSION OF TEST RESULTS

Although observations of the mode of rupture under different test

conditions were the main object of these tests, they-actually give much more

information. Much can be learned from the photographs, Figures 3 to 6. For

example, the ductile cleavage fracture of Specimen 110 which was tested at a

temperature of 75 degrees fahrenheit is shown in Figure 3. Figure 3c shows

the square break, the granular surface, and the herringbone or chevron pat-

tern characteristic of cleavage fractures.

It is to be noted that the form of the grid lines after rupture, as

shown in Figure 3b, indicates little evidence of permanent deformation except

in the immediate vicinity of the ends of the slot. The sawcut has increased

to several times its initial width and the grid lines at the ends of the cut

show considerable local deformation. At the left end of the notch there is

a distinct dimple which indicates localized decrease in thickness. It is

clear that before the cleavage fracture started high values of plastic strain

existed at this point; their effect on elongation is small, however, because

the area of high strain is extremely localized.

At the right end of the slot, Figure 3b, a rather curious feature

appears. It will be observed that whereas the left end of the slot opened

because, dof plastI flowutt at l s' end, th) right- e7d -pxend:b parting, n f the

plating. hee bure IA-s h Tacthur6 i d~8 hown I:Pg ig. 3. a- ~.t h~ the

appearance of a thumb print in the metal itself on both t:alytd: ; rup-

tured specimen. The region inside the print probably broke first with a

cleavage fracture, with the point of initial fracture at mid-thickness about

1/8 inch from the end of the sawcut. The cleavage fracture next spread over

the entire area inside the print but the small area at the edge of the print

remained ductile and elongated appreciably before final fracture of the re-

maining section. In fact, it was possible to insert a thin knife blade into

the print from the end of the slot for a considerable distance before there

was any visible opening in the side of the plate.

The feature just described has been observed frequently in other

tests. The parting apparently starts inside the plate and extends over an

appreciable area before it can be seen from the surface. However, the pres-

ence of the internal crack is disclosed by local plastic flow in the surface.

As previously mentioned, the fracture of Specimen 110 was apparent-

ly initiated at mid-thickness about 1/8 inch from the end of the slot. A

close study of Figure 3c reveals a small area at each end of the slot, resem-

bling the half-moon of a fingernail. It is towards this area that the chev-

rons converge. Consequently, the rim of this area is considered to be the

origin of the fracture.



Figure 3a - The Notch and Rectangular Figure 3b - The Separated Parts

Grid before Elongation Rejoined after Fracture

TMB 12331

Figure 3c - The Two Faces of the Fracture Surface

Illumination is from above on the right; the oval areas are both recessed.

Figure 3 - Specimen 110 before and after Ductile Cleavage Fracture

This specimen was tested at a temperature of 75 degrees fahrenheit.

The fracture occurred in two abrupt stages. At an average stress

on the net area of 42 kipsi* there was a sudden fracture which extended

through most of the thumb print, accompanied by considerable noise. This

fracture caused the load to fall off about 3 per cent. When the load was

reapplied the average stress on the remaining net section had to be increased

to 47 kipsi before complete rupture occurred. Had the testing machine con-

tained a greater amount of stored-up energy, it is probable that parting

would have been complete at the first rupture. A characteristic of most

testing machines is that a sudden increase in elongation of the specimen 
re-

duces the applied load; in a ship structure the load is rarely decreased by

a partial fracture and thus the stress on the unfractured section, instead

of falling off, is actually increased in proportion as the area 
is decreased.

* The abbreviation kipsi is used to designate thousands of pounds per square inch.

• 
m

TMB 12327 TMB 12329
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As previously mentioned, the only difference between the test con-

ditions for Specimens 110 and 111 was in the temperature. Specimen 110 was

tested at 75 degrees fahrenheit whereas Specimen 111, which was identical,

was tested at 100 degrees fahrenheit. Specimen 111 failed with a ductile

shear fracture as shown in Figure 4. In Figure 4a a moderate elongation has

already occurred. Figure 4b shows additional elongation and dimples similar

to those in Figure 3b, but so far without rupture. The average stress at

this stage was 46 kipsi. Tearing began at a slightly increased load, as may

be seen in Figure 4c. At this stage the load reached its maximum value of

341 kips, resulting in an average stress on the net section of 47.3 kipsi.

As load was reapplied to the specimen, the crack progressed slowly across

the plate towards either edge. The test was discontinued at the stage shown

in Figure 4d where the nominal stress on the remaining section-had risen to

about 56 kipsi.

The oblique fracture surface is characteristic of the ductile shear

method of rupture. However, it should be pointed out that since the notch is

cut square across the plate, the surface of parting first starts in the plane

of the notcT and then shifts to the oblique configuration. Although it can-

not be seen in the photograph, the small area of initial rupture is very

similar to the half-moons of Figure 3c.

The rise of the average true stress in the remaining net area as

the crack progresses across the plate is the result of strain-hardening. The

relation existing between the true stress and the natural strain of the ma-

terial throughout the plastic range to rupture is shown in Figure 2. The

fact that large increases of strain in the plastic region cause oily rela-

tively small increases in stress indicates that the stress on the unbroken

section is essentially uniform.

Specimen 112 failed in a mode almost identical to that of Specimen

110 even though it was tested at a temperature of 100 degrees fahrenheit.

The moderate strain-aging was sufficient to change the mode of rupture from

the ductile shear mode as observed in Specimen 111, tested at the same tem-

perature, to a ductile cleavage fracture.

Of the five remaining specimens, the notches of three consisted

merely of holes 2.4 inches in diameter, whereas the other two models, Speci-

mens 116 and 117, were similar to Specimens 110, 111, and 112 except that

very sharp, natural cracks about 3/32 inch long were started at each end of

the sawcuts by repeated reversals of load.

The greater acuity of the notches in Specimens 116 and 117 caused

no perceptible change in the mode of tracture as compared with Specimens 110

and 111. Specimen 116 which was tested at approximately the same temperature

W111 - Y0111
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Figure 4a - An Early Stage' of Elongation

TMB 12359

Figure 4b - Intense Local Strain at Ends of Notch

I-I

TMB 12367

Figure 4c - Shear Rupture Begins
T.d R1 h, M inv"mIrm

TMB 12360

Figure 4d - Specimen after Rupture

The surface of rupture is on a shear plane about

45 degrees to the direction of loading.

Figure 4 - Specimen 111 before and after Ductile Shear Rupture.

This specimen was tested at a temperature of 100 degrees fahrenheit.

as Specimen 110 failed with a ductile cleavage fracture. The average stress

on the net section was 39.5 kipsi as compared to 42 kipsi for Specimen 110.

Specimen 117 which was tested at the same temperature as Specimen 111 failed

with a ductile shear fracture. The average stress on the net section was

46.9 kipsi as compared to 47.3 kipsi for Specimen 111. These small differ-

ences in maximum stress at rupture are considered not significant. Conse-

quently, the results of these four tests show no significant difference be-

tween the behavior of the specimens notched with a sawcut and those notched

with a natural crack.
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It should be emphasized that these results are very meager and can-,

not be considered as conclusive. For example, it is well established (6)

that in impact testing there is a wide scatter in energy values in the narrow

temperature band representing the transition range between cleavage fracture

and shear rupture. Presumably the present tests were made in or near this

transition temperature and fairly wide scatter of results is to be expected.

The fact that the results are so consistent may be entirely accidental and

due to the small number of tests.

Of the three specimens containing drilled holes, Specimens 113 and

115 were tested in the as-rolled condition at temperatures of 85 and 75 de-

grees fahrenheit respectively, whereas Specimen 114 was heated and quenched

on the face of the hole as previously described, and tested at a temperature

of 75 degrees fahrenheit.

Specimen 113, tested at a temperature of 85 degrees fahrenheit, was

very ductile, failing in a shear rupture. It will be observed from the photo-

graph, Figure 5, that this particular type of notch permits the material to

deform in a ductile manner with little restraint. Figure 5b shows consider-

able necking at the edges of the plate. However, because of the deformation

of the hole, the material in way of the hole is not restrained appreciably

in the transverse direction and its behavior is similar to that of material

in a simple tensile test.

The maximum load reached corresponded to an average nominal stress

on the net section of about 60.5 kipsi. This is approximately the same ten-

sile strength as obtained from a standard tensile specimen and indicates that

the presence of such a hole in a plate has little effect on the average

stress at which rupture occurs.

Specimen 115, identical with Specimen 113, was tested at a temper-

ature of 75 degrees fahrenheit, and likewise failed with a ductile shear

fracture after considerable elongation. The maximum average stress on the

net section was 58.5 kipsi as compared to 60.5 kipsi for Specimen 113. This

small difference in ultimate strength of the two specimens is considered not

significant.

1,11i'l MOMM YYIIl "J IuI.I



Figure 5a
Before Elongation

TMB 12383

Figure 5c
After Complete Rupture

TMB 12380

Figure 5b

Rupture at the Sides of
the Hole is Imminent

TM8 12384

Figure 5 - Specimen 113 before and after Ductile Shear Rupture

This specimen was tested at a temperature of 85 degrees fahrenheit.
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Specimen 114, similar to Specimen 115 except for the heating and

quenching just mentioned, was tested at the same temperature as Specimen 115.
The deformation of this specimen during test is shown in Figure 6. It will

be observed that after a considerable amount of plastic elongation a shear

rupture started at each side of the hole. The average stress at maximum

load, just prior to the rupture shown in Figure 6c, was 75 kipsi. Although

this particular specimen carried the highest load of any of the three speci-

mens with circular holes, the fact is considered not significant. The maxi-

mum spread in the values of ultimate strength from the mean value is less

than 4 per cent. Such a spread might well occur had the three specimens

been tested under identical test conditions. It is believed that the zoned

appearance around the hole, Figures 6b, 6c, and 6d, is not of any particular

significance, but that it resulted from the angle of lighting and from uneven

condensation of moisture on the cooled surface.

DISCUSSION OF TEST PROGRAM
Again it should be emphasized that the tests of the present series

were qualitative only. The main information sought was to determine how the

type of rupture was affected by temperature. This information was obtained on

a very small number of specimens. It is dangerous to generalize on the re-

sults of such a small number of tests, and especially to try to read signifi-

cance into the minor features of the tests, such as the shape of the notch

during successive stages of the test, the maximum load at rupture, and the

mean stress on the net section at any given stage of the test.

The present tests have indicated that the tensile testing of

notched plates can yield significant information on the probable performance

of the material in service in the presence of unavoidable stress-raisers in

the form of welding cracks, structural discontinuities, and the like. They

show promise of supplementing or possibly even surpassing the usefulness of

standard Charpy impact tests in the selection of material suitable for con-

struction where energy absorption is involved.

Future tests should be so controlled that they will yield more

significant data. For example, the rate of application of load should be

under control so that it can be made constant for any series of tests. The

temperature should likewise be well under control. If the tests are to be

conducted under static conditions, the load should be applied so that the

temperature remains essentially constant during the test. The actual temper-

ature of the specimen within the immediate vicinity of the notch can be de-

termined by the use of thermocouples secured to the plate and insulated from

W 11191N I11i



Figure 6a

Before Elongation

Figure 6b
Intense Local Strain

at Sides of Hole

TMB 12398

Figure 6c
Partial Rupture in Shear Mode

TMB 12399

Figure 6 - Cleavage Fracture Preceded b

Figure 6d
Parting Changed to

Cleavage Mode

y Initial Shear Rupture in Specimen 114

This specimen was tested at a temperature of 75 degrees fahrenheit. The mottled appearance around

the hole is due to drops of water on the plate. The thermometer used to gauge the temperature

was attached to the specimen, as shown in Figure 6a, by scotch tape.

TMB 12395

TMB 12400____
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the coolant. This temperature can readily be controlled to within 1 or 2

degrees fahrenheit, which should be sufficient for tests of this type.

If the tests are to yield results that can be correlated with the

results of impact tests, energy absorption should be measured. Total energy

absorption can be readily obtained from a plot of total elongation against

load. The significance of total energy absorption is rather doubtful. The

local energy absorption at the root of the notch is much more significant,

but in many cases this may be only a small portion of the total energy

absorbed.

Measurement of the distortion of a photographically applied grid

of closely spaced lines appears at present to offer the best means of evalu-

ating these local energy values. If an accurate evaluation of the energy

absorption at the end of the notch can be made, there is a possibility that

in general the failures starting at notches can be correlated and explained.

SUGGESTED METHOD OF ANALYSIS

The strain grid for Specimen 113 shown in Figure 5b is reproduced

to an enlarged scale in Figure 7. It will be observed that the grid lines,

which were originally straight and parallel to either the x- or y-axis, have

become distorted. If the separation of the various lines is measured and

compared with the original spacing of the lines, the distribution of the

principal strains in the vicinity of the hole can be estimated. From these

data and the stress-strain curve of Figure 2, the distribution of the octa-
hedral shearing stress and the energy absorbed per unit volume in any given

region can be obtained (7). It is also sometimes possible to obtain these

same values by determinations of the change of thickness in any given

region (8).

A method of applying grids by photographic processes has been used

satisfactorily on aluminum sheets and steel tubes (9). This technique is

being investigated for use in connection with future tests at the Taylor

Model Basin and elsewhere.

It is of interest to note that the stress-strain curve can be rep-

resented by a very simple analytical expression of the form a = kE up to

true strains of about 1 (10)(11). Within the range of strains encountered in

the rupture of ship plating, this expression is suitable for analytical work.

The exponent n is the true strain at which necking begins.
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TMB 1238.

Figure 7 - Pattern of Strain Distribution, Specimen 113

The maximum strain approaches the limit which will be accepted by the material before rupture.

Tha rectangular grid prior to strain is shown in Figure 5a.



CONCLUSIONS

The results of the present series of tests are qualitative only.

They show that for the medium steel specimens used in these tests:

1. A ductile cleavage fracture is obtained in notched plates at a

temperature of 75 degrees fahrenheit, whereas a ductile shear rupture is ob-

tained at a temperature of 100 degrees fahrenheit. A similar specimen strain-

aged by bending and heating gave a ductile cleavage rupture at a temperature

of 100 degrees fahrenheit.

2. The use of natural fatigue cracks instead of sawcuts did not affect

the type of fracture.

3. Circular notches caused ductile shear ruptures at temperatures of

75 degrees and 85 degrees fahrenheit.

RECOMMENDATIONS

In all future tests it is recommended that

1. the rate of loading be accurately controlled,

2. the temperature in way of the notch be held constant,

3. the total energy be determined by noting the loads and correspon-

ding total elongations,

4. the reduction of thickness as a function of the distance from the

fractured surface be determined,

5. the strain distribution in way of the notch be determined by the

use of grid lines closely and accurately spaced.
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