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BRITTLE FRACTURE INITIATION TESTS

Ezxploratory tests have been successful in producing

many typically brillle fractures at loads corresponding to

an average stress smaller than virgin yield

BY C. MYLONAS, D. C. DRUCKER AND L. ISBERG

ABSTRACT. A running crack will prop-
agatc at nominal stresses of 10,000 psi
in steel plate. Neverthecless, structures
of such steel operate at higher nominal
stress. Furthermore, laboratory tiests
generally fail to initiate brittle fracture at
nominal stresses below yield except by ex-
treme cooling ~r impact loading. A
strong barrier to the static initiation of
britile fracture thus exists.

The objeet of the present investigation
is to sludy the conditions under which lhis
barrier is lowered. Until static labora-
tory tests reproduce fractures at the tem-
peratures and nominal stresses encoun-
tered in service, brittle fracture will re-
main essentially unexplained.

Moderate success has been achieved so
far, Welded and unwelded notched steel
plates with various prestrains were pulled
at various temperatures. Transversely
prestrained plales with punched notches
fractured consistently below yield under
static loading. The [ractures werc as
brittle ag those found in service in the
region of propagation and, far more im-
portant, alzo at the point of initiation.

Introduction

Observations on the Dbrittle fracture of
gteel stractures are not new, but
relatively little is known about the
Phenomenon except among those con-
cerned with its investigation. Many
descriptions and surveys of such [ailurcs
exist! -* and lead to the following gen-
eral conclusions.

1. DBrittle fracture can oceur under
completely static loading in steels which
comply with conventional specifica-
tions on strength and ductility.

2. The nominal stress level hefore
fracture may be low, as little ag one
half of yield or less.

3. The fractures originate at or near
some discontinuity or defect duc to de-
sign, fabrication or subsequent repair.

4. Once started the crack can prop-
agate at high speed through regions of
low stress.

5. The main body of the fracture
is typically “brittle” ag evidenced by
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the small lateral contraction at frac-
ture (of the order of 19;), the virtual
absence of shear lip and the cleavage
appearance of the fractured surface.

6. Steels which fail exhibit some
notch brittleness at the temperature of
the failures. As would be expected more
fractures oceur in eold than in warm
weather.

7. Fatigue does not appear to be a
contributory factor in most instances.

8. Conditions of loading quite simi-
lar to those at fracture are often sue-
cessfully sustained for some time prior
to the failure,

The intensive research spurred by
scveral catastrophie failures was of
great value in design. It showed the
deleterious effects of stress-raisers—
corners, intersections, cutouts, cracks,
imperfeet welds, are strikes ete.—and
helped to reduce the occurrcnce of
brittle [ailures by improving the design
and the methods of fabrication. It also
showed a correlation Dhetween sus-
ceptibility to brittle fracture and
brittle transition tcmperature, and al-
lowed the selection of better steels.
However the basic problem of the
mechanism of brittle fractare in stecl
plate was not solved. Most of the
laboratory tests only showed that, in
gpite of severe elastic stress raisers and
low temperatures, steel plate does not
fail under central static loading belore
yielding occurs over the net sce-
tion.8—1m%  However once a fracture is
started it will generally run across the
plate through warmer regions of low
stress!®® probably even below 10,000 psi
for ordinary structural sfeel.’s

The initiation of fracture at low
stress generally has been achieved by
impact or by a highly embrittled area
or by both. Thus, Robertson!®2
eooled with liquid nitrogen and struck
a blow on a hollow knob at the edge of
the test plate; Feely™ and associates
used a wedge blown by explosion into
a prepared noteh of a uniformly eooled
plate; and Pellini®h?? and associates,
and Noren? used a brittle bead weld
which broke first and transmitted its
fracture to the test plate.

The difficulty in starting a crack, as
comparcd to the ease of its propaga-
tion, indicates that a crack initiation
barrier generally exists. The level of
that barrier is not known, nor is it cer-
tain that a simple measure of it can be
stated. It is the purpose of the study
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Fig. 1 Five-foot test plate
with longitudinal | welds. Net
section ~3/, x 8 in,

Reprinted from Tnr WELDING JOURNAL RESEARCH BUPPLEMENT, pp. 9s-17s, January 1957



reported here to determine likely means
by which this barrier is overcome and
fracture oceurs at moderate stress levels.
If some ecrack initiation barrier cxists
under all field conditions, its minimum
could well be taken as the basis of design
against brittle fracture. This would be
helpful as it Jdoes not seem cconomically
feasible at present to use steels with
known high initiation harrier (very notch
ingensitive) everywhere in the structure,
nor does it appear possible to design for a
stress so Jow as to halt the propagation
of a crack, Such a lower limit was in-
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Fig. 2 Two-foot test plate
with longitudinal and ftrans-
verse welds. Net section ~3/,

x 7 in.
1
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Fig. 3 Test plate with transverse pre-

strain.  Net section ~3/, x 7 in.

dicated by the work of Robertson,? but
in other tests®® it does not appear to be
clearly determined, and if it exists would
be very low for most steels in common
uge today.

The phenomenon of crack spreading
has been extensively studied by energy
methods similar to the Griffith theory
of fracture but including plastic work,
Irwin,?4 2.2 Orowan,? 2.2 Felbeck and
Orowan;'® Wells, 16331 and others have
contributed significant theoretical and
cxperimental results. However these
studies egtablish with certainty only
the necessary condition for erack spread-
ing, i.e., that the dissipated energy be
less than the available energy, but arc
inconelusive as to the safficient condi-
tions. 74 That steel plate with un-
impaired ductility will not fail without
general yielding of the net section ir-
respective of the length and sharpness
of original cracks is a elear indication
that an additional requirement, per-
haps & maximum stress, must be met
in additioh to the energy eriterion,
It may be considered as equivalent to an
cnergy barrier which must be overcorne,
as in the example of two reservoirs with
different water levels joined by a
syphon rising above them. The dif-
ference of the two water levels iz a
necessary condition for flow, but to

Fosi

107 psi |

start it some additional energy must
first be provided in order to raise the
water to the highest point of the syphon.
Thus for the initiation of the flow the
higher barrier of the syphon is the de-
ciding factor, whereas for the continua-
tion of the flow the difference of water
levels is enough.

The crack propagation problem in its
most simplified [orm is one of dynamic
clastic-plastic wave propagation and is
far beyond our present ability to ob-
tain golutions. Adding the unjusti-
fied assumption of perfect elasticity
provides great simplification, but the
problem is still far from trivial., A
steady state plane strain elastic solu-
tion by Yoffe® for 4 moving system of
loads on the surface of a half plane is
indicative of what can be expected, but
the relevance of quantitative or even
qualitative conclusions is by no means
obvious. The main point in the spread-
ing of a erack is that the distribution of
stress is quite different from the static
and that {racture is governed by the
time history of stress, by strain history
and by temperature. Almost nothing
is known about the equivalent of the
energy barrier either at low speeds or at
the enormous rates of strain developed;
that is, information is not available on
the stresscs developed and required.
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Fig. 4 Stress-strain curve of virgin plate 5E.
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Fig. 8 Summary of test resulis

Nevertheless, the evidence does seem
conclusive that in structural steel the
barrier is enormous and that the en-
ergy halance is so highly unstable that
a Griffith type theory can be misleading
if applied to structures. A guess! as to
the probable state of stress ahead of the
crack and of the work of fracture as
funetions of crack velocity, indicates
that there is an instability eaused by the
reduction of work of crack formation
as the velocity increascs. However some
plastic deformation takes place cven in
the most brittle fracturesl® % and
such studies eannot yet be made quanti-
tative. Little can be said about the
state prior to the initiation of [racturc
beeause the plastic delormation may be
quite large.

As was noted, statie laboratory tests
on centrally loaded notched plates with
unimpaired ductility fail to initiate a
fracture before general yielding of the
net scction. Nevertheless, conditions
of [racture initiation at low stress ob-
viously exist. It appears worth while,
therefore, to review and compare the
laboratory and the service fractures in
an effort to assess the plausible causes
of theunsuececssful attempts to reproduce
the service initiations of brittle fracture.
Onec conclusion is that in all static tests
the material had sufficient ductility to
yield even in the most constraining
shapes of models. The reason the sec-
tion flow limit* was always reached and
general yielding occurred is simple and
hag already been given by Wells.’® Tt
is that before the flow limit is reached
under symmetrical over-all loading only
small plastic delormation may occur
at the root of the notch. Some general
yielding must take place before the
plastic deformation and the strain
hardening at the root of the notch are
sufficient to cause failure.

On the other hand, many indications
exist that brittle fracture may oceur at
low nominal stress when the duectility at
the root of the notch is exhausted. The
cold working of steel raises the transi-
tion temperature, as iz discussed by
Lankford.® In the cxperiments of
Greene® and Wells,® who initiated
fractures at low stress, yielding oc-
curred at the root of notches from the
shrinkage of long welds in wide plates.
In addition there may have been a
concurrence of the detrimental metal-

* By “flow limjt"” iz meant the nominal stress
at which large plastic strains oecur over all the
cross section. For plates with internal notches
this limit coineides with yicld stress over the net
section (neglecting strain hardening)., For plates
or bars with external notches!?. 33 the limit is
higher than the yicld point, depending on the
angle and sharpness of the noteh and the ratio of
thickness to width of the plate.® For very thick
plates or for round bars notehed eircumferentially
the flow limnit may be e¢onsiderably higher than
the yield stress. When factors of 2.5 to 2.8 are
reached, fracture may occur prior to over-all
vielding. Tor the nofched plates of most tests,
including the present tests, the fow limit should
exceed the vield stress over the pet section by a2
very small amount and for praetical purposes will
not be differentiated from it.



Table 1—Tensile Specimens
Specimens 1-7 with 0.75 in. section; 9-25 standard 0.505 in. diam

Direction™ Yield
relative to point,
Source Prestrain  Specimen  rolling  prestrain  kips
Pl 5E None 1 I . 32.8
None 2 L .. 32.0
Pl. 6E None 3 i 33.0
None 4 1 33.0
Test plate No. 2 containing A-2, None 7 1 31.6
B-2, C-3 and D-3 2.4% 9 i L .
2.49, 10 L i 48.5
Test plate No. 3 containing A-3 2.6, 12 I 1 ..
and B-3 2.6% 13 L i 51.0
Test plate No. 4 from Pl nld None 16 1 . 32.0
4.09 19 I 1 .
Test plate No. 5 from Pl. nk None 21 4 32.5
None 22 1 32.0
6.0% 23 I .
6.0% 25 L i 60.5

Ultimate
strength,
kips

61,
60.
60 .¢
59,
61,
61.
G3.
67.
68.
. GO.
40.8 63.
63.
62,
66,
G0.8 G9.

Offset yield strength, in.

0.0005 0.001 0.002

prl ) ]

b’ ol I

31 34

o
o

33.0 36.
51.2 51.

O by
2 B O L |
—= 0 W=
)

o ta

34.0 38.

=]
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s
i
M ]

36.0 41.

SO D

* Parallel ([|), or transverse ( 1).

lurgical effects in the vicinity of the
weld as shown by the raised transition
temperature in a zone along the weld of
virgin plate® and of prestrained plate,®
The residual stresses arising from weld-
ing may be very high’®%.12 and, to-
gether with the other causes mentioned,
account for the spontaneous [ractures
produced by Weck.#2 The initiation
of fracture at low stress from a notehed
plate subjected to fatigue achieved by
Schaub* may be open to a similar
interpretation, namely that the due-
tility at the tip of a fatigue crack was
exhausted by the repcated loadings.
This experiment also shows that welds
are not indispensable in the initiation
of brittle [racture, but rather the ex-
haustion of ductility whether achieved
by the shrinkage of welds or by other
methods.

Accordingly in the present attempts
to lower the initiation barricr and pro-
duce fractures at low average stress
levels, the guiding prineiple has been to
exhaust the ductility of the material,
but only by methods corresponding to or
not much beyond the most severe serv-
ice conditions.

Description of the Tests

A number of factors are known or arc
thought to contribute to the danger of
brittle fracture through local or over-all
decrease in ductility. Those that were
felt to reprcsent a reasonable approach
to possible conditions of past or present
construction practice were used singly
or in combination. Thus a steel of
high transition temperature was chosen;
the test plates were cooled well below
the transition range: various test
plates were prestrained by different
amounts; some contained welds; they
all had stress-raising notehes; and they
were sheared or punched, The sig-
nificant properties and procedures of
preparation and testing follow.

(a) Plate Material. A pedigree rim-

med project steel “E,7 3/, in. thick
was used as it is known to be very prone
to hrittle fracture. Typical composi-
tions and propertics are as follows:

about 2.5%, permanent elongation in
the direction of final testing for the 5-
and 2-ft plates, and between 2.5 and
6% transversely to the direction of

Plate 5E Plale 6F Plate nE

C 0.29 0.28
Mn 0.39 0.40
Iy 0.015 0.022
5 0.028 0.043
81 0.03 0.02 ..
Lower yield point, psi 43,000 33,000 32,000
Ultimate strength, psi 61,600 80,900 60,300
Elongalion, 9 in:

& in. 28.4 31.2 ..

2in. .. .. 36.5
Charpy V-notch impact, ft-Ib at —11° F: 3.3 (avg)

The yield point, tensile strength, elon-
gation and Charpy V-notch impact
strength parallel to and transverse to
rolling did not differ significantly.
The Charpy V-notch transition range
from brittle to ductile fracture de-
termined by earlier investigations was
between 0 and 80° F.

() Test Plates. TPlates %/, in.
thick and approximately 10 in. wide
were used in all tests, Some were 5 ft
long (Fig. 1) and were welded to special
pulling heads, some were 2 ft long, and
others were 10 in. long welded to
intermediate plates to make up the
same 5-ft length (Figs. 2 and 3B).
In all cases the final testing was in the
direction of rolling. The surfaces of
the plates were lelt in the ag-rolled
condition. The plates were prestrained
helore or after being cut up and re-
welded. The notches were made last
and never cxisted during the pre-
straining.

(¢) Prestrain. The present series of
tests, which arc exploratory for a more
systematic investigation, included pre-
strain by tension in six consecutive
loadings of increasing intensity up to

4

testing for the 10-in. plate. The latter
was achicved Dby prestraining longi-
tudinally a 10- x 60-in. plate, sectioning
it in 10-in. square plates and welding
each squarc into a longer composite
plate (Fig. 3a, §). All prestraining was
carried out at room temperature.
The aging of the specimens varied from
2 to 200 days at room temperature, with
one plate heated to 220° T' [or onc-half
hour.

Tenslon specimens were taken from
the virgin and the pregtrained plates in
the logitudinal and transverse direc-
tions. Typical curves are shown in
Figs. 4~7 and the characteristic values in
Table 1. It may he seen that, in the
direction of prestrain, the yield peint
is raised considerably, and the yicld
strength is not lowered in the transverse
direction. The curve for the transversc
direction iz very gradual without a
definite yield point, but the 0.0005
offset and, much more, the 0.001 and
0.002 offset values are all above virgin
vield (with the exception of the 0.0005
offset of Bpeeimen 9 which is only 1.5,
less than virgin yield).

{d) Welds. A survey of the available



data of both sevvice fractures and tests
indicates that eracks seldom extend
along or parallel to welds. They may
start near the weld but tend to turn
away {rom it, snd when propagating
they cross the welds almost perpendic-
ularly.  Accordingly it was thought
best to make welds in the direction of
testing so that the longitudinal stresses
from welding would be supcrimposed
on those of loading. The plates werc
sheared and rewelded along the legs of
a very elongated V symmetric to the
axis of the plate (Figs. 1 and 2), so that
the welds passed at various distances
from o row of notches of constant depth,
with each pair of notches leaving
approximately the same net scetion.
Thus the effect of the notches would be
cxerted at various distances from the
weld centerline, varying from zero to
3 in. Arc welding with ASTM-AWS
16013 5/4-in. electrode and gas welding
in onc pass with No. 1 MnSi welding
rod were uged. A mediocere welder was
purposely employed.

(e) Notches. As explained earlier,
plates with external notches have a
somewhat higher flow limit than plates
with internal notches. Their pattern
of deformation is actually closer to that
of prototype structures and the slightly
higher stress level before general yielding
is one of the conditions which may
enhance fracture. As sheared edges
facilitate the initiation ol brittle frac-
tures,®® the notches were made by
punching. A rectangular punch was
driven through the thickness of the
plate and into a suitable die supporting
the plate on the opposite side. A
complete rectangular hole was punched
glightly inside the edge (Figs. 2 and 3b)
80 as to avold a severc side thrust on the
punch, and the continuity of the edge
next to the hole was cut by a handsaw.
The sides of the notches were at angles
of 45 degrees to the edge. The
punching did not produce any obvious
deformation in the plane of the plate,
whose faces were left in the as-rolled con-
dition. In some plates similar notches
were machined, and in a few of the
laterally prestrained plates the punched
notches were deepened by 1/, and 1 in.
by sawing.

(f) Cooling During the Tests. During
testing the plates were covered with a
wooden jacket insulated with foam
plastic 2 in. thick, The whole jacket
was filled with crushed ice mixed with
over 309 kitchen salt packed against
the plates. Thermocouples were used
to record the temperature at various
points of the plate, two near the notches
and one half-way Detween them, all
I in. away from the line of the net
gection. The temperature over the
plate was constant to within 1° F, but
from test to test varied from —3 to
—12° F.

Fig. 9 Fraciure profiles.

5

Fractures in general initiate at left end



Table 2=—Plates with Longitudinal Prestrain Tested in Direction of Rolling

Specimen
AA, arc welds

Prestrain, %
2.39%, after welding

D 2.45%,( after

C 2. 50% \ welding

B( &8 welds 2.40%( before

A 2.45%) welding

E, no welds 0

F, no welds 2.3%

G, gas welds 0

H, gas welds 2.5% after welding
I, arc welds 2.29, after welding
J,  gas welds 2,29, after welding

A-1, arc welds
B-1, arc welds
D-1, arc welds
C-1, arc welds
E-1, arc welds
-1, are welds

2.3% before welding
2.89, after welding
2.4%, after welding
2.69%, before welding
2.8%, before welding
2.4% after welding

Virgin yield: ~33,000 psi

Nominal

Raised —————slress at fatlure———

yield % of % of
point, mirgin - raised

psi Psi yield yield

46,000 41,800 126.5 91
44,000 34,400 104 78
43,500 28,900 87.5 66.5
42,100 41,800 126.5 100
42,400 39,600 120 93.5
33,000 35,400 107 .
42,400 39,600 120 93.5
33,000 42,300 128 .
43,500 47,000 143 108
50,700 32,500 98.5 64
46,000 No failure at 157%
44,000 No failure al 116%
53,000 No [ailure at 1109
52,000 46,000 141 83
44,000 No failure at 1109,
45,000 No failure at 1109,
53,000 No failure at 1109,

°F Remarks
—10 Struck on edge. Broke in three.
-9 Load held 3-5 min. at each in-
-9 crement.
—-8.5
-9
—11 Failed during load increase with-
—8.5 ont blow.
~10.5
—8
-11
—10 First test unnotched, Retested
twice, once after notching and
again after cycling 20 times to
52,000 psi.
-9 Specimen E-1 after first test was
—9 warmed to room temperature
--10 and cycled 10 times to 1169,
—12 of virgin yield and then was
-9 retested cold at 1109 virgin
-9 yield without failure. [t was

rewarmed and cycled 16 limes
to 135% of virgin yield and
then retested cold at 1109, of
virgin yield without [ailure.

Nor: Plates AA to J as in Fig. 1 with a net section of ~3/,x 8 in.
All plates except AA were struck with a 6-1b hammer on middle of face; plate AA was struck on edge.

Plates A-I to F-1 as in Fig. 2 with a net section of ~3/, x 7 in.

The loading was in in¢rements of

20 kips (~3000 psi) at low loads and 10 kips (~1500 psi) at high loads, except for a few tests with continuous inerease of load.

(¢) Loading. The loading procedure
wag not always the same. However
continuous or incremental loading with,
longer or shorter pauses or with un-
loading between increments did not
appear to affect the regults significantly.
The first test plates were hit by a G-lb
hammer normally to their plane a little
above their middle to simulate cargo
dropping on the deck of a ship. Threc
blows were given at each load increment
but this did not seem to accelerate the
fracture. Trrespective of the magnitude
of the failure load some plates {ailed
upon impaet, others while the load was
being increased. The later tests were
without any impact, except when the
plate did not fail prior to reaching
1109, of the yield load.

Test Results

The results obtained [rom the ten-
sion specimens parallel and transverse
to straining are given in Table 1.
The results of the plate tests are given
in Table 2 for longitudinally and in
Table 3 for transversely prestrained
plates along with details of the test
conditions. The fracture profiles are
shown in Fig. 9 and the fracture sur-
faces in Fig, 10. The results of all the
tests are plotted in the diagram of Fig. 8.

Tt is seen that in almost every case the
welded plates, whether prestrained
initially or finally or not at all, failed

at loads well above the flow limit for
virgin yield. In addition portions of
the fracture surfaces sghowed sub-
stantial plastic deformation as evi-
denced by some thumbnail and shear
lip. With some exceptions the frac-
tures originated at the root of the
notch in the welded plates.

It is noteworthy that in the series of
tests shown in Table 2 the nominal
failure stregs of the unstrained plates
wag above virgin yield, but of the
longitudinally prestrained plates it was
generally below the raised yicld point,
in some instances about two-thirds of
that value. Although inconclusive this
may raise a question as to the safety of
basing the design stress of prestrained
metal on the raised yield point.

On the contrary the transversely
prestrained plates with punched notches
but without welds generally failed at
or a little below the load corresponding
to virgin yield over the net section.
One of the specimens failed at 71.5%
and one at 70.2% of average virgin
yield, the first at a very moderate
blow, the second without any impact at
that or any previous load incremcent.
The fractures always started at the
root of a notch, and did not have any
thurobnail or shear lip.

The transversely prestrained plates
with saweuts at the root of the punched

6

notches did not fail at loads well
above the general yield level for virgin
yield, not even after hammer blows at
this high load. On the other hand,
platcs  without prestrain but with
punched notches failed at loads just
below virgin yield in the same manner as
those with prestrain and punched
notches. This raises the question of
the relative importance of transverse
prestrain and punching, but the number
of tests available iz not considered
sufficient for a clear conclusion. How-
ever the important point iz that both
prestrain and punching result in plastic
deformation at the critical area.

Conclusion

The exploratory tests deseribed have
been successful in producing many
typically brittle fractures at loads
corresponding to an average stress
smaller than virgin yield. In two
cages plates failed at little more than
709, of yield. Not only were the loads
lower than yield, but the fractures were
also characterized by the absence of
visible cvidence of appreciable plastie
deformation, i.e., of shear lip and thumb-
nail. They seem to be of the same
type as encountered in the catastrophic
failure of storage tanks and ships.
It is hoped that the more extended
program of testing presently under way
will furnish econclusions of greater
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Table 3—Plates with Transverse Prestrain Tested in Direction of Rolling (Fig. 3)

Virgin yield ~32,000 psi
Siress al failure

J——

Transverse % of Tempera-
prestrain, Aging, virgin ture,
Specimen % days Loading, kips Kips yield °r Remarks
A-2 53 100-140, AP = 20 33.0 100 -9 A-2 failed without im-
150-170, AP = 10 pact.
B-2 2.4 57 100, 120 23.6 71.5 -9 B-2 [ailed at first blow
| at failing load.
BB-2 | Rewelded 80-180, AP = 10 No failure at 114% -9 B-2 rewelded
A3 2 100-140, AP = 10 31.9 96.5 —~11 No impact.
D-3 1/¢ hr, at 100-140, AP = 10 30.4 92 —8 No impact.
220° F
13-3 105 80-160 in 7 cyeles 34.1 103 —3 B-3 failed at first blow
at failing load.
-3 107 £0-150 in 5 cycles 32.0 97 —3 C-3 failed al second
blow.
A-4 ) 04 1-80, AP = 20 30.0 93.9 —12 Punched notches
80~-155, AP = 5
B-4 100 4—80 AP = 20 30.0 93.9 -7 Punched notches.
80-155, AP =5
C-4 110 5-80, AP = 20 29.1 91 —8 Punched notches.
. 80—150 AP =5
D-4 180 (@) 5-80, AP = 20
80-155, AP = 5 J (a) 1089,
fallure —5 '/o-in. saw-cuts at bot-
(b) 120-170, AP =5 at [ () 118% tom of notches. Net
o400 section 3/, x 6 in.
D-4 J 187 (@) 5-70, AP =20 { (@) 1009, -3 Repeat of spec. D-4.
80-120, AP =5 Lulure Deepened saw-cuts
(b) T0-100, AP = 10 ut (b) 1169%, to 1in. Net section
100—140 AP =5 3/4x 5 in,
E-4 205 (@) 6-70, AP = 20 No (a) 1049, -3 1-in. saw-cuts at bot-
100-125 AP =5 failure tom of notch. Net
(b) 90—130, AP =5 at (b) 1087, section 3/ x 5 in.
J
A-b 182 20-80, AP = 20 207 93 —6 Punched notches.
80-155, AP = 5
B-5 6.0 189 20-80, AP = 20 29.7 93 —8 Punched notches.
: 90-155, AP = 5
C-5 { 203 5-80, AP =20 22 4 0.2 -5 Punched notches.
J 90-118, AP = 5
A-G . 5-80, AP =20 29.5 91.9 -7 Punched notches.
90-155, AP = 5
B-6 None 5-80, AP =20 20,1 90.7 —5 Punched notches.
90-155, AP = 5
D-6 5-80, AP =20 No failure at —8 Sawed notches.
then AP = 5 110%, or dur-

ing retest ai
1179

Note: All plates prepared and notched as in Fig. 3, Nct section 0.75 x 7 in. unless otherwise stated. The loading was by inerements

as shown in the fourth column.

Plates A-2 to C-3 were struck after each load inerement. The remark “no impact’’ refers to the last inerement.
The plates with 4% and 6%, prestrain and those without prestrain were tested without impact. Impact was used only during the second

loading of plates which had not failed under a static load above general yield,

certainty. The present results, how- assistance of P. Somm and N. Beau-
ever, do seem to confirm the opinion regard.
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