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Preface

The Navvaepartmentlﬁhrough the Bureau of Ships is distribut?ng th?s report
to those agencies and individuals that were actively associated with this research
This report represénts a part of the research work contracted for under

program,

the section of the Navy's directive ”to 1nveot1gate the deulgn and construction of
welded steel merchant vessels."
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CORRELATION OF LABORATORY T:STS WITH FULL SCALE
SHIP PLATE FRACTURE TASTS:
SLOW NOTCH BEND TwST

INTRODUCT ION

The present progress report is eéssentially a continuation of that
released March 19, 19471. The objective and outline of work were indi-
cated in that place; the former consistin, in the development of a test
capable of conduction in the laboratory and which would correlate closely v
with the large plate test results which were obtained at the University of

Californi32

and at the University of IllihoisB. The latter consisting in
part in the examination of the Charpy test in the prescribed manner to ascer-
taln if in this test the desired correlation could be obtained, Close |
correlation was not obtained in this test. In order to obtain the desired
correlation, a slow-bend notched-bar test was developed and it is with the
results of slow bend testing that this report is-concerned.

The following persons have constituted the staff and have contributed

to the various phases of the investigation:

M. Gensamer Technical Representative
F. C. wagner Supervisor '
E. P. Klier Investigator

Ja O. lack Investigator

llary Ann Bishop' "Research Assistant

Funice larks Research Assistant:

Selma Krause ' ‘Drafting .

Mina licessen Technical Labor

Philip Vonada ' Technical Iabor

Herrman Colyer Technical Labor

1,2 & 3 - See Bibliography



STEELS

The steel designations are those used formerlyl, No additional steels

have been used to date.

SLOW_BEND TESTING

Resume of Testing Programs:

Specimens have, but for the indicated exceptions, been taken from the
plate so that the long dimension was parallel to the rolling direction while
the noteh was parallel to the thickness direction, These are designated LH
specimens, . Similarly cut specimens with the notch in the plane of the plate
are designated as LB specimens; while specimens taken from the plate so that
the long dimension was parallel to the cross direction with the notch parallel
to the thickness direction are designated as BH specimens.

(1) It was indicatedl that the rate of testing could possibly‘be‘very
important in determining the transition temperature., To determine this
effect quantitatively, sets of steels 4, C; D; and E were tesﬁéd’in‘é slow
bend fixture for the standard LH V-notched Charpy bar.

(2) The results in (1) did not appear promising so a second series of
tests were conducted for Steels A; Bf, Bn, C, Dr, Dn, E, H, N and Q. The
test bar was of standgrd Charpy V-notched test bar dimensions except for the
height, which was .788 incheé ihstead of ,394 inches, The test data offered
definite promise but were not'fully correlati{r.eo

(3) The second modification of the slow bend test was again with refer-
ence to the specimen; in this instance the width was altered to full plate
thickness, while the height and notch geometry were held the same. Tests

were conducted on virgin plate stock from the project steels,



3.
(4) Adeguate corrclation betmeen the slow bend test results and the

large plate test resilts were obtained in (3) except for steels Br and H.
* For these two:steels the opening up of cracks on the central plane of the
specimens perpendicular to the notch ‘as notéd elsewhere? appear to be effective
in préventing the appearance of a brittle fracture except at much too low
‘temperatures. In en effort to prevemt this type of ¢racking an LB set of
specimens and a BH set of specimens for steels Br and H were used,

" (5)  Somé'specimens as in (3) were also cut as in Figure 1 from the
- large plate sections originally studied .

Testing Procedure:

‘The fixture used for the conduction of the slow bend test has under-
gone several modifications. The alterations: consisted in the construction
of ‘a more sturdy unit in each instance, The final form which now is in
use together with complete instructions for the conduction of the test

is presented in Appendix I,

The_Representation of Test Data:

Several factors are4avgilabi§ to éllowvdiffefentiéfioh:betwéeﬁ brittle
and ductile failure of tﬁe £est bar. Nof aii.of these éré édﬁaily conven=
ient to_u‘se,khqwe.verv Thus_thq cuétoﬁari1j_uéed enérgy absﬁrptiog-
temperature cﬁrve obtainedqin the standafd!iﬁpéct ﬁést isbnot‘obtainabie
without an appreciable expenditure in time and effort inm alow bend testing.
It is estimated that the aut.graphic recording of the loadsbend diagram
requireé”an inerease in’the timé for the testing of one test bar by a
v faciOr“of fiVe;Aand with the present test procedure. reguires the time -of
two men as agéinst>6ne'if the recording is not attempted, If the load-
deflecti .n disgram is not recorded, the time for the testing of one test

bar is of the same order as that for the conduction of the standard impact test,
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A factor which is a convenience,inutbe;conduction of the test but
which cannot be recorded. is the noise which accompanies e‘bfittle failure,
This is audible even when brittle failure progresees onl& a short diefeﬁce
through the bar. . Accompanying brittle failure there is an 1mmed3ate dr0p
in load: The magnitude of this -drop in load depends on the penetratlon of
i'the'brittle,fracture,-falling:to zero when it passes eesentlally through
the bar. - -

Two additional factors differentiate the.brittle fromhpbe duetlle
fracture and are namely, the angle of bend of the teet bar aﬁd the character
of the fractured surfaces. | | |

It has not appeared desirable to report in thei? enﬁirety the experi-
mental data which have bheen accumulated for the deperminatlon of energy
ebserption'versus temperature curves, For thisjreeeqn'typical loadeextension
summary curves only are included. Energy abgorptiop versus temperatufe
curves for all steels tested are included.

The eriterion for seiecting a transition temperature was in most cases
,that of selecting the point at which a ffeefure-ef brittle appearance
started to oceur in the test plece, 'This is indicated on the temperature
energy. absorptlon dlagrams for Spec1mens from the large plate sections by

a vertical dashed 11n° Separatlng ‘brittle from ductile failures.

Results of Siow Bend Testings

1, Standard V-notched Specimens: The gtandard LH Charpy V-notched

test bar was used with the test being conducted to complete failure of the
bafg In all instances therefore the load had passed through a maximum and

had ropped to a very low value when the test was stOpped. The load
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deflection curve was recorded with the energy aBsorption being the érea under
the curve. The energy absorption versus temperature curves so obtaiﬁed are
presented in Figures 2a, 2b, 2c. Thesg curves are not complete but it is
evident that the transition temperatures for steels A and C are approximately
equal. This test evidently is not selective, 80 was not prosecuted‘further.

2, Double Height V-Notched Specimens: The height of the LH Charpy

V-notched bars was increased to 0.788 inches, other dimensions remaining
standard. These specimens were tested at a no load head speed of 1 inch per
minute, A correction factor of +10° to 4+20°F is reguired to obtain full
correlation in all but two instances, In these two exceptions no correiaﬁion

obtains,

3. Double Height, Plate Thickness width,‘V—Notched Specimens

A-LH Orientation: 'The decision to increase the width of the specimens to

full plate thickness was made upon obtaining.slightiy'low transition teﬁperatures
from the double-height V-notched specimens as cbnpéred with the large-plate
tensile tests, o

Bend tests were run on all of the stock projéct steels, dand gave quite
good correlation with the largé plate teéts for all:but steéls Br and H as
indicated in Table I, The energy-absorption versus temperatﬁre curves are
shown in Fugures 3a 1o 3h with the exceptioh of Bf and H. Fo} these particular
steels, correlation was still not obtainable with this'testlpreSUmably due to
the fissuring at the fracture surface,

The small vertical arrows above certain points in the temperature -
energy absorption diagrams indicate that the specimens corresponding to such

points failed in a ductile manner with no abrupt drop in load. As
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pointed out in the appendix, the actual energy absorption Qalue which is
used in such a case is for a total deflection of 0.4 inches, and hence
is not the total energy required for breaking the specimen.

Some points are also evident for specimens which showed low energy
absorption and yet behaved in a ductile manner. The steels for which
this occurred were previously observed to héve internal flaws of major
slag inclusions or actual voids in some cases,

B-LB and BH Orientations: The appearance of fissurcs in the fracture

surfaces of the LH test bars 1ed to an examination of the effect of speci-
men orientation for the Br and H steels.

Sets of LB and BH specimens were preparcd and teéted in the usual
manncr, The results obtained from the LB specimens were not satisfactory,
as this oricntation also permitted the obening up of fissures at the
fracture surfaces. In this case, however, the fissures werc parallel
to the motch, instead of perpendicular to it as in the 1H specimens;

“This fissuring increased the scatter in results to such an extent
as to make them of no value,

The BH specimens were tested and sharp trgnsition ZOheé were obtdined
in this case. The energy absorption curves for these sets of specimené

vare shown in the curves in Figures 4@ and 4b. |

Lo Specimens from large plate test Sets of specimens were cut

from the 72" wide fracture test specimens in rolatlvclv unstlalnud portions
of the plates immediately adaacent to the 1nternal notchesﬁ Thls popltlon
js shovm in the sketch in Figure 1. |

The results of the tests conductgd on thesé é?eci@ehsJare tabulated

" in Table II, while the energy. absorption versus temperaturc curves are shown
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“in Figures.Sa f 5v. In certain instances the trunsition temperature indi-
cated by Vértical dashed lines - poﬁld_not be determined from the energy
absorption curves., Brittlely bgeaking specimensjreguirod as‘much energy

- as dld ductllly breaklng ones. The transition temperaturg was taken as

that temperature at vhlch a sharp drOp 1n load was con31stently observed

in the testlnga

5¢ Specially machined specimens from steel G: These were prepared

by shaping onc surfacc only and notching in the sawed surface opposite
(see Appendix I). Results are shown in Figurc 6a, This test indicated

the possib,lity of quite low speeimen preparation cost,

DISCUSSION

"The foregoing has beon presented to show the virious stages ‘in ‘the:
development of one type of small scéale test for correlation with full-scale
large ship plate fracture tests,

Of the many tests proposed for this correlation, the slow-bend test
givéé'fééulﬁs*Whiéh’ééem to be, in the stécls tested to date, the most
uniformly comparable with the large-plate tests.

' The important points, then, in the selection of any one of these
laboratory tests as ‘a specifications test, are {1) thurough checking .of .
results with a variety of steols to insurdé the absence of anomalies (2):
‘coﬁéidération of the oversll cose and economy with which the test may be
conducted, i;ea; time of specimen preparation,: size of equipment necessar;
to Ecﬁdﬁct theyfeét, time necessary to run-the test, and time and skill
necessary for the interpretation of results.

From this standpoiht; there arc certain’ things toc be said in favor

'of'thé hotchedmbéna test,
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1.  The speéimen size is émall,'élloéih@'mofé ceconomy in the usc of
material and in equipment ncceésaryvfdr'fesﬁing;

2, The necessary machining is little.

3, The conduction of the test reéuircs a relatively'éhort time and by
usc of the drop in load and examination of fracturc surfaces, the time for
interpretation of results is short,

4e Inoa liké\maﬁnqr, the test~reqﬁires only one person-for -its
conduétibnoy
# The Spébific cascs of the Br and H steels are matters for some concern.
The results from the BH sets of specimens indicate good correlation with
the 72" wide large-platc tests for the H steel and good correlation of Br
steel with the 12" wide plate speéimonsg (Table I). For conmsistency in
the procedurc, it would seem a good plan to take specimens from all steels
as both BH and LH orientation.

CONCLUSICHS

The conclusions to be drawn from the above results may Ee listed sos
follows: ’ -

- {1) The deve10pment of a notched bcnd test has been attqined ﬁhich
correlates well with 72" wide plate specimens in regard to>the transition
temperatures from ductile to brittle behavipr.

(2) - The orientation of:specimens is of_importanpo ih'tﬁo instances,
those of the tests on Br and H steels. For theseksbeeis;vit ié necessary
to use BH specimens for the satisfactory definiﬁion.of thé»transition
temperature, | o

(3) The notched-bend test is a fairly simpleAtcst to qonduqt,‘and the
equipment involved is available in the usual testing labérgtqu or i; ecasily

constructed.
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(4) The cost of spocimen preparation is low as compared with a
standard Charpy .upact test specimen.
(5) The test bar is relatively small, permitting many tests to be rum

with cconomy of material,
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TABLE T

CHART SECWING ESTIMATED TRANSITICH TEMIRATURES OF STEELS
FOR VARIOUS TYPES CF NOTCHED TESTS TEWPERATURES IN ©F,

STEEL, CODE LETTER

Type_of Test E C A Bn Dn Dr Br g H N
Charpy Impoct
§_V-Nobch 350 100 90 %0 30 A5___ 10 -5 O -50

374" Tear Test
Jowelerts Saw

Out 130 61
3/4% Toar Test

_Kevholo 139 ..425 @2 45 35
3/4% Bend Test BH BH
veclobch 73 97 5030 23 19 wh il 18 33
720340 Plate
Internal Worch 300 30 35 _ 3i 23 .30 32 20 _ 42
24" Wide Plateo About -7  Below ' Below
Internal Neoteh 100 83 to 32 35 35 2

) 37

12% Tide Plate =10
Internal Notch ~_ 90 90 25 13 5 40 5+ 5 =15 63
3% Tonsion ' About
Edgce Notched 120 90 45 <5 32 : 5 38 20

Chorpy Impoct

10% Prestrain

o Keynole .. 85 95 &0 33 0 20 20 =20
Cherpy Impact

5% ¥restrain

R £ LE & 0 w28 0 10 ~T5
.{\GXQ(_—?J,Q L1 S, & J ) 1 RS
Charpy Impect
2% Prestrain _ . . "
__Eeyhole 70 5a 40 0 ¥ =30 =2 2
Charpy Impact
Full Thickness .
Saweut '7E 50 60 35 =00 =20 10 35 0 =100
Charpy Impact
%2323226 30 15 0 =20  -60 60  ~30 ~55  -50 =220
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TABLE T

(Continued)

METHOD OF DETERMINING
TRANSITION TEMPERATURE

REFERENCE

Charpy Impact
Std. VeNotech

3/4L" Tear Test
Jewelerts Sawecut

2/4" Tear Test -
Keyheole

3/i" Bend Test
V-Notch

721 Wide Pliate
Internal Notch

24" Wide Piate
Internal Notch

12" Wide Plate
Internal Noteh

3% Tension Edge
Notched

Charpy Impact
10% Prostrain
Keyhole

Charpy Impact 50%
Pregtrain Keyhole

Charpy Impact 2%
Prestrain XKeyhole

Charpy Impaet Full
Thickness Sawcut

Charpy Impact
gtd. Keyhole

50% energy absorpticn

Intermediate temperature
between all ductile and
all brittle behavior

Intermediate temperature
netgeen axnd ductile and
ail brittle behavior

From energy absorption
vaLues

50% cnergy Absorpiion

50% energy Absorption

- B
0% oueiy wlworpbion

50% energy Absorption

50% energy e&bsorption

£0% energy Absocrption
50% energy Absorpticn
50% cnergy Absorption

50% energy Absorphion

Progress Report 330-9

New York Shipyard
Reports

New York Shipyard
Reports

This repert

Califcrnia Repors
Sa¢~8 and Tllinois
Report S5C-10

Caiifornia Repert
38C-8 and TIllinols
Report 55C-10

Californis Report
$5C-8 and Tllinois
Report S8C-10

California Report
S8C-8 and Illinois
Report S8C-10

Progress Report SSC-9

Progress Report 85C-9

Progress Heport SSC-9

Progress Report S50-9

Progress Report S5C-9
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TARIE II
ESTIMATED TEMPERATURE AT
TRANSITION WHICH LARGE
STEFL 1.RGE PLATE # TEMPERATURE PLATE WAS TESTED
A A1A 58°p 75°F
4 o 33%F 30 - 350
A A34 509F 48 - 50°F
Bn BRA -20F 29 - 320
Ba BiA wGOF e
Bn B34 ~13°F 49 ~ 52°F
Br BiA ~12CF 30 « 35°F
Br B4 50F 72°F
Br Boa, SYAS ?
¢ CiA 9RUP 30 = 33°F
C G4 1230F 75 = 782F
G Cih 140°F g0 ~ 8F
C C3 103%F 100 = 104°F
oo E7 goF OVF
Dn Téyw7 5oT “33°F
Jn T2ALKH 31°F 7
Dr 1841K 303? 1i80F
br 221K 58°F 2
12 1307 1229F 110°F
E 1841R 132°F 141°F
E Cal i37°w 74CF

N NLA -85°F -51 = =55CF
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v APPENDIX I

In_order to faollltate duplication of the bend test detalled descrip-

tions of specimen preparation, equipment constructlon, and testlng procedure

arg¢ given below. :., . .

- . Descrintion of Test Specimen:

. The photograph in Figure A-1 showé fhé ﬁypq gf ndtchéd-bpnd test
specimen which is beingbgsgd at present to detérmine éofrelation with large
plate notched-tensile fests,

These spesimens are of full pia thlcxness (3/ ") in width and 0,788
inches in height, tpis lavter dimcnsion being Just double }hat of a standard
Charpy test bar. The length is 2.16 inches vhich is also the standard

Charpy bar length; however, the allowable tolerance along this dimension is

vacimen to the base

i.fl

of
the notch-ie 0,709 inches, These dimersions are shown_ig Figure A~2.

The method used in machining of,the test specim@ns dépends, of course,
on the available equipment and somewhat on personal preferenue. The general
procedure is similar to that of pr eparlqg standard V -notch Charpy bars. Tvo
methods of preparation which have b@en‘qsed.and proved satisfactory are as
followss = o .. s .

Method J. - _ _ , _‘

(a) From the plate to be tested, a bar is cut whichhgé:élightly
wider than the length oI the finishod spgiimans; ‘

pecimensa

o

be cut long cnough to contain 15 or 20
(b} The sides of this initial b#r arélshapéd (or mﬂ¢10d) to give
the test bar-a length of éelé_inéheé, plus of minus 02 inhches.
{¢) The bar is pawed t;ansvé:se;y intﬁ sectiéns Wide'éﬁéugh to

a..Low;
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(a) Fihish machining on both sides to a .78 inches, plus or

minus 002 inches, which may ‘be done‘by milling, shaping or

' shaping and grinding,

(e) The Venotch is cut into onc of the machined faces of the bar
with a 45° included angle milliﬁg-cuttcr having an 0,0l-inéh radius.
The depth of this notch is the same as for the standard Venotch

Charpy bér, being 0,079 inches in"depth.

u o e e . L .

Method 2.,

Steps (ﬁﬂ;'(b) and {e) are the saome as in Method 1.

(d)- The machining is done from one side only by shaping., In
this case, sbme care must be used in making the sawed cut per-
pendiCulaf to the ends of the test gpecimen. -

(¢) The V-noteh is cut into the sawed face of the specimen,

with the distence from the base of the notch tc the machined

side of the specimen béing held at 0,709 inches, plus or minus

a (0,001 inches,

n of Testing Equipmhht:

Descriptio

The necessary apparatus for conducting the bend iest consists of the

usual supporting jig and vending punch, along with accessory equipment for

cooling the specimen, centering the spceimen in the jig, and measuring the

deformation and load on the spécimen,

. . \
Shown in Figurc

operation.

contalner;

thg:@nn{pmcnt 25 asserbled befere the testing

i )
3 18 the equiph

o Ji e
gurc L

This photograph does nob show the supporting jig within the

however in Figure A-4 is a closeup view of this jig with the

specimen in position for testing. The centering fixiurc which overhangs the

specimen is used to centor the.spocimen with respect to- the supgorting anvils,

and to place the notch direcctly under the axis of the “bending punch. The
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latter operation is carried out bv matching the noteb in the ovorhanging member
of the centering fixture with scribed linecs on the front and back of the punch,
Line drawings of the jig #re shovmn in Eigure A-5, As can be seen from
the drawing of the jig, the dimensions of the jig are such as to allow o 40 nm.
span between the anvils vhich support the specimen. This particular length
was originally chesen from slow bgnd tests on standard Charpy specimens and
has served satisfactorily for the nresent larger test specimens. The anvils
are madé of hardenaﬁle ‘stecl, end heat-~treated to a hardncss bf 50 Rockwell C.
The.punch'is nade of heat-treatable steel ond the end is guenched and
tempered to a hardness of 50 Rockwell G, The photograph in Figure A-6 shous
this punch, while the line drawing in Figure A-7 gives the dimonsions of it.
The largé 1/2“.radius of curvature was found to be neccssary to prevent
excessive local compression of the speeimen at the point of contact with the
punch, In the method which is déscribcd here, the punch is fastenoq to the
staticnary head of a tensile testing machine by means of a bolf which-is
axiolly in line withlthe éénter of the ﬁunsh. The supporting jig is placed
on the"movable.pléten end the speelmen moved in rolation to the punch, so
that the specimen 18 submitﬁed to o bending load oppdsite the notch.

Description of Test Procedurec:

The step by step procedure fof tésting a spccimén is as follows: The
testing assembly is set up as in Figurc A-3, The container is then filled
with cither ncetone or water depending on the temperature at which thc test
is to be rum,

By the use of dry ice with the acetone or by circulating water of the

proper temperature through the container, the jig is brought to the dosired

temperature,
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The specinen is then inserted and centered after whieh the punch is
brought into light contact with the specimen to prevent any shifting which
might occur while stirring the bath or adding dry ice,

The first specimen is held in the bath for a poried of feur minutes
to reach the desired temperoture, and additional spoeimens are added to
the tath at this tine, thus eliminating the waiting period beforc testing
cach bar, . The holding period was checked by means of a thermocouple insertcd
in the specimen and was found to be adeguate, The actual time required to
cool the specimen to 0°C from room tompereturc was approximately onc min-
ute., The cocling curve for this gspeeimen is shown in Figure A~8,

The speed at which the test is made is controlled by setting the no-load

head spced of the tensile mechine, at a prodetermined value of about one

LT P Te 8] Of-‘ S

from ,01"/min. to 1¥/min, to detcrmine the cffects of spced on the ductile

to brittle transition temperature. This series of tests showed that the

test was not sensitive to differences in speed in the neighborhood of 1"/min.,
g0 this has been the standard speed for subsequgnt teagting.

If the specimen fails in a brittle manner, the load is immediately ro-
lecased at the point of failure. If the specimen’ behaves in a ductile
manner, the bending is continued te slightly more than 0.4 inches deforma-
tione In thc case of tho drilled spceeimens, the bending is continued to
fracturc, The speeimen is romoved from tho jig, dricd, and the fracture
surfaces coated with collodion to prevenit rusting.

Whilc tcsting, an autographic record of the load-deformation curve is
obtained hy use of a wodge oxtensometer connectod to a rotating drum, over

cn moves to record loads, This record is not considered ncccssary
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-_towthe,ihtgrpfctﬂﬁiqnzaf ﬁhp test and is not rocommended for future testing.

Liscussion and Interpretation of Resultqz' - ooy

Theré are ggvefairbery definitc indications of whothor or not tho test
specdnen is Efittie.'

“ “Ohé‘ihdiégtgonjbfafhe mode of fracturc is the éncrgy absorption as
qompﬁted from the area under the load-deformation diagram, Typical load-~
:défo;mation éiég£ams ;re shown in Figure 4-9 for brittle and ductile failiures.

A5 mentioned in tho section on testing procedurcy the s
brittle, are bent to the point of fracture, and if ductile, aro bent to
slightly over 0.4 inch deflection at the midpoint.

The encrgy computations for duetile behavior arc made on this basis,
that is, allowing 0.4 inch defiection for which the absorbed cnergy is com-
puted by measuring the area under the load-deformation diagram. For specimens
failing in a brittle manner, the area is computed to the point of fracturc.

After the cnergy-absvrption values are obtained for a series of speci-

mens at various temperaitures; a plot is mode of energy sbsorbed versus

fashicn., As indicated in the main body of the report, curves of this typo
for the project steels are plotted in Figures 3o to Sv,

The onergy absorption valuc is not the only criterion for determining
whether or not the specimen is brittle. For instance, in brittle fracture
there 1s a sharp drop in load accompanied by a sharp report as the spccimen
bresks. This sharp drop in load does net occur for the specimens which
fail in shear. Actually for this cese the load remains constant at the max-
imum or even riscs slightiy =2s the angle of bend increases. This is prob-

ht be congidered a

ue o gnt pe considered
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disadvantage if it were not for the fact that it mokes separation oflb?ittle
and ductile fractures very simple.

The neture oflthe fractu're is also a po'sifiifé eriterion for the deter-
minction of the tfan:sition from ductile to bfi‘btlé behavior. "As the
temperature of testing is successlvely lowered, the dcformation preceding
frocture becomeé less and the oxtent .of the cléavage fracture becomes
- greater, This is illustmted by the typical set of fracturcd bers shuwn

~in Figure 4-10,



Fig. &-1 Photogruph of Notched-Bend
Test Spesimen
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Fig. A-3 Photograph of Equipment

Genersl Assembly
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Fig. A-4 Photograph of Jig, Cantering
Fixture and Specimen
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Fig. A-6 Photograph of Punch
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Fige A-10 Photograph of Typical
Set of Fractured Test Bars
(E Stesl)
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