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SYJ\IOPSTS

Canadian Standards Assocíation (C.S.A. ) G4O.12 general

purpose strr¡ctural steel was subjected to tests in ord.er to

deterrnine its resistance to brittle faírures u¡der operating

conditions. The tests conducted were as follows:

1. Standard Tension tests

To detemlne the yield point and. the

ultinate strength of the steef.

2. V-Notched Charpy Inpact tests

To deterrnine the steelts transiti-on

temperature range.

3. Kinzel Notch Bend tests

To determine Èhe welding characteristics

of the steel.

4. Notched Tensi-on ùests

To deternine the steelts behaviour und.er

vari ng cond.j-tions of temferature, notch

effect, prestraining and strain rate.

al-



iii
The following conclusions can be nade from this

investigation:

I. This steel had a ten foot-pound ductility temperature of

-4ooF.

2. The notch toughness of this steel was good.

3. The presence of notches in this steel, prestraining by

compression, tension, and welding rrith or without the presence

of notches, did not produce brittle failure above -30oF in

tension members.

l+. Brittle failures dld occur j-n this steel above the ductility

temperature. These faj-lures Ïrere caused by welding cracks

and j:npact loading. The failures occurred after appreciable

plastic flow at the base of the notch.

5. In the presence of prestraining, notches could produce brittle

failures i¡r ttris steel below its ductility tenperaüure with a

reduced a.rnowrt of plasti-c flow at the base of a notch.
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CHAHTER T

TIüTROÐUCTION

The problem of brittle failures is connon to all steel

plate stnrctures, whether the structures are rivetted or welded,

Ttris problen has been in *istance for over eighty years; but it
has on.ly been properly identified in the past twenty or twenty

five years. This new aÌrareness has brought on new steels and

improved methods of fabrication.
1fun¿anentafs of tfte grit

The Stress Sbrain Curve

The basis of all strucüural desj-gn is the stress strai-n

cur'\re. Such a curue is shov¡n in Figure 1 for mild steeI. ÎÌr-ls

diagra.n can be d'ivided into four basi-c parts.

These four basj-c ¡rarbs are:

(a) the jniùial straight ]ine porbion where the stress is pro-

porbional to the strain a¡rd the naterj.al behaves elastical.ly.

(b) The initj¿iion of plastic behaviour, inLroducing ùhe tenns of

proporbionaf limit, elastic lj¡¡it, proof sùress, per cent

¡nield stress, and yield point. The material is both stretching

and getting narrower throughout j-ts length wiùh no significant

i¡icrease in the load.

l-A.I.A. File No. 13-A A Fi¡rer on Brittle Fracture page 1.

I
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(") The load increases and. the specimen stretches consid.erabþ

and continues to get narrower. It is duri-ng thls stage

that elongation takes place and the material stretches beyond.

its original length (20 or 30 per cent i¡r conventiona-l

structural steel). AIso during this stage, because of the

cold-r'n¡orking r:ndergone j_n elongatj-on, the maJc.i.:nun load is
reached. (the tensile strength).

(¿) Fina1ly, a reduction in area takes place, the load falls off,
and the specimen fails.

Conventíor¡a1 De sign Vieiflcoint s

All these stages and pþsical ctranges are imporbant. 0r3.

the ¡¡hole, the only ones playing a dj-rect parb in structural desi-gn

are those measured in pounds per square j¡rch (p.s.i.), yieta strength

and tensile strength. While the designer specifies nin:inl¡n elongation

and looks to ùhis for added assurance, deforratj-on is not a quarrti-

tative part of any design formula. Thi-s leaves a loophole i¡ desÍ-gn

if it is looked upon as predicting what nay take place i¡r se¡rrice in
the structure. The conventionar design vielçoint presupposes th¿t

yierding wil-L take prace at areas which may be overstressed, such as

at notches. This may be a questionable assumption.

During yielding or stretching, contracting or narrowing

took place in the speei-nen. Suppose we could stop the piece from

contracting latera].ly. The specimen, then, would. automatj-cally stop

yÍelding, in which case there luouJ.d be no elongation and. no reduction

iJr area. Even if the steel were loaded to i-ts breaking point, it
would break rs-ithout yielding, The resuLt worrld be a brittle fracture.



3

AIL the physical properties would be absent, including the yield

strength vrhicl'r røas used as a basis of design.

To understand brittle fractuye lwzards in design, the

conditions which tend to restrain yieldÍ-ng j-n the com¡:onent parbs

must be understood. These can be divided into four basic categori-es:

I"Iechar:-ica1, Temperature, Velocity, and liaterials.

l"Iechanical

This category is directly tied in r,¡-ith design because

it depends on hov¿ the strrrcture to be J-oaded in serrrice j-s to be

desÍgned.

Two test bars are shor¡n in Figure 2. The test bar at the

left is urìiarciÁlly loaded and is neckÍng doun as i-t approaches

fracture. th:is is the mar¡ner of loading lvhen the steel is tested

for specification acceptance, and evaluating the minimr¡c properties

for design purposes. If the sample were made to A7 Specifi-cations,

it luould yield at, say, th-iz'Ly three thousand p.s.i-., stre-t,ch

tirirby per cent, and fracture at about si:cby thousand p.s.i. However,

if the reduced èianeter at the break were to be used, it would be

found that this ¡Eracture stresstt rEouLd be about one hundred tr^renty

thousand p.s.i, lrTow, if the sa¡ne A7 test bar is loaded lateralJ-y as

rn¡ell as a:claJ3y (as at the right i-n Figure 2), and if these lateral

loads are tr-lgh enough, plastic behaviour can be suppressed to the

poi-nt where the bar would break in a brittle manner with no elongation

stress of about one hundred twenty thousand p.s.i. rather than at

si-:t'r"y thousand p.s;i. This illustrates that the mechanical properbies

developed by the steel in a structure depend on how the steel is

loaded.
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In Figure J we have two test bars urith ihe sane cross-

sectional area. Assrnri-ng the bars are of the same naterial, the

one at the right v¡ould take about tiorice the load to break it.
The reason is that the nateriar just above and berow the notch

restrains the section from contracting. This, j¡ effect, is the

sane as apply:ing a load nomal to the æi¿I load as ind.j-cated. by

the arrows in Figure å.

Temperature

-

speci-ficati-on tensiJ-e tests are made at room temperature,

but lowering the test temperature provid.es the sa¡ne effects of

brittleness. This is shoro¡n in Figure 5 for a typical carbon steel.

Straþ Rate

It is lsiown that veloci_ty effects are da.agj¡rg to

materials. For exarnple, lhattle d.anagert on !,¡arships was genera'r ly

accompanied by brittle characteristics j¡l the materj¿l. Tech-

nicall¡r, it is the strain rate wirlch is damagÍ_ng.

l'{aterial - Steelt s Resista¡ree_tq Brittleness

By conbining all_ the briùtleness conditions described

so far, it would result in the most abusive of a'ìI tests, the

notched bar i-npact test" The tharpy test is the best hrowa

example of this t¡pe.

Tqo_Èhases of Brittle Fracture

Brittle fracture can be broken d.ov¡n into two phases:

crack initiation and crack propagation. The matter of propagation

is vital because experience and. tests show that brittle cracksr

once starÈed, can propagate at the speed of sound. - l{ach 1 !

Once starbed., sometimes average stresses as low as five thousand p.s.i,
lriJ-l keep then going.





Charpy f.:npac'i, Test

The Charpy Ï-urpact Tesi; is perfom.ed at progressiveþ

decreasing temperatures, and the results are plotted as j¡r

Figure ó2.

1o the right of the figure it vrjJl be noted. that the

specimen absorbs the most energy and the mode of fai-l-ure is
shear. To the left the lowest absorbed energy and. the mode

of failure ís britùle (cleavage). of even greater structural

significance are the three zones dealing with initiation and

propagation. specimens falling into the category at the right

are those in which it Ís hard to starb a crack and hard. to keep

it going. These specimens do not snap i¡'bwo pieces in the test.
They bend and tear from the notch.

rnto the zone at the Left fall those specimens in r¡hich

j-t is easy to starL a craek and easy to keep i.t going. The

pi-eces literarly fry apart j-n the test. rn the middre zone it
is difficult to initiate a crack, but once starled. it j-s easy to

keep it going. The dounnward break i-n this zone is carled the

transition range. The transj-tion is from duetire to brittre.
The temperature i-n this rallge is ca]-led. the transition temperature.

zCo"tto! of Steel Cons'bruction to Avoid BrittLe
Failure. itlew York, Welding lteseárc-h Cor:noi1 Ig 5T , page ZA.



l,fanufacturine Affects Transition RangJ

The Charpy test (and other tests) evaluates corûnon

si;eels in terurs of transition temperature, as affected by

chenÉstry, steel-making practices, and heat-treatment.

The presence of cerbain elements and thej-r anounts

in steel with respect to each other is another variable which

affects the ductjLity and. toughness of steel4.

To sum un

(*) the lower the iemperature, the greater the

susceptibilíty to brittle fracture.

(U) brittle fracture can occur only und.er con-

d:ition of tensile stress.

(") ihe thicker the stêeI, i,he greater the

susceptibility to brittle fracture.

(¿) three-dimensional continuj-ty tends to restrain

the steel from yielding and increasqs suscep-

tibility to brittle fract"ure.

(u) the presence of sharp notches increases

susceptibility to brittle fracture.

(f) iriultía.rcia1 stresses i+iIL tend. to restrain

yielding and increase suscepüibility to

brittle fracture.

3_-Parker, Earl R. Brittle Behaviour of Engi¡eering
, f--Struc-tures (Nei.r York, John lüiley and Sons Inc. 1957) p.M.

4sùout, Eoberb Ð. and l{. DrOrrrille Doty
hleld?bilii;y of SleSIs (iilew Iork l'rlelding Research CounciJ,
1953) p. 37.
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(e) the higher the rate of loading, the greater

susceptíbility to brittle fracture.

(h) brittle fracture occurs onJ.y und.er conùitions

of increasi:rg rate of stress.

(¡) we.Id cracks can act as severe notches.



CHAPTER ]T

STÁ.TEI'ÍEiüI OF TI{E PROBLE}i

The purpose of thís investigation is to sludy C.S.A.

G4O.L2 (tci:¿e¿) steel under conditions of reduced duetili-ty.

The Standard Tension Test, the Charpy Irnpact Test, the Klnzel

Bend Test and the large Tension Test were perfom.ed on the

steel to achieve the necessary resuf-ts.

Standard Tests

The Standard Tension Test g"ives the modulus of

elasticity, the yield point and the ultinate strength for any

t¡4ge of steel at a given têmperature. The per cent elongation

over a gi-ven gauge length i-s a measure of the ductj-Lity of the

steel. (See Figure 1). An investigation of the fracture sur-

face will indj-cate either a cleavage or shear fracture or a

conbi-nation of both,

A surface resulting from a cleavage fracture is

bright and granuJa,r" ThLs is an indication of brÍttle fracture.

A surface resulting from a shear faihire is fibrous, grey and

silþ. this j-s an indication of a ductiJ.e faiIure5.

The Sùandard Charpy Inpact Test measures the notch

toughness of a material which is a measure of the energy

required to cause failure. (See Figure 6).

5Parker, r'¿r1 R.
Structures (Ner,¡ York, John

Brittle Behaviour of Engi¡¡eering
lrH-ley and Sons Inc. 1957)

11
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The Kinze1 Notch Bend Test is one of the many üests

determine the effects of welding on the notch tougtr-

stee16.

The criteria used to evaluate ihe transition tem-

perature of the notch bend test consists of ùhe per cent of

lateral contraction aù the base of the notch and the angle of

bend at the rnaxi.nr¡nr 1oad" These are both eompared. at dlfferent
t1

tem.peratures / 
"

I¿ree Tension Tesùs

The Large Tension Tests were perfor:n,ed in an attempt

to place the sùeel under varying serlrice cond.itions. The con-

ditions considered were temperature, strain rate, prestrain

before and after notchi¡g, and r,relding stresses in the presence

of a noÈch.

Li¡¡itations of the Investisation

l'[etals reacL differently wrder variables of geometry,

tenperature, loading condition, and metallergical prope¡'bies.

As a resu-lt due to these variables, it is i.nrpossible to obtai-n

exact correlation between test results on different specimens.

An attenpt has been made to keep these variables dov¡e

to a ¡cinimum in this i-nvestigation.

óRob"*t, D. Stout and W. D¡OrviILe Doty, trfeldabilitv
of Steels (New lork hleldj,g Research Couneil, ,ri3rW

TAgttu* S.4., t!i.D. Mittèjman and. B.D. Stout, Some
QbsSrvgtigng on the Kinzel and Ðrop-Weieht Tests.. The WelAing
Journal 39 15) Research Suppf. , 2o5-s Èo 2LL-s, (19óo).
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Glossar.y of Terns

Brj-ttleness¡ A tendency to fracture lrrithout appreciable

defo¡mation and or energy absornption.

Brittle Fracture: ThaL t¡rpe of fracture ordinariþ

characterized by its brighù crystalline appearance due

to the abrupt splitting open of the netallic crystals or

grains on cerbain crystallographic planes, referred to as

cleavage planes,

Cold.lüorkine: Plastic defonmation of a meta]- caried out

below the metall s recrystal-lization tenperatureS work-hardening

occurs.

Ductj-l-ity: That properby which is characterj-zed by the

ability of a naterial, subJected to tensile stress, to und.er-

go pennanent defonnation before fracture.

Ductility Transition Temperatures That temperature above

¡¡hich cleavage fracture can be inítiated only after

appreciable plastic flow at the base of a notch, and below

which cleavage fracture will be initiated $rith little evj-denee

of notch ducti-lity.

Elastic BelF,viour¡ Behaviour characterized by snalJ- defor-

mations or strains wh-ich are proportional to stress. The

¡naterial returns to the original dimensions after release of

stress.

Elastic strai¡ Enersv: The energy stored in a metal dur:i-ng

the course of elasti-c defo¡nration.



u
El-ectrode classification: The specified. ch¿racteristics of an

eLectrode are expressed by the c.s.A.. ltfelding cod.e classification

nwrber of the electrode.

Fibrous Fracture¡ The tenri used. to d.esignate a ductile shear

t¡4ge fracture of steel. The fracture is characterized by the

fibrous or woody appearance of the fractured surface.

Fracture Appearance Transition Tenperature¡ This transition
temperature, which is concerned. with crack propagation, is
associated lrith the change from a fibrous shear type fracture to

a predoninantly creavage tyipe fracture. This tenn is frequently

shortened to !'racture Transition Temperature.

Granular Fracþure: A term describing the appearance of a
parbicular type of fractured surface. A granular fracture is
one which makes evident the existence

often used to describe the appearance

grains. The term is

a fracture thaù takes

of

of

place in the cleavage mod.e.

Ileat-Affected zsnel That porLion of the base metal which has

noü been merted but whose mectunical properbi.es or mìs¡p-

structure have been altered by ùhe heat of roreld.Jlg.

Normalizing: Heating to a suitable temperature above the trans_

for:nation range and subsequently cooring i¡r stilr air at room

ternperature.

Notched Bar Transition Tenperature¡ One of sever¡l arbitraril;r
defj-ned transi.i;i-on tøperatures detenained by the resuLts of

notched bar impact or bend test, such as the charpy test,
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I[otch Brittleness¡ The inability of a metal to yield

plasticalJ.y r¡nder the action of constrai¡rt and high local

sùresses, as for exa.urple, at the root of a notch.

Notch Duclility: The ability and capacity of a netal to

yield plasticalþ under constraint and high local stress,

as for example, at the rooù of a notch.

Nloijh Sensitive: A tendency to brittle behaviour ín the

presence of a noteh, discontinuity or stress concentrator.

Notch TguÅhness: A tendency to plastic ftow v¡ith energy

absorption even in the presence of a notch, discontinuity

or stress concentrator.

Residual Stress: lulicroscopic stresses remaining in a

metal or a stnrcture as a result of nonuniforrn plastic

deformation. This defonnation may be caused by mechanical

cold working or by temperature effects.

Shear Fracture: A type of fracture in u¡hich there is large

deforuation preceding fracture caused by parallel planes ín

netal crystals sliding so as to retain their paraIlel relation

to one another.

Shpar Lip: The later of surface fracture rutrlch often

accompanies brittle failure - i.€., ductile edgjng of the

fractured surface. In service failures, the shear lip is
usually very thin.

Stress Relieving: A process of reducing the nagnitud.e of

residual stressed by heating the object to a suitable

temperature and holding for a sufficient time, followed. by a

controlled raÈe of eooling.
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Thennal stress: The stresses eristing in metars because

of nonuniform ternperature distribution or because of a
temperature change under conditions involving restrai-:at.

TouEhness: The properby, involving both ductility and

strengüh, of absorbing considerabl.e energy before

fracture.

Transiti-.on Temperature: fhat tenperature at i¡ùich a

speeimen or structure exhibits some change i:: fracture

beh¿viour, as ewidenced by a change in some characteristic,

such as energy absorpti-on or fracture appearance.

True stress: rn the tensile test true stress is the axial
load ùivided by the insiantaneous area.

lfork Har.denine: An increase on hardness of a metal during

and by the action of plastic d.efo:m¿tion.
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CHAPTER III

I,ABOIìATORY PROCEDITiì¡]

The tests perforrred can be ùivided into two sectj-ons:

1. Standard Tests:

(a) Standard Tension Test

(U) Charpy V Notched trorpact Test

(") Kinzel Notch Bend. Tesi

2, Notched Tenslon Tests

lest 1 - tension tesù with no prestra-in

Test 2 - tension test after tensile prestrain

(notch not present during prestraining)

Test J - tension test after compressive prestrai-n

(compressive prestrain uas i,rithout the

notch present)

Test 4 - tensj-on test after compressive prestrain

(compressive prestrain was vrith the notch

present )

Test 5 - tension test ¡,rith resídr.¡a1 weldi-ng stresses

present

AJ-L specimens ffere consi¡ucted from ro1led bar I i¡rches

AV 3/S of an inch thick. The ed.ges were left as rolIed..

The bar material conformed to C.S.A. G40.12 General Purpose

Structural Steel. The bar was ro]-led at the l{anitoba R6]lii,rg MiILs

Ðj-vision of Do¡ainion Bridge Co. Ltd., Selklrk, Mani-toba.
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I. STANDARD TESTS

Co""tr.ti"" "t f".

The Tension speei-nrens, shor,¡rr in Figure 7, were manufactured

according to A.S.T.iuI. E8-ó1T8 except for a ehange from an I insh

Lo a 2 inch gauge length. All specÍmens r{ere cut paral-lel to the

grain.

The Charpy Ímpact specimens, shown irl Figure 8, were

manufactured according to A.S.T.M. EC.O9. lwenty-seven specimens were

cut paralle1 to the grain and. the sarne number rn¡ere cut perpendicrrlar

to the grain. The notch was machined j¡ a di-rection perpendicular to

the face of the bar. Special care was exercised in machining the

specimens to lhe specifj-ed t,olerances.

The Notch Bend specimen, sholrn in Figure 9, was constructed

to confonn üo the Kinzel- ttrp"lo. Ten specÍmens were cut parallel to

the grain and ten specìmens were cut perpendicular to the grain. In

each group of ten speei-mens five were welded and. fj-ve r¡rere unt¡relded..

The weld bead was placed. with a 3ft6 inen diam.eter góOlf electrode at

a rai;e of 6 inches per rn-lnute, acurrent of 110 a.urps and a voltage of

25 volts. A standard Charpy notch luas placed transversely across the

specimen and through the weld having the standard notch depth Ín the

base metal.

8&-g.t.*.- Sta¡rdards 1961 Part 1. Femous lÍetals Specifications,
E8-61T p. 165.

9¿g-g.U.- Stand.ards L96L Part 3. Itetal-s Test Method.s,
E 2)-6o p. 

-
lOStout, Eoberb Ð. and W. ÐtOrrille Doty. r¡[eldabi]itv of

Steels. (New Yori< l,felding Research CounciJ, 1953 t p.T
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Test Equipnent

The rnachine used for the Standard Tension Tesü was the

Biehle 601000 pound Precision Hydraulic Universal Testing I'fachj¡re.

The süraj¡r gauge used was an Ames indicator ytode1 ü2.
The mach-ine used for the charpy rrnpact rest was the 0rsen

Tm,cact resting Þlachine. TL¡-is nachine has a charpy test capacity of

264 îoot' pounds at a striking velocity of !6.5 teet, per second.. The

coolant used was a nixLi:re of acetone and solid:ified carbon dioride.

a Farenheit thermometer with a range of +ó0oF to -LLOoF was used for
the tenperature measurements.

The apparatus used to perform the Standard Notch Bend. Test

j-s shov¡: i¡ photograph 1. The rnachine used to suppry load was the

Baldwin 301000 pound P.T.E. Testing MacÌ:-i¡re. The coolant used v{as a

n'l-ixbure of acetone and solidified carbon dioxid.e. Temperature measure-

ments were made using a Fahrenheit thermometer calibrated from +óOon

to -LLOoF.

Test Procedure

The standard tension test was perforned. at room temperature

of +?OoF. strain readings were perforrned at load increments of 1r0oo

pounds. Ttrls rate of load.jng, to allow for the taking of strai^n readlngs,

was approxi.maiely 41000 pounds pêr mi¡¿fs. The yield and ultj¡rate

strengths were recorded.

ArL the charpy TmFact specimens were placed. in the a¡rvil

vrith the notch in tension. They were tested. at temperatures ranging

fro¡u +?ooF io -IoooF. rn al-L cases the testing procedure forlowed

standard A. S. T.lvl. B23-6O proeedures.
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In the ldotch Bend Test the specimen was placed on the

rollers, as shol¡n i¡ Figure 10, and the load. rnras applied to the

side opposite lhe weld so t;hat the weld bead was in tension,

The test was perforaaed. at temperatures of +zOoF, OoF, -3OoF,

-óOon and -80oF. Each specimen was alJ-owed. to cool for 10

ni-nutes before testing. The temperature lras measured by holding

the thernomet'er near the face of the speciroen ¡¡lÉch contained.

the werd. The load ruas applied at a stead.y rate of approximately

401000 pounds per minute. ï'lhen the uftjmate load. was reached.,

the load was rapidly released.

IÏ. I,AR@ TEI\]SIOI{ TEST

Construction of Tesi; Specimens

.A,Il specimens weïe I inches ruide, J/8 i:nch th-ick and 20

inches Iong. The specimens had bars welded on the end. to provide

a grip for pulling in tension. The djmensions of these specimens

nere such that the vJ:idth was larger than sixbeen times the th-lck-

ness to ensure plate effect w1thin the capacity of the r¡achi¡e.

The length of the specimen was m¡d.e two and one hal-f times the

rn[tdth to renove end effects from the notch.[ The notch shov¡n in

Figure 12 i,¡as used i-n a]] the large tension specimens. (See

Figure LL for the construction of the large tension specimens).

The jewe]*lerl s saw cut r,,ras used. to provide the ir¡:itiation of ihe

fracture.

IlA.S.T.iui. Committee on Fracture Testing of High Sbrength
Sheet l"'laterials. Fracture Testins of Hieh StrenEth Sheet l{aterials.
A.S.T.!I. Bulletinrã"arv ïffir-fr". AT# Ð and. 3]..
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The Type 1 series contained no prestra-1n. The series bras

tested after the notch r¡as inserted.

The Type 2 series was si.ruiJ-ar to the Type 1 serÍes, except

that a tensile prestrain beyond the yield poj-nt was given ro the

specimen before the notch ¡¡as inserted.

fn the Type 3 series a 5 inch strip r¡ras removed. centrally

from the specimen. The edges of this strip were bever-red w'ith a

d.ouble v bevel to måt<e it easier to compress and. to ensure satis-

factory weld"

After the specimen was compressed in the special apparaius

.shoi.+n in Figure 15, and photographs 5 and.6 and passed. its pield

point, a notch was cut in it and uas weld.ed back into the specimen.

The weld was made wii;h a Jft6 lnch dianeter E?018 electrode accordilg

to c.s.A. !f48.1-r962. I¡üet cloths were plaeed against the weld to

protecÌ, the strain gauges from heat generated during welding.

The constrr:ction of the lype & specimen were si¡nllar to

that used for the Type 3 specimen except that the notch was inserbed

in ühe central strip before it was eompressed..

In the Type 5 series a 3"5 inch strip was removed from the

centre of the specj-rnen and. wel-ded back. The 3.5 inches was selected

because research has shown that naximunr residual stresses occur from

one to two inches from the weld.f2

lzmagaraja Rao, N.R. and. Lembert TaLL. Residual Sbresses
ig l¡tç1Êing PLates. . Th" tileld.ing Journal 4o (ro) Research supprement,
4ó8-S ro 480-s (]-:g6t).
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Duri-ng ùrelding the other end of the test specimen was j:nmersed in

r.¿ater to prevent the heat da.rnaging the strain gauges. All weldi-ng

r,¡as done wiLin 3/L6 ineh diameter E7018 electrode according to C.S.A.

\ilrz.L-Lg62.

InstrumentaNion

The i-nstru:nentation shov'rn in Figure $, rernained identj-cal

for each type series tested. The SR-4 i;ype PA-J post yieldstrain

gauges were attached to the specimen by means of post fiel.d cement.

Shorb leads were soldered to each gauge and then a water-proofing

compound consisting of Cil,I-l rms placed over the gauge and leads. AïL

strain readlngs were made by Ðarton Digítal Strain Indicator.

For measurement of residual strain due to welding in the

Ty¡pe 5 series SR4 type A7 strain gauges were attached to the specimen

and read by the porbable strain indicator l.fode1 P-35O.

Thenno-couples, used for temperature measurement, were con-

structed ltom 2l+ gauge copper constrrrction rsire and were oriented on

the specimen as shoun in Figure lJ. li compowrd called Therton was

used to set the therno-couples into the specimens. This compound has

the sarne thermal conductivity as steel-. The tenperature reaùings were

recorded automatically by the speedoraa-x T¡rpe 6 recording instrr¡nent.

The reference temperature hras +3æF provided by means of a ni:cture of

ice and rn¡ater.

Igst Pqqilqent,

The lùiel¡-le 2}pr000 pound Screw-T¡¡pe Testing I'r:achine v¡as

used. for the large tension tests. The grips used. to ai;tach the

specimen to the heads of the mact¡-lne and to precompress the specimen

vrere constructed fron A7 steel as shown in Figures 14 and L5.
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These were constructed. for a previous study.l3

The coolant used i^¡as solidified carbon dioxlde. The

cooling chanber was constructed as shown in Figure 16. The box

rrras fill-ed i,'rith the solld carbon dioride. Ðirect contact between

Èhe coolant and the steel r'ras prevented by insrrlating sheets betv¡een

the sfeel and the solid carbon d:ioxide coolant.

te"f .Pro_cg¿"re

In each series of the tesüs, except test series 5, one

plate r+as tesied. at +7OoF, two at OoF and one at -30oF. For test

series 5, one prate r,¡as tested. at +70oF, two at ooF and. one at -6ooF.

At ooF one test was earri-ed out at a faster rate than the other in

order to see if this made a dijference i¡r the resulis. Each specimen

lrras taken to destruciion.

ïn test 3 and l+ Llne PA-J strain gauges were used to measure

compressive prestrain and r,,¡ere later used to measure strains due to

the tensile loaùing of lhe specS-nen.

ïn specimen Type 5, the PA-J strain gauges were attached

to the specimen after the welding !¡as completed.. iìesidual stresses

due to weld:ing were recorded by ihe A-Z sì;rain gauges.

l3Bu¿üerfield., I¡rJi'lliam Hent¡r. A Study oå Brittle Fracture
Ini'Liation in Prest{ained Notched. Steel tãnsion Spec:Lnrene 

-
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spec]-men

Details of grips used t,o puII large tension specimens
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CHAPIER W

NECORDED TEST DÁ,TA

Five specj¡nens were tes'r,ed. The strain readjlgs t¡rere

tabul¿ted for each one thousand pound load increment. The areas of

each specimen were calculated and an average value of yield stress

and ullj.nate tensile strength for the naterial was attained as shown

in Figure If.

The energy in foot pounds at

and graptrically shoi,,m in Figure 18.

each temperature was recorded

The test data consisted of the per cent J.ateral conüraction

one tb-irty second of an i-nch below the notch root and the angle of

bend at na.:cj-n¡¡rr load at different temperatures.

This data was plotted as shorrn in Figure Ip.

llotched Tension Tests

Fronr tables 5 to 8, f3 to 1ó, 2J lo 2Jç, 8 Lo 33 and 3T Lo 39

inclusive, the load was measured in pounds and the gauge reaùilgs were

measured in núcro-j¡rches per inch. The gauge readings were taken mtiL
the gauges failed. the temperatures indieated on the table were the

average temperature of the specimen durirrg the test.

42
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Temperature Readings

The Standard Tension Tesis were talten at, room temperature

of +7OoF, The tamperature was taken by a Fahrenheit the¡rnomeier.

For the Charpy Tmpact Tests, the temperatures taken v¡ere

the temperatures of the bath thai the speeimen was in. The

specimens were left to cool i:i the bath for ten minutes before they

were tested. Tenperatures were taken by a Fahrenheit thermometer.

For the Kinzel hlotch Bend Tests, the specimens were placed

in a bath and allowed to cool for ten ninut'es before testing. The

temperature rlras kept constant during the tests. Temperatures were

taken by a Fahrenheit ther:nometer.

For the i{otched Tension i;est, the tenperatures were taken

by thennocouples. The therrrocouples were placed in holes that were

d.ril-led inÈo the steel specimens. The tenperature ÍIas kepi constant

throughout the lests.
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TÁ,tsI,E T

STANDAND TENSION TEST ON WO.Lz trI@L

IEI'æERATURE +7OoF

],'iark Nir¡rber Thiclaless(inches\ Inridth(inches) Area(square incheq)

!.2J+3

L,2/+3

L"?JrL

L.W

r.2h3

o.376

o.377

o.376

o.377

o.377

o.467

O.lþ69

o.467

o.469

0.h69
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TABI.E IT

STIII'IDAIìD TtrI{SIOi'T TEST Oi'J WO.Iz ST:TEL

Gauge Readings in Micro-Inches per ïnch

Load
Pounds

11000 0
2rO0O 25

3 r0oo 90
4-, ooo 150
5r0oo 200
6 rooo 25o
71000 3lo
81000 380g,ooo h5o

101000 520
11,ooo 5go
12,000 650
13,000 7o0
t4,ooo 760
15rooo 820
16,000 8go
17,000 950
181000 11010
191000 11030
201000 lro3o
211000 L2r850
22roOO r4r75o
z3 ,0o0 L6,go0
2l+e}00 19 rL50
25,OO0

ïield Load
Pou¡:ds 20,000

Ultimate ïoad
Pounds 34rO00

Elongation in
2 ínches % aL
Rupture 36.0'l

Speed of ïoad

36.5f, 37.Oîá 37.Ofr

O.05u/rnin.

10
60

1I0
160
2ao
zt5
3h0
39o
45o
510
580
620
680
75o
810
900
980

1, O5o
r,r75
9,7OO

ro1950

L9 r5oo

3l+'350

36.ofr

Application

n

10
90

190
280
370
l+60
550
650
760
850
940

1rolo
1,090
1r15O
lr 2IO
rræo
1r400
1, óoo

L2r5OO
r4,9OO
17,2oo
t8r 7oo
20r07O

0
20

100
720
l-50
180
220
260
3l'0
360
410
47o
5ro
570
650
7+O
850

l_r 000
rr25O

10,600
121350
14r1oo

OU

200
310
550
690
800
9oo
970

lr 060
1,150
rr25o
r,34o
Lr42o
Lr5l+O
tr63o
lr9oo
2r2OO
2r650
3 r3OO

l-3,5oo
l5rooo
16r5oo
17 r9oo
2h,OOO
28r3OO

t9,600

3l+ 
'2W

L9 r7OA

3l+r2O0

L9,2oO

3l+ 
'350
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TÁ,BI,E TT]

CHARPY $FACT TEST OII G4.0.12 5TIÎEL

Parallel to Grain

Absorbed Energr-
Temper¿ture Ft. Lbs._oF Test 1 Test 2

Transverse to Grain

Absorbed Energy
Tennper¿ture Fb. Ibs.

oF Test 1 Test 2

70 L20 118

60 r3e r28

L2]L

13o

114

108

106

70

60

50

l+O

30

20

10

3l+

32

¿o

¿o

32

28

2h

t+Z 38

46 38

3l+ l+2

-l-0 70 70

50

4o

30

20

10

-20

40

-4o

-50

-60

-70

-80

-9o

-100

0 L26 0 18 2lþ

-10 22 20

-2O 18 Z+

-30 t6

-l+O U

-5A88

l'28

LO2

L3o

106

o¿

92

36 80

Ì, ),

Lh

alÕ-

l+

3

0

6

O

lL

U

-60

-70

-ou

-90

-100
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Kinze]-

TABI,E TV

iVotch Bend Test

ParaILeI to

lüelded

Ultimate
Load

on C40.12 Steel

Grain

%'LateraJ
Contraction
a'i; üLtimate

Angle of
Bend at
Ultimate
Ioad

o
t{

-rJ'd
t{
c)o-

Ë'* I.Íark
E{ o Number Lbs. Load

+20 A

O EJi

-30 J

-60 r

-80 N

t2r750

12,9OO

LL,750

12r100

)J1225

13,300

l-3,450

13 r9oo

13,850

L3,85O

o Urutelded
${t
Ë 1l LaLeraL Ang1e of
È{CI llltimate Contracti-on Bend at
P. l.fark Load at U1timaùe Ultimate
Ë_ð _ _J1¡¡[b9r Lbs. Load Load.

300351

8o05t

Eo05l

39osot

39ooot

+20 B

OF
40K
-60 lli-F

-80 P-)i

-)--Fracture

0.67"Ã

O.77F"

o.60"Á

o,g7'/"

o.hl+/"

L.25,4"

0.69i6

1. Ogø

L.68%

L.8O/"

lgo5ot

L50L5l

l-3055t

r705ol

160501

Tield for specimens at temperatures of +20o, 0o and -3@ is 6rT50#

ll It tt

at 4OTOOO pounds/mÍ:iute

rr -600 and gOo is
JI

7,75dr

Load applied

1l
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TABLE w (colltru. ¡

Ilinzel Notch Bend Test on G\O.LZ Steel

Perpendicular to Grain

o 'r,üeldedtu
-{

.!-)'d
t{o llltimate
e.g l"Íark load
OqJÈ ö Number Lbs.

i( LaLeraL
ContractÍon
at Uliimate
Loa.d

Angle of
Bend ai;
Uliimate
Loed

+20 c 10r30o

o G rr,45o

9,95o

9,875

9,75O

o"331í

v.o /¡o

o.40ø

o.3o'fr

0.2OT/"

50051

9o1o¡

60o5t

50 551

6010r

Angle of
Bend at
Ul-timate
I.oad

40L
-6o x

-80 R

a Un¡velded!
lJþ I La¡¿eralt{o Ulti:nate Contractiona,
H'_ l4ark Load at Ultimate
Ë o- Il¡¡rber Lbs. Load.

+20 D

OH

-30 i,l

-60 Y

A^
-öU ù

-)'fracture

ïield for specimens

rL,650

7tr550

11,goo

12r100

12rl+5o

A.hLfi

O.6h/"

o.84i{"

0,95ø'

r"o7î4

r50551

r5c.30t

r50451

L50 551

LTozol

and -30o

80o is

ts 6 r75O#at

I

temperatures of +20o, Oo

rr n _600 and
Jl

7,75On

Load applied at 401000 pounds/rninute
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STRATN IìEA'DT]\JGS FOR TEI.ISIOI\] TEST I{TII{ I'üo PRESTRATI\I

TABTE V

Speci-rnen T1-70 Temperature ZæF

Gage Readings in l"íicro-Inches per Inch

Load
Pounds I 2

0r000
5r ooo

25 rooo
35 rooo
l+6 rooo
56,ooo
óor 00o
65,5oo
7L,0OO
75,oao
80roo0
B5r ooo
95,ooo

100r 000
1o5r 0o0
1101000
115r ooo
120r000
I25,OOO
130r o0o

Ultimate Ioad - !3I,585

-1
-l+o
17L
æ4
l+æ
548
ouo
678
()¿
808
886
968

r,756
l_r300
2r5LO
5,h3O

12r800
15,800
19r1oo
27,4oo

-t_
-l+l+
198
368
573
798
94

11130
rr3g6
Lr5l+8
11820
2rLO|
3 tl )L!t,

ln 163o
9 t2/+0

11r600

:

0
-18
184
330
502
668
7+Lþ

842
938

Lr0L2
rr@6
11194.
lrLZ+
2'67o
9rloo

Jh'l+oo
L5 1600
17r100
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T1-OF

TÄBL!] VT

Ternperature OoF

Gage Readings in l,îicro-Inches per Inch

0r0oo
5rooo

10r000
18r000
35,Ooo
4orooo
5lr ooo
79,50O
94rooo

1o8r 5oo
LtL,5oo
LL9r o0o
f30r000
L35,aoo
a39,5oo

llltimate Ioad - L39r69a

-2
-180
-112
-020

200
363
49t+
920

11 210
lr4oo
2tlt'o)

lorloo
L9 r5oo
Ð.r4oo
221000

-2
'4)ö

-r-50
-028

4)Õ
l+72
672

1r 828
3,760
6 16oo
gr600

":noo

0
-r72
-106
-o2]-

1.t¡7J-ô I

364
5r9
96Lt

Ir22O
1,500
3,7oo
7 tl+oo

20r20o
E,4oo
28rooo
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T1-OS

Load in
Poirnds

TABI,E VÏI

Temperature OoF

Gage Readings in l.,äcro-Inches per Inch

0r000
5,00o

10,000
15r ooo
25,OOO

35,3oo
45,ooo
55,ooo
60, ooo
65 rooo
To rooo
75,ooo
80r 000
85,ooo
90,000
95,OOO

1o0r 00o
]-o5rooo
1101 000
115,000
119, ooo
1201000
Lzh,OOO
L26,5OO
130r000
:-.35,ooo
J4orooo

Uli;i¡nate load.

-002
0

TE4)
10ó
23/+

37o
698
630
688
761+

840
920
984

lro4o
lrl-20
Lt2lro
lr3oo
l-'l,.20
Lr5Lo
lr 8oo
5,800

12r100
12r600
13,20O
14rooo
1J+ r4oo
Il+'200

-oo2
-o05

52
1n
?og
5L4
7M

Lro32
1r169
r1328
L,456
rr5g2
1, óog
L r92l+
2rJ.o)
2r58O
3,1oo
3 ,880
5,ooo
6,79O

8r 2oo

:

-aa2
008

)Ô
l'23
2l+8

380
496
bJ_ô

ó80
7l+O
804
^ta 

1()/L)

920
oo,

lrogo
Lrl3o
IrZ+O
rr3!;o
I,l+50
1,ó60
3 r28o
7,2oO

10r 200
10r4oo
13,000
20r 000
4,2oO

- JJ+L'920
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TÁ,BT,E VTTI

Specimen T1-IT30

Gage |ìeadings in I'ücro-Tnches

TerLperature -3OoF

per Inch

Load in
Pourids 1 p 2

01000 -0015,5oo -æ225,000 -13e35,ooo L6
I+5,OOO L77
55,ooo 33765,000 5ro
70rooo 58275,ooo 6s180,000 74s85,ooo 872
90'000 96o
95,AOO L,032

100r0c0 7rL36
1C5,000 Lr6o0
110,000 ?16001151000 5,600
120ro0o ].oróoo
r25,ooo L5 160013oroo0 t7,5O0
r35,ooo

Ultimate l,oad - 1411000

-002
-l+32

_114
062
2/þ6

49o
632
842

1r100
rr52o
2,092
2r8L6
3,692
Lr rl+oo
6 r7OO

':'*

-o02
-313
-178_¿)

-t )^
tà)
l+lrj+

5Ll+
ó08
680
772
.1¿tÕ

952
1r o4o

1,400
21900
9,600

]-5,2oo
16,600
2rr7oo
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SIR.ATN EEÃ.D]I',JC"S FOR PNETEI\ISIO}I I.,TTIHOUT TTTB I{OTCH

TABIE TX

Specirnan T2-7O Temperature 70oF

Gage Readings i_n lrticro-Inches per Inch

0r 000
5r ooo

15 r 000
26,00o
35,aoo
l+6 rooo
55,ooo
65 r}oo
75,Ooa
85,ooo
95,Ooo

1001 000
105,000
110r 000
]_L5ro00
119r ooo

Set
0r 000

-2
31,

14r
270
?,qn

509
6L9
7æ
840
956

r1064
Lrl2o
1,182
7r252
Lr372
]-r536

1ó8

30
7l+¿+

<.ö<.

/+0L

5l+O

obt
lÓa
9Z+

Lr o88
r,268
Lr3l+8
Lrlþ60
r,696
2,]-.]'6
3,320

ì ô.\.1L17óó

tr

aa))
148
28lv
4or
544
670
801
944

1r090
I,229
rr2g6
\,372
LrL'7o
1,594
L,6ZA.

200



5l+

T2-OS

0r 000
5r ooo

75,ooo
25,5oo
35,5oo
l+5,5oo
55 rooo
65,ooo
75,ooo
85r o0o
95,ooo

1001000
105,000
1101 000
1t5r 0oo
1201 000

Set
0r 000

-oo2
Lo2
20L
3ro
4U
5la
/a /
oJ-o

l¿ó
832
ô, .l,4r)

L'o72
r,r44
1 ))1,
1r308
I ad,rr)ó+
Lr53o

4a

001
12)
270
Lo4
543
684
94t+
94t+

I,Og2
rr24è
-l Lr/)¿tatH

r1656
1r 8/+o't c^^
2,752
5,46o

5 rl.60

001_

IJO
280
tùg
546
672
906
905

11 028
rrL54
1r 290
7r3lÞl+
Lr3g2
L'Ì+96
rr5g2
2ro6a

r,480

TABLE Í

Temperature fOoF

Gage Readings in l"licro-Tnches per Inch

Load in
Pounds
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T2-OF

Tá,BIE X]

Temperature ZOoF

Gage Readings in l'Íicro-fnches per Inch

l,oad in
Pounds J 2 7

000
88
390
l+96

597
7ol+
796
o't ?

Lr)l+4
lrlJrO
Ir46
rr42O
Ir5Ì1.8
1, ógo
5 rlebo

5,250

0ro0o
5r ooo

15, ooo
25,O0o
35 rooo
4,6,ooo
55,ooo
65,ooo
7ó, ooo
85,000
95,ooo

1o5, o0o
1101 000
115,000
l,20,joa

Set
0r 000

-oo?
2/t'L
382
l+86

574
678
765
853
996

1rl_oo
Lr260
r,754
2,52O
3,536
6 r3l+O

5 r0!to

000
226
356
l+l+5

525
cr)
692
777

^'7t
958

Lr052
lrlJ+8
Lr2OO
I'320
2rl+l+O

Lr2A0
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Tz-XB0

Load

TABI.E XTI

Temperature 70oF

Gage P.eadings in I'licro-Inches per Inch

0r 000
5rooo

15r ooo
25,OO0
35,ooo
!-t5 rooo
55,ooo
65,ooo
75,ooa
95,OoO

1o5, ooo
110,000
115r o0o

Set
0r 000

-002
85

188
27r
381
l+78
588
ó88
800

Ir0l+4
]-rLTg
J-r28l+
l-,600

f+AC

000
ñ17t)

2J7
J¿O
Ltt+ I
56r
690
dtô
OL'

9l+O
r1260
Ir5l+6
2rgoo
7 r/o00

5r 8oo

-ao2
109
no
444
Ã c|^

IJU
öY4.

lro4g
11 200
L,498
rr6ht+
2,736

12r800

1l-r4oo
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STP,Jtr.Ïi'J READTJ'JGS FOB TENSION TEST AFTER TEÌ\ISTIE PnEsTIÈAI]'ii

TÁ,BIE XTII

Specimen TZ-7O Ternperai;ure ZOoF

Gage P,eadings in l.{i-cro-Inches per Inch

0r000
5 rooo

25,o0o
35,OOo
l+5,ooo
55,ooo
Sorooo
65 rooo
?oroo0
75,ooo
s0,000
85,000
9or ooo

1001000
1o5, o0o
l_10r 000
115roo0
1201000
l-25 |AOO

U]-timate

000
(]at

3æ
l+J+t

5Ì+5
646
70L
752
804
862
orô
968

Lr 028
11190
1,400
2r20O
3,800
ór ooo
:

-002
113
lç28
OJ¿
746
904

11084
1r182
I1322
lr 5oo
r17?Á
2rO08
3,80
6 rogo

-U\JÕ
.ll
Õ-L

347
49o
622
l)¿
822
88¿r

952
L,032
L,o92
Irt56
IrZl+0
i-r4go
lrgoo

10r000
13 

'l+Oo14,800
L5 r7jo

Load - I35,O0O
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T2-OS

TABI,E XIV

Temperature OoF

Gage Readings iri I'äcro-Inches per Inch

INLoad
Poun

0r000
5,ooo

26,oco
35,ooo
l+6 rooo
55 rooo
65,ooo
7O,5OO
77,AoO
80r 000
85rooo
9Or5oa
95,OOo

105,000
110,000
115,000
1201000
l'25 rOOO
r35,ooo

Ultimate ï-aad -|39 r03O

¿
,.IrÞo

256
345
l+41+

)Jo
'o3z
692
()o
io)
852
9L2
960

11110
1rf40
1r400
3,2OO
ór ooo

19,000

-2
'7)

392
528
ó88
832

11 000
1r11O
Lr2hg
Ir3l+8
L,506
L,76r
2rI28
3,zh)
4-,080

loró00

:

-2
66

351r,

474
618
7+4
880
956

l-rOL+\
lrogg
111óo
Ir46
LrÐ6
1,560
2,67o
8,4o0

12r600
l.4,4oo
9L,6A0
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T2-OF

TABI,E TV

Temper¿ture OoF

Gage Readings in lticro-Inches per Ineh

ï.oad in
Pounds

or000
5,ooo

21r000
35,OOO
I+5 

'@o55 rooo
óorooo
65 rOOo
70,000
75 ræo
Sorooo
9orooo
95,ooo

1o0r00o
lo5r ooo
l1oro00
LL5rooo
1201000
L25,OOO
128rooo
130,000
L35 rooo
140rooo
u2,O0O

-oo2
206
355
4h4
580
681+

720
780
826
876
928

1r01ó
Iro80
11140
]-12A6
Lr3ro
r1640
7, ooo
8r4oo
9r ooo
8r8oo

13,7Oa
17,600
r8r2OO

000
Zrur
l+52
56o
736
8ó0
921+

996
1r o0ó
1'148
Lr252
Lr572
lrgóg
2,356
2r928
3,800
5 r42O
9 r2OO

.

-o02
220
376
436
6L2
(LO

768
8?h
862
9æ
988

Lro32
11148
tr22l+
rræ6
2rIæ
l+,3OO

L3,9OO
15 12Ø
1ór4oo
17rooo
18r600
20ræO
20r5OO
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T2-I',130

Load in
Pou¡rds

TABLE XT/I

Temperaiure -JOoF

Gage Readings in I'ü-cro-Inches per Inch

0r000
5rooo

25 |OOO
36,OOO
lL5 

'OO057,5OO
65,5oo
70r ooo
75,5oo
80,5oo
85 r ooo
9orooo
95, ooo

1001 000
l_o5 r 0oo
l_10r000
1l5, o0o
120r000
130ro00

Ul-ti-nate load - U3,8LC

oo2
_69
2J3
)4Ö
A-56
604
7co
75o
81ó
880
93o
996

L,056
L,r52
Lr2f_2
rrógo
3,7oo
6,600

t5;ao

001
_ro7

25t+

436
ã.\,)öt+
793
936

1101ó
L'r32
1r 280
t,494
L,7M
2,l.60
2r720
3,592
6.'lþoo

LL,3OO
19,2OO

223
153
47+
546
786
977

Lrl-:)l+
r,L72
L,256
L,332
lr4oo
L,484
Lr592
Lr6',72
r,792
2'01+O

3,6C0
5 r2oo
7,2OO
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STRAIN IIEAD]].üGS FOE PEECO}PAESSIOIf TiITHOUT TF{E NOI'CH PRESEI\JT

TAtsI,E XVII

Speci:nen T3-7O Temperature ?OoF

Gage Readi-ngs i-n l¡Licro-Inches per Inch

Ioad i:r
Pounds 3

0r000
5,ooo

25 rOæ
45,OOO
66 roeo
85rooo

lo5rooo
1101000
115rooo

Set
or0o0

-001
'81+

-380
-518
_605
-676

-1rLLo
-1,2O0
-1, óoo

400

000
-78

-331+
-r82
-759
-9ro

-1rógo
-2rhOO
-3 r5oo

-2|OOA

000
-4t

-181
't+L2
-72h

-I'lL2ß
-6,h6o

-rlr8o0
-15rooo

-13r8oo
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TAB].8 XV]II

Specimen T3-CS Temperature ZOoF

Gage Readings in l,äcro-Tnches per Inch

Load

0r000
5rooo

15,ooo
43,ooo
55,ooo
75,OOo
95,ooo

1001000
105, o0o

YieldÍ:rg occumi-ng

000,^_¿lÕ

-L36
-499
-635
-830
-932
-æ6
-928

(sorne buckling)

-001
J.L'Ô

t28
4o

-r56
-459

-Lr052
-l_r 812

000
8ó
ó0

-r78
-288
-486
-7L6
-708
-804
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Specimen T3-0F

Load in
Pounds

TAtsI.E ]fiE

Gage Readings in Ì'licro-ïnches per

Temperaiure TOoF

Inch

0r 000
5,aoo

26,OOO
l+6 roco
65,ooo
85,ooo

1O5 r oo0

Set

000
-110
-578

.1.1,
-C)cl+

-r1126
-LrÐ6
-L,774

-l+Z+

-001
108
-18

-232
-520
-r:o

000
qc)

-l a/,

-\))
-ó<.ô

-rrL56
-l-1379

-36
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Specimen T3-Ài30

Load in

TABIJ¡ ET

Gage Readfugs jn Ì,ficro-Inches per

Temperature ZOoF

Inch

0r000
5 rooo

27,ooo
l+5 rojo
65,ooo
85,ooo

105,000

5et

-500
-592
-900

-1,140
-1,380
-J-t581+
-3rfoo

-r'37o

000
ã.1)Ö

-I2
-208
-r16

-1r46
-1.0r 000

-g,7go

000
58

_22
_204

-582
-632

-l_, óoo

-0,380
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STlìAÏi'J NEAD]NGS FOR TEI{SIOIù TEST AFTEII COI,tr1IESSTIIE PIìESTIì/IIN

TABTE )trI

Specimen T3-7O îemperature TOoF

Gage Readings in itficro-Inches per Inch

load in
Pounds I

0r000
5,ooo

l_0r000
15r oo0
20r000
25,OOo
35,oao
46, coo
55,ooo
65,Ooc
75,OAO
80r o0o
85,ooo
95,ooo
99, ooo

l-o5 r ooo
1101000
115r0oo
120roo0
L25,OOo
1301 000
L35,ooo

Ul-tj¡nate Load - L35 r0OO

oo2
2J-2
262
æ9
3U+
377
4-I (
592
722
dry.\ótó

I'Olþ2
LrL52
rr252
L164g
2'OI+O
21720
3,9oo
5 

'l+OO71 8oo
L3,20O
t5 r3oo
2l+,OOO

_003

æo
372
AM
531+

6l-7
736
773
9L6

frlf4
Lr)44
lr5go
1r828
3,272
5,22O
6,ggo

r0r4oo
19,2oo
æ ràoa
40rooo
l+9 rooo
l+o,600

_003
2h8
334
396
t+69

52/+
645
768
896

I,0óo
l-r2o8
r,312
r,398
L,632
LrTl+O
L19l+A
2r2OO
3rooo
4,5oo
7,OoO
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Specimen T3-O¡'

Ioad in

TJ,BI,E TJII

Temperature

Gage Iìeadings in Ì,ficro-Inches ;oer Inch

OOF

0r 000
5rooo

25,Oo0
50r00o
75,OoO
95,ooo

L22,OOO
r35,ooo

Ultimate - )46,330 por:.nds

oo2
_o),

-23r
r04
t+94

975
8r 800

Ð,7oo

-306
-M7
_683
_?+Z

564

32,600

001
-11"7
-306
o22
3l+L
6M

2r8OO
2B,7OO



o(

Speci:nen T3-0S

load in
Pounds

1T.BI,E TXÏII

Gage Readings in i,ücro-Inches per Inch

Temperature OoF

0r000
5rooo

25,ooo
46,ooc
7lr ooo
99,ooo

Ilfr.r000
119r000
I2lrr0O0
130r 000
r35,ooo
l4orooo

IJeld failed at lJoO,g3O pounds

-oo2
J-UÕ

TI2
203
4oo
840

lr g0o

1róoo
2rhoo
6,600

ró, goo

22r20O

-001-
176
L5I
480

l_r3lo
2r8OO
9,600

L9,2OO
28, ooo
lß,5oo
59,600

-o02
q'1

oU
()l

32Ð
6lro

1r3oo
2r2OO
3,9Oo

L2,600
L7,2Oo
22rL)O
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Specimen T3-l'i30

Load in
Pounds I

ÎÁ,BLE y-{W

Gage iìeadings in },ficro-Inches per Inch

Temperaiure -3OoF

0r000
11,500
48, ooo
58,ooo
65,ooo
70,000
75 rOOo
80r ooo
85, ooo
90,ooo
95,OoO

1001000
105r000
1I0,000
115r000
l-20r000
I25,OOO
130,000

-oo2
-o(

-930
_930

L39
l.,65
200
262
320
388
5LO
620
760

l-r52O
21940
3,32O
I,55O

13,5oo

_003

-5o
oJ
97

820
1rl8o
l_r 500
r,g5o
2,5OO
3,t70
4,6oo
6,2.0o

L2,r5O
23,2OO
æ,8Oo
37,85O
53,ooo

-002
-32
3ro
520
l+7O

550
650
790
9r0

1r0/¡.Q
1 t2^*t*)v

L'l+2o
2rogO
l+r550
7,9oo

12rOO0
15,00o
18,800
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STII3,ÏIiJ }ì]ÀDII[GS FOR

Gage Readings in luücro-Tnches per Inch

PÌìEG01'FP,ESSI0I'J hl-IÎH THE i"r-ÛICH PAESEI'üT

T.A,BI.E &CV

Speci-men T4-70

Load in
Poirnds

Temperature 70oF

0r000
5r000

25,OoO
l+5,ooo
65 rooo
85,ooo

105rooo
1111000
LL3,000
IL5,ooo

Set

000
-70

-366
-ô)u
-901

-1r1O0
-l-,228
-r,88
-rr256
-1r388

_L53

000
-70

-Ero
-497
-7L2
-9ol+

-Lt 1ó¿,

-rr5r2
-L1620
-Lr85l+

-6oo

000
_87

-540
-ouo
-ooö

.\, a\
-Õ¿1C)

-920
-91+4
-972

l52
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Specimen T4-0S

Ioad i¡r
Pou:rds

TA]3LE ]CTVI

Gage Reading in l"ücro-Inches per Inch

Temperature TOoF

0ro0o
5rooo

25,OOO
l+5,ooo
65,ooo
8i,ooo

10ór oo0
LZh,Ooo

c^rÐcu

000
-I02
-l+OZ
-61+7
-860

-I,036
-L'2h8
-rrh,3c

-l-20

-002
lo
q't

_031

-r96
-4¿O
-776

-4,tô41)

-3,592

-002
t)

-r82
-410
-670

.!.I.1
-ooo

-r'238
-r1320
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Specimen T4-0F

TABI.E Ðff]I

Gage Reaùings .i-n iiÍicro-Inches per Inch

Temperature 70oF

ï,oad in
Porrnds

0r000
5rooo

25 |OOO
/16 rooo
55 rooo
B5 r ooo

1o5r oo0
1191 000

Se'i;

Speclmen

0r 000
5rooo

25,OOo
l+5 

'ooo65,ooo
85,ooo

lo5r ooo
117rooo

Set

500
rl^44¿

a.l)c)
-352
_634

-9L6
-926
-840

{'l n

TABLE Ðil/TT]

000
-10

_L64
,.I.I

-/+oÖ
-808

-l_r182
-tr43g
-6,JAO

-5,Uo

-002
-¿Õ

-r35
-)t (

-ó00
-ö /ó

-Lr2)-6
-/þ '960

-3,90o

000
_L44
_66h
-9a6

-lr06g
-1 )?)
-r,356
-Ir7+0

-Mo

T¿r-I'iJ30 Temperature TOoF

-001
-1d,
-), 

(\)
-vtu

-698
-962

-'t 'r AA

_L,384
-L1360

-20

000
-I20
-1t58
-r/)^
-908

-r,o72
-Irr72
-r,no

3L0
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STRÀII{ R]TADTI'JCn9 FOR TEI\ISION TEST A,FTER CO},iPRESSIVE PPJTSTRATN

TÄBI"E ffiffi

Si:ecirnen TL+-7O Temperature 70oF

Gage Readings in l"äcro-fnches per Inch

Load in
Pounds

0r 000
5rooo

LOr ooo
21,000
25,OOO
35,ooo
Ì+5,ooo
55,ooo
65,ooo
75 rooo
s5rooo
95 rooo

1001000
lo5rooo
1101000
115r000
120r000
l'25,ooo
13 0r 000
L35,oao

Ul-ti-¡late

000
L36
210
332
377
5L9
66s
Ó¿,Ó

996
l-r 181+

Irl+/o0
1r 610
1r800
11 800
l_, óoo
Lr8o0
3,2oo

J5,l+O0
19,800
28r4}o

-001
L79
¿t1()

l+98
E"\)+c)
780
856

Lr2O0
1r408
r,648
1, B4o
2\OOO
L,9OO
2rO0O
2|IOO
2r5OO
h,2OO
8ro0o

1ó,ooo
26r7OO

-002
J-öb

34r
43r
6oo
83h

Lr036
rrhL6
Lr832
21880
5,æo
8,37O

11r 200
L5,2O0
24,3O0
33,2OO
38r7OO
l+8 1600
48,600

Ioad - L36,O00
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Speci¡ren T4-0f'

0r000
5 rooo

l-5,OOO
25,OOO
35,OoO
l:-5 rooo
55 rooo
87, ooo

1l_1r000
118,ooo
l,23,ooo
L26r0OO
L29,OO0
l-36 rO0A

ULti¡:ate l,oad

TABI,E ÐCT

Gage Readings in iur.icro-fnches per Inch

Temperature OoF

-1
-¿o

T2
9o

Zlr3
t+2J

8a
2,L60
9,8Oo

j-5,2oo
19, ooo
19 r9oo
20r20O
23 r8oo

-1
ntr

-101
'l r7.!

_207
-Al+
_184

72
2ro0o
2r0oo
3,2oo
3rooo
5 r2oo

l.6,hoo

-1
-52

-5l-
_r5

52
93

2,564

ó, goo
6,LOO
5,4oo
4r1oo

- r4L,72O
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TÁ.BI.E &YJI

$pecimen T4-0S

Gage Reactings in L[icro-Inches per

Load i-n
Pou-nds l_

Tenperature OoF

Inch

0r 000
5,ooo

Lor 000
15,000
25,OOO
35,OOO
!+5,ooo
55,ooo
65,ooo
75,AOo
85,ooo
95,ooc

10or 00c
105,000
1l_0r000
l-15, ooo
1201000
L25,OOO
130,000
L35,ooo
14o,0oo
U5,ooo

Ufti¡rate Load - U5,30O

000
-)^

-4o
-oò

-58
1,

)1,

öo
l¿8
253
â ry.\

496
795

1r160
1, óoo
2|IOO

14,800
19,ooo
23,3oo
33,800

-002
34
59
r4)<-
l+5

375
6l'6
ÕÕ¿l

],399
2,O94
3,æ6
4,880
7,UO

l0r1o0
L7,4oo

30,20O
37,'óOO
lþ7 rl+oo
50,8oo
t+g,6oo
l+5 rt¡gg

001
%
'o3

L28
226
3l+0
t+76

61ó
790

Lr052
t,3L6
1,590
I170o
2,L92
2,920
4,6oo

10,800
l_5 r 8oo
19, óoo
25,60c
35,6co
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Speciilen T/r0-0S

load in
Pounds

Gage Readings

TAB]E ËC{II

Temperaiure

in I',licro-Inches per Inch

OO

0r 000
3orooo
5o,ooo
85,ooo

l_01r 000
115,ooo
120r000
r22,OOO
t23,000
J,25,OOO
12ó,000
r27,OOO
128r ooo
130,000
]-32,000
L33,OO0
L35,ooo
141_,000
It+3 rO0O
th|rooo

Ll-liimate load -

-002
J¿.

248
7ol+

1r 01ó
2\OOO
4r ooo
6,6oo
Tr ooo
órlUV
8rl_00
gr600
9,600

11r 200
12,000
L3,4oa
L5,2OO
8,4oo
26,600
30TLOO

-002
7L

573
2'6Ì+0

U,6oo
23,600
30r100
33,OCA
35,8oo
39 

'l+0O/+Lr4oo
l+3 

'5oo/+/o rLoO
l+9 

'60052,9OO
57,zoo

:

000
14

)2Q

60l+
r, u)o
rró00
2r0o0
2,goo
2rgOO
5,ooo
7,4oo

l_0r 800
11,500
12,7OO
l_5r oo0
17,ooo
L9 

'IþOO26,5OO
30,000
33,oQO

I4t+'99O
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Specimen T4-rr30

Load Ín
Porrnds

TÄBI,E ,E(XIIT

Gage ileadings in }ij-cro-Inches per Inch

Tempera'bu-re -3OoF

0r000
5rooo

10r 00c
16, ooo
20r 000
25,00o
30roo0
35,ooo
l+5,ooo
55,ooo
65,ooo
75,OOO
85,ooo
95,ooo

1001000
105,000
1101000
115rooo
1201 000
l-25,0oo
130,000
r35,aoo
14or 0o0

Ultimate Load

003

-150
-182
-I¿5O
_],67

-r3z
_Ò)

-U¿U
58

108
220
584

l-1428
3,rL?

9,150
L2r20O
l_8r 200
2l+16OO

33,4oo
43,Loo
35 

'l+oo35,4OO

004
-r56
-202
_225

-238
-2/+8
_259

-268
-a(ó
-¿ou
-21S
-L33

^tra)
368
521+

796
lrlgo
2rO00
4,50o
Trooo

11,700
13,7oo
l5,600

- 11ç3 ,43o
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STJIESS 1üADIi'íGS FOR R3]S]DUAI STIìESSES DUE TO I..iEil]Ti\iG

T.åBT.E NüTV

Specimen T5-7O

_ Gage _l- Gaee Z

Temperature TfoF

t1^ ^^ aLrcL1{e ')

Inii;ial- lì,eading
Final ileaùing
Residual- Stress in p.s.i.

Speci-rnen T5-0F

20
2J7

6,3OO

TitBTE TüTKV

-L5L
-L59
-¿)J

Temperature TloF

L,o7r
L,255
5,9oo

Initial Readi:'rg
Final Eeading
lìesidual- Stress in

t-

25
L/+t

13,3oo

TABLE X,ÏXVI

-¿o I
63

loróoo

Temperature 71oF

fva 9a Ia

Lr3l+O
L,733

L2,600

Specimen 15-Ii30

I¡:-itial Reading
Final- È,eading
Residual- Stress i-n þ. S.l-.

r,953
2'I9o
7,6oQ

)Ó1,
923

L7,3oo

707
8L3

3,4oo
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STJì,AII'ü READIÌ,JGS FOP, TEI,,JS]ON

Specimen T5-7O

Load l-n

TEST I,ìIITH IüSIÐUAL .i¡iELDlllG 
STIIESSES PlìESEÌùT

TAB],Èì XÐ|V]I

Ternperai;ure 70oF

Gage irueadings in i'licro-Inches per Inch

5,o0o
10r000
15,000
25,OO0
35,OoO
l+5,ooo
55,ooo
65,ooc
76,ooc
85r ooo
95,ooo

105,000
110r 000
1I5, oo0
12Or00c
L25,OOO
130r 000
735,ooo

-310
J,1)

-isg
-46)
-l+zlL
-37o
-280
_114

11ó
560

IrLzO
11 8co
5,600

L2,600
18,700
23,7oo
301600

-?a)
-q^)
-564
-545
-39o
_t53
j-32
l+(rO

960
r,734
lþ tÐo

22r8OO
33,ooo
l+le t$oc
6l+,600
78,600

-291+
-359
_?o/,

-390
-350
-Ðl+
-2t6

'l 'l .\

039
261+

740
L,660
2r 8oo
6,i_oo

13, Eoo
20r100
4,6oo
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Specimen 1'5-0F

T¿,BI,E ÆOIVIIT

Gage iìeadings i:i l,íicro-Inches per

Temperatue OoF

Inch

or000
12r00o
?JTOOO
l+3 oooo

100r 000
105 r 000
110r000
117r 000
121r 000
l.23,ooo
L25,O0O
1-27,OAO
130,000
l3L+rooO
13Sr ooo
14f, ooo

Ultiimte load - 1)ß ,790

-2
ôO

M
L62
Bl+o

1r 000
l_r4oo
2r goo

3,6oo
4,6oo
5,800
7,8oo

13,000
22r2OO
Z+tl+OO
26 rl4gg

-l_
19

1ó8
620

9,o7o
8,ooo
32r600
38,800
4Lr2oo
l+2,9OO
46 rtoo
49,5Oo
48,800
54,3oo
56,2oo

-4
7

L64
502

2r7l+O
4,800

r0r4oo
L6,20O
18r 2oo
19rooo
L9 r4oo
Lg,600
20,Io0
22,500
2l+r4oo
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Specimen T5-t{30

TABI.E }LTXI{

Gage Readi:rgs in i'äcro-Inches per Inch

Temperature -6OoF

Load in
Pounds

0r00c
5r ooo

10r 000
15,000
20 TOAO
25,oo0
35,ooo
45,ooo
55,ooo
65,o0o
76,oo0
85,ooo
95,ooo

100r000
1o5,0oo
11010c0
115,ooo
120r 000
I25,0oo
130r 000
r35,ooo
l4orooo
r45,ooo

Ul-binate Load

oo4
463
-39tp
-396
48¿.
-36o

_L63

-13s
109
4l+
475
7t-rL
ól¿

Lr05l+
7r2gO
r,560
2rL00
2,96a
5,o4o

J.2rl+OO
20r 000
27,9oo

001-

-36o
-JOU

a-t-))+
1.|^

-<.óC)

-226
_o94

U+
'l .1.-\_L()Õ

31r,2
549
1*rd
Þ)Ct

1,399
rr 2oö
2r2L0
3,800
6,44o

10r800
ló,i_00
20 r2OO
22|LOO
27,5oo
30,2OO

001
-467
-480
-/+5o
-390

,l.t.|
-éoÕ
_114

'72
2\i
l+83

798
l-'l+56
2,941t
3,792
/ r foll

rL.,2Oo
L9,7oo

:

- r49,ooo



CHAPTER V

PAESEI{TATTON AND DISCÜSS]O¡J

I. PRESEI{TATTON

For the Standard Tension Test results see Figure }/.
For the Charpy V llbtch Inpact Test see Figure 18.

For the Kinzel Notch Bend Test resirlts see Figure 19.

Notched Tension Tests Results

Test 1

Test 2

Test J

Test 4

For load versus strajn reading results of the tension

tesfs with no prestrain tested at temperatures of

7OoF, OoF arrd -3OoF, see Figure 20.

For load versus straín reading results of tension

tests after tensile presLrain at temperatures of

7OoF, @F arrd -}OoF see Fi-grire 27-.

The notch was not present in the specimen during

prestraining.

For load versus strain reading results of tension

tests after compressive prestrain tested temper¿tures

of 7OoF, OoF, and -3OoF see Figure 22.

For load versus strai¡r reading results of tension tests

afÍ:er compressive prestrain tested at tenperatures of

70oF, OoF arid -30oF, see Figure .Ð. The compressive

Brestrain was rn¡ith the notch present.

.laol-
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Test' 5 For load versus strain reading results of tensile tests

with resj_dual welding stresses present tested at

temperatures of ZOoF, OoF and -6OoF, see Figure Z)+.

The above l_oad versus strain reading graphs compare the

effects of temperature in the presence of a notch on the different
specimens.

For the eomparison of tests one to five i¡clusive of the

load versus strain reading resrrlts for the notched tension tesüs at

temperatures of 70oF, OoF and -3Oo¡' see Figures 25 to 27.

ÐISCUSSIOi{ OF RESUITS

St?ndard Tests

A check alalysis on the chemj.cal *oroperties of i;tr-is steel

revealed:

Carbon O"l7ß (C.S.A. GhO.IZ specification O. Z5ï/" þLax.")

An increase i¡r carbon increases the strength, but the

ductility is reduced in al¡rost a direct ratio. Carbon hard.ens

welding. carbon is probably lhe most imporLant singre element

affecti-ng notch toughness. rt raises the ductility i;ransition

temperature i¡ steel- about tr,vo to four Fatrrenheit degrees for each

o.oIî/" of carbon in the stee1.ü

lJ*-
À t ^ ^ _aù:eler, John structural steel iuÍaterial specifica'bj-ons
t¡¡J¡ùol¡e lIlCo VanCOUIref.
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Fig. 27
Load-Strain reaùings for the i;ension tests iested aì;:3OoF;r

Gage 2 Gage 3
15c 150

U)
a..rl

É.r{

Ìc
(d
oË

rt23
tlnit, St,rain ( in ¡rei"cení

0

)
Test 1.".road-s1;r'ain readings for tension tests rit,h .ro prestrain

Tesi; 2...Load-Strain readings for tension ïes.Ls after l;ensi-le
prestrain (notch no'L present during prestraining)

'I'esr, J"..Load-strain readings for f,ension tesi after conpressive
prestrain ( conpressive p'estrain was w'ithout thè noteh
present

Tesi {...load-Strain readings for tension
nresì;rain ( Conpressive prest,rai-n
pr'esen'u )

tests after comtressive
rr'as r¡ith ihe notch

Test 5...Lcaci-strain- readings Íor tension tesls rrdth residual
r,rclding sir'esses þneseirt (tested at -ó0on)+r

Gage I

I

lr
I

I

'l
I

-'-- T-

lr
.

I
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I'{anganese o.7ro'l (c.s.A. G40.12 specification 1.55% þIax.")

itlanganese j-ncreases the sùrength and the hard.enabil j-Ly

of the steeL. ft also greatly improves i:he roEing properties.

An increase in l{anganese up to L.5 o% lowers the duetility. such

lowering is bel-ieved to be about one Fahrenheit degree for every

o.oY/. increase of Þianganese. British steel rnakers suggest that

for imFroved resistance to brittleness, the manganese content

must be more than three times the carbon corrteni.l5 This con-

d'ition was met and thls influenced. the ¡naterial's ductile behavior:r

under the tesùs

Phosphorous 0"@6% (c.s.A. c¿+o.2 specification 0. o5'í nax.)

Phosphorousts effeci on the transition f,emperature j-s

nore pofent ùhan carbont s effect. It is estin'rated. that phosphorous

increases the transition tenperature between severì and. thirteen

Fahrenheii degress for each O.OTß increase of phosphorous.

Sulphur O,O34% (C.S.A. tj,l+O.!2 specification 0.Oó% ttax.¡

Sulphur has no effect on the transition temperatures.

siLicon o.200"Á (c.s.A. Gt+O.rZ specj-ficatj_on ; no control)

Up to O.3% sl]:ícon content in the steel, silicon seens

to have a favourable effect on the duciility transition temperat,r"u.l6

l5Ioru

16r¡i¿
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topper O.2OO/. (C.S.A. GhO.LZ specifi-catj-on - no control)

Copper has no effect on i;he ductility transition

temperature. It is ruostly used to preveni; coruosive action

in 'i;he si;eel.

Standard Tests

The Standard Tension Test revealed a yield poini;

of 42rOOO p.s.i., a tensile si;rength of 7trO00 p.s.i., and a,n

elongatS-on in gauge length of two inches of 'r,h:irty six percent.

AIL fractures úIere of the cup-cone, si.]-lry grey shear type u'ith

a necking down of the material at the fracture plai:t. There

was a large reduction j¡r the load prior to failure. This was an

indj-cation of the inherent ductility of the steel.

The Charpy Inpact Test showed a sharp increase in

energy absorp'bion above -4Ootr' indicating a ductj-lity transition

point. From the two curves it can be seen that the inateriaÌ cut

paral-lel to the direction of rolling is stronger and more duci:iIe,

From this test it is shown within reasonable li¡r:its that the

ductility transition lies in the region of -40oF at an enerry of

ten foot-powrds.

The Ki-nzel Notch Bend Test shows that welding and

bend;ing the specimen perpendicular to the ùireetíon of rolling

i¡crease the brittleness of the steel.

The series of curves show that there is a üransition

stage at -20oF to -4OoF temperature ra.r¡ge. This is sÍguified. by

the dip jn both curves a-,, th:is region.
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The specimens that were cut parallel to Í:he direcÌ:ion of

rolling cracked aÌ; a lower temperature as did. the specimens that

rn¡ere cut perpendicular to the direction of rolling. trrlhere the

speci:nens cracked, the unwelded. ones cracked aLL along the r,¡id.th

of the specj:nens v¡here as the werded ones cracked. near the weld..

ÂLl- cracked porì;,ions vrere cleavage fractures,

From the recorded data, ùhe unwelded specimens that were

cub parallel- to the grain were stronger and. more ductiÌe. The

tesü reveared that vreldj-ng in ühe presence of a notch does red.uce

the strength of the material. The material is weaker in the

directÍon perpendicul-ar to i;he direction of ¡p]lirrg (as revealed. i¡r

i:he Charpy Inpact Test).

Sumnary'of Standard Test ResuItS

The check analysis revealed that the material more than

met the ¡a:ininum requirements of the C.S.A. G4O.12 specificati-ons.

E*Lements benefiting ductility were present in the proper percentage.

The Standard Tension Tests illus'brated that the material

t¡¡as ductile and that the yield point r'ras somewhat rower than the

requ-ired minimum. This could have been d.ue to improper placing of the

specimens in the testing mactline.

The Charpy Inrpact Test indicated that ùifficuJ-ty can be

expected. in j-nducing a brittl-e failure in materials when the

temperaiure of the material is above -4OoF. The effeci: of notches,

welding, straj-n rate, and of prestrain, d[ be ihe control]ing factors

in initiaÈing brittle fractures above thÍs tenperaúure.
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The Kinze1 Nbbch Bend Test as well as the Charpy V

itotch ïm.pact Test illus'i;rated that the transition temperature

is j-n the proxinrity of +OoF. The test jLlustrated. not or:Iy

tha'i; the direction of r"ol-U-ng has a¡ effect on the strengih

of steel bui also that i.¡elding in the presence of notches tend.s

to initiate brittle fractures at the i:-ltimate LoaCs.

Notched Tension Tests

the condltion of static loading r¡as investigated

because the rate of loading could not be considered as impact

value. However, as some speeimens failed in tension, one side

of the notch failed before the other side. At that momenù the

total load was placed on the other side creati¡rg an imFact load,

When this was obse¡ved to happen, the rema-ì-ning por:tion of the

specimen fai-Ied in a brittle maru:er.

An increase in loading raùe at a constanù temperature

did give some conparable results. l'fhere the speci:nens were pre-

strailed, the specimens r{ere brought past the yield poi-nt of the

material (indicated. by an j¡rcrease in strain v¡ith no ad.dition of

load). The specimens rrrere prestrained across the total width of

the specÍmen. ïihere the notch was present durÍng prestraining,

the strain rate increased i-n the region surrounding the notch.

Some buclcling occurred during precompression. This was noticed by

the errati-c gauge readi-ngs at the start of the tension tests. The

ematic gauge readlngs were also due to improper alligrunent of the

welded porbion in the test specj-mens.
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The foIlor'ring tests failed wiÌ;h a ductile grey silþ

failure (See Photographs 10, 11, L2, Jh and. 16)t

Test l- - Test one at a temperature of 70oF and OoF

(slow rate of load:ing).

Test 2 - Test two at a temperature of ?OoF and. OoF

(fast rate of loading).

Test 3 - Test three at a temperature of TOoF and. OoF

(tasl rate of load;irrg).

Test 4 - Test four a'b a temperature of TOoF and OoF

(sloi,i rate of load.ing).

Tesü 5 - Tesi five aù a temperature of TOoF and OoF

(fast rate of loading),

The follorring tests thatrrere ;rielding in a duciile

manner then failed i-n a sudden brü;tle fracture when one side

sheared ai^Iay compleiely thus placi:rg an impact load on the

other sicle. (See Photographs 7h, L5 and 1ó):

Test I - Test one failed at tenperatures of OoF

(fast rate of loaùine) and at -30oF.

Test 2 - Test two failed at temperatures of OoF

(slow rate of loadíng) and at -3OoF.

Test 3 - Test three failed at a tenperature of -30oF.

Test 4 - Test four failed. at temper¿tures of OoF

(fast rate of load:ing) and at -3OoF.
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The follovring tests starLed ì:o fail in a ductile

rrranner but sudden-ly failed j¡r a brj-ttle &aTlner initiated i¡l

the weld cor:necting the prestrained specimen in the test piece.

(See Phoi;ographs L2, 17, Lg, 2C, 2L and ZZ)t

Test 5 - Test five faíIed aì; a tenperature of OoF

(slow rate of loading).

Test 3 - Tes-t, three failed at a temperature of OoF

(slow rate of loading).

Test five that failed at a temperature of -6OoF

started to fail in ductil-e shear failure for about one half inch

on either side of the notch and then suddenly faileci in a brittle
naruler. (See Photographs 17, Zj and 2&).

Frola figures 20 Lo Zl+t except, for test four, one cannot

tell if there uas an effect on ductility in the temperature range

tested. In test four at temperatures of ?OoF and OoF (slow rate

of loading) anA gauge readi-rrgs of two and three, fi-gures ZJ

illustrates a marked deviation with respect to the other ùèsts.

Tt¡-i-s can be attributed to lhe eccentric loading due to i-rnproper

allignment r¡¡hen the specimen rvas weld.ed into the test set up.

The effeci of the notch is noticeable. The steel

yielded. below the calculated yield load of the specimen in this

area as shor,¡r by gauge two ( see figures 20 fo 2l+).

Introducing prestrain by compressilg the specimen

with the notch present (figure 23) was shoro¡n to have the greatest

influence as far as prestrain v¡as concerned.
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From figures 25 lo 27 j:rclusive, Ít ruas observed that the

ductility of the steel was becomìng less as the temperature was

lowered.

Summary of the ldotched Tension Tests

The presence of the notches and prestraining in the

temperature range of=3OoF di-d noN produce brittle failures j-n this

steel.

The presence of impact loaùing and welding did however,

produce brittle failures. Poor welds produced brittle failures

i¡ this case.

One specimen, rrith prestrain due to weldi-ng r^rith a notch

present, itras tested. at -óOoF and produced. a brittle failure. th:is

illustrated that beloiu the d.uctility transi-tion temperature the

si;eel will fail in a brütle manner, but not rn¡ithout some plastic

flow at the base of the noùeh.

toniparison of the Standard Test and the lriotched lension Tesùs

Both series of Nest proved ùhat¡

a) A brittle failure in the steel was diffi-cult to
j-nitiai:e above the -{gop temperature.

b) irleldi-ng had a narked effect on the steel as far as

introducing brittle failures.
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Conc-lusions

1) The steel has a ductility transii;ion temperature of -4OoF,

urith an energy val-ue of ten foot-pounds.

2) It is very d.ifficuLt to inii;iate a brittle failure in

tension ¡nembers of ttrls steel in the presence of a notch

above the sleelts i:ransition tenperature of -4OoF.

3) The effect of preyielding r¿ith or without noLches did not

produce brittle failures above -4OoF.

4) Impact loading di-d. produce brittle failures above the

transition temperature"

5) l,'Ielding can in:itiate briì;t1e faiJ-ures in this steel-.

6) Brittle failures can occur in this sùeel only r'rith the

occurance of large pIa'si;ic flows at the base of the notch.
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