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The obJect of this investigation was first, to evaluate 

the resid~ stresses in members whiah have been welded by 

various methods and second, to determine the effect which 

stress relieving has upon them. 

Four types of weld were considered in each case, 

these being: 

ell Weld Metal deposited in one layer wi th bare 
el ec trocte s. 

(2 ) Weld Metal deposited in two laye;rs with 
bare electrodes. 

(3) Weld Metal deposited in one layer with 
covered electrodes. 

(4) Weld Metal deposited in two layers with 
covered electrodes. 

The specimens in all cases were mild steel plates 

12 inches wide, 3/4 inehes thick and 21 inches long with the 

weld metal deposited in nu" shaped grooves in the long sides 

ot the plate. 

The deformation cansed by welding was first recorded 

atter which the specimens we~e severed into strips in order 

to re asure the elastic residu.al stresses throughout the 

various plates. 

It was found that ~~e stresses in the welds varied 

from about 10,000 to 40,000 Ibs. per square inch and that, 

atter stress relieving, the stresses in every case were 

reduced to less than 5,000 Ibs. per square inch. 
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INTRODUCTION. 

The JOining of ferrous and non-ferrous materials has always 

played an Lmportant role in the field of industry. The obJect of 

Joining these materials is to make the- various structures act as a 

whole under their applied loads. 

Wood, stone, etc. eventually gave way to steel and conse~ 

quently it was necessary to find new methods of Joining members 

ot this material. This new problem was solved by forging, brazing, 

solderill8, pin connecting, bol ting and rivetting. As was 

previously stated, any siructure made ot pieces must act as a 

whole under its applied loads, and consequently Joint efficiencies 

determine the action ot the structure. As steel became more 

widely u8ed, more became known about its physioal and chemical 

properties sad consequently the allowable working stresses were 

increased. ~his made JOint efficiencies even more important and 

J 

as the loading cycle of a strnc~e increases homogeneous JOints 

become increasingly important. The introduotion ot welding to 

industry seems to ofter a solution tor these problems ot homogeneous 

Joint. and high Joint ettie.leney. The 1U.ndamental principle of 

welding is to bring the parts which are to be JOined to a :tus1on 

t&nperature and form a perfect bond between them. 

There are many methods of welding but the only one which 

will be considered in this paper will be electric welding with a 

metallic arc. 

In the firat stages of electrio arc welding it was found 

that it a plain steel rod were used. the arc which was formed 

between the electrode and the work to be welded was difficult 

to "hold tt • That 1s to say,the arc would break and an unsatis­

factory weld would be produced. This was due to the fact that 



the atmosphere ~hrough which the electrical current had to ~low 

was a very poor oonductor. This faul t was remedied by dipping 

the electrode in certain chemicals whieh on being heated would 

sive ott gases which were more suitable conductors of electrieity 

than the ordinarJ atmosphere. Electrodes ot this type, despite 

the tact that they have a thin coating on them, are known as 

hare electrodes. 

It was found, in practice, that welds produced by "bare~ 

electrodes were unsuitable tbr certain types of work due to the 

eontaminating etfect ot the atmosphere through which the mol~en 

metal had ~o pass. Coatings were then placed on the electrodes 

which would protect the metal trom tine atmosphere not only during 

transfer through the arc but also atter deposition. Electrodes 

ot this type are known as ~coveredn electrodes. 

It 1s very often the case that a JOint cannot be made 

completely at once due to the thickness of metal to be Joined. 

Such JOints as these are made by depositing a suitable number ot 

layers to to~ the JOint. Welding in this manner is known as 

multiple layer or multiple pass welding. 

In using any of the above mentioned methods of welding, 

certain phenomena are likely to occur due to the intense heating 

of the materials to be JOined. The two most important ot these 

are first. internal stresses will be set up in the members which 

are JOined by welding and second, the members will shorten and 

distort. 

fhe obJect ot this investigation is to determine something 

ot the magnitude and distribution ot the stresses induced into 

a member by the welding operation. 
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HISTORICAL SKETCH. 

Investigations of residual stresses due to welding have 

been in progress since tne earliest days ot welding. For a great 

length ot time, until shortly befcre 1923, discussion of this 

subJect was discouraged because it was feared by manufaoturers of 

welding equipment that "it would prevent the sale of welding 

apparatu8~. Despite this discouragement researches were carried on. 

A very comprehensive study of this subJect was made by 

James W. Owen in his book entitled "FUndamentals at ·Welding" first 

published in 1923. In this report Mr. Owen s~died rigid, semi­

r1gid, non-rigid Joints and the effects of welding sequence for 

single and multiple layer welding. The results indicate the 

distriVution of resi~&l stress in the various speoimens but no 

attempt to investigate the magnitude of the elastic residual 

stresses was made. 

Investigations along these lines were started at McGill 

Universitl in 1928. The Dominion Bridge Oompany were man~acturing 

some large box girders of welded oonstruotion and 1t was observed 

that due to the welding process these girders shortened to the 

extent o~ 1/8 inch in 10 ~e.t~and that, during welding the parts ot 

the gir~er remote trom the welds had not been raised in temperature 

s~ttic1ently to oreate any marked degree ot expanaion. It was 

obvious then that high residual stresses must have existed and 

that these must have been balanced by stresses of opposite sign 

in the weld metal and a portion ot the plate adJacent to the 

weld. 

R. M. Hardy, graduate student in the department of Civil 

Engineering, McGill University, was asked to take oertain 

observations on a welded t-eat specimen. in conJunction with his 



~vestigatlon of stress distribution in parallel weld fillets. 

Mr. Hardy appended these observations to a thesis entitled 

"FUrther Investigation of the Distrinution o~ Stress in Parallel 

Weld Fillets" submitted in Kay 1930. These observations consisted 

of measurements taken before and atter welding on a specimen 

prepared for his own research. The specimen was made up of two 

plates "An and "Brt Joined t.ogether by two ohannels ftC" and ftD" 

baok to back and welded to plates "A" and "B". (See Figure 1.) 

Mr. Hardy expected to observe some change in the distribu­

tion o~ stress as the member was put under load. However, no 

noticeable redistribution ot stress was observed nor did the 

initial stress in the Joint affect the distribution ot stress 

along the weld itaelt. A definite shortening o~. the member 

was the only etfect recorded. 
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The next investigation carried out at McGill University 

on this subJect was made bl J. F. McDougall, his thesis being 

entitled rtThe Initial Stress in Welded Jo1nts~. 

The specimen studied in this case was a 7/8" thick plate 

6" w1de and 5'0" long w1~h a ,tv" shaped groove along the long 

81des. The groove was ~ill8d with weld metal to within 18 inohes 



of each end. (See Figure 2) !he specimen was measured, 

welded and. re-measured. A definite shortening was tound to 

have taken place. 

JIr. )[oDo~l' s theory was that i~ the central portion 

ot the plate were initially in compression while the outer 

portioDS were in tension, upon subJecting the specimen to a 

tensile load the outer portions of tne plate would reach their 

elastic l~it before the central portion which was initially 

in compression. Thus the load would be redistributed with the 

central portion receiving more and more of the load as the 

5 

outer portions reached the yield point. Thus if a stress-strain 

curve were drawn with average deformations plotted against 

loads, the graph produced would deviate trom the straight line 

at an average stress we~l within that representing the elastic 

limit, oonsidering the whole seetLoD as acting unitormly. This 

theory was corroborated by his tests. 

The most recent investigations were those outlined by 

D. E. Evans in his thesis entitled "An Investigation of the 

Effects Pro~ced bl Electrio Arc Welding on a Steal Compression 

Kember wl~ an Analysis of the Distribution o~ Welding Stresses 

in Steel Plates W whlc~was submitted to McGill Unlvers1t, tor the 

Degree of Master ot Engineering in 1933. 

In the first portion ot the paper, which was devoted to 

the eftect of residual stresses on a steel compression member, 

Mr. Evans used as a specimen a 4 inch column section weighing 

13.8 lbs. per lineal ~oot, 3 feet 3 inches long whieh was 

welded along the fillets. (See Figure 3.) 

Mr. Evans' contentions were that due to welding, compression 

stresses would be set up along ~e outer portions ot the flanges 



.and the oentral portion of the web while tension stresses would 

be set up in the netghbourhood ot the welds; that upon subJecting 

the specimen to an axial compress-

ive load the residual stresses 

would combine with the stresses 

o~8ed by the applied load thuB 

causing the portion of the column 

initially under compression to 

reach the yield point sooner than 

the portions 1nit~ally in tension. 

ThuB failure of the column might 

be eXRected to occur soon atter 

any portion of the oolumn had 

H 

Fig. 3 

reaohed the yield point of the material. The results of this 

test ahowed that a compressive stress of oonsiderable magnitude 

was set up due to welding (slightly less than 20,000 lbs. per 

square inch) which must have been balanced by a tensile stress 

in and about the deposited weld metal. Also, upon testing the 

column to failure it was ohserved that the initial stresses in 

the oolumn do not materially affect its ultimate strength and 

that the weld itself adds to the oross-seotional area. 

m the second po.rtion of his thesis entitled ".An Analysis 

ot the Distribution of Welding stresses in Steel Plates", Mr. 

Evans studied tour specimens of mild steal plate 7/8 inches 

thick, 1 too~ 3 inches long and 2, 4, 6 and 8 inohes in width. 

Eaoh plate had a "V~ shaped groove down the two long sides whioh 

was tilled with weld metal. (See Figure 4.) 

Mr. Evans contended that the molten weld metal and the 



portion of the plate adJacent to the weld which had been highly 

heated during welding was prevented from contraeting during 

cooling by the central portion 

of the plate which remained 

relatively 0001 during the welding 

process and that this restraint 

ot contraction would cause tensile 

stresses ~o be set up in and about 

the weld; also that these tensile 

stresses would be balanced by 

compressive stresses set up in the 

:~ 

... .:.. 
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remainder of the ~ecimen. This was found to be so and Mr. 

Evans also evaluated the elastic stress contained in the weld 

metal and in ~he plate. 

RESOLUTION. 

It is indioated by many investigations that residual 

stresses (stresses set up by reason of the heat of the welding 

process) do not affect the load carrying capacity ot the members 

to any appreciable degree nor does the localized intense heating 

in the vicinity o~ the weld inJure the parent metal. Welded 

Joints are at present designed with a faotor of safety which 

makes It possible for the designor to neglect the initial stress 

in the weld. However, for sound engineering design we must 

learn something de~in1te regarding the magn1~de of these 

residual stresses and their ef~ect upon the member. Experience 

seems to show that their magnitude is ot less importance than 

their etfect upon the member. For instanoe members with 

continuous welds on them shorten about 1/8 -inch in ten teet, 
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circular members such as built up gears decrease in diameter 

while other members will. w~p out ot line. In practl~ ----r--

certain methods of fabricating procedure will reduce the 

~port&nce ot these distortions and make fabrioation much 

less costly. Somet~es when there is doubt as to the probable 

magnitude and direction of the expected distortion, a sample 

1s fabricated and the distortion noted. Sui-table precautions 

can then be prescribed for the purpose ot offsetting or 

min~lzing the distortion. Occasionally a weld will crack 

while cooling, due to the stress which has built up within it. 

It may be stated that, when co~sldering the effects ot 

temperature on any member, mu~ has to be left to the Judgment 

ot the welder. 

It is the purpose of this paper to investigate the 

magni~de and distribution of these residual stresses due to 

various tJ'pea of electric arc welding, and to determine to 

what degree stress relieving af:feats them. 

~e types o~ welds which will be considered 

( a) A weld deposited in one layer with bare 
electrodes. 

(b) Awald deposited in t.wo layers with bare 
electroc1es. 

(0) A weld deposited in one layer with 
covered electrodes. 

(d) A weld deposited 1n two layers with 
covered electr~es. 

(e) A weld deposited in one layar with bare 
electrodes and stress relieved ~ter 
welding. 

(:t) A weld deposited in two layers w1\h. bare 
electrodes and stress relieved atter 
welding. 

are: 



(g) 

(h) 

THEORY. 

A weld depos1t.ed in one la.yer with cOTered 
electrodes and stress relieved atter 
welding. 

A weld deposited in two layers with covered 
electrodes and stress relieved after 
welding. 

Betore at~acking this problem trom a practical point 

ot view it should be considered purely theoretie&lly in order 

to visualize thase residual stresses and to see what to look 

for or expect upon examining tne various specimens. 

First it is necessary to see wh~t happens, in terms ot 

stress, when a temperature change occurs. 

Consider a cube ot steel at room temperature whose 

sides are ot unit length, as in Figure 5. Let ~he temperature 

ot the cube be raised one degree then, theoretioally, the cube 

will become larger equally on all three sides as shown by the 

dotted linea. 

z 

Fig. 5 Fig. 6 

Let this same cube be placed between two fixed supports, 

P and Q, (See Figure 6) and let tne temperature be raised one 

degree. 

Assuming the coetticLent ot linear expansion ot steel 

to be 0.0000067 and Youngs Modulus to be 30 x 106 Ibs. per 



u e inch and considering a rise in temperature of one degree, 

th tr s set up in the direction ttx" would be apprOximately 

0.0000067 x 30 x 106 = 200 lbs. per square inch. Thus we 

t t a change of temperature of slightly less than 200 deg. 

F. ould stress the cube beyond the elastic limit. 

In the above illustration restraint in one direction 

o ly a considered, however, if the , cube were' restrained in 

than one direction the stress would increase at an even 

ter r te than in the case e.onsidered. This is an ideal 

~ hardly more than erves 0 show that if expansion is 

no at ss is set up while if expansion is restrained 

h gh tresses are set up very rapidly. 
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The next consideration 1s the behaviour of stress-

n characteristics with the inorease of temperature. 
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As the temperature of a steel specimen is raised it 

beoome more ductile and as the ductility increases, the 

/0 

,~From Stability of Metals at Elevated Temperatures by G.L. Clark 

d A.E. fui te. A.S.S. T. Volume No.lf), 



11e1d point and ultimate tensile strength decrease. The 

lowering ot the yield point and ultimate strength is 

clearly shown in Figure 7. 

Let ~An (Figure a) be a rectangular steel plate upon 

~e edge o~ which is placed a weld "Wft. When ~h1s weld is 

deposited the weld metal is heated to fusion temperature by 

means of the electric arc tormed in welding. The plate 

itselt 18 heated within some region 'ten to about 2500 deg. F. 

wbile the remainder of the plate remains relatively cool. 

Thus expansion (longitud1nall~) is restrained. As the weld 

metal cools, htgh stress is set up in this region. Th1s 

stress is greatly reduced first, by reason ot the tact that 

the lield point is ver~ low and a great part ot the stress 

is tranafonned ~~o a permanent distortion ot the plate in a 

direction parallel to the weld,leaving the remainder of ~his 

original stress as an elastic stress and, second, by' a 

dilation ot the plate in a direction at right angles to the 

direotion ot the weld. As ~h18 action 1s taking place the 

remainder o~ the plate 1s aequlrlng heat and expanding. .A. 

region ~~ft adJacent to the weld metal meets opposing forces 

on two sides; on the one side by reason ot the contraction ot 

the weld metal and on the other aide by reason ot the stiffness 

II 

of the relatively 0001 body o~ the plate. ~us a further 

permanent dilation will take place as the heat wave trave~s across 

the plate. 

~e rate ot cooling 1s dependent on the temperature 

ditterenoe o~ the plate end the surrounding air. The weld, 

being at a mueh ~her temperature than the body ot the plate, 



Iill cool at a much faster rate than will the more remote 

portions ot the plate and in this way will tend to reduoe 

the initial dilation. The stress in the weld. while 

contracting, must remain at about the yield point until 

the stress equilibrium set up has been stabilized by the 

whole plate reduc~ to practically uniform temperature. 

FUrther contraction due to the plate cooling to room 

temperature would not affect th.e residu.al stresses because 

the plate as a whole would then be aftected and consequent1y 

no restraint to contraction would be encountered. 

From the above argument the tollowing statements 

may be made: 

(1) The original high stress set up in the weld 
is rednced due to the fact that the yield 
point is very low and also by a dilation ot 
the plate in a direction at right angles to 
the weld. 

(2) rhe stress set up in the plate adJaaent to 
the weld is high due to the tact that this 
portIon ot the plate is restricted to 
expansion on two sides. This might result 
in the stress being higher than that in 
the weld. 

(3) The stresses set up need not approximate the 
yield point at room tempera~e Que to the 
tact that the stress equilibrium set up 
dur~g weldlng has been stabilized by the 
plate reduoing to practically uniform 
temperature at Bome point much higher than 
the temperature ot the room. 

Curve 1 in F~re 9 shows the expected or probable 

stress distribution in a wide plate with a weld deposited 

on the edge. 

The above discussion is based on the assumption 

that all the deposited weld metal was plaoed on the plate 

at once. The. next consideration is the efteot on the 

12 



ultimate stress in the weld and in the plate if the weld 

ere deposited in two layers. (See Figure 10.) It may be 

reasoned as before that when the first layer is deposited 

the weld will be stressed in tension and that the portion 

of the pi te adjacent to the weld will contain a higher 

tensile stress than does the weld. (See Curve 1, Figure 9.) 

~W~LD 
\ 

Fig. 9 Fig. 10 

When the second l~er is deposited the heating action of 

the arc will have stress relieving action on the highly 

stressed parent metal adjacent to the weld and will 

therefore reduce the residual stress in this region which 

had been set up in depositing the first layer, but in the 

second ~ayer itself restraint to contraction is again 

encountered and thus tension will be set up in this layer. 

As the first pass or layer is now ftadjacent" metal it 

13 



~ncoUDt~rs restraint on two sides and would be likely to 

have its stress increased. Thus the prcbable str ••• 

distribution in a plate Whiah had been welded in this ., .. 
manner would be:qulte high tension in the weld (probably 

1'"-

higher than it laid in one layer) and lower tension in 

the parent metal ad.Jacent to the weld. Curve 2 in 

Figure 9 shows the probab.le stress distribution. 

In the theoretical considerations outlined above, 

it was assumed that the welds were deposited with an 

ordinary (or bare) electrode. It is now necessary to 

attempt to v~sualize the changes in the foregoing con­

clusions which would be brought about by depositing the 

weld with Bome other type o~ electrode, namely a covered 

(or heavily ooated) electrode. It will be tirst necessary 

to investigate these two types ot electrodes (bare and 

covered) • 

When an electric current flows between the tip ot 

an electrode and the work, the electrioal energy is converted 

into heat which results in the mel ting of the electrode tip 

and ot the work immediately adJacent to it. In the case ot 

direct ~rent welding, about one· third ot the total heat is 

developed at the negative pole and two thirds at the positive 

pole. Thus an electrode will melt at greatly ditferent rates 

depending upon whether it is attached to the positive or 

negative pole. A bare electrocie melts about 50 per cent. 

taster when attached to the positive pole than when attaom d 

to the negative pole. 

Bare electrodes are attaohed to the negative pole &s 

otherwise the parent metal. would not melt fast enough and 

Ilf 



~oor penetration would be obtained. Covered electrodes 

require a large amount 0:( energy to melt the coating and 

eleotrodes ot this type are connected to the positive pole. 

The penetration obtained 1s as good as that obtained in 

the use o~ bare electrodes as there 1s a greater concentra­

tion of energy. 

The volt-age drop aerOBS the arc 1s influenced by the 

arc l~th and by the resiatance ot the incandescent vapour 

forming the arc. This latter factor varies trom 16 to 24 

volts with bare rods and trom 22 to 38 volts with covered 

rods. 

The following table shows the difference in arc energy 

for bare and covered electrodes. The arc length is the 

Shortest possible •. 

Eleotrode 

Bare 

COTered 

Arc 
Voltase 

20.0 

25.0 

Current 
Amperes 

100 

100 

Arc Energy 
K.W. 

2.0 

2.5 

Thus it 1& seen that there is abou\ 25 per cent. more 

energy developed at the arc when using a covered electrode 

than w1 th the bare e1 ectrode, when using the same current. 

This results in taster deposition, better penetration and 

sounder weIde than obta1n~d with bare eleotrodes even 

allowing tor the tusing of tie covering. 

~e transter of metal from the eleotrode to the work 

is considered to tate place in the torm ot minute globules. 

These globules in passing across the arc unite quite freely 

with the oxygen and nitrogen in the atmosphere, which causes 

the weld metal to have a relatively low duct11i~y, high yield 

/5 



1l.o1Dt and high u1timate strength when compared with 

mild s"8&1. 

The placing ot suitable coatings on electrodes 

eliminates this atmospheric contamination to a considerable 

degree. The followinS are the principal methods ot 

protecting the transfer ot metal by means of protective 

coverings: 

(1) By forming a full protective slag covering 
over the depos1~. 

(2) By creating a shield of reducing gas around 
the arc. 

(3) By a combination of (1) and (2) 

TYPE I - The ooating of this type is an all mineral 

flux which dissolves in ~e arc to form a film of fluid 

slag over the tip of the electrode. Eaoh globule of metal 

oarries a ooating ot slag which proteots it trom the air. 

The slag, being lighter than the liquid metal, rises to the 

surface atter deposition to form a fUll protective coating 

over the deposited metal. This ooating anneals the metal, 

tends to smooth its surface and keeps the metal in a plastio 

condition long enough to allow ~purit1es to escape. Cover­

ings ot this type are designed to give friable slags in order 

to facilitate their removal. 

The purl ty and due tili ty ot the metal depends larsely 

upon meohanical slag pro~ection. The end ot the rod must 

first be proteoted whi~e molten, secondly the metallic 

globules must be slag coated ~1ng transfer and thirdly the 

deposited metal must have fUll slag protection. These cover­

ings also produoe an inert atmosphere about the active metal 



yapours and globules. In addit~on during operation, the 

coating extends sligh~ly beyond the metal aore of the 

electrode to form a small crucible which conserves the heat 

and fUrther proteots the metal during transfer. 

TYPE 2 - The covering of this type oreates a uniform 

flow of reducing gases which surround the arc and deposited 

metal and minimizes atmospheric oontamination. Very little 

proteotion is obtained by means of slag. 

TYPE 3 - The covering of this type provides gas and 

slag protection during the transfer ot metal. When in 

operation a flame envelopes the arc and deposited metal, a 

slag fully covers the weld,and the coating forms an inverted 

orucible. The gaseous shield is formed by the combustion 

ot organic material within the coating. The organio material 

breaks down at low temperature giving oft carbon monoxide, 

hydrogen gas and other vapours which set up a reducing 

reaction in the crater. In addition to the shield and 

slag protection there is in some electrodes a metallio 

deoxldlzer added to the cOTering which scavenges the deposit. 

Physical Characteristics ot Weld Metal:-

17 

The bare electrode metal is low in carbon, manganese and 

silicon due to the burning out of these elements during transfer. 

The contaminating influence of the atmosphere 1s shown by the 

high oxygen and nl~rogen content. Bare electrode weld metal 

has low ductility, low resistance to corrosion and low density. 

Weld metal deposited by .cove,red elee-trodes contains a 

greater percentage of manganese, carbon and silicon while the 

oX3gen and nitrogen content are quite low. The above mentioneQ 



l101nts are clearly shown by an examination of the following 

tables whioh show the chemical. and physical properties ot bare 

and. covered electrode weld metal. deposits on 3/4 inch plate, 

90 degree vee butt weld. 

* 

Carbon 

lIanganese 

Silicon 

Sulphur 

Phosphorua 

lIitrogen 

OXJgen 

Original 
Rod 

.13 - .18 

.40 - .60 

.06 lIax. 

.04 

.04 

Yield Point lbs. per sq.lnch 

Ultimate strength lbe. per 
sq. inch 

Elongation per cent. 

Specific Gravity 

Frac~ure 

Deposited Metal 
Covered 

Electrode Bare Electrode 

.07 - .1'1 .02 - .04 

.30 - .50 .10 - .20 

.10 - .15 .03 - .05 

.04 ](ax. .04 Max. 

.04 Max. .04 Max. 

.014 - .02 .10 - .14 

.025 - .04 .20 - .30 

Deposited Meta.l 
. Cpvered 
Electrode Bare Electrode 

57,300 

64,800 

31.0 

7.80 - 7.83 

Fine, Silky 

43,500 

57,800 

10.0 

7.40 - '1.60 

Coarse 

~e specific gravity ot steel varies from 7.8 to 7.9 

and, as is seen from the above table, weld metal deposited 

If 

by means of covered rods has a speoific gravity of 7.8 to 7.83 

while that of the bare rod deposit 1s low being only 7.4 to 7.6· 

*pata was obtained from ae~al tests made by the metallurgist 

of the Dominion Bridge Company. 



Bearing these facts in mind the conclusions arrived 

at concerning the residual stresses in welds deposited with" 

bare electrodes can now be modified to suit this new problem 

of wel~ng with covered rods. It would be reasonable to 

assume that the d18trlbu~1on throughout the platoe would be 

ot the same character as in the case of bare electrode welding 

as there is no ohange ot procedure in laying the deposit. That 

is to say t the curves would be o~ the same family as shown 

by Curves I and 2 in Figure 9 but the stresses themselves 

both in the plate and in the weld would be higher due t'irst 

to the arc energy o~ the covered rod being 25 per cent. greater 

than that ot the bare electrode; second, the heat is more 

concentrated when welding with covered electrodes; and third, 

sinee the covered rod deposit 1s T~y much more ductile than 

the bare rod metal, the stress would tend to be absorbed to & 

greater degree by the weld metal itselt than it was in the case 

ot the bare rod. Thus the probable distribution ot stress 

would be as indicated by Curve 3 in Figure 9. 

~e final consideration 1s the ettect ot stress 

relieving these Tariou8 types ot welded plates. stress 

relieving consists 1n placing the member in an oven and 

slowl, raising the temperature to between 1150 and 1200 deg. F. 

This temperature 1s maintained for one hour per inch o~ thick­

ness o-r metal in the specimen and then cooling the member 

aloal, in the oven until it 1s at approximately room temp­

erature. 

Cona1der a apecimen containing a residual elastic stress 

o~ s&7 ~~" lbs. per square Ln~. As the specimen 1s heated, 

/9 



the yield point drops until at 1200 deg. F. it is only about 

5,000 Ibs. per 8~re inch. (See Figure 7) Thus when the 

tempera'W.r8 ot tha speoimen is 1200 deg. F. the 1nt.ernal 

8~ress ~f~ will oanae plastic deformation to take plaoe 

until the stress ntn 1s reduced to 5,000 lbs. per square 

inch (the yield poin~ at stress relieving temperature). 

This 5,000 Ibs. per 8~are inah will be lett as an elastic 

stress in ~e member. In addition to this, the stress will 

2.0 

be ~rther reduced due to the ~act that the crystals are 

comparatively free to mOTe and w111 adJust themselves to a 

more comfortable position thereby reducing this elastic stress 

to some degree. Thus after stress relieving any member it 

would be reasonable to expectf an elastic stress of something 

less than 5,000 Ibs. per square inoh. 

Some engineers claim that the stress relieving cycle 

is not effective unless ~e ma~erial is heated in excess ot 

1550 deg. F. This would be truly annealing the member and 

causing grain re fine lOOn t which is not the ob-Ject ot stress 

relieving. The maximum ~emperature of 1200 deg. F. required 

by the A.S.M.E. code was Dot arrived at haphazardly but was 

baaed on experim~t. At temperatures of 1150 to 1200 deg. F. 

tor the t~e required by the a.S.M.E. code, the material has 

sufficient strength to carry it. own weight and should it be 

heated above this maximum temperature the member w111 distort 

due to ita own weight and possibly collapse. 

THE SPECIMEN. 

Eignt plates ot struetural mild steel were cut from 

the same stock and marked S, T, U, V, W, Y and Z in order to 



di~~erentiate between the various types of welds which would 

be deposited. All ~e plates were 12 inches wide, 21 inches 

l.ong and 3/4 inohes thick. 

APPARATUS 

For measurement ot the Bpec~en before and after 

welding the Linear Comparator was used. This instrument, 

manufactured by the Waterville Iron Works, 1s set up in the 

constant temperatnre room ot the Geodetic Laboratory where 

it 1s protected trom rapid changes ot temperature. The 

Comparator consists ot a moveable block upon which two 

microsoopes nAn and "B" are mounted. (See Figure 31). 

An adJustable platform carries the specimen to be measured. 

The movement of the block is parallel to the length of the 

platform. One microscope "An is focused on a standard bar 

and the other is focused on the spec~en ~o be measured. 

Fine hair-line scratches Q1'l both the standard bar and the 

specimen determine the points ot mea~rement. It will be 

readily seen that one bar or specimen may be measured with 

referenoe to another by taking simultaneous readings at each 

gra~tion. Of course the gradaatlons on each must compare 

closely enough so that at each interval the scratches will 
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be wi~h1n the fields ot vision ot their respective microscopes. 

The accuracy of the measurements will depend upon the number 

of readings taken for each measurement, on the tocusing of 

the mioroscopes, and on the character of the scratches. The 

smallest graduation on microseope "Aft equals 0.001 ot a 

revolution of the micrometer, one revolution being equal 

to 0.002213 inches. ~e smallest graduation on microscope ~Bft 



is also equal to 0.001 of a revolution while one fUll 

revolution is equal to 0.004538 inches. 

For mea~ements before and atter cutting the plate 

1n\o strips, the Howard gauge and Berry gauge were used. 

The Howard gauge is a 10 inch micrometer screw gauge designed 

to read to 0.0001 inohes on gauge lengths varying from 9.8 

to 10.2 inches. It is necessary to drill holes in the 

specimen in which to rest the gauge points of the instrument. 

The instrument 1s accompanied by a steel bar in which there 

are drilled two holes at exactly 10 inehes apart when the 

temperature of the bar 1s at a given value. The bar also 

contains a wall in which is placed a thermometer so that 

variations in temperature may be readily noted. 

The Berry gauge i8 essentially a strain gauge ot the 

lever type and is mainly used for measnring the elongation 

ot test speCimens over 2~ gauge lengths. 

It consists ot a dial indicator carried on a frame on 

one side o~ which there is a fixed gauge point. On the other 

side is a moveable gauge point which transfers its motion by 

means of a lever which bears against the plunger ot the dial 

indicator. The movement ot the plunger is transferred to the 

pOinter on the dial by means ot & rack and pinion arrangement. 

This gauge will read directly to 0.0001 inches. 

PREPARATION. 

It was deoided to contine measurements to an overall 

length ot 10 inches to suit the Howard gauge. This left 

5i inches at each end in whic.h lengths no measurements would 

be taken. The 10 inch gauge on the weld was divided into two 



lPaces ot 3 inches and one spaoe, in the centre, of 4 

inc he s for mea.surement with the linear comparator, while 

tor measuremamt with the Howard g~ge this space was 

divided into five ~aces at 2 inches each. The other 

10 inch gauges were not SQbdivided. 
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Eaoh plate was provided with a U shaped groove 

along the edges on which the weld metal was to be deposited. 

The dimensions of this groove, the: gauge lines and reference 

markings are ahom in Figures 11, 12 and 13. As both faoes 

of the plate were to be measured one side was marked "An 

and the other ttB". 

During the first stages ot the investigation the 

plates were measured by means of the linear comparator 

and it was therefore necessary to place very tine scratches 

on the specimen. In order that the scratches could be made 

sufficiently tine and a brignt reflecting plane be 

obtained, enabling them to be easily seen through the 

microscope, the surfaoe of the plates at each point was 

spot ground by means ot an emery wheel. The scratohes 

were p1aoed on these polished surfaces by means of a 

glass cntter having a hard steel disc as a cutting edge. 

The scratoh to be used for measuring was crossed by two 

other scratches at right angles to its direction and at 

about 1/16 inches apart to ensure the use ot the same 

portion of the line for all measurements. 

For measurement by means of the Howard gauge and 

Berry gauge, holes were drilled with a number 55 drill 

then countersunk in the positions shown in Figure 11. 



PROCEDURE. 

easurements on each gauge line on both sides of 

every plate ere taken by means of the linear. oomparator. 

In making these meaSQrements three micrometer readings 

with mioroscope ffBtt (focused on the plate) were reoorded 

for one setting of microsoope "At! (focused on the standard 

bar). The reason for dOing this was that microscope "An 

v as of a muoh higher po er than microscope "Btf and also 

the scratches on the standard bar were very much better 

than those placed on the specimen by hand. This procedure 

greatly simplified the work as it was not necessary to 

actually read the micrometer on "A" since it was fixed. 

The block supporting the two microsoopes was moved until 

the fixed hair in the reticule became tangent to a zero 

scratch on the standard bar. Three readings were taken 

with the micrometer on "Bff for the corresponding zero 

scratch on the specimen. In similar manner readings 

were taken at all scratches on the speclmen.~ ­

The scratches were protected by galvanized iron 

plates which were bolted to both sides of the specimen. 

sent to the Dominion Bridge Company to ~ 

be welded. 

The following table shows the manner in which 

each plate was elded. 



Plate 
~ype of No. of Layers 

Rod In Deposit. 
Rod Current 

Diameter Amps. Voltage 
stress 
Relief' 

S 

T 

Z 

V 

W 

X 

Y 

U 

Bare 

do. 

Covered 

do. 

Bare 

do 

Covered 

do 

1 

2 

1 

2 

1 

2 

1 

2 

3/16 

3/16 

3/16 

3/16 

3/16 

3/16 

3/16 

3/16 

160 

160 

175 

1'15 

160 

160 

175 

175 

62 

62 

62 

62 

62 

62 

62 

62 

No 

No 

No 

No 

Yes 

Yes 

Yes 

Yes 

wnen we1dLng w1~ covered elactrodes it was found that 

the sides ot the groove were too thin to withstand the addi-
• tiona! heat required to produce a proper weld. This 

necessitated the use ot chill bars along the sides at 

the grooves. These chill bars were made up of a piece 

at heavy oopper next to the plate and a piece of steel 

outside the copper. (See Figure 14.) it was found that 

these chill bars dissipated the heat sufficiently rapidly 

to prevent the aides or the groove trom melt·ing. 

All welding was performed in such a manner as to 

minimize the distortion of ihe plate. Figures 15 and 16 

show the manner in which this welding was carried out. 

After the welding had been completed plates U, W, 

X and Y were stress relieved by pl&oing them in an oven 

and slowly heating them to 1200 deg. F. The plates were 

kept at this tempe ratu.re for one hour and then slowly 

cooled in the furnace. 

Upon the' return of the specimens to the laboratory 

measurements were taken as before by means ot the linear 

comparator. 



The specimens were then prepared for measurement by 

means of the Howard gauge and.. Berry gauge. In measuring 

witix the Reward ga~e five complete sets of readings were 

taken on both sides of the plate and temperature correction 
after 

readings on ~e stan~ard 10 inch bar were taken/every fourth 

reading on the plate. In measuring with the Berry gauge 

five sets of readings wer.e recorded for all plates. How-

ever, no temperature correction could be made. 

The procedure from this point involved the cutting 

of the plates into strips and measuring the longitUdinal 

deflection of each trip. The weld strips, i.e. the 

outside half inch of the pl te containing the weld, were 

cut off and these strip and the remainder of the plate 

were measured. Next, a strip 1 inch wide was cut otf 

each side at the plate and as before both s rips and the 

remainder of the pl te were measured. This procedure was 

oontinued until the plate was reduced to a aeries of 1 inch 

strips. The 1 inch strips were actually less than 1 inoh 

by the thickness of the saw (1/16 inch). The cutting of 

the strips was carried out in a milling machine with a 

saw blade 6 inches diameter by 1/16 inoh thick In order 

that the plate would not become overheated during cutting, 

the feed was reduced to 7/8 inch per minute, the spindle 

speed was 67 R.F.M. an~ a stream of oil was kept flowing 

over t~ cutting tool. The time required to sever one 

strip was approximately one half hour. 

The stress-strain characteristics of the plate 

material were determined from the oentral strip of plate "X" 



which had been stress reliaved and the central strip trom 

plate "8 t1 which had not been stress relieved. The tests 

were made in tension in the wVicksteed machine using Ma.rtin's 

extensometers over a gauge length of 8 1nch~s. 

To determine the characteristics of the weld metal, 1/4 

inch diameter rods were turned down from one ot the weld strips 

of each of the eight specimens. The test in this case was made 

in the 10,000 lb. Olsen testing machine using extensometers 

over a gauge length of 4 inches. 

RESULTS & DISCUSSION. 

Before studying the results of the investigation con­

sideration will first be given to the accuracy of the various 

meaaurement s. 

The probable error tor anyone measurement ot the 

deformations due to welding m83 be approximated as follows: 

The probable error in setting microscope "A" =%0.02 revs.of "Bit 

The probable error in reading microscope "Btt .to.03 revs.of "Bit 

Let )(1 be the measurement before welding. 

Then the error in)(l =t 1:t0.022 +0.032 = ±0.0218 revs. of "B" 
~ AJ'3 

After welding the scratohes became discoloured. This 

made observations more difficnlt an~: 0.02 revs. of "Bit should 

be allowed for this fae·tor. 

Let JL2 be the meaS\ll'8IIlent atter welding. 

Then the error in M2 = 1% 0.022-:l:: 0.032 :1:. 0.022 ~O.0248 revs. 'V I.J 3 {of "Bit. 
",2 

Let X equal the deformation due to welding, i.e. Ml - M2 



The error in X = ~ ±O. 02482 ± 0.02182 

= ± 0.0326 revs. of "B" 
= ~0.033 x 0.004538 in terms of inohes . 

• :t 0.00015 inches. 

The probable error for anyone measurement of the 

deformations when tm plates were out into strips: 

The probable error due to setting the instrument vertical ~ 

± 0.5 ten thousandths inches. 

The probable error due to reading the drQm = ± 0.4 ten 

thousandths inches. 

Let )(3 be the measurement before cutting the plate. 

Then the error in M3 .~~0.~2+ 0.42 = ± 0.64 ten thousandths 

inohes. 

Let Mt3 be the measurement of the temperature correction. 

Then the error in 1lt3 ~± 0.52+ 0.42 = ± 0.64 ten thousandths 

inches. 

If Xl 1s the true distance before cutting (i.e. K3 + Mt3) 

The probable error in Xl ~~ 0.642 + 0.642 :± 0.92 ten 

thousandths inches. 

Since the measurements taken atter cutting were subJect to 

the same errors as above the probable error in the true distance 

atter cutting will be :l: 0.92 ten thousandths inches as above. 

Let Xl equal the true distance before cutting and X2 the true 

distance after cutting. 

Let D equal the deformation due to cutting the plate 

( 1. e. Xl - X2) 

Then the error in D =J 0.922 .... 0.922 :: *1.28 ten thousandths 

inches. 



In terms ot stress, .00013 inches in 10 inches 1s 

equivalent to: 

.00013 x 29.2 x 106 
10 

-- 380 1bs. per square inch. 

Figures 17 to 22 inelusive show the stress-strain 

characteristics fo r the parent metal and weld metal. 

From a study of tie. se curves it is apparent that stress 

relieving haa no etfect upon the physical characteristios ot 

the metal. 

The results for the weld specimens are hardly reliable 

as the test specimens which were turned down from the "weld 

stripe" contained a great number of slag inclusions and gas 

pockets and these materially reduoed the cross-sectional area 

of the specimens which were only 1/4 inch diameter. Figures 

32 and 33 show the actual condi tion of the weld metal very 

olearly. This condition is due to depositing too much metal 

at once; also, since the sides of the groove were so thin 

SQtf1c1ent heat could not be used to float the slag to the 

surface ot the weld. 

Since these results are so erratic it will be assumed, 

~or caloulating purposes, that ~e modulus of elasticity tor 

metal deposited with a bare electrode is 28.0 x 106 lbs. per 

square inch and to.r metal deposited wi th a covered rod 

29.0 x 106 lbs. per square inoh. 

The results will be treated in two groups; first, those 

specimens which have no~ been stress relieved and second, those 

which have been stress relieved. 

In Figures 23 to 30 inclusive, the diagrams show the 

longitudinal deformation due to welding and longitudinal elastio 



~etormation after cutting for each strip of the various plates. 

The deformations are plotted in ten thousandths of an inch and 

r.~resent ~he total movement over a gauge length of 10 inches. 

In the diagram representing tha longitudinal elastic recovery 

after cutting, since t~e thickness ot the plate is constant, 

the width of each strip is proportional to its cross-sectional 

area. Thus the area. under the curve represents the total 

longitudinal force in the plate before cutting it into strips. 
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For equilibrium the total tension must equal the total compression 

in the plate. Therefore the area above the zero stress line must 

equa1 the area below the zero stress line. In plate "5" the 

difference is 0.67 per cent., in plate "T~ 2.35 per oent., in 

plate "V" 0.69 per cent. and in plate "Z" 3.09 per cent. This is 

a very good check considering that errors are introduced by 

cutting the ,lates into strips, by the difference in moduli of 

the weld metal and parent metal~ by residual st7esses in other 

directions an[ by rolling stresses which were in the plate 

before welding. 

The results of the observations are best understood by 

graphical illustration and these cnrves in Figures 23~24, 25 and 

26 agree very well with those outlined in the theory for the 

various types o~ welds. 

The following table shows tha maximum average stresses 

w1~ their locations in the various specimens. 



Maximum 
Average 
Tension 
Ibs./sq. 

Plate in. Weld 

S 1~,800 

T 18,050 

V 36.600 

Z 26,800 

Maximum 
Average 
'rens1on 
Ibs./sq. 
in. adJ. 
to We-ld. 

17~150 

17,920 

12,180 

13,800 

Maximum 
Average 
Compres­
sion Ibs./ 
sq.1nch & 
Location 

7 ,640; 3" from edge of 
plate 

7,480; 3n from edge o~ 
plate 

10,300; 3" from edge ot 
plate 

7,900; 3" trom edge ot 
- plate 

Per 
cent­
age 
ot 

Weld 
Metal 

3.03 

3.03 

3.03 

3.03 

When the "weld atripstt were- severed trom these plates it 

was not~o8d that all of them bowed in such a manner as to 

inticate that hlle residual tension at the root o-r the weld was 
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Mgher than that at the surface or outside ot the weld. However, 

the bowing ot these strips on plates ftT" , "V" and "Zit was so 

small that it was impossible to measure tnem with any degree ot 

accuracy. 

In plate ~Sn strip 1-28 Showed a defleotion o~ .015 inches 

at the centre while strip 13-16 showed .019 inches. These otf­

sets were measured by Joining the ends of ~e strip by a straight 

line and mea~ing the offset at the centre. 

If each strip is considered as a rectangular beam 0.5 

inches deep and 21 inches long ~d it is assumed that the 

bORLng at the centre is caused by a unitorm bending moment 

along the strip, we may calculate the extreme fibre stresses 

as tollows: 

t = dxE. x lx8 

12 

where t = the extreme fibre stress 

d = the deflection at the centre 

y = 1/2 the width of th.e strip 

E= Youngs Modulus 

1 = length of strip 



Whence ~ tor strip 1-28 equals 1, 900 1 bs. per square inch and 

tor strip 13-16 2,420 lbs. per square inch. 

Combining these values with the direct stress in these 

strips it is seen that the stress at the face of the weld in 

strip 1-28 is 7550 - 1900 = 5650 lbe. per square inch., and at 

~e root ot the weld 7550 ~ 1900 = 9450 1bs. per square inch. 

S1a1~arly in strip 13-16 the stress at the face o~ the weld is 

~~800 - 2420 = 9360 lbs. per square inch and at tne root o~ the 

weld 11800+ 2420 = 14,220 Ibs. per square inch. 

This bowing effect was observed by Mr. Evans in his reoent 

investigation. His explanation of the oondition read as follows: 

"To aocount fer the stress being highest at about 
0.5 inches in from the edge of the plate, the following 
reasoning is ottered. When the deposited weld metal 
begins to cool, temperature reduction proceeds from the 
surface inwards; the centre of the metal cools last and 
theretore is the last portion to readJust itself." 

That the weld metal cools trom the surtace inwards 1s not 

the case. ActQally it cools from the root or the weld outward 

towards the surface. Vihen the weld metal 1s deposited in the 

groove it is all at the same temperature but as soon as it 

touches the bottom of the groove, the lower portion gives up a 

great deal ot heat to the relat1ve1y cool plate and solidities 

before the upper or ~rface l&Jers. In so doing it meets restraint 

to contraction. While this 1s occurring, the surface or upper 

layers are still at practically fusion temperature and consequently 

the stress Bet up due to cooling will cause a greater amount ot 

plastic deformation to take place than occurred at the bottom of 

the weld and therefore a smaller elastia stress will be lett at 

the surtace than at the root ot the weld. 



From the above reasoning we may state that there is 

higher tension at the root of. the weld than at the surface. 

Hence when the weld s tr1.p is removed from the plate 1 t wi11 

curve in suoh a manner that the surface of' the weld will be 

convex. 

The next consideration 1s the effect of stress relieving 

these same types ot weld. ~e following is a tabulation of the 

maximum average elastic stresses as read from the curves in 

FigQres 27, 28. 29 and 30. 

Plate 

x 
y 

Maximum 
Average 
Stress 
Ibs./sq. 
inch in 

Weld 

4,430 
Compression 

3~340 
Compression 

2,900 
T"ens1on 

4,460 
Tension 

Maximum 
Average 
Stress 
Ibs./sq. 
inch in 
Plate 

1,170 
Compression 

2,630 
Compression 

2,.950 
Compression 

1,750 
Compression 

Percentage 
at Weld 

Location Metal 

3 ft from edge ot plate 3.03 

4ft trom edge ot plate 3.03 

2" trom edge of plate 3.03 

2" from edge of plate 3.03 

A study ot 1he res~lt.s ohtained from the stress relieved 

spacimens shows that thare is a lack of' consistency in the 

elastic stresses left atter stress relieving. 

One point, however, is shown very clearly. All the 

residual elastic stresses are less than 5,000 lbs. per square 

inoh. ~18 taot would indicate that the theory outlined 

regarding .tress relieving action is reasonably correct. 

It will be noticed that in the- diagrams showing elastic 

stress in Figures 27, 28, 29 and 30, ~e tension areas do not 

~ywhere nearly check wi th the compression areas under the curves. 



This lack of agreement between the tension and compression 

areas is probably dm to the fact that the rolling stresses, of 

nnknown magn1~e, originally in the plate were relieved along 

with the welding stresses, and the curves shown in Figures 27 t 

28 t 29 and 30 are the resldllals or an unknown and possibly very 

irregular stress condition and not the residuals of stress 

Lnduced by welding procedure alone. 

The question might be raised as to why these rolling 

stresses did not affect tile results o~ plates S, T, V and Z. 

There is no doubt that these stresses have some effect but the 

reason that ~ey do not materially affect the elastic stresses 

in the first group of specimens is that ~ey were not relieved. 

It is a known fact that these rolling stresses are localized ill 

a thin layer ot metal on t~ surface of the plate w~ich came into 

contact w1~ the rolls ~r1ng fabrication and to relieve these 

stresses it is necessary to remove this "skin" by machining. 

These .tresses are necessarl1y in equilibrium and since this 

akin was not removed during this part of the experiment, their 

equilibrium was not upset to any appreciable degree and consequently 

did not affect the resul ts ot tm specimens which had not. been 

stress relieved. 

In the tlrat group o~ specimens it was noticed that the 

we1d strips, after severing, curved in such a manner as to indicate 

higher tension at the root ot the weld than that which existed at 

the 8ur~ace o~ the weld. The weld strips after being severed from 

the stress relieved specimens showed no such tendency to curve. To 

all practical purposes they remained straight. This is not 



surprising because the stresses have been reduced to a very 

small quantity and the baRing tendency must also have been 

reduoed to the same degree. 

It 1s not logical to assume that the intensi ty of stress 

is constant throughout the length of a weld and it was with this 

in mind that the gauges on the "weld. strips" (strips 1-28 and 

13-16) were subdivided. It will be noticed that many o-r these 

readings are missing from the tables of results showing the 

deformation due to welding. This is due to the fact that the 

weld strips became so hot when being welded that the scratches 

were mburnt off" the plate. Thus no readings could be obtained 

on certain specimens. It will also be observed in the tables, 

ahowing the elastic recovery due to cu.tting the plates into 

strips, that no readings are recorded for the subdivisions on 

the weld strips. Readings were taken on these two inch gauges 

by means of the Berry gauge both before and after cutting the 

plate into strips but tba recoveries shown by these readings 

did not agree with the overall recovery measured by means of 

the Howard gauge. In f'act the sum. of' these recoveries varied 

~rom .001 to .0025 inches from ~e overall recovery and it was 

ewing to this ~act that they were not reoorded. The inaccuracy 

in these readings was due to the gearing of' the ~strument 

being badly wortl and also to the diffloul ty in handling the­

instrument. 

It 1s definitely shown in tha results of the deformation 

due to welding that tlLe central gauge of the weld strip suttered 

greater deformation per lineal inch than did the two outer 

gauges. This would lead us to believe that the central portion 



~t the weld was more highly stressed than the end portions. 

This large detormation of the central gauge 1s not a true 

measure tor the reason that in depositing the weld metal, 

five inches ot metal was first ~aid down at each end of the 

groove; as these deposits cooled they contracted and, due 

to the tact that the edges ot the groove were very thin, the 

force which they exerted in contracting elongated the sides 

ot the groove and consequently the gauge points moved from 

~eir original position before any weld metal was deposited 

between them. Therefore we have no "true" measures of these 

gauges to correspond to the "before welded" condition. By 

referring to Figures 11 and 15 and applying the above reason­

ing it will be. seen that 1h.e central gauge would be the one 

whioh was mostly affected. 

It must not, however, be assumed that this theory 

disproves the· original idea that "the intensity of stress 

throughout the length ot the weld is not constant". It has 

been shown above that as each deposi~ aools it is comparatively 

free to eontraot due to the faot that ~e sides of the groove 

are thin. However, when the last deposit is made, the groove 

has been oompletely filled with metal and it now offers almost 

perfect restraint to the contraction of this last deposit and 

oonsequently the last deposit will have a highe·r stress in it 

than any other deposit in tm: weld. 



COFCLUSION 

In the investigation of the specimens which were not 

stress relieved the magnitudes of the residual stresses were 

measured. These stresses should hold fair~~true for members 

having approximately the same ~uantity of deposited weld 

metal ~d similar dimensions but would vary according to the 

resistance of the member to buckling. For example, should 

the member be very r!flimsyTf,. the weld in cooling would relieve 

its stress by twisting the me~er ~~t of shape. In the case 

of a rigid member this buckling would not occur and consequently 

the stress would not be relieved. Their greatest value lies in 

the comparison of one type of deposit with the other. 

From a study of these values it is apparent that the 

resi~al stresses in the welds are considerably increased by 

depositing t n 9 weld metal in two layers instead of one. In 

the case of bare electrode welding the stress in the weld 

deposited in two layers was 53 per cent. greater than the 

stress in the weld deposited in one layer. Similarly in the 

case of covered electrode welding, the residual stress in the 

weld deposited in two l83ers as 37 per oent. greater than that 

in the weld deposited in one layer. 

By comparing the results of the bare and covered electrode 

specimens it will be seen that, in the case of single layer 

welding, the residual stress in the covered eleotrode weld is 140 

per oent. greater than that in the bare eleotrode weld; hile 

in the case of double layer welding, the stress in the oovered 

eleotrode weld is 103 per cent. greater than that in the bare 

eleotrode deposit. 

7 



The above faots show that the residual stresses in 

welds deposited wi_th covered electrodes are much greater than 

the residual stresses in those deposited with bare electrodes. 

~h1s 1s borne out in practice as more careful preparation and 

procedure is required to eliminate the oracking ot welds 

deposited with such electrodes. Two very common methods 

of avoiding suoh failures are: 

(1) To heat the member to about 300 deg. F. 
and maintain this tempe.ratu.re throughout 
the welding process. 

(2) To reduce tl'a welding speed. 

By pre-heating the member to say 300 deg. F., restraint 

to contraotion of the weld is lessened to such an extent that 

the residual stresses in the welds are of insufficient magnitude 

to cause failure. In the case of reducing the welding speed, 

the action which takes place is much the same. The arc proceeds 

auf'ficiently slowly to allow the heat to be conducted into the 

plate ahead ot the arc and in so doing it is pre-heating the 

member locally. 

From the resul ts of this investigation it may be seen 

that the magnitude ot the residual stresses is dependent upon 

the heat used in depositing ine weld metal and upon the 

duot111tl of the weld metal. HONever, while the quantity of 

heat used has a very important influence upon these stresses, 

it was pointed out in the preceeding para.graph that the speed 

at which the welding is performed has a marked effect on these 

stresses. Up to the present no consideration has been given 

to the efteot ot welding speed upon residual stresses and it is 

~~ge8ted that further tests be carried out to determine something 



~f its effects. 

It was seen from the results obtained from 1;he stress 

relieved speo1mens that the rolling stresses combined with 

the welding stresses during the relieving proaess and 

consequently the test was not entirely satisfactory. How­

ever, one very obvious tact is that the elastic stresses 

lett in the specimens atter stress relieving them was less 

than 5,000 Ibs. per squ.are inch. Consequently we may feel 

confident that aoy specimen or member which has been stress 

atter welding, by heating it to 1200 deg. F. and then slowly 

cooling, will oontain a residual elastic stress not in excess 

of 5,000 lbs. per square inch. 

OWing to the fact that ~e rolling stresses intertered 

with the welding stresses it is saggested that further 

investigation be carried out &long these lines to determine, 

more exactly, the effect which stress relieving has upon 

the welding stresses themselves. This, it seems, could be 

accomplished by using specimens which have had the rolling 

stresses relieved before any weld metal was deposited. 
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The Linear Comparator 

Figure 31. 



"y" " W" ·· z" 

Tty" _ eld Metal deposi ted in one layer with covered 
electrodes and stress relieved atter Welding. 

eld etal deposited in one layer with bare 
electrodes and stress relieved atter Welding. 

Z - Weld Metal deposited in one layer with covered 
electrod.es. 

"S" - eld Metal deposited in one layer with bare 
ele ctr ocies. 

Figure 32. 



.. U" .. )( .' .. V" 

u - .. eld Metal deposited in two layers with oovered 
electrodesand stress relieved after Welding. 

x - '{eld Metal deposited in two layers with bare 
electrodes and stress relieved after Welding. 

V - veld Metal d.eposi ted in two layers wi th covered 
el ectrodes. 

T - e~d Metal deposited in two layers with bare 
e Ie e tr ode s. 

Figure 33. 

100 



!ABTJJ! I 

SIDE ItJLIt 

D18~ano. Dl.tan.e~ Deformation 
Betore Attar In hn 
Welc11q We1d1Dg !houaaa4tha 

Space Inch •• Inch.a Inahea 

1-30 2.99781 2.99980 + 19.9 
30-29 3.99821 4.00894 + 107.3 
29-28 3.00050 3.00113 + 6.3 
1-28 9.99663 10.0098'1 +132.4 
2-2'1 9.99861 10.00139 + 27.8 
3-26 16.00488 10.00351'1 - 11.1 
4-25 9.99992 9.99812 - 18.0 
5-24 10.00244 10.00048 - 19.6 
6-23 9.99926 9.99763 - 16.3 
7-22 10.00328 10.00157 - 17.1 
8-21 10.00603 10.00380 - 22.3 
9-20 9.99743 9.99477 - 26.6 

lO-19 10.00008 9.99'154 - 25.4 
11-18 10.000'12 9.99830 - 24.2 
12-17 10.00538 lO.O06~7 -i- 10.9 
13-14 2.98520 
14-15 4.00398 --
15-16 3.01212 --
13-16 10.00149 --

SIDE "B" 
Dlatance Di.tlll.e ... Deformation 
Betor. U'.r In ~en 
Welding Welding !housau4'Ula 
Tpoha. Inchel Inches 

3.00956 --
3.98423 --
3.00137 

10.00516 
10.00456 10.00493 + 3.'1 

9.99682 9.99450 - 23.2 
10.0Q.iM 10.00121 - 33.3 
10.0047'1 10.00148 - 32.9 

9.99'195 9.99537 - 25.8 
9.99808 9.99468 - 34.0 

10.01'138 lO.OlZl4 - 42.4 
10.0135'1 10.009'l'8 - 3'1.9 
10.005'13 10.00180 - 39.3 
10.00592 10.00366 - 22.6 
10.00267 10.00361 + 9.4 

2. 9994t9 
4.01040 --
2.99849 

10.00839 

Mean 
Detormat1oll 

III !len 
Thousandths 

Inches 

+ 132.4 
+ 15.8 
- 18.2 
- 25.'1 
- 26.3 
- 21.1 
- 25.6 
- 32.4 
- 32.3 
- 32.4 
- 23.4 
1- 10.2 --

.,.... .. 



TABT.!! II. -
PI.,n .p 

SIDE .~rt 

])1at8l1oe D1at8l1&8... DetOl'lll&tiOD D1aiance 
Betore M"ter In fen Betore 
.a1ding We 141. !hous and tb. 8 WeldiDg 

Space Inohes Inche8 Inohe. Inohes 

1-S0 2.99852 Z.00512 
30-29 3.99963 4.00979 
29-28 3.00306 2.99694 
1-28 10.00121 10.01180 
2-27 10.00648 10.00533 - 11.5 10.00Z84 
3-26 10.00251 9.99876 - 3'1.5 10.00118 
4-25 10.00627 10.OO28~ - 34.3 10.00239 
5-24 10.00801 10.00697 - 10.4 10.00553 
6-23 10.00489 10.00375 - 11.4 9.99361 
7-22 9.99761 9.99430 - 33.1 10.00929 
8-21 9.99286 9.98908 - 37.8 10.01849 
9-20 9.99205 9.99018 - 18.'1 10.019'11 

10-19 9.97946 9.97660 - 28.6 10.01799 
11-18 9.98214 9.97900 - 28.4 10.00185 
12-1 'I 9.96839 9.96653 - 18.6 10.00602 
13-~4 $.01060 3.00735 - 32.5 3.00575 
14-15 3.98258 3.99859 +-160.1 3.99534 
15-16 2.99'64 2.99555 - 20.9 2.99791 
13-16 9.99086 10.00143 + 105." 9.99894 

SIDE -B1t 
Distanoe, Deto~t1on 
Mter In !en 
Welding Thousand the 
Inohes Inchea 

3.00467 - 4.5 
4.02720 +1'1~.1 
2.99360 - 33.4 

10.02549 +136.9 
10.00368 - 1.6 

9.99751 - Z6.7 
9.99748 - 49.1 

10.00029 - 52.4 
9.98989 - 37.2 

10.00616 - 31.3 
10.01329 - 52.0 
10.01633 - 33.8 
10.01542 - 25.7 

9.99'100 - 48.5 
10.00422 - 18.0 --

.ean 
DetoraatloD 

In Ten 
Thousandths 

Inchea 

--
-r 136.9 

6.6 
- 37.1 
- 41.7 
- 31.4 
- 24.3 
- 32.2 
- 44.9 
- 26.3 
- 27.2 
- 38.5 
- 18.3 

+105.7 

~ 

~ 



TABLE III 

PLATE liZ" 
SIDE "A" 

Diet.ance D1ataDAe ~ Deformation Diataaoe 
Before Atter In fen Be tore 
We141Dg Welding Thouamdtha Welding 

Space Inch •• !nehe. Inehe. Inche. 

1-aO 2.9901'1 2.99111 + 9.4 3.02145 
30-29 3.95420 3.96215 +- 79.5 3.95592 
29-28 3.01107 3.00844 - 26.3 3.001543 
1-28 9.95M8 9.961'10 + 62.2 9.98286 
2-27 9.96428 9.96321 - 10.7 9.9805·8 
3-26 9.96378 9.96051 - 32.7 9.98918 
4 .. 25 9.96383 9.96010 - 3'1.3 9.99~90 
5-24 9.96353 9.96011 - 34.2 10.00080 
6-23 9.96'130 9.96461 - 26.9 9.99250 
'1-22 9.96630 9.96371 - 25.9 9.9992'1 
8-21 9.96568 9.96361 - 20.'1 10.00225 
9-20 9.9'1173 9.96861 - 31.2 10.00561 

10-19 9.97693 9.9'134:1 - 35.2 9.99617 
11-18 9.9'1818 9.9'1451 - 36. 'I 10.00262 
12-1 '1 9.98220 9.98030 - 19.0 10.00665 
13-14 2.99841 2.99546 - 29.5 2.98459 
14-15 3.9S268 3.98a~2 + 5'1.4 4.02180 
15-16 2.98946 2.99156 t- 21.0 3.00190 
13-16 9.9'105'1 9.97548 +- "9.1 10.00833 

SIDE "Bit 
Di.tano8, Deformation 
Atter In TeD 
We1dlDg !housandtha 
Inchea Inohes 

3.02252 + 10.7 
3.96390 + 79.8 
3.00485 - 5.8 
9.99130 +- 84.' 
9.97996 6.2 
9.98581 - 33.'1 
9.9919'1 - 29.3 
9.99803 - 27.7 
9.99011 - 23.9 
9.99738 - 18.9 
9.99981 - 24.4 

10.00313 - 24.8 
9.99261 - 35.6 
9.99810 - 46.2 

10.00421 - 24.4 
2.98191 - 26.8 
4.02865 + 68.5 
3.00368 + 17.8 

10.01424 t 59.1 

Kean 
Deformation 

In Ten 
Thousandths 

Inches 

+ 10.0 
+ 79.7 
- 16.0 
+ '13.3 

8.5 
- 33.2 
- 33.3 
- 31.0 
- 25.4 
- 22.4 
- 22.6 
- 28.0 
- 35.4 
- 41.5 
- 21.' 
- 28.2 
+ 63.0 
+- 19.4 
+ 54.1 

~ 
CIJ 



TAmIE IV. 

PLA!E "V· 
SIDE "Aft 

Distance Distance. Detor.mat1oD Distance 
Before Atter In !en Be tore 
Welding Welding Thousandths \Ve'1ding 

~pace Inches InQhes Inches !nohe. 

1-30 3.00330 3.00155 - 1'1.5 3.0+61' 
30-29 3.98799 3.99628 + 82.9 4.024'0 
29-28 3.00612 3.01260 + 64.8 2.95068 
1-28 9.99'140 10.01044 +130.4 9.99156 
2-2'1 9.9'1238 9.9'1195 - 4.3 10.00298 
3-26 9.98806 9.98600 - 20.6 10.00089 
4-25 9.9885'1 9.98553 - 30.4 9.99822 
5-24 9.98786 9.98495 - 29.1 9.99668 
6-23 9.98933 9.98688 - 24.5 9.99'168 
'1-22 9.98478 9.9831.0 - 10.8 9.99840· 
8-21 9.98246 9.98095 - 15.1 9.99440 
9-20 9.98206 9.9'1880 - 32.6 10.00063 

10-19 9.9'1'130 9.9'1400 - 33.0 9.9996'1 
11-18 9.97898 9.975"15 - 32.3 9.99821 
12-17 9.9'1"488 9.97535 4- 4.7 10.00121 
13-14 3.0006.8 3.00'112 + 64.4 3.00225 
14--15 3.97905 3.98'140 + 63.5 3.99'169 
15-16 2.99590 2. 9943S - 15.5 3.00154 
13-16 9.97565 9.98890 +132.5 10.001oi8 

SIDE "Bit 
D1,tanoe DetQrmati.:oll 
.Atter In Ten 
Welding Thouamdths 
Inches Inches 

3.01560 - 5.4 
4.03307 +83.7 
2.95655 +58. , 

10.00523 +136.7 
10.00287 - 1.1 

9.99725 -36.4 
9.99356 -46.6 
9.99290 -37.8 
9.99612 -15.6 
9.99498 -34.2 
9.99050 -39.0 
9.99680 -38.3 
9.99480 -48.'1 
9.99389 -43.2 
9.99975 -14.6 
3.00800 +5'1.5 
4.00458 +68.8 
3.00100 - 5.4 

10.01352 +120.4 

Jlean 
DetormatioD 

In Ten 
'rhou8andths 

Inches 

- 11.5 
+ 83.3 
+ 61.8 

+133.6 
2.7 

- 28.5 
- 38.5 
- 33.5 
- 20.0 
- 25.5 
- 2'1.0 
- 35.5 
- 40.9 
- 3'1.8 

5.0 
+ 61.0 
-+ 66.2 
- 10.5 
+126.5 

6' 
~ 



TABTeE V. 

PLUE "W" 
SIDE "A" SIDE "B" l£ean 

Distanoe Distance, De~or.aatloD Distanc .• Distance, Detor.mat1oD Deformation 
Betore .After In !en Betore Mter In Ten In Ten 
Welding Welding Thousand-the Welding W'e 1 d1ng ~housand~hs Thousandt-h.s 

Space Inches Inches Inches Inohes Inches Inches Inches 

1-30 2.98758 3.00955 +21.9.7 3.00399 3.00617 + 21.8 +120.7 
30-29 4.03075 4.01710 -136.5 4.01479 4.02100 4- 62.1 - 37.2 
29-28 2.98803 2.99025 + 22.3 2.98528 2.98680 + 15 .. 8 -+ 19.1 
1-28. 10.00638 10.01690 + 95.2 10.0040'1 10.01404 T 99.7 + 97.5 
2-27 10.00271 10.0~29 + 15.8 9.99286 9.99454 + 16.8 t- 16.3 
3-26 10.00566 10.00479 - 8.7 9.994.71 9.99360 - 11.1 - 9.9 
4-25 10.00700 10.00587 - 13.3 9.99450 9.99261 - 18.9 - 16.1 
5-24 10.002'1'5 10.00193 ... 8.2 9.99830 9.99'150 - 8.0 - 8.1 
6-23 10.004.30 10.00333 - 9.7 9.99187 9.99072 - 11.5 - 10.6 
'1-22 9.99582 9.99535 - 4.'1 9.99589 9.99480 - 10.9 - '1.8 
8-21 9.99455 9.99440 - 1.5 9.98930 9.98736 - 19.4 - 10.5 
9-20 9.99280 9.99160 - 12.0 9.99165 9.98965 - 20.0 - 16.0 

10-19 9.98353 9.98069 - 28.4 9.98'143 9.98490 - 25.3 - 26.9 
11-18 9.98113 9.9806,9 - 4.4 9.98853 9.98593 - 26.0 - 15.2 
12-17 9.9S066 9.98203 ~ 13.7 9.9S206 9.98215 - 4.1 + 4.8 
13-14 2.IS'249 2.98'135 - 1.4 3.01391 3.01373 - 1.8 - 1.6 
14-15 4.00250 4.00825 + 57.5 3.9'1440 3.97920 + 48.0 + 52.7 
15-16 2.98990 2.99395 + 40.5 2.99785 3.00113 + 32.8 + 37.7 
13-16 9.9'1988 9.98955 + 96.7 9.98616 9.99407 + 79.1 + 87.9 

...... 
~ 



TABLE VI. 

P~E ItX" 
SIDE itA" 

Distance Distan •• · DetorJllat1on D1stmce 
Before Mte.r In Tea Betore 
Welding .el<11Dg fhouli1andtha We 1 dins 

SDace Inches ruche. Iuahos InOh .. _ 

1-30 3.01715 -- ... - 2.97790 
30-29 4.00132 -- 4.02165 
29-28 2.97840 -- 3.00663 
1-28 9.99685 -- -- 10.00618 
2-27 10.00038 10.00207 + 16.9 10.01089 
3-26 10.00645 10.00376 - 26.9 10.01352 
4-25 10.00631 10.00253 - 37.8 10.01347 
5-24 10.00663 10.0030,3 - 36.0 10.01157 
6-2.3 10.02005 10.01'l~5 - 29.0 10.01356 
'1-22 10.00984 10.00712 ... 27.2 10.035'15 
8-21 10.01211 10.00952 ... 25.9 10.01388 
9-20 10.02260 10.01960 .. 30.0 10.01605 

10-19 10.01683 10.01343 .. 34.0 10.01111 
11-18 10.01583 10.01211 - 37.2 10.03518 
12-17 10.024~9 10.02429 ..f- 1.0 10.02589 
13-14 2.99664 -- 3.00278 
14-15 4.01996 -- 4.00344 
15-16 3.01098 3.02265 
13-16 10.02'159 10.02888 

SIDE ftB" 
Diatanoe ... Detto,mat1oD 
Attar In fen 
Welding fhouaandths 
Inchaa Inches 

-~ --
--

10.01365 + 27.6 
10.0106·1 .. 29'.1 
10.01125 - 22.2 
10.01129 - 2.8 
10.01179 - 17.7 
10.03516 5.9 
10.01374 .. 1.4 
10.01533 - 7.2 
10.00675 .. 43.6 
10.03416 - 10.2 
10.02801 + 21.2 

----

Mean 
Detormat1oD 

In Ten 
~hOU8&l!dth8 

Inohes 

--
----

+ 22.3 
- 28.0 
- 30.0 
- 19.4 
- 23.4 
... 16.6 
... 13.7 
- 18.6 
- 38.8 
- 23.7 
+ 11.1 --------

~ 
6' 



~ABLE VII. -
PL'~E Ity" 

SIDE itA-it 

D1atance D18tano.~ Defor.mat1on D1at8lloe 
Betore Atter In Ten Betor. 
Welding Welding Thous and. ths Weldins 

§pace Inohes Inehe. Inches IpgAe. 

1-30 3.02988 2.97055 -593.3 2.9879~ 
30-29 3.950'10 4.01759 + 668.9 3.98989 
29-28 3.02'121 3.02585 - 13.6 3.03003 
1-28 10.00'180 10.01395 + 61.5 10.00796 
2-2'1 10.00910 10.00'115 - 19.5 9.99792 
3-2& 10.00923 10.00551 - 37.2 10.00251 
4-25 10.01663 10.01309 - 35.4 10.00220 
5-24 10.01273 10.00801 - 47.2 10.01146 
6-23 10.01633 10.01359 - 27.4 10.01923 
7~22 10.01592 10.01349 - 24.3 10.02173 
8-21 10.02068 10.01808 - 26.0 10.00910 
9-20 10.01711 10.01431 - 28.0 10.01119 

10-19 10.01319 10.01050 - 26.9 10.0208'1 
11-18 10.01619 10.01327 - 29.2 10.02473 
12-17 10.01208 10.00914 - 11.4 10.02331 
13 .. 14 2.99070 2.989'15 - 9.5 2.98833 
14-15 3.9'148'0 3.98119 -+ 63.9 3.98040 
15-16 3.04663 3.04875 + 21.2 3.05000 
13-16 10.01219 10.01975 + 75.6 10.01873 

SIDE "]l1t 
Distanoe, Deformation 
After In ~eD 
"-elding Thou8andths 
IncA'. Inoh.s 

2.99093 + 19.5 
3.995'1"4 + 58.5 
3.03077 + '1." 

10.01685 .... 88.9 
9.9986'1 - 7.5 

10.00062 - 18.9 
10.00007 - 21.3 
10.01019 - 12.7 
10.01'190 - 13.3 
10.02056 - 11.'1 
10.00860 5.0 
10.01100 - 1.9 
10.01998 - 8.9 
10.02343 - 13.0 
10.02196 - 13.5 

2.9882'1 - 0.6, 
3.98712 + 67.2 
3.05150 t- 15.0 

10.02697 + 82.4 

Jlean 
Deformation 

In Ten 
Thousandths 

IJ'lohea 

-286.9 
+363.7 - 3.1 
+- 75.2 
- 13.5 
- 28.0 
- 28.3 
- 30.0 
- 20.4 
- 18.0 
- 15.5 
- 15.0 
- 17.9 
- 21.1 
- 12.5 

5.1 
+ 65.5 
+ 18.1 
+ 79.0 

0"­
~ 



TAB!·;: VIII 

PLATE ·U" 
SIDE "A':' ... ... 

Distance D1atalIe.", Detormati.OD D1ai8l1oe 
Before Arter In Ten Betore 
Welding Welding Thous~andth.8 Welding 

Space Inches Inches Inches Incrh;88 

1-30· 3.04038 3.0446.5 + 42. '1 3.02600 
30-29 4.00263 4.01007 + 74.4 3.94490 
29-28 2.94180 2.94070 - 11.0 2.98'160· 
1-28 9.98490 9.99540 +105.0 9.95848 
2-2'1 9.9'9'13 9.9'8'13 - 10.0 9.96288 
3-26 9.98386 9.98055 - 33.1 9.95513 
4-25 9.99124 9.98818 - 30.6 9.95953 
5-24 9.98196 9.9'1887 -30.9 9.9'1103 
6-23 9.9984.0 9.99463 - 37.7 9.95873 
'1-22 9.99594 9.99228 - 36.6 9.96008 
8-21 9.99586 9.99230 - 35.6 9.96588 
9-20 9.99886 9.99477 - 40.9 9.96023 

10-19 10.00552 10.00039 - 51.3 9.95283 
11-18 10.0046.5 9.99972 - 49.3 9.96328 
12-17 10.01000 10.00715 - 28.5 9.96313 
13-14 2.98490 2.98262 - 22.8 3.03007 
14-15 4.02623 4.0M55 + 83.2 3.98371 
15-16 3.00165 3.00506 + 34.1 2.95300 
13-16 10.01277 10.02220 + 93.3 9.96680 

SIDE liB" 
Dr.tanoe" Deformation 
J.tter- In Ten 
Welding Thousandths 
Inches Inches 

3.02820 + 2'2.0 
3.95130 + 64.0 
2.98930 + 17.0 
9.968'13 -+ 102.5 
9.96425 - ~3.7 
9.95395 - 11.8 
9.95805 - 14.8 
9.96945 - 15.8 
9.95805 - 6.8 
9.95935 7.3 
9.96455 - 13.3 
9.95805 - 11.8 
9.95040 - 24.3 
9.95985 - 24.3 
9.96155 - ~5.8 
3.0389'1 + 89.0 
3.98230 - 14.1 
2.95470 + 17.0 
9.9'1599 + 91.9 

Mean 
Deformation 

In Ten 
~ou8andths 

Inohes 

+ 32.4 
+ 69.2 
+ 3.0 
+ 103.8 
- 11.9 
- 22.5 
- 22.7 
- 23.4 
- 22.3 
- 22.0 
- 24.5 
- 26.4 
- 32.8 
- 36.8 
- 22.2 
t- 33.1 
+ 34.5 
t- 25.5 
+ 92.6 

6' 
~ 



!.A.BT·E IX. -
PLATE "S" 

SIDE .~ .. 
Distance Diet.anoe .. DeformatIon 

Before Atter In !ren 
Cutt1nB Cutting !h0U8md~ha 

Spaoe Inches IBch •• Inehes '% 

1-28 9.9899 9.9880 - 19 
2-27 10.0023 9.996'1 56 
3-26 9.9944 9.9958 + 14 
"-25 9.991'1 9.9953 + 36 
5-24 9.9928 9.9956 + 28 
6-23 9.996'1 9.998'1 + 20 
'1-22 9.9981 9.9998 + 1'1 
8-21 10.0042 10.0066 + M 
9-20 9.988& 9.9902 1- 1'1 

10-19 9.995'1 9.997~ + 1'1 
11-18 9.9994 9.9989 - 5 
12-17 10.0040 ·9.99'19 - 61 
13-16 9.9898 9.9858 - 40 

SIDE. ItBIl 

Di.~anoe D1.iaaoe~ Detormation 
Betore Atter In Ten 
Cutting Cutting Thous 8.Ild:~h8 
mcbee Inches Inches 

10.0052 10.001' - 35 
10.0069 10.0009 - 60 
10.0095 10.0087 - 8 
10.002.0 10.0026 + 6 
10.0078 10.0083 + 5 
10.0010 10.0023 -+- 13 

9.9867 9.9882 + 15 
10.0263 10.0282 -t- l' 
10.0016 10.0050 + 34 

9.9888 9.9924 -t 36 
9.99'13 9.9986 + 13 
9.9974 9.9918 - 56 

10.0107 10.0063 - 44 

Mean 
Defo1'llat1oll 

In TeD 
rhouaand"tha 

IDeh.e. 

2'1 - 58 
+ 3i 
+ 21 
T l:t + 16 
+ 16 
..j- a + 
T 

+ 4: - 5st - 42 

E)' 
~ 



TABLE X 

PLITE It!. 
SIDE "Art 

Distanoe D1itmee Deformation D18tartoe 
Be:fore Attar In fen Before 

I Cutting Cutting !ho'Ua8lldtha Cut "1ng 
SRace Inches Inohes Inehe., Inchee 

1-28 10.0503 10.0439 - 64 10.02'13 
2-2'1 10.0091 10.0028 - 6Z 10.0012 
3-26 10.03'19 10.0382 + 3 10.0034 
4-25 10.0047 10.00'12 +- 25 10.0025 5-" 10.0121 10.0103 +- 32 10.0059 
6-23 9.99'17 10.0004 + 2'1 9.99'19 
'1-22 9.9921 9.9945 + 24 10.0158 
8-21 9.9933 9.9960 + 2'1 10.0118 
9-20 9.9'135 9.9'156 +- 21 10.0258 

10-.9 9.9626 9.96'5 + 19 10.0140 
11-18 9.9'1'3 9.9'1'13 + 0 10.0080 
12-1'1 9.9630 9.956'1 - 63 10.00'1 
l3--16 10.0159 10.0091 - 68 10.0195 

SIDE 1fB" 
DIstance, Deto~at1on 
Atter In fen 
cutting !housan dths 
Inches Inches 

10.0208 - 65 
9.9953 - 59 

10.0053 t 19 
10.0~9 -I- 24 
10.0073 t- 16 

9.9996 t- 15 
10.01'10 + 12 
10.0132 + 14 
10.0280 + 22 
10.01'12 + 32 
10.0089 + 9 

9.9981 - 40 
10.0126 - 6'1 

Mean 
Deformation 

In ~en 
~oU8&Ddth. 

Inohes 

+ 
+--

+ 
+ 
+ 
+ 
+ 
+ 

~ 
~ 



!PARLE XI. -
PLAn ·Z· 

SIDE "Aft SIDE. ItBft Xean 
DIstance DI8tano.~ D.to~t1on Distance DIstance'· Deformation Deformation 
Before Attar In !en Before Attar In fen In ~.n 
Cutting Cut tinS !rhouan4tha cutting' Cut-ting Thousandths Thousandth. 

,Space Inches Inche. Inga InelBa Inc he a Inches Inches 

1-28 9.9505 9.9413 - 92 9.9942 9.9849 - 93 - 92t 
2-27 9.9629 9.9580 - 49 9.9801 9.9756 - 45 - 47 
3-26 9.9686 9.969'1 +- 11 9.9713 9.9729 + 16 + 13j-
4-25 9.9646 9.96'0 +- 25 9.9840 9.9862 r 23 +- 24 
5-24 9.9530 9.9'563 + 33 9.9996 10.001~ 4- 18 t-

~l 0-23 9.9S01 9.9634 + 33 9.9S'18 9.9893· ;- 16 t-
7-22 9.9692 9.9722 + 30 9.9952 9.9961 -t- 9 t-
8-21 9.9665 9.968'1 + 22 9.9955 9.9975 +- 20 +- 21 
9-20 9.9'110 9.9'120 + 10 9.9993 10.003'1 t- 44 t- 27 

10-19 9.9832 9.9836 + 4 10.006-3 10.0112 t- 49 ~ 2~ 
11-18 9.9764 9.9'178 + 14 9.9987 10.0014 +- 27 + 2 
12-1' 9.9'199 9.9'149 50 10.0128 10.0073 - 55 - 521-
13-16 9.9827 9.9'1'0 - 8'1 10.0087 9.9990 97 - 92 

~ 
......... 



TABLE XII 

PI. A 'I'Ii! trY" 
SIDE d:A1f SIDE "B* Mean 

Distanoe Diatanae, De~ormat1on Diatanoe Diet ... ., De.:rormat1oD Deformation 
Betore Atter In ren Betore Attar In Ten In Ten 
CutUng Custing ~ou8a.nd ths Cutt.ing Cutt1Dg Thous8Ildths ThouBandths 

I Space Inches Inche. IncheS Ipqhea Ipgha, Inches Inches 

1-28 10.0065 9.9940 - 125 10.0036 941 9908 - 128 - 1261 2-27 9.9801 9.9750 51 10.0042 10.0010 - 32 41 
3-26 9.9731 9.9728 3 9.9892 9.9929 .f- 37 + 1'1 
4-25 9.9754 9.9'(68 + 14 9.98'11 9.9928 + 57 + 3* 5-24 9.9821 9.9855 + 34 9.9820 9.9838' + 18' +- 26 
6-23 9.9792 9.9824 + 32 9.9907 9.992.4 + 17 -+-

i:t 7-22 9.9'1'15 9.9809 + 34 9.9875 9.9888 + 13 t-
8-21 9.9732 9.97.4 + 32 9.9818 9.9830 + 12 + 22 
9-20 9.9655 9.9682 -+ 2'1 9.98'16 9.9897 + 21 +- 24 

10-19 9.9625 9. 965'f ~ 32 9.9882 9.9910 + 28 + 30 
11-18 9.984'1 9.98&8 + 21 9.9885 9.9893 + 8 ~ 1n 12-1'1 9.9'4:9 9.9693 56 9.9991 9.9946 - 45 - 5 
13-16 9.9882 9.9'156 - 126 10.0159: 10.0032 - 12'1 -126 

~ 



TABl,E XIII 

PLirE Itr 
SIDE "Art 

Distanoe Di.tanoe~ Deforaat~oD Distanoe 
Before Mter In ~en Betore 
CUt "t ing Ca.tt.1ng Thoua an dtha Cu"tt1Dg 

SDaoe Inches InohsJL_._ Inches Incbes 

1-28 10.0214 10.0230 + 16 10.0120 
2-27 10.0038 10.0037 - 1 9.9958 
3-26 10.0050 10.0(K9 - 1 9.9921 
4-25 10.0035 10.001,4 - 1 9.9'666 
5-24 10.003'1 10.0041 + 4 9.9915 
6-23 9.996.9 9.99'13 + 4 9.9966 
'1-22 9.9890 9.9895 + 5 10.0134 
8-21 9.9838 9.9939 + 1 9.9813 
9-20 9.9914 9.9919 + 5 9.96'1'1 

10-19 9.98'15 9.98'19 + 4 9.9848 
11-18 9.980'1 9.9804 3 9.9819 
12-1 'I 9.9844 9.9838 6 9.9841 
13-16 10.0018 10.0034 + 10 9.9940 

SIDE "Bit 
Distan&e~ Deformation 
Atter !Xl Ten 
Cutting Thousandths 
inches Inches 

10.0136 of- 16 
9.995'1 - 1 
9.9925 + 4: 
9.9668 + 2 
9.9934 - 1 
9.9960 - 6 

10.0132 - 2 
9.9813 + 9 
9.9680 + 3 
9.9852 + 4 
9.9819 + 1 
9.9835 6 
9.9CK8 + 8 

.ean 
Deformation 

In 1'en 
~ous8l'ldth8 

Inohe8 

+ 16 
1 

+ :1 + 
+ 
- 1 
i"- It + 
+ 4: 
+ 4 - 1 

6 
+ 9 

~ 
~ 



TABLE XIV - \' 

PLAn Itx-
SIDE "A- SIDE "Bit )[ean 

Distanoe Dlatance~ Defbr.mat1on D1atanae D1.tanoe, Detormat1on De:rormat1on 
Betore Atter In TeD B8t~re A.t~er In ~en In Ten 
Cutting Cutting Thousand tha CUtting cut tIns ~OUBandtha Thousandths 

_Space Inches Inoh..-ea Inohes Inohes Inche. !nelles Inches 

1-28 9.9752 9.9'157 -+- 5 10.0045 10.0052 + 't + 6 
2-2'1 9.99'15 9.996'1 8 10.0108 10.0108 + Q 4 
3-26 10.0104 10.0106 +- 2 10.0138 10.0138: + Q t- 1 
4-25 9.9916· 9.9923 + '1 10.0127 10.0131 1 + 3 
5-24 9.9958 9.9969 + 11 10.0131 10.0138 + 't + 9 
6-23 10.0130 10.0136 i- 6 10.0083 10.0093 -+ 10 or 8 
7-22 10.0032 10.0031 1 10.033'1 10.0346 9 5 
8-21 10.0066 10.0071 + 5 10.0095 10.0099 ..... 4 + 1 9-20 10.0083 10.008'1 + 4 10.019'1 10.0194 ... 3 + 

10-19 10.0095 10.009'1 + a 9.9914 9.9912 2 + 0 
11-18 10.0105 10.0106 .... 1 10.0240 lO.O28~ 5 2 
12-1 , 10.0314 10.0314 of- 0 10.0017 10.0013 4 2 
13-16 10.0204 10.021.8 + 14 10.0162 10.01'13 ~ 11 + 12i 

~ 



TABI.E XV. 

PLATE Ity. 
SIDE. ,t A.rt 

Distance Di8~anoe, Deformation Distance 
Before A:rter In Ten Before 
aut~1ng Cutt1ns Thousandths Cutting 

_Space Inches Inches Inches Inches 

1-2:8 10.0101 10.0092 9 10.0133 
2-2.7 10.0948 9.9955 + 7 9.9984 
3-26 9.9'191 9.9809 + 18 10.0014 
4-25 9.9954 9.9961 + 7 10.0016 
5-24 10.00'1 10.00'1'1 ..... 6 10.0098 
6-23 10.0101 10.0106 + 5 10.0156 
7-22 10.0079 10.0.0'18 - 1 10.01'18 
8-21 10.0165 10.0.169 .... 4 10..0.093 
9-20 10.0.101 10.0101 + Q 10.0.10.1 

10-19 10.0.214 10.0230 + 16 10.0214 
11-18 10.0106 10.0111 + 5 10..0230 
12-1' 10.00.70 10.0.071 + 1 10..0157 
13-16 10..02'19 10..0268 - 11 10.034Z 

SIDE "Btl 
D1atanee~ Deformation 
After- In ~en 
Cutting ~ou8andth8 
Inohes Inoh •• 

10.0122 - 11 
9.99'18 6 

10.0018 + 4: 
10.0020 + 4 
10.0112 + 14 
10.0161 + 5 
10.0183 +- 5 
10.009' + 4 
10.0108 + 'I 
10.021'1 + 3 
10.0.236 -+ 6 
10.0.159 + 2 
10.033r - 6 

Mean 
Detorma'i1on 

In 'ren 
~ou8andth. 

Inohes 

- 10 
+ t 
+ 11 
+ 51 
+ 10 
+- 5 
+ 2 
+ 4 
+ 
+ 
+ 
+ 

-~ 

~ 



~ABIeE XI! 

PLA.!E ·U· SIDE ft Art .... ... SIDE "B- Mean 
Distance D1sianae·, Deforms. ~1on Distanoe D1st-.n •• , DeformatioD De:tormat1oD 

Be:tore Atter In ~en Before J.tter In !'en In ~.n 
Cutting Cutting !hoUBmdtb..s Cutting Cutting !hou8l.D.dtha Thousandth. 

.space Inche • Inehea Inohes Inches Inches Inches Inohe·s 

1-28 9.9925 9.9916 9 9.9707 9.9702 5 '1 
2-27 9.9'181 9.9'184 + 3 9.9683 9.9681 - 2 + 

~l 3-26 9.9'154 9.9761 + 'I 9.9512 9.9510 2 -+ 
-i-25 9.9911 9.9915 + 4: 9.9554 9.9553 - 1 + 
5-24 9.9"~2 9.9'141 - 1 9.9627 9.962'1 + 0 + 
6-23 10.0056 10.0059 + 3 9.9429 9.9426 - 3 + Q 
'1-22 10.0018 10.0023 + 5 9.953'1 9.9535 - 2 + 

a 8-21 9.98'10 9.9873 + 3 9.9593 9.9595 + 2 + 
9-20 9.9961 9.9961 + 0 9.9589 9.9'592 + 3 + 

10-19 9.9963 9.99'10 + 7 9.948'1 9.9491 + 4: + 
11-18 9.9956 9.9966 + 10 9.95'18 9.9580 + 2 +- 6 
12-1'1 9.9932 9.9928 - 4 9.9591 9.9586 5 

: l~ 13-16 10.020// 10.0194 - 13 9.9'193 9.97'15 - 18 

~ 



TABLE XVI!.: 

PL.&'lE ItS" 

STRESS-STRAIN CHARAC~ERISTICS OF PLATE MATERIAL 

Load Ext. Ext. Ditt. Ditt. Kean Mean 
Kips ]'ront Back Front Back Dift. Movement 

0.5 7.0 19.00 
1.0 7.11 18.53 .11 .47 .29 0.29 
2.0 7.32 17.63 .21 .90 ,5Q 0.84.t 
3.0 7.78 17.00 .46 .63 .54 1.39 
4.0 8.34 16.43 .56 .57 .56 1.9* 5.0 8.89 lS.90 .55 .53 .54 2.49 
6.0 9.41 15.30 .52 .60 .56 3.0 
7.0 9.92 14.70 .51 .60 .551- 3.61 
8.0 10.44 14.10 .52 .60 .56 4.17 
9.0 10.96 13.50 .52 .60 .56 4.73 

10.0 11.48 12.90 .52 .60 .56 5.29 
10.5 11.71 12.59 .23 .31 .27 5.56 
11.0 11.9'1 12.27 .26 .31 '11 5.85 
11.0 12.21 11.96 .24 .31 .27 6.12* 
12.0 12.48 11.62 .27 .34 .30 6.43 
12.5 12.'13 11.31 .25 .31 .28 6.'11 
13.0 13.02 11.00 .29 .31 .30 '1.01 
13.5 13.31 10.70 .29 .30 .29i 7.3~ 14.0 14.'11 10.00 1.~O .70 1.05 8.3 
16.5 Yield Point 
25.5 Fr'&ctur-e 

Unit 
Strain 

.000036: 

.000106 

.0001'14 

.000244 

.000312 

.000382 

.000451 

.000521 

.000590 

.000660 

.000695 

.000730 

.000'165 

.000803 

.000840 

.0008'1'1 

.000915 

.001420 

Unit 
stress 

2,020 
4,040 
6,065 
8,090 

10,100 
12,180 
14,150 
16,180 
18,200 
20,200 
21,200 
22.250 
23,250 
24,250 
25,300 
26,300 
27,300 
28,300 
33,300 
51,500 

~ 
~ 



TABLE XVIII 

PLJ!fE "X." 
STRESS-STRAIN CHARACTERISTICS OF PL~E M~ERIAL 

Loaci Ext. Ext. D1:rf. D1tt. Mean :Mean 
Kips Front Back Front Ba.ck Dift. Movement 

0.5 18.00 7.00 
1.0 17.72 7.25 .28 .25 .2~ 0.26j-
2.0 17.19 7.77 .53 .52. .52 0.79 
3.0 16.67 8.29' .52 .52 .52 1.31 
4.0 16.14 8.82 .53 .53 .53 1.84 
5.0 15.61 9.33 .53 .51 .52 2.36 
6.0 15.08 9.87 .53 .54 ::t 2.89i 
7.0 14.52 10.38 .56 .51 3.43 
8.0 14.00 10.90 .5·2 .52 .52 3.95 
9.0 13.47 11.40 .53 .50 .5* 4.46t 

10.0 12.90 11.92 .5'1 .52 .5 5.01 
11.0 12.31 12.42 .59 .50 .54 5.5~ 
12.0 11.42 13.15 .89 .73 .81 6.36 
16.0 Yield Point 
26.2 Failure 

Unit 
Strain 

.000033 

.000099 

.000164 

.000230 

.000295 

.000362 

.000428 

.000494 

.000558 

.000626 

.000695 

.000796 

Unit 
stress 

1,940 
3,882 
5,825 
7,775 
9,700 

11,650 
13,590 
15,510 
17,480 
19,400 
21,380 
23,300 
31,050 
50,900 

~ 
~ 



TABI.E XIX 

PLAn "S" 

STRESS-STRAIN CHARACTERISTICS OF WELD METAL 

Load EXt. EXt. Dirt. Ditt. Mean )[ean 
Kip. ~ont Back Front Ba.ck Ditt. Movement 

0.1 20.00 8.00 
0.4 19.41 9.08 .59 1.08 · sat .8~ 
0.6 18.'18 9.69 .63 .61 .62 1.4 
0.8 18.10 10.34 .68 .65 .66i 2.12 
1.0 17.30 11.12 .80 .'18 .79 2.91 
1.1 16.80 11.61 .50 .49 .41 3.401-
1.2 16.12 12.32 .'18 • '11 .'14 4.15 
1.3 14.'14 13.'18 1.38 1.46 1.42· 5.57 
1.415 Yield Point 
1.435 Fracture 

Unit 
Strain 

.000210 

.000364 

.000530 

.000'127 

.000852 

.001038 

.001392 

Unit 
Stress 

8,150 
12,210 
16,300 
20,380 
22,400 
24,400 
26,450 
28,800 
29,200 

""-3 
~ 



~ABLE xx. -
PLATE .. ~" 

~ 

STRESS-STRAIN C1fARACTERISTICS OF WELD METAL 

Load Ext. Ext. Dirf. D1ff'. Mean Mean 
Kips Front Back Fl-ont Back D1ff. Mo·vement 

.05 20.00 8.00 

.10 19.76 7.91 .24 .09 .1a . lSi 

.15 19.68 'l.98 .08 .0'1 .O'! .24 

.20 19.60 8.05 .08 .0'1 .0'1 .3~ .30 19.46 8.19 .14 .14 .14 .4 

.40 19.29 8.31 .17 .12 .ut .60 

.50 19.12 8.43 .17 .12 .14 . .,~ 

.60 19.00 8.60- .12 .1'1 .15 .8 

.70 18·.85 8. 'l'o .15 .16 .1:1 1.05 

.80 18.72 8.90 .13 .14 .1 1.1:1 

.90 18.59 9.07 .13 .1'1 .15 1.3 
1.00 18.43 9.20· .16 .13 .1~ 1.48 
1.10 18.29 9.33 .14 .13 .1 l.6lt 1.20 18.12 9.48 .17 .15 .16 1.'17 
1.30 1'1.98 9.61 .14 .13 .l~ 1.91 
1.40 17.84 9.78 .14 .1'7 .1 2'°tl 1.50 1'1.'13 9.9'1 .11 .19 .15 2.21 
1.60 17.68 10.21 .15 .24 .In 2.41 
1.'10 1'1.6'1 10.59 .01 .38 .1 2.59i 
1.80 1'1.38 11.13 .29 .54 .41 3.01 
1.958 Yield Point 
2.698 Fracture 

Unit 
Strain 

.000080 

.000120 

.00015'1 

.000227 

.000300 

.0003'12 

.000447 

.000523 

.000592 

.00066'1 

.000'140 

.000807 

.000887 

.000955 

.001033 

.00110'1 

.001205 

.001297 

.001500 

Unit 
stress 

2,026 
3,040 
4,050 
6,080 
8,100 

10,125 
12,160 
14,200 
16,200 
18,250 
20,260 
22,300 
24,350 
26,350 
28,400 
30,400 
32,420 
34,450 
36,4'10 
39,650 
54,550 

~ 
C 



TABLE XXI 

P~E ·Z" 
, 

STRESS-STRAIN CHARACTERISTICS OF WELD METAL 

Load Ext. Ext. Dift. Ditt. Mean Mean Unit Unit 
JC1ps Front Back Front Bask Dit:r. Movement Strain stress 

.10 21.00 8.50 2,108 

.15 21.04 8.'1'1 .04 .2'1 .lS .000039 3,162 

.20 20.98 8.98 .06 .21 .28 .000071 4,220 

.30 20.79 9.31 .19 ,33 .54: .000136 6,330 

.40 20.51 9.58 .28 .27 .82 .000205 8,440 

.50 20.21 9.8'1' .30 .29 1.11t .0002'19 10,530 

.60 19.92 10.12 .29 .25 1.Ze .000346 12,650 

.'10 19.60 10.39 .32 .27 1.68 .000420 14,7'10 

.SO 19.Z0 10.66 .30 .2'1 1.9it .000491 16,880 

.90 18.9a 10.93 .32 .27 2.26 .000565 18,980 
1.00 18.66 11.20 .32 .29 2.56j- .000641 21,080 
1.10 18.31 11.50 .35 .30 2.89 .000'123 23,200 
1.20 17.99 11.'18 .32 .28 3.19 .000797 25,300 
1.25 17.80 11.97 .19 .19 3.38 .000845 26,400 
1.30 17.61 12.13 .19· .16 3.55l .000888 27,400 
1.35 17.42 12.31 .19 .18 3.74 .000935 28,500 
1.40 1'1.21 12.50 .21 .19 3.94 .000985 29,530 
1.45 16.99 12.'5 .22 .25 4.1;t .00104:5 30,600 
1.50 16.72 13.00 .27 .25 4.4 , .001108 31,650 
1.55 16.47 13.30 .25 .30 4.'11 .0011'19 32,680 
1.60 16.15 13.61 .32 .31 5.02j- .001258 33,'150 
1.'10'1 Yield Point ~B'988 2.403 Fracture , 

~ 
....... 



~ART.E nIl. 

PLAn It".. 
STRESS-STRAIN CHARACTERIS'lICS OF WELD METJL 

Load Ext. Ext. Mtt. DUt. Mean Mean 
KiRs FroDt Back Fromt Bau Ditt. MOTement 

.05 16.00 '1.00 

.2 15.'19 '1.70 .21 • '0 .45j- .4a 

.4 15.20 8.31 .59 .&1 .60- 1.0 

.6 14.60 8.88 .60 .5'1 .58i 1.64 

.S 13.98 9.40 .62 .52 .5'1 2.21 

.9 13.66 9.69 .32 .29 .3Oi 2.51 1.0 13.36 9.9'1 .30 .26 .28 2.79 
1.1 13.03 10.26 .33 .29 .31 3.1 
1.2 12.74 10.53 .29 .27 .28 3.3 
1.3 12.43 10.81 .31 .28 '2~ 3.68 
1.4 12.13 11.10 .30 .29 .2 3.9'11-
1.5 11.80 11.40 .33 .30 .31 4.29 
1.6 11.49 11.'10 .31 .30 .3 4.5:1 
1.7 11.~9 12.00 .30 .30 .30 4.89 
1.8 10.85 12.Z5 .34 .35 ·Mt 5.24 
1.9 10.50 12.'10 .35 .35 .So5 5.59 
2.0 10.13 13.10 .3'1 .40 .38" 5.9~ 
2.1 9.'13 13.56· .40 .46 .43 6.4 
2.2 9.20 14.20 .53 .64 .5:1 6.99 
2.3 8.35 1b.20 .85 1.00 .9 '1.91t 
2.6 Yield Poin't 
2.840 J'racture 

Unit 
strain 

.000114 

.OO026~ 

.000410 

.000553 

.000630 

.000699 

.000'1'6 

.000847 

.000920 

.000994 

.0010'11 

.001149 

.001223 

.001310 

.001390 

.001493 

.0016·02 

.001'14'1 

.001980 

Unit 
s.tress 

4,080 
8,160 

12,240 
16,320 
18,380 
20,400 
22,450 
24,500 
26,530 
28,600 
30,600 
32,650 
34,'100 
36,'150 
38,800 
40,800 
42,850 
44,900 
46,950 
53,050 
58,000 

~ 
~ 



T.4.BLE XXIII 

PLATE nW'f 

STRESS-STRAIN CHARACTERISTIC.S OF WELD MET!& 

Load Ext. Ext. Ditt. Ditt. Mean M.ean 
Kips Front Back Front Back Ditt. Movement 

.1 18.00 7.00 

.2 17.98 7.47 .02 .47 .22-1 .Z2t .4 17.57 8.13 .42 .66 .54 .76 

.6 16.99 8.'16 .58 .63 .6it 1.37 

.8 16.33 9.41 .66 .65 .6 2.02t 

.9 16.00 9.'18 .33 .36 .34 2.3'1 
1.0 15.62 10.19 .36 .41 .3 2.7f.i 1.1 15.21 10.64 .41 .45 .43 3.1 
1.2 14.73 11.20 .48 .56 .52 3.71 
1.3 14.11 11.90 .62 .70 .66 4.37 
1.54 Yield Point 
2.62 Fra.cture 

Unit 
strain 

.000056 

.00019 

.00034 

.00050 

.00059 

.00069 

.00080 

.00093 

.00109 

Unit 
Stress 

4,075 
8,15·0 

12,.210 
16,300 
18,.220 
20,380 
22,.400 
24,400 
26,450 
31,350 
53,400 

~ 
~ 



TABTtE 1lI V • 

PLATE ItX" 

STRESS-STRAIN CHARACTERISfIOS OF WELD METAL 

Loa.d Ext. Ext. Ditt. Dirt. Mean Mean 
Kips Front Baclc Front Baek Ditt. _ Movement 

.05 17.00 6.00 

.1 17.06 6.46 .06 .46 .26 .26 

.3 16.'10 '1.43 .36 .9'1 .ut .87l 

.5 16.08 8.08 .62 .65 .63 1.51 

."1 15.42 8.72 .66 .64 .65 2.16 

.9 14.73 9.42 .69' .70 .6* 2.8 
1.0 14.3'1 9.80 .36 .38 •. 3'1 3.22 
1.1 13.97 10.22 .40 .42 .41 3.6 
1.2 13.50 10.71 .4'1 .49 .48 4.11 . 
1.3 13.00 11.29 .50 .58 .54 4.6 
1.48 Yield Point 
2.6.4 Fractu.re 

Unit 
Strain 

.000065 

.000219 

.000378' 

.00.0540 

.000"114 

.000806 

.000909 

.0,01030 

.001162 

Unit 
stress 

2,114 
6,345 

10,5'10 
14,800 
19,000 
21,140 
23.250 
2.5~400 
27,480 
31,300 
55,800 

~ 
~ 



Load 
PPs 

.1 

.4 

.6 

.8 
1.0 
1.2 
1.4 
1.6 
1.'1 
1.8 
1.9 
2.0 
2.1 
2.2 
2.3 
2.6.5 
3.212 

TABT·E xxv 
PLArE tty" 

STRESS-STRAIN C&RACTERISTICS o.F WELD KErAL 

Ext. Ext. Ditf. Ditt. Mean Mean 
Front Back Front Baok Diff. Movement 

19.00 7 ~.50 
18.'12 8.83 .28 1.33 .8H .SOi 
18.18 9.42 .54 .59 .56 1.37 
17.62 9.9'1 .56 .55 .5 1.9:1 
1'1.04 10.51 .58 .54 .5·6 2.4 
16.46 11.08 .58 .57 .5a 3.06 
15.89 11.62 • fit .54 .5 

3.
611 15.29 12.22 .60 .60 .6·0 4.21 

14.99 12.54 .30 .32 .31 4.52 
14.68 12.88. .31 .34 .3~ 4.85· 
14.32 13.2.5 .36 .3'1 .3 5.a~ 13.98 13.61 .34 .42 .38 5.5 
13.56 14.12 .42 .45 .431- 6.03 
13.00 14.74 .56· .62 .59 6.62 
12.20 15.61- .80. .8'1 · sat '1.45i 
Yield Point 
Fraeture 

Unit 
Strain 

.000201 

.000342 

.0004:81 

.000622 

.000'165 

.000904 

.001051 

.001131 

.001212 

.001304 

.001398 

.001506 

.001654 

.001865 

Unit 
Stress 

8,110 
12,180 
16 .. 220 
20,270 
24~370 
28,400 
32,420 
34~470 
36,520 
38,56.0 
40,.520 
42,.600 
44,600 
46,650 
53,800 
65,000 

~ 
~ 
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