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The fatigue

l~esearchProject

Abstract

studies described in this report were initiated under NDRC

NRC-89 and are now carried on under contract with the h.reau

of Shipsj U. L. iiavyi.)epartment.Previous resuits~ are included.

The results of fatigue tests of twerlty-eightspecimens representing typical

ship welding problem are described. htress rmge of zero-to-30,000psi tension

was applied to 11~1[wide plates having a longitudinal weld in the direction of

tension and to 17” plaies with central holes wiioseboundary was flame cut, flame

cut and ground, flame cut and machinedj and which had welded reinforcing inserts.

Variation in nunber of ‘.~eldpasses in tl,:longitudinal weld from 1 to 3,

each side, is not beliwed to affect tl.efatigue behavior significantly,but

irregularities such as folds or pits in the weld surface are s1-Iownto act as

stress raisers and to initiate failure. ‘Tests~jeremade on welds whose s’ur-

faces were ground smooth and flush with those of the plate. Two specimens of

50$ greater width, and t’:Joal’another steel, showed no difference in fatigue

‘behaviorfrom t’he“oalanceof SP~CllllenSof similar nature. ‘Ihebaci-istepmethai

of laying weld passes is shown to ‘besuperior to the continuous technique.

The results of tests of eight specimens with central holes emphasizes the

fact that discontinuities of form and stiffness require sp~cial treatment to

provide paths free of’stress raisers.

. — .—...-.—.—.—-———— —

1
ObRD Report No. 6544, berial No. 1;1--606,January 17, 1946, “Fatigue Tests

of bhip ‘h’elds”,S. C, Hollister and J. Garcia,
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I introciucti;nand Purposes.—.....— —..-——

l’hework reported herein is a continuation, under Contract iWbs-3.l.218

with G’ureauof bhips, U= be Navy tiepartment,of tileinvestigation initiated

under NDRG itesearchProj.,ctlidC--89,Contract OHWr-1382. The testing

.machin~sconstructtidfor this projsct, and the test results obtained prior

to the termination of’Contract OJ,,sr-.l382are descri~~edin OS10 lieport

No, 6544, Serial Noe 1:-606. However the results of the previous work ~~e

included+{”in the present report iu order that the endurance characteristics

of’various specimens rr.aybe more easily compared.

The primary objective of the investigation is to determine relative

fatigue b~havior of t~pical ship !yeldsand flame cut surfaces when subjected

to zero--to–tensionloads. A nominal stress range of zero-to–~0,000psi

tension was ci.osenfor all specimens. The tj:peof electrode and the nominal

stress ran~e were held constant throughout this investigation, The specimens

were made from 3/411Skii[) plate of AM quality and were either 122inches or

17 inches nominal ‘,~idth.

The investi~ation may be divided into two parts as follows:

(a) Plates wit]llongitudinal ;~eldssubjected to repeated tensile

stress in the “directionof the weld. The iollowing factors ,~erev~rjed:

1. :~eldsurface (~s-weided vs. f;roundsmooth)

2. Num’oerof weld passes (2 to 6)

3. tizclcstepVS, continuous method of weldin~

4-. ‘,:idthof specimen (11~’1vs. 16j”)

5. Type of steel

—.— _.__. —__. ._.-._,_.-.. ___

+:Exceptfor endurance studies of tensile coupons with flame cut edges.
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(b) Plates with central openings having various treatments such as

flame cut, flame cut and

inforcing insert,

II

Ground, flame cut and machined, and with ,;eldedre-

Descr~tion of SpecirLens—— .— — .—

of specimens -~~eretested

used ‘;{asfrom the same batch of AM steel on hand

as follows= All sbeel

at terminratlonof previous

VIor~k. ‘~hephysical properties are given in previous report.~ see pa::e2

and Fig. 1.of that report.

A. Len@.JudinQ weld at center oi’plates 3/4[!x 7!1111and of two—.—------ .— .-..-.-.—

widths, l.l~lland 16j11respec~ively. See Fig. 2 of previous report~, and

Fi~;.1 herein. ‘These speclmerksare identified as: AA, Ml> Ac, AD> m,

Ed series, all ll~lrwide; DE series, 16>!!wicie.

The weld surfaces were ground smooti-~on the specimens of the Ad a:j .41)

series; the remainder were in the as--weldedcondition.

The EE series were constructed from another steel.+{

B Plates i~l!wide ~~ibhcentral hole with variolusedge pre:g?~rations...’’—.—_—__ .—.——— .—.— .— .-—-

The diameter of tp.ehole (4,;”) was cho~en to be ap~jroxi.mateiyone-fourt;hthe

width of

as: FA,

surfacsj

the plate. The dir,!>nsionsare sFIoYmin Fi!~~. 2> and are icientifisd

untreated clanuallyflame cut Fiole; FJ3,fi;[,q.ecut hole uith gro’und

FC, fkme cut and machined to 1/211greater radius.

— - .. ..—.—._.—.-”.....-..——. — _ ___ _____

+$’~~isseries of sp~ecimelnswas constructedfrom a semi-killed shipbuilding
steel as used on Jureau of uhips Contract NObs-3i222 md there identified
as Steel ITAI!=L-Iceii~portsI’Causesof Jleava8e Fracture in bhip Plate;
Flat Plate” Oeries, OSRD ~Jo.6452, heriai ilo.h-608, January 10, 1946;
J--92, Serial No. SLC-2, liugust23, 1946 and W-92, ~erial i~o.&SC-8 (to
be published).



3

The procedure followed in cuttin~ the holes is described in Appendix 3.

Evidence of high lllocked-inllstress is discussed.

c. A~late 17!1wide with centrd~e- reinforced by fillet weided—-. —- --..-.--—-——-.—. .. .—- -. -.— -—

ring or collar, This specimenj 2-2, was identical with B-l previously tested,

.
see Fig. 3 of previous report.l The procedure described previously for the

construction of B-1 was followed as closely as possible.

111 i~eldin~Specifications and Procedure—. —.————.— ..—.—.—

General Discussion: All weldinG was done-—....———:— .——

JC current on reverse polarity as described in

edges of the plates to be xelded were bevelecij

usin~ i-60Ml electrodes with

a previous report.1 The

by r,ac,hineflame c’ut-:ing

equipment, as shown in Fi~, 1, The !Iback–stepll~:.et,od of layi..nz“weldbeads

was employed for all specimens exceiptAA-1 and 2. In general, eacihpass on

a Liven specim.,nstmtecl at the same end. - ti,isend is subsequently re-

ferred to as the top

Moderately good

oi the specimen.,

i’usionat the root of the weld, as seen b~ sectionin~,

e.g. Pigs. 37, 39 and 40, and o,.,

the first six or seven specimens

rather poor fusion and r,anyslag

radio~raphs~ ~ig. 3 and 4, obtainsd for

constructed, The next group of six had

inclusions, see Figs. 5 and 6, resulting

probably from the tendency durin~

plate to climb upon the other, as

~ group of slx spec~[iens~~ereC,!uen~

extensive chippini of fi.rsbp:sses was done, This result,edin nearly

fusion at the root, as seen in FigO 7, 82 and 9.

wdcling for the gap to close and for one

cii~cussedmore fully below. The SUbSe-

prepared on a l!hold-do~;ntltable+:-,and

Radiographs of all ti~eidswere made> but are not included in tj.is

perfect

rzport.

lhe seven prescnt~a k,ere,Figs. 3-9, inc. were chosen to repr~sent both

-— ..——-— —.—.-. . ___ —

+-beeAppendix 1, bection d lrRestraint11111and Fig. 85.
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the extreme of poor and good fusion, smoothness of weld surfaeej ~tc., fror,

all the specirx;nsconstructed. Additional photographs are shown in the

previous report.1

Lomf:discussion

is gi-~enin Apperldix

concerning Iieldingdifficulties for individual specimsns

1.

Distortion of tli~~Plates: ~T4nli”kethe case for large ship p~ates, the.- ————.. _,...,___ .

laying of many weld beads to join the edZ~esof t-,vo,six-inch -;~ide,plates

nearly & feet lon~ causes severe ~owirig)climbin~ of one beveled.edge over

the other, and similar distortion. Such deviations from a plane surface ;~ith

a longitudinal weld are very unsatisfactory sine? the~-make uncertain the

actual stress wliiehmay exist in the specimen :dien

the fati~ue tcstinC mach~.ne,as well as leadi.n~to

inclusion, etc. Serious td;ldenc$of t]h~plat,>sto

placed undw tension by

~>oorroot l>usio.n~sl~g

distort, expcrimced “in

the cons-bructionof vrleinitiai four or five specimens was mi.ni~i.z~d‘c?

turning the specimen bet,jeenpa,ssesSO ~3Sto pi:]Cc successive passes OL]a~tf.l..

l-iatesides oi “thespccimcn. No j~gS or oth.;rdevicu was us~d to provi~e ~

mechanical restraint e~.cep’t~t the GildS of the platetia bu’oseqluentl~this

technique was exte:~ded.to placing but a fe;~beads at :;time on alterrlatcsides,

and to hold ths t’wo~piat~sin the central i+sgion‘oymeans of ti-u-eesimlple

clamping bars with rollers.

Since specimens of ilotentirely satisfc,ctor:y<eometry ~:erem;~deby the

altern~te bead Hietlioddescri’~eda’Dove,it -liasdecided, after discussion with

representatives of’tliddureau of blii.ps,oodthe ;Jarl,.titallurgyGommittee,t,o

fOliOv~th< corl-rent,ionalpractice of employin;;a flho~d-do~~nl~ta’bleto prevent

distortion of the specimn. Tliisdevice, ~~liichpsrl,~ittcdfree motion of the

plates only in th. plan; parallel to their surfaces is dcscrikoedlater in



tkiiS

With

side

section. .4further objective was to return

industrial practice, of placing one or more

at one time.

5

to the method, in accord

complete passes on one

btudj~of the @12D ~teports’;on investi:<aticnsof the effect of’vario’us

welding procedures on residual stresses in S;iipt;eldslead to tileconcision

that specimens construct.,edun!,erthe t::peof res’~ralntdescribed above would

have residual stresses vercllitble if any cliffereiitfror~those of the first

t~~ogroups constructed b~ alternating the passes. The reference reports

state that for 6! .XGt panels ‘rconsideraolerestraint caused practically n,o

change in the magnitudes of’the stresses .+..!!---l!co~lsidera’~levariation

in welding sequence did not pl’oducce.nySreat difference in residual l;~elding

stresses ..oo~l

To recapitulate, in an attempt to minimize distortion specimens reported

herein were consti-uc~edby one of tiireemethods, superficiallydifferent

but “oelievedsufficiently identical basically to per;r,itaciequatecomparison

of fatigue bvhavior. A brief description of each method, and enumera”~ion

of the specimens so constructed, is presented in Appendi,x1.

Iv. Test Procedure and btress Determination— — ———.—— “._._.,,.._..__.,

‘lestProcedme: The fatigue testing machintis—— -——

previously;l

Lath spscimen was subjected to a stress range

have been deccribed

as close to zero-to-

30,000 psi ttinsionas it was possi”~leto adjust the equipment. The actual

stress ranges are gi~en in l’ablelJ ll~~nlaryof Test ~~cs,llts!fu

TO adjust the load to the desired stress range was a moderately laborious

— . . . ——— —-—.. ——-.—.—. —-—
++I!Hwesidualbtresses in S]lip:J~elding~!JL. DeGarmoj J. L. lieriam,F. Jonassen;
OSRD Nos. 317’6,3698, 4388 ancl.!+867,Serial Nos. h;-190,;..-266,?;-370and
L-463 respectively, 194.4-L5.
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procedure requiring four.to eight hours time and resulti~; in a total of 600

to 1700 c~rclesof operation for eac,lof tne specimens reported herein.

j;Ol~~e~e.~.} the stress was usually 90 to 98% of its final .vaiuewithin the

first 200 cycles of load- btrain meas~rements were taken repeatedly in

order to insure that no part of the Specilrlenvas overstressed during load

acijustinents.After tlieload adjustment was satisfactory the testin< machine

was operated continuously until 300jO00 cycles of’stress was attained+:,or

fatigue fracture developed to such an

distant froflthe crack (as determined

section) dropped rapidly to less than

extent that the stress in the plate

from th~ strain r.adiri~s,see next

90i;of its initial value. Inmost

of these cases the cracl<had become 1-1/2 to 2 inches T:;ideand,plastic flow

was evident at its ends. A visual exai:~inl-~ionfor cracks, (31il@OJCh~a

strorq;li#lt and thin oil, was made about every 2000 cycles, or oft,enerzs

necessary. Strain rezdd.ngsand compu~ation of st,ressran~e ,jercmc.d.e:I,oG:

every 45,000 cycles until 2 cr=c![became vlsi’olejat ~~llic]]time :t,r~in

readings were tal:enimmdit.tely. ?k.diogra~hy-~~a~done aIte-rt}-les-peci~:c<enwas

removed from the testi.nt;machine.

ti,ni’orced rest per~ods occurred for cert,air.specimens as described.~i~

the results of tests and in ‘Tabl:l,,

Aach specimen ‘r~asorierited,s0that an.j~curvature present was con-m:<

as viewed fror~in f’ron-~of the t,’jstingmachine; t}.isside was subseqieniiy

identified as the ‘lfront’~of the specimen+

btress Determination:.-.—-.—____

in the previous re,portoi ;i

——-. ~..——. ,...____.—.._.

The stress range ‘(;asdeternlinedas descri’oed

brief resume is giv;n here for the convenience

.-— ..———..,
Wne specimen, AB-3, was carried to 397,000 to tcs-~a modification in cl~sl~.i

of the end connection. P~ar,aburehalting oi’the test had been necessary in
ti,:ocases, AA-l+,AC-3, ‘aec~usefailure in thz grip section made it impossi’~ic
to maintain the desired load.
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of the reader.

Strain measurefi.entswere made wincha lC-inch Jhittemore btrain Gage

equipped with a ten-tl,ousandthdial. h-braincould ‘belileaSuredcorresponding:

to a stress of 150 psi,

with a N.I--inchpunch bar

locations shoun in Figs.

Gage holes were laid out on both front and “back

and then driiled with a }JOO55 t’;jiszdrill at the

13 ani u. The lo~atioiloi GaSe holes on specimen

d-2 are shown in Fig. 7 of the previous report.1

In the case of spec~mens T;;it:l~o,~~itudinal‘~~eldit was possible tO

co~l~ute the particul.].rstress range at the gage iocation adjacent to tkle

fatiguz crack. ‘T:iiscondikion, ;,owever,does not hold for specir,ensof’t:.e

d and F series, i. e.} wit.,hales. For the specimens in these two series

the lo~d ‘~)asadjusb~d, b~sed on the average s-bresscor.putedfroi:.the st,rains

cieter:..ined~t th,~2C positions srlownin Fig. 14, so that th= stress (load

divided b;;net ,:.rea)on the test sectionj i.s,~ at the hole, varied ncmina].ly

from zero to 30,000 !]si,.

v De&cri~tion of ‘lest~~esults—— ....A—.—.- ..-.—.,——. ——

‘Iielcis gjivtm m Ta”Qs 1, and for those with a eenbrd. openin~ is iiven in

Table 2. An explanation of the sjinbolswill be found adjacent,to ‘Ta’Dle1.

The stress ran,<e9:]smeasured durin~ the test, is shown for each

s,oecixs.n. The three roilgesgiven are defined as follo~ts:

Average Stress lian{;e: Average of stress values computed f’roiyl
strain measuremen~jsat all gage points,

Critic2.1btress ~~,an~e: ‘~hestress computed from strain m.easure-
Ilwntat that gag<~length of the specimen
for which the strain viasgreatest,



-ocal Average Stress iiange: Average of stress vaiues computed
strain ifleasurernsntSat those ga~e
nearest fati;;-~ecraci:,and on the
face of the specimen on which the
occurs.

from
points
same
crack

110l~cyclesto failure’!value can

frOfl!exarrlir?.~tion of radio,~raphstaken

specimens were radiosr~phea to search

be assigned to the cracks discovered

after the test was completed. i+ll

for intern~LlCracks.

~ectionin~ was accomplished by cutting out a snail ‘lcouponlloi materiai

contai.nirlgthe craclc,notching it near the crack, and pul.lin~the coupon to

fracture in an ordinary testir+:maciiine, DurinS this process, a few surface

cracks (identified by the,suffix “’l”)opened up which were too smail to

detect by the oil-stron~ tecijniqueduring the fatigue test. photographs

of ea.cirl

of each

it

fatigue fracture aIe

is given in Appendix

should be noted that

shown in Figs. 34 - 78, inc., and Q description

4.

three speci..mensi[erepcr,r,~ttedt.~rest a per~o~

of tile order of 29 to ~2 dc.~jrsG’urinstest,,‘DecaIUSeof

IJI. An:?.lysis0: ‘Tsst.Ws’ults——.&..—..- ——.—.. .-

1. ~ci.rlens Containin@~_qn~-itLdin,al.,elds—.—.— ——-.. -— .——____

A, Ori~in of Cracks: The follo:jingdata do—-—.--—..—.

w}lichocc~arredbeyond tl~etest ].ength.

‘Table3—-.—

Xunber o< Cracks vs. Origin, All specimens

Inside 22 Frent 24 “Upper 20
0:1burface 15 daCk l? l\J.ddle 11
Unclassified 10 Uncltissified 6 L-mer 16

The distribution of cracks appears to be e;ltirelyra[l~or,.



v

ihun”berof cra’d<Svs.

(coni’d)

I’able4— ——

origin; ..s‘,;eldedSurfaces Only.

Inside 2 5 7 11+
Surface 6’ 14
Unclassified 2 ; ; 5

For those with ground,surfaces, similar figures are:

burface 1
Inside 8
Unclassified 5

examination of ttlcabove listed surface crack si,o-wsthat pinpoints or
high porosity in the crater was present and doubtless responsible for the
fr~ct~rs, see Fig. 65.

B. ~lariationin

IielativeFatigue

;J~’~erOf Passes—— ——., —..

.;eldPasses:

Table 5—.—

dehavior vs. Number of Passes

Total Nudoer of Cracks Cycles to Firs-bCrack-—.—... -..—— —
Aach bpeclmen——,—..

1 pass
Gr~up (AC)
2 specimens

Uk (1) 191,500
(2) 199,000

(plus one specimen to L!+6,000 without any crack developing)

2 pass 8 (1) 82,500 (.2)57,000
Group (..A) (3) 3h,@30 (4) ?
4 specimens (5) 57,900
(,’lusone specimen to 124,000 with 2 faint, non-visible cracks)

3 pass group 13
(~, ~~, ~J)

6 specimens

As seen in Tables 1 ancl5, tl,eresults for the

remarkably consistent. Since only twc specimens of

(1) 152,000 {2)189,000
(1) 181,000 (2)152,000
(1) =9,500 (2)20/+,000

three-pass group are

the one-pass type were
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tes~ed, the moderately good agreem.eiltray be accidental,

are required to determine if the low values Sliown for the

truly related to t~,~

increased experience

faces on the one and

the t-::opass group.

In the two p-ss

. .

h.oreobservations

two psss group ars

uumiGerof passes. At present it is belitivedtl,atthe

in using the E-60.10rod resulted in smoother weld s).].r-

three pass groups thim obtained for those first made -

~roup, \AA)~ the Imajoribyof’cracks started at ripples

in the weld s’dL”’fa~l~and at craters as, for instance in specimen AA-1, see

Fi~s. 34 and 36. Ti”lisspecimen ‘;Jas we~idedby the continuous mettlocl.It iS

evident that the “b:~ck-step’rmethod of wel:~in:;prevents the foru,ationof

cleavage planes where one

to result in ~~eldregions

Poor root fusion did

bead overlaps another~ and is therefore less likely

susceptibl~ to eai-’lyfatigue fracture.

not always result in a fatidue fracture, or 1:1

rapid failure. Alt’loug}lrather poor root fus:on e:xti.siedim !>pesj.mensof th~

A3 and AD grolups, ~.J-3,~i<, 5, passed 397,000 c~cles withcu~ aii~~i<ijof

cracxs either ayvistial or radiographic exa~.,ir~t~cn, ana after 3GO~CO0 cyc~es

AB-2 developed only 2 very fa~nt cra.cKsdetec:ed b) radio~ra.phy. :~~t]~ou!gh

one

the

see

the

of these, see Fij. 45, was at tht root> it Ivas~rer-Ysmall at the erxlof’

Lzst” Tlieo’khercrack, Fi&. 46, was near the su~face,, bpecimer~s~C-:L,

Figs. 1+7, 51 ma 52; AC-2, see Fi&. 54, AD-1 also developed crac,ksa’~

surface adjacent to slag inclusions or unfused root areas. It is believed

that the

2.

2eometry of the unfused area~ rather than its absolute size, Governs,

b~ecimens ~o~itq~in; Lpeni,g->..A..—.—— —-

Jnr=’inforced@enin~.11. _=:_- ‘TheI’atigueiellaviorof the i~ilvidual,.—.—._ _.,_

two specimens of each Group W~S satisfyingly consistant,(,‘(heciii’f’erence

‘oetweenthe behavio;-of those with {younciand wi~~lUnground surface of tlie
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flame-cut hole illustrates the harmful effect of the as-cut surface. The

third member of tl,isseries, FC-1, was designed to eliminate geometrical

irregularities and heat-affected material as a cause of early fatigue.

However, in order to save l~achiningtime the hole in specimen FC-1 was

cut to a one-inch smaller diameter thdn necessary and then machined to

flarr.e-

size.

It is known that removal cf less than 1/2 inch of metal aiong a flame cut

free boundry removes the residual thermal stresses resultinG from the flare

cuttine process. Hence it Iv;asat firsi believed ti,t the removal of 1/2

inch on specimen FC-1 mi~ht,be ad.~quateto leave the hole stress-free and

its fatigue ‘behaviorwo~d represent an upper limit for co,nparisonof Other

types of finish of’openin~s. Ihe extent to which thermal.stresses were set

up in the plate, as discussed in Appendix j, throws some dou”~ton the above

conclusion.

“whilethe partluy-rnachinedhole, FC-1, offers considerable improve~~,ent

over the unfinished hole} F;\,nevertheless fati<’uefracture occurred h these

specx.:ensat values [riLlnJ”ti.clbSless tk,a for parent,plate metal. It is

believed thtitthe rather large heat input suffered b~ these specimens is a

significant factor in their poor fatigue b~havior.

Ii. Reinforced O~eni~. As Cailbe in.~erredfrom the data in— —... —

Tade 2, the fatidue stren~th of the three specimens with reinforced openings

is very greatly reduced fro~,ltfl~tfor the p.:rentplate metal; and compares

unfavorably with th:itof tileunre~nforced hole with ,a&rourluor macliir.ed

surface. It is believed t’.l:~tthe difference btitwee:lS-1 ai]dti-2is charac-

teristic of the statistical spread to be expected in spec~mem in ~lihichthe

characteristics of the fill:t weld play so significant a part.

The location and the Ci.rectionof propa~ation of th. fati~u. fractures

in specimen n–25 Fig. 283 were practically of the sam~ nature as those
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1 It is apparent th~.t consitiera’olefound in B-1 and described previously.

stress concentration occurs at the rounded corners of tkl~reinfoi-cement

where its excessive stiffness does not perl.~itsufficient deform~tion to dis-

tribute the stress over z lar~e re~ion. Furtilermore,a fillet weltiof the

character of tl-l:.temployed in the B series will always result in a notch in

its underside.

Conclusions-.—. ...

The conclusions set fol’thbelow must ‘Deconsidered tentative in view

of the rel~tively fe-,vnum~er of specimens ti-l,thave been studied.

1. r:atiguecracks st~rted after a+p;.)ro;~ifi,:.telyone-trlirtithe

l-l~berof cY~les in s~.)ecimenscOntainin~ longitudinal Welds as cO1~PLred

to homo&eneous

specimens jere

to ‘399000psi.

2, An 2(J

cut edges, all

‘t~dinal T,;Ieldsand k,avi.ngflamespec~me~.sconta~nm~; lo~lg:

fatigue cracks started in th~ welds.

3. The resul~s presented herein strengthen the conclusion made

previously; for Lhe Piighstress ran:Jeemployed in these stuuies, stres~

raisers in the form 01 s~~l,facefolds or pits in the weld metal are

incipient points of fatigue failure.

L, ‘Theback-step metl-,odof wei~ir.~jb; insurin~ good fusion when

the one bead joins the one previously placeti~reduces the possibility of

fati:,uefailure at tF,esepoints.

5. In specimens coiltai,ninglon~itudinal ueidsj poor root fusion

-r~~illnot alfia~.sresult in fatigue failurs. In several cases cracks
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started at the surface adjacent to

example, Figs. 47, 51, 52 and 54.

seen by radiographs, e.g., l?i~.59

unfused root areas, Lee, for

Two specir,enswith poor fusion as

and by sectioning, Fi~. 45 .nci46,

but w~th grountiweld surfaces, unciervienta much greater nuioer of c~-cles

of stress than the majority of tkios~tested.

6. in certain cases sfiLa~ (1/4” to 1/21’length) fractures occur

within the weid in such a maruleror in a locatior~such tl-latthe cracks

become arrested before they extend into the psrent metal. The reason

for this is not clear. A cracx which has extended into the origi~lal

plate metal h.:sin no case become arrested.

7. ‘Theincrease in “J!idthof plate from 11~ to 17j11!mkes no

difference in the fatigue berlaviorof longi.t:~ciinalwelds in tension.

8, %sed on two tests the fati<;uebehavior of specimens con-

ttiininglon~ituciinal-r;eldsmale from another steel of s}i.ipb~ild;!lg

quality (sec;i-killed)did no~ differ from that obtained usin~;proj.ct

steel.

Y. The results of tests of lon@~dinal welds hivin? one, two

and three weld p-sses on each side of the pl;~teare not u~lieved to

show any si<nificalltrelation between nUdber of wehl p~.sses~rldfatigue

behavior.

10,, The results of the test of’one additional specimen with a

discontinuity in cross-section,i.e., welded reinforcing rin,~at edge

of holej confirms previous conclusions; that such forms of reinieorcen~ent,

as constructed in t:lisstu~dyneed special treatc~entto *preventearly

fatigue failure.

11‘ If the surface 01’flame cut hole~ is not

fati:,uestren[jthof the plate is greatly reduced.

~round smooth, the

tiyremoving (~rinclin&)
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the irregularities left by th.~torch, the fati~ue bekiavioris improved

markedly relative to thi,toi’spectiiensin the “as--flame-cut”condit~on.

M additional improve~;~entbeyond that of the ground hole is obtained

~~heilthe hok is machined to Size ~lf~erflame cutting.

I-2e ~refl~atbloe~atigue failures in the end connections of Specimensj

for th~.ttype e:i,ploying‘fcoverpl~~tesIIor increased thicl;.nessOf metalj

ray be eliminated by the combination of the followins factors:

(a) ‘Tileboundary of the cover pl~te, Mlere the stress

periods of a sine wave.

,,2)
‘\LJ NIe i’ill.etweld bet-rjeen

and the main ,plateis &round to a

the stress ra~sers in tl-~isre~ion

occur.

the cover

and one-htilf

pla~e kounary

smoohh contour to ei.iminate

wnere stress concentrations
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Appendix 1

Comments Concerning Construction of’Specimens

A. Lntroduction—

The general welding procedures for the construction of specimens w~th

longitudinal welds is descyibed in the main bodjrof this report, see

~ection III. Certain details encountered in the constmction of each specimen

that my be of interest are described in the followin~,

B. kethod of ~~estrainin~~~~ecimerlsDurin~<Leklinp;—-—-——. ——.. — —

a. Restraint 1: (Thermal) bpecimens AA-l, -2, -3, AC-1 and -2.

No mechanica~ restraining.jigwas employed. ‘Theends of

the plates generally were clamped to steel horses, and a weld

pass placed on the side of the speclr~!enon which it was believed

the tliermalforces would be effective in either inaintainin~the

plates flus~~5or reducing th~ angle between their surfaces.

“~,oldbeaus were.p>aced in a ctintinuousfashion on specimen

AA-1, antithe first two pzsses on AA–2, subsequent passeS were

made in the ‘bat!:-stepfashion. ~vi,,f:nceOf thtiSupe~iOrity Of

km~]iete passes were made on alternate sides

AA-4 without satisfactory control of distortion.

alternate sides an arbitrary number of beads (the

Of lYi-~ancl

‘Theplacing on

number was

chosen to mini~nizsdistortion) rather th.m completing the whole

pass at onc time was started on sp~c~LMenAC-2j and kvascar~’ied

out for a nudotirof subsealu.ntspecimens.

b. Restraint II: (Thermal plus simple clamp)— .—

AC-3, Alland Ailseries.

In order to control the distortion of

b,pecimensAA-4, -5j

ths .olatesin the



t). Restraint 11: (cent’d)— —..

(cent’d)

central region of the

on channels separated

Ihe placing of

for this ~roup

c* liestraint111:

one or

speemens, three C-shaped clamps bearing

from the specimen by rollers,‘wereapplied.

more beads on alternate sides were continued

of specimens. No chippin~ was done.

(llHold-downfftable, see Fig. 85) ~peclmens MI,

DE, Xl series.

A rigid t.ablewas made to w!,ichthe two, six-inch wide, plates

could be clamped wtlilethey were oein: welded. Glamps antirollers

were so arra.ngecithat the plates

their surfaces> but theii”motion

perpendicular to tlieirsurf~ces.

were free to move in the plane of

was restricted in a direct~on

It was hoped tk.atttlis‘:~ould

i~re~en~the 5istortionwhich previously h~,doeen experienced in

the constiuctlon of specimens,

i’h?t~ble consisted of a steel plate illx 2L1’x 81011welded

to two 61’H beams 7!6~llong. ‘Toincrehse the stiffness i~~ the

2i+’1dii-ectionsteel straps were welded across the loTvjeri’la~l~es

of the beam. Three chmps .,~ersmde in s’ucha mumer t~l~;t tilt?>

could be shifted longitudir.allyon the specimen as the welding

progressed. Two rows of coid rolled steel rollers, 1/2 inch

diamter bj 3 inches long, were placed between thleta’de :nd each

of tiJo

placed

plates formintitilespeciuen; tl,erollers wer’esuitably

bet,weeneach of the three claps a:xlthe speci.i:-,en.dy

judicious spacinO and tig.i-lteningthe ckmps it was possible to

prevent iii.but a sliglitamount of distortion of the specime~ls

during the welding process.
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‘s. Detail llescri@ion of Specimens .— — -—_____ .__..... .—

a. ~cfiens Constructed Usln~Wstraint I— —----- .....-— — —— —

,.

bpecimen AC-2

(bpecimens AA-1, 2, 3, and AC-1 were described previously. )

To reduce the large gap that existed at the center of the specimen

the beveled ends were ground until a uniform 5/3211gap was o~tained.

The ends were welded in the manr,erdescri,ed for specimen AA-5. After

ei~ht beads were placed on alternate sides (four on eacl-1face), the

gap at the center uas reduced to 1/8’1. Two beads ;veremade on the

side required to draw the plates and two more were made on the opposite

side - the order folloued Lo complete the welding of

The root of all welds were chipped in tiliscase with

drill whose point was rounded to appro~mately i/161!

particular speci...enthtibeveled edges did not allays

the specimen.

a diamond–po}Lrlt

radius. in triis

dra-,~ti<lltly

to:ether just ahead of’the torch as was the case in certain other

sAoecimens.

0. @cimens Constructed Usln~l{estraint II——____ ,—.. __ _

Specimen AA-4

,,eldin&procedu.i-efor this specimen is aot giv~n since the Lest

is not considered complet~d. Fracture in the grip section resulted

in early failure of the specimen, see Table 1,

bpecimen AA-5

,ihenthe two beveied edges were placed so as to touch at tl-ieir

enas, a 3/16° gap re~..ainedat the center. In preparation for welding

the ends, two clamping jigs described elsewhere were placed at the
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ends of the test length aridthe ends

Claiqledtc>steel.horses‘by C c.1.amps.

(beyond the test length) and on both

of the plates themselves were !

FQr Lbout 1511in from each end

sides of t~~especimen, the groo~-e

was filled witilone pass oi’3,h61’..urexTJrpSF el~cti-odewith the

Amperage ~ 2&0 and Voltage ~ 30= The weidin~ reduced the Gap at the

center to 1/161!.

Pass l.++ The root bead,swere place’ion al”~emate.——

specimen. ‘,;henfour beads had “beenmade cn each side,

sides 01’the

the beveled

edges started to climi~over each other ‘occausethe clamp jigs l:;er~

not strong enough tc maintain the surfaces of the two plates flat,

The gap at th.:center was now Witire.lyclosed. ‘Thewelder atterilpted

t~ pre~eiltti-liSdistortion 01’Lhe two plates by iircctin~ t]~~arc

.sQJtly- toward the beveied edge of o,ndplate inskad of directly in

the root wit,,the hope that the extra heat i~ouldcal.ls~that plate to

fore it ‘wasdecided to start Pass 1 from the o-bhcrend of thu spticimen.

Y.ii-st, however~ a silortlight bead was placed at thu ur~dsof t~IClast

two ‘oeacislaid SG that when L-helast bead of’Pass 1 was started at this

point the weld metal would be shallow.

alter, when the stticondpass would be made o~rerthis particular

point, th:;shal~ow cleava~e ~].~il~would be well fused. Pass 1 was

tlwn completed from the

sli[;ht. Tineplacln~ of’

specimen ~~hicl,required

—.— — ———,.,— ......

each bead was controlled by the side of the

drawinL in order

—....—.-.._
++in th~ case where each successive bead
of’the specimen, Pass 1 der,otcdth~ root
t,,.stpiece.

to maintain the specimen flat.

uas placed oilalternate sicl$s
pass for both faces of the
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Pass 2-X+$was then made, but the beads on’each side of the

specimen were :-lotplaced alternately. Instead all the beads were laid

on one side in hopes of drawiilgthe plates flat,’ Tliisdid ilotprove to

be completely succe:;sful. ‘l’heremainder

opposite side to com:>letethe specimen.

of Pass 2 was mde on the

Lpecimen A&l

The piates were clamped and the ends I:;eldedas described for

specimen AA-5. After the ends had been welded, l/16t!gap remained at

the center of the :pecimen. Pass 1 was made on alternate sides of

tk’speeimen ; more than one bead at a time lwaslaid on the side re-

quiring the more aratin~ to produce a flat specunen, Pass 2 iiasmade

over Pass 1 and on alternate sides. HuV]ever,at certain points more

than one bead

the plates.

placing bead:

had been r.ac~e

main.insflat.

wclil.dbe placed in order Lo control tiledistortion of

in

on

or.

“,/ere‘welded

tilecenter of tl-leLpecimun. .Pass1 was started by

bpeCi.merlA&z

in the same rianneras for AA-5 with l/1611

alternate sides of the spec~men, but after two beads

eaciiside it

drawing and the next bead was

was found tFlatthe plates were not re-

beads were placed on the side requirln~

laid on the opposite side. TWO more

beads were made on alterhate’sides but the plates were still distorted.

It was tll:ndeciaed to go ‘backand start Fass 2 over .’ass1 on tFle

side that required the drawing. ‘Thefive beads made in this length

flattene$.the plates. Now} Pass 1 ivzi,s completed by placin~ beads on

——. _._,_____
.:~_x.
AISO mme pass nuder for eacfiside,
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alternate sides. F’orPass 2, five

five bsads, and from this point:on

2 ‘,!eremade on alternate sides.:

beads were made opposite the ori~inal

the re$..a,incleroi’tliebeads of’Pass

Specimen ML3

In ti-lisspecimen a 1/4~1gap bet-,ieenthe t~woplates was left at

one end and none at the o~~her. The closed end ,~aschnped to a steel

horse and a clamping jig was applied tG thk other cnd so th,itonly

lateral motion -wasp~>rmitted.

‘i!cr~to be similcr to those in

Pass 1 :W.Sst:~ztedat the

placing be~ds on the alternate

in this case th~~beads in ~rip section

the test length.

closed ma top end of the specimen by

sides and five had be.m placed on tiach

the root pass, the plates ,,.~rcnot fl:~t.~~it}l

open ~nd kept

compl~tion of

:~ch other,

.tifter p.l::cingfive bx:ds of ?ass 2 on one side in craw to

4
straighten th,;plate, the alternate layin~ of beads was carried on

two ,ata time, i+~., t;:ioon onc side :~ndtwo o: th~ other, until A2:.ss

2 was compl~ted,

bpecimen AC-3

,,eldingprocedure for tl,issp:cJ-menis not given sinctith~ t~st

is not,cor-rsi.~eredcompleted. Fracture in th~ ,gripsection resulted

in early failure of th<:specimen, se~eTable 10



Specimen AD-1

When the two plates were clamped

21

as described for M-5 a gap of

5/32” remained in the center of the specimen. The length of weld at

the ends was changed from 1511for-AA-5 to”81t. : ‘-

Pass 1 was”made “byplacing-each successive bead on alternate sides

for the full length of the specimen. ‘In this s~ecimen difficulty was

encountered in the breaking of the weld arc and still filling the
,. ..

craters. The beveled edges were drawn tightly together ahead of ~ch

pass being placed. itiochipping wa’sdone.

. . Specimen AD-2

‘Thetwo plates were clamped in the:.ma.~~erdescribed for specimen

A-5, but in this case a 1/16” gap was left at eac}iend which resulted

‘<.,’! in a gap of 3/16° at thecenter. The ends ~!ere,weldecion both faces

Pass 1 constituted one bead on eagh.fac~ of the sptcimen and made

,syccessiveJy on alternate sides to complete ths specimen.in one con-

tlgucms operation. As the welding progre~sed$,the gap ahead of each

:btiadwas entirely closed so that no tears of weld metal ,pesulted. l;o

chipping W@S done,

,,’
The two plates were clamped in the manner employ;d for specimen

,.”’

‘AA-5,and the ends were welded as described for specimin AD-2.
,, ~:

!>ass1 was made as in specimen AD-2 as with th,esame r=sults.

,.,

...

.!
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c. Detail description of Specimens (contld)—— . .

c. bpecimens Constructed Using Restraint III— .,,

The following general description of the welding procedure applies,-

to all specimens in this category:

. It was found desirable to grind the beveled edges lightly so that
,,.,

they would be straight for the full

face varied from O to l/161ffor the

neck portion of each plate was also

length of the specimen. The root

full,length of tileplates. The

ground to reduce the stress con-
,“

centration that might result from the iri’egularitiesof the flame cut
. .

edge.

Since a 5,/3211ga’pwas required between the plates when they were

-tackedtogether,

every 611between

the specimen was

strips of 5/32!~cold-rolled flat strip were inserted

the beveled edges in order to maintain the gap while

being tacked.
. ,.

The two edges of the specimen were tack-welded together usin~

111tacks placed on 6!!centers. One tack was always located at the

transverse center line of the specimen. 5/32’tE-601o electrodes were

used for tacking and for the root passes. The tack-welds

and chipped before the root pass was laid. The root pass

a back-stepping procedure, chipping the starting point of

were cleaned

was fi:acleusing

each bead

to insure good tusion. Craters and porosity in the weld were chipped

out using the round nose chisel. Particular attention was paid to

minimize under cutting. Areas that might contain slag inclusions were

ako

pass

chipped out.

Upon the completion of’the root pass on the first side, a second

was made using 3/161’Vertex E-601o electrodes.



The specimen was allowed to cool and was then turned over and

back-chipped. The root pass (third pass) and a fourth pass were then

welded. The specimen was then turned over and the final pass (fifth)

completed on the first side, after which the specimen was turned again

and the last pass (sixth) completed on the second side.

The back-stepping procedure was used throughout. The electrode

sizes, current and voltage ,aregiven on pages 24.and 25 of’this appendix.

.,
Specimen IiE-l

After pass L was made, the sui-faceof the two plates formed an

angle since the clamps

flat. Pass 5 was made

the weld would tend

in the pass 3,

this condition, the

locality was marked
.

to

of t~e table were not able to hold them perfectly

on the opposite side so that the shrinkage of

straighten the plates ‘b~twithout complete s’uccess.

Specimen DE-2

one of the beads had a verj-

entire bead was chipped out

porous crater. ‘Torepair

and rew~~d,ed. This

on the specimen, but when tested, no-fatigue failure

‘occurredat this point..,,,;

!,,,

,.

In

out and

this specimen in

rewelded because

bpeci.menEE-1

~asses 5 and 6 several beads had to be chipped

of poor craters. These beads were mar,:edbut

no fatigue failure took place at such points.

D. JiQQw
,,

a. bpecimens with Reinforced H61e

At no rounded corner of the ring was there a crater which might

cause fati.gwccracks.
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The details of the weld passes are:

Face of E-601O
,,

hpecimen ?’ass Voltaqe tiiectrode

8ack 1 150 5/32”

Front 200 5/16’I

Back ; 100 5/32’1

Frent 4. 200 3/16”

b. bpecimens Containing lcm~qitudinal‘~}elds~ ..—. —.

The amperage, voltage and elec~rode size employed in the con-

struction of each specimen are given in the table below.

ilectrode
Size

Pass
Number hill VoltageSpecimen

AA-1+ 5/’32”
3/16!’

1 160
2 220

26
28

“AA-5 28 5/32”

1 160
2 220

5/3211

3/’16”
2$
28

AR-1,2,3

1/4”
3/16”
1//411

30
28
29

At-l
AC-2
h~_j

AD-1
AD-2

I/l+”
1/4’1

30
30

5/3211
3/’16!1
3/161f
3/161’
5/321~
3/16u

~&1

AE-2

5/’321’
3/161’

DE-1 140
200
140
200
130
200
140
200

lm-2



D. Nelding (cent’d)

b. bpecimens Containing Longitudinal Jelds

pass

cent‘dj

Specimen Number Amperage Voltage

AE-1 1 130
200

; 40
4,5,6 200

130
200
i50

6 200

28
2%
28
28

tilectrode
Size

5/32”
3/’l6’I
5/32”
3/16”

5;3211

3/1611
5/3211

3/16”

.,.

,.”
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Appendix 2

?roc,eciurefor Grinding the Longitudinal ~eldLlurfaces

In the AH and AD group of spectitens,the weld surface on both sides

was ground flush wit}ithe two plates that constituted the specimen. Sinee

scratches transverse to the longituciinalclircctionof the specimen might

institute early fatigue fractures, the finish grinding was done so that

any very faint scratches remainin~ were in the direction of load application.

Care was exercised to remove any folds fro,mthe finished surface, prin-

cipally because

cracks.

The choice

their ,?resencewould make it difficult to detect fatigue

of ‘dneelsand technique for grinding t,heweld surfaces

smooth was determined as a

Gaston 1 H.P. Disc Grinder

PHS C42 used for the rapid

rpsult of experimcm~s on specimen M-1. A

Style No, QIO with a ResinolclBonded ‘:iheelA16

removal of the greater portion oi the welds nad

the disadvantage of creating deep scratches transverse to the line of pull on

tilespecimen - undesirable stress raisers, A Black & Decker Portable 5~r

Grinder with a Norton A16 - P4.B5wheel rel~lovedthe transverse scratches and

created grooves in the longitudinal direction. Initial polishing was done

by a finer grit wheel (Norton A30-P4B5), and final polish by a Rubber Bonded

Grit wheel (Norton A46-Jj2RF~).

The remaining scratches ~ei-e verJ f.ne and in the direction of load

application,and the surface finish, see Figs. j and 6, was such that a

fatigue failure could easily be detected.



The general

were cut by hand

Appendix 3
,,,;... ,.,..,

Description of hpecimens with

dimensions of these specimens

as follows:
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,,.,.,,1:.. .. :4, !,-f.,p)

Fltie:Cuk’Ho~es” ,L’.

are shown in Fig. 2. ‘Theholes

Circles of the proper diameter were scribed (FA group -.4 1/8” dia.,

FB.group,- 4“ dia., FC group - 3 1/4” dia.) at the intersectionof the center

lines of the specimen end punch marked in order that the burner could direct

the torch along the desired path.
,.,
The cut was started from a hole pierced with the frame torch at the center

,,.
of the circle.

,;.. ... . . .,
Except for specimen FA-1, the cutting proceeded continuously in the

direction of the longitudinal tis or line of tension to the upper edge of
,,,’.1 .

the circle and then aiong the marked circle clock-wise(to the lower point re-
..,

suiting in a cut for one-half of the hole. The flame cut was.started again

at the upper point and taken counter-clockwise to complete tinehol~. This

order of cutting offered an uninterrupted flame pass at the sides ,ofthe

:’.
hole where the stress concentration is greatest.

‘,

All flame cutting was done with the plane of the specimens horizontal,
,, .‘ :,,.,. : ,.

“theflaMe vertical. The side of the plate that was up is subsequently,~e-
..

ferred to as ‘ffrontll.Care was used to hold the torch as perpendicular as
{,. .

possible to the surface of the plate. .,,,.,. ,!,“, .., .,, ,...
However, in the first specimen of tktisgroup (F,~-1)the flame cut was
.’ ,,., ,. ,,,,. :..... .

started at the pierced hole and carried to the right continued along the,,, J);; ,’- ..’‘:,.. ‘..,.
circle so that bhree-quariersof the circle was cut. The flame cut ~~asonce,,
,,,. ,,,:’”,, ,. .!...
again started at the right side of the circle and taken clock-wise for the

..~ ‘,“ i.;f.. .
last quarter of the bottom point wkich completed the hole. Because of the

,’.,
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order taken in cutting the circle, a notch was left on the inside face of

the hole on the right side where the second flame cut was started. However,

it was not much more severe than some of the,other grooves..,

‘Thefollowing equipment was used: ,.

Specimen: ,. All except FB-2 .FB-2

Torch: .tircoCombination .Presto-lield

Tip Size:

Style 9900 A.--l

#l

Acetylene Pressure: 3-4 Lbs.

Oxygen Pressure: 35 Lbs.

Coarse grinding of the inner surface of the hole

2 was done with a Norton A16 - P4B5 wheel driven’by a

L/-Lu.l

#2’‘

portable 51fgrinder. Finish grinding was done witiha

an Aro-Grinder (air). The finished surface was quite

and 83, In this process all the burned metai.but not

metal was removed.”

In the fifth sPectiLen,FC, the hole’v;asbored to

vertical boring mill, removing the metal to a radial depth of 1/21!at the

surface of the hole, (cut to3 1/41’diameter, machined to 4 1/411diameter).

Special attention was ~~~ivento the tool so as tc leave a very smooth surface

after the last cut, as shown in Fig. 84.

4 Lbs.

,.
40 Lbs.

on sfiecimensFB-1 and
,,,,
Black and Decker,

~JortonA36-QB wh~el on

smooth, see Figs. $2

over l/1611depth of

4 1/4” diameter, in a

Flame Stress: In the photograph of the plate, Fig. 80, radial !Ifines’r
.,.

,.-.
are seen where the scale has been chiippedaway; evidence that plastic flow

of the metal has extended some three to four inches from the edge of “thehole.

These shear lines occurred during the

that considerable residual stress may

surface of the hole. No annealing or

flame

exiSt

other

cutting of the hole, and indicate

in the region adjacent to the

heat treatment viasgiven the
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plate subsequent to the cutting of the hole..,,,,,.“., .,,.

Appendix 4

Description

A brief torment is made in

of the I’atibme‘fractures. Lath

of Fat~gue Fractures

this section concerning the

specimen has been sectioned

characteristics

and each fatigue

crack opened up’so tl-latits surface could be ex@ned. ?hotoEraphs of the

fractured area are shol.min Figs. 34 - 78) ficlusive~

‘Thecracks discovered in a given specimen,were assigned con-

secutive nmber:; the letter following

metiiodof discovery. (bee explanation

In all photographs the lower e.dg’e

the front face of the s@ecimen=

the number indicates the

of symbols, page 49 ).

of the fractured artiais

,Ihe~~or~sl!to~~and bottomIIrefer respectively to the upper

and lower faces of the transverse fractured area of the sApecMe.n

as it underwent test in the fatigue machine.

. .
A photograph of the ~ieldsurface 1s s~low.n,onlj-for those

as-welcdedsurfaces in which the fatigue crack was visible at the

slurfacee The phdograph is also oriented so tihatits top is toward

tkletop of thu ’specimen.

-,

...
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Location of Cracks, see Fig. 9,

.,

Sp3cimen M-1

previous report.1

Crack No. l-V,

crack No. 2-v,

Crack No. 3-V,

Crack No. 1+-V,

82,5C10cycles, back face, ,inupper third of test length.

Ilk c~’acliappeared on the suri~ce of the weld at a re-entraat

a@e where the common end of two successive beads formed a

cleavage plane. The fracture (Fig. 34) shows tkl=ttile

fati~ue crack started at the surface and “traveledinward.

92,000 cycles, back face, lower third of test length. The

first evidence of the crack was at the juncture of two

successive beads, From the genei+alappearance of the

fracture (Fig. 35) it vas difficultto determine the origin

oi’the i’atiguecrack+ ‘withreservation it might be stated..

that it started at the surface of the weld.

95,000 CjTCles,front face, upper third of the test length.

The fracture (Fig. 36) sk~owedthat the:crack originated

at the surface of th~ wsld and p:-opagatedinward. This crack

tailbe seen at the re-entrant angle created where a s;-.crt.,,

bead overlapped a shallow bead.

95,000 cycles, front face, micldlethird of test length. The

crack appeared at a re-entrant angle formed at the start of

a short bead made to bring that part of the weld surface flush

with the plate. From the fracture (Fig. 37) it is seen that

the crack started at the weld surface.
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bpecimen AA-2 and AA-3

bpecimen AA-2
..’”.

Location of Cracks, 1see Fig. 10, previous report.

CracI:No. l-v,

.,.

57,000 cycles, front face, upper third of the test le~igth.,.

The crack appeared at a deep ripple in the ~reld. The fract]~re

of the weld (Fig. 38) does not indicate clearly the origin

of the fatigue crack. A compari~on of the crystalline

appearance of the metal near the ]ieldsurface with that of

the metal near t~ie

sta:’tedat a point

l-oOi, leads one to assume that the crack

~cj.men AA-3——

Location of Cracks, see Fig. 115 previous report.1

Crack No. I-VJ 34,100 cycles, front i’~ce,upper third of test ~en@hQ The

crack appeared in a deep ripple of the weld suuface. l~he

,,

Crack No. 2-v,

fracture (FiJ-.39) SLOWS tha.bthe Iati&ue crack propagated

inward from its ori~in ak the surface of the weld. In carei’ul

examination of the fracture, a Snlallsmooth s~face co,~d ‘be

discerned close to the front face, (arrou), The weld metal

on the opIpositeside of tb.efracture had a rou~h appearance
,.

V’(1“iC}l~voul(iindicate a shear failure. in t~,iscase Good

fusion existei at the root oi t}ieweld.
:,.

36,003 cycles, iront face> middle t~.irdof the test length.
.

The crack appeared in a deep ripple at one end of a short

bead placed to bring a shallov;weld even witl!the surface of

the plate. Fron tliei“ractureit is seen that the crack

started at the surface. There was good i’usionat the root
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,.,

Specimen AA-4 and M-5

~‘ Specimen AA-4

Fatigue failure of ‘thespecimen iilthe region

are applied for purpose of clamping in the ‘testing

premature halting of the test at 124,000 cycles of

where reinforcing plates

mac}linenecessitated the

stress. Up to this point

no visible fatigue cracks were detected iilthe test portiorlof the specimen.

However, from exai:,inatioriof tk,eX-Rays of the we}.dtaken after the test it

is suspecbed thai

transverse csn$er

sectioned becausd

fati~ue test, and

two i’ati~uecracks exist - 19$:1and

li~leof che specimen, respuctiveiy,

it is planned to repair the damaged

5-5/16” abom the

This specimen was not

~n~> cOntinu: the

o’os~p,-(j the number of’C:C1OS required for the suspected

fractul-esto appear on the surface Of th~ WUld.

S~ecimen AA-5

Location of Cracks, Fi2.,15.

crack NO. l-v, 57,960 cycles, bat::face, up\~ert:li:”dof the test length.

it extsnded the full r;idihof the weld. At 146,000

~~.~ c~a(jcap.pxireclon the frcnt face of the specicen,

end of’the t.s-t(147,300 cj~cles)the fracture ex-

about 1/’211into the p~ates at either side of the

Th. fracture (Fig, 41) revealed poor fusion at the

roo~. “rtiki=WCIU mut,fisk,owedti~,nceth,tiout,tirparts o~

large granular structure and the center portion had a

smooth ag+zearance,~b is believed the crack started at or
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Crack 1-V,

Crack 2-X,

crack 3-X,

.2$9~poo gycl,es, front face, upper third of test Iei@tth’.’$The

fracture (Fig. 42) showed poor fusi.nnat the base”of the root

pass; tilisis believed responsible for the fracture wklichappeared
,,.

on the front face.
...<.%-

.
front face, bottom third of test length. This crack also started

.
at the root and progressed toward the front face offthe speci.me.n.

,: ,,,,:.,,
See Fig. 430

.,..-
front face~ miadle third of test lengti-,oLikewise started in the

region of poor

not reach, the

suspected from

fusinn at the root and .proQressedtoward, but did

surface. See Fig. 4&. ‘ “

Eahograph, but not sectioned because it was ~$lithin

an inch of crack 3-X.

.’

b~eci,menA%2——

Location of Crac;:s,Fig. 17.

No fatigue cracks visible to the eye developed on the surfaces of this
-,

specimen during 300,000 cycles of stress, Hcwever, two fractures were sus-

pected-from e~amination?i’.Radiographs.Subseqwnt sectioning revealed the

cracks described below. ,.

Crac$ l-X,
,,

.. ,.

Crack 2-X,

The upper third of’test length. Figure 45 showed that the,.,,

crack started at the poiqt OZ poor fusion in the root of the weld

and propagated toward the ba.c!sface of the.Specimen. Eowever,

the fatigue fra$ture was so SIIallthat it could barely be deiected,

The lower third of,t~s$ length. Figure ZU5shows the same general

characteristics as obtained.:,o.~Crack !’Jo.1-X above.
,, ,,..:



Sp6ctien ‘A%.3‘hd AC-1

Specimen AB-3

No fatigue cracks visible to the eye developed in this specimen during

397’,000cycles of stress. Radiographs do not show any indication of internal

minute cracks.

,.

bpecimen AC-1

Location of Cracks, see Fig. ,12,previous report.1
.,

Crack No. l-V,,.

Crack No. 2-V,

.,

191,500 cyclesj bacx face, middle third of test length. The

crack appeared at a deep ripple on the surface of the weld.,...

It propagated slowly; at the end of the ~est (27j,000 cycles)

it was about equal to the width of the,weld. ‘Thefracture

(.c’ig.47) S:1OWSclefinitel)~tilatthe fatigue crack originated

on the surface of the weld. ‘i~henthe 1-V crack was sectioned

a:iothercrack (which had not been previously detected) was

found just opposite (see arrow) the first. ‘1’kiiSfatigue

crac;cstarted

ripple in the

The poor

on the surface of the front weld at a deep

~ieldnetal, antit~aveled inward.

fusion at the base of the root psses ob-

viously was not the cause of these failures since neither

crack reached the-root o+ the weld.

193,000 cycles, front face, upper ’t~iirdof

crack appeared at a “pin-holein one of the

The fracture (Fig. @) indicated very poor

tortion of the plates at the root. ~W~ng

longitudinal weld beads, distortion of the

test length. The

weld craters.

fusion and dis-

the laying of the

plates occurred

so that one ‘bevel‘edgeclimbed over the other edge. From

a study of the fracture it was concluded that the crack



3.5

started
,., ‘., ,’

Crack No. 3-V, 193,000

near the root,
. .

cycles, front face, beyond the test iength. ‘The

crack appeared in a sm,allpin-hole at a crater. At the end

oi the test, the crack was slightly ‘widerthan the weld.

From tke fracture (Fig. 49) it was diffic-uitto deiermine

at wtlic~hpoint the crack started and in which direction ii

traveled. It is thought the crack started at the root.

Crack No. 4-V, 263>000 cycles, front face, lower tliirdof test lengt~i.

Crack Uo. 5-V,

Crack No. 6-v,

‘Thecrack formed at a ripple in tlieT::eldsurface but did

not grow as the test continued. Affter300,000 c>-clesof

stress it was not much larger in size tki~~iwhen first de-

tected. Ti~isfailure was sc close to the 6-’Jcrack that

it could not be sectioned. :.~~i,lever,when the weid length

was -pulled.in the testing macl.ine,the crack opened suf-

ficiently (see Fig, 50) to reveal that it had originated

at the surface of the weld.

264,000 cycles, back face, upper tilirdof the test length.

The crac~ appeared in a ripple that was very close to a

crater. AppareIitlythe propagation of this cracl:was

ari”ested,for whea the test ended it was not much larger

than when discovered. ‘Thefracture (Fig. 51) definitely

snowed tjhata small crac...(arrows) started at the surface,

although the root was not well fused.

264,000 cycles, bacx face, lo~,vertkiird of the test length.

‘i’hecrack appeared in a ripple of the weld surface but

refi~aineciconstant in size. From the fracture (see arrows,
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Crack No. 7-T,

Crack No. 8-T,

,“

Fig. 52) it is ~lear that the crack originated on the
,,

weld surface. “ ‘ ~~ ‘ . - .
,.

Directly opposite Crack’No. 1-V.-Refer to the description

of Crack No. l-V.

~.pproxinatelyl/21fbelo~vthe 6-v crack. The weld length

which was pulled in a testing machine exposed another

fissure on the front face at”a deep ripple in the weld

~;,etal.This was too ciose to the 6-V crack to section.

From examimiion of the SKH11 fracture which was opened by

the tensile force applied to the weicl,it could be seen

that the crack started at t!-lesurface. See Fig. 53.

~imen AC-2..--.—

Location of Cracksj Fi~. 18.
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that it did”ndt involve the back-step.sequence o< ,, :,,

welding but instead was of the continuous,type, ;,,l’@

fracture (Fig. 55) shows that good fueion was achieved at
.,

the root and that the fatis~e crack commenced at the sur-

face of the weld.

Crack No. 3-V, 255,000 cycles, front face, lpwer third of.the test le~th.

l’hecrack appeared on tine,suiface 01 the weld at a pin-hole

in a crater. At the end of the test ,~300,000cycles) the

crack remained small. The fracture (Fig. 56) indicates

that the fatigue crack started at the root of the weld

because of poor fusion there and that it traveled out-

ward toward the front face of the.specimen. .

Cracx U0,4-.-, The fracture (Fig. 57) indicated po,w fusion at the root

and also that a small fati~me”crack started in the weld

“onthe ‘oackface. +-.

Crack l~o.5-X, The fracture [Jig. 58) revealed the same characteristics

as the failure’described ab~ve.

C“rac!<>:0:6-X, The faii@e crac~ (Fig. 59”)evidently

a slag inclusion at the root. By the

had nearly reacked tnesurf.aee of the

Specimen AC-3

This specime;lwas subjected to 146,000

test was discontinued because of failure in

piece.

cycles of

,’

started because of

end of the test it

front weld.

stress before the

the grip po~tio~ of the test

Repair and continuation o: the test are under considerate.cn,hence
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no sectioning has been done.” Radiographsofthe weld do not show any in-

,.
dication of internal cracks.

Specimen AD-1

Location of Cracks, Fig. 19.

Crack No. l-V,

Crack iio.2-V,

Crack No. 3-V,

Crack No. 4-V,

83,500 cycles, bottom front face, beyond the test length.

The crack appeared at a pin-hole where a crater was fomed

by the back-step secpence’ofwelding. At the end of the

test (381,800 cycles) the fissure had become arrested aS

verified by the fracture (Fig. 60): (hly a small pin-

point fatigue crack (arrows #1) is seen.

IJJ+,000cycles, top hack face, beyond the test length.

The crack started at a pin-hol’ein a crater.. :.tthe com-

pletion of the test the crack was 1-1/211wide. ‘“~le

fracture (Fig. 61) ieveaied a large amount of porosity

in the crater - probably the cause of the failure,.

307,000 cycles, front face, upper third of test length.

‘Thecrack ap~eared at’a pin-.hol&in a crater, and when

the test was halted was apgroximatel.y51’161!wide. The

fracture (,Fig,62) is d-:fti.cultto an.aa.yzcfor not only

close to the surtace.

329,0C0 cyies, bade face, upper tl-,iraof test length.

After the c:ack appeared zt s gis-hole in a crater, it

did not propagate noticeably., The fracture shGws a slag
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inclusion at the root of the weld; it appears that the ““

C~>ackNo. 5-V,

Crack No. 6-v,

crack started there and traveled toward the surface. See

Fig. 63.
.

334,000 cycles, back face, upper third of test len@h.
,..., ....’....

This crack appeared at some pin-holes in a cratera (see

Fi~. 64) but remained small. This crack was too close
,“,.

to the 4-V crack to perl~,itsectioning,

334,000 cycles, back face, and just at the end of the

lower tk,irdoi’the test length. ‘Thecrack, visible at a

pin-hole in a crater, .was a~oroximately l/4Ttwide at the

end of the test.

(see arrow, Fig.

at the surface.

The fractu:-e.shows thdfithe pin-hole

65) was deep and that the-crack started

The poor fusionat the root evidently

~.i~ pot institute the failure.

,.
bpeci.menAD-2

Location of Cracks, Fig. ’20.

Crack No. 1-V,

CraclcNo. 2-V,

240,500 cycles, back face, lo~;erthird of test length.

The crack appeared at a pin-hole in’s crater and at’the

end of the test (332,000 cycles) ii’had become approxi-

p.atelyl/2Tflon~. The fracture (Fig. 66) exposed a

crater with porosity and poor fusion at the root of the

weld. It is questionable where the fatigue crack started.

310,500 cycles, bottom front face and beyond the t&st-

len@h. After the crack appeared on ~he front face it

traveled through to.the back face} and finally became

..
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so large that the.test had to be discontinued. ‘Examination
,,,.,. ..-.-,

of the fracture showed that an air pocket in the weld was

the cause of the failure. ‘ ‘
“,

Crack No. 3-T, ~lhenthe weld was sectioned for crack l-V, a second faii~ue

crack was exposed (see arrows,‘Fig. 66) about 1/211lower,

and which had nearly’reaehed’the’sur’-face,The poor fusion

at the root was the cause Oi the crack.
,,.

,,.

Specimen D-3 and AX-l

Location of CracKs, Fig. 21.

Crack ~io.1-V, 167,000 cycles,

W.%.LU.EQU=2

front face, lower ~K-lirdof test len~th.
. . .

The crack appeared at a pin-hole in a crater. Ai the end

of the test (300,000’wles) the crack was 3/4” ~ons but

was not visi’bleon the back face of the sp~cirilen.The

fracture (Fig. 67) showed that the fabigue crack started

at a point of poor fusion in the root and propagated to

the front surface of the ~~~eld.

Crack No. 2-$, RadioErapllOf the W~l~

COUhi ~Ot be SeCt~OEd

1-V crzck,..

indicates a possible fractlurewhich

because ~t ~i~s too close to the

~ocation of Cracks, Fig 2.?..

Crack No. l-V, 152;000 cycles> ‘oat.kface~ upper third of test length.

The crack appeared in a region where apparently there were

no flaws in the weld surface. At 153,0G0 cycles the



failure was across the weld, and at 159,000 cycles it

broke through to the back face. At the end of the test

(18&,0c0 cycles) tl-,efractu~’ewas 2’!to either side of

the cenier line of the weld. The fracture (see Fig. 68)

sliowedpoor fusion at the root of the weld. From the

appearmce of the section it is believed thst the crack

started at tklispoint and traveled outward to-,~ardthe i’aces

Of the mid.

Crack Ilo.2-V, 168,0C0 CJCleS} to}jb~c~cface, be~ond the test lenSt~I,at

a point where the weld.had been grol.mdflush. At 169,000

cycl~;sthe crack was almost tile,~idtklof’the weld9 a.,nd

ab the terj~~inationof the tsst th< crack had broken through

tO t~d ii”OnifaCe. The i’racture(F’ii.69) Cx.posdd,at

tliv root of the weld, a sla~ginclusion w!lichcreated this

fati&u:Jcrack.

~ocation of Crack, Fig, 23.

Crack lJoD1-’/9 189,500 cycles, front face: upper t~[irdof the test len~th.

Thticrack appeared at a pin-hole in a crater. At 207,000

cycles the craci:Lrokc tilrou~;hto the baci.:face, and at

tl-,~e~ldo~’the tesi (234,0co cycles) w<2sapproximately

~!l‘;;ideon the front ;,r,dback faces 01’thtispecimen.

Ihe fracture (Fi6, 70) indicat$s that the crack started

Crack No. 2-”/, L90,5G0 c;’cles~fronb face, middle third of test length,
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‘i%ecrack bec~e visible at the s’~rfaceof the v,eldwl;ere

there ji~sa sr:all~in-}iolecreated by under-cubtlngj and

traveleciacross th~ ripples of the weld a~~clnot aiong

the ripple itself. It broke tllro@j to the back face at

21S~OG0 cycles; at the coripletionof the test {23:.,000

cycles) t!lecrack was ~!l~,;ide,~nthe iront face. The

i’racture(lFig.71) slIoTJ:s tkiat the fa;j.~,decram: started

at the root.



The fracture (Fig. ’73)indicated
.. ,,

of the weld: it is believed that

43

poor fusion at the root

the fracture traveled,

I’romthe root

Crack No. 3-X, Approximately

test length.

“. .
toward the back face of the specimen.

230,000 e~rcles;back face, lower tl,i.rdofthe

This crack was-detected in the”same canner

as the 2-2~crack, and the cycles ‘tofailure was estimated

from the data taken during tiietest. The fracture (dig. 74)

revealed poor fusion at the root where the fracture

started,

Crack iio.4-X, Radiographs show a fine crack but sectioning was jlot

~>ossible. .’

Crack No. 5-X, bame conditions as number 4-X above.

,,

~cimen DE-2

“.

~ocation of Cracks, Fig. 25.

Crack No. 1-V, 152,000 c@esj front face} upped third of the t~st length.

,’. ‘~iheni’irstseen the crac.:was in a deep’”bippleof the’ ‘“”

,. ,’ we~d surface.
,,,

At i67,000 c;,rclesthe crack was the full

,, , at 195,GO0 cyclss the crack brokewidth of the weld.

‘ through to the back face; at”209,0G0 cycles the crack was

,. approximately 3-1/211wide, and

(234,000 cycles) the cracl~had

fractuj.-e[Fig.75) showed t;,at

the.front surface of the weld.

,,

,.

at the end of the test

‘oecome7’1wide. The

the crack had ’stdrtkd on’
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Specimen ‘E&l and EE-2

Specimen M&l

Location of Cracks, Fig. 26.

Crack Nci.l-V, 189,000 cycles, front face, middle third of test ler@h,

Tilecrack also was first seen in a deep ripple of the weld.’

met~ . The crack propagated rapidly; at 192,000 cycles it

was the full width of the weld Surface; at 208~000 cycles

it was seen on the back face, and at the end of the test

(219,000 cycles) the crack was’2trwide on the front and back
,.

faces. It was not possible to determine definitely from
.. .

the i’,racture(Fig. 76) the ’poini of the weld at which the

cracicoriginated.
.,..

Location of Cracks, Fig. 2’7.

Crack i~o.l-V, 204,000 cycles, ba.c::face, upper third of tsst length.

The crack appeared a+crossthe’ripples of the weld surface.

The cracifwas seen on the front face at 223,000 cycles

and became 2.-1/2!1Wide at the end of the test (246,3oo

cycles). ‘Thefracture (Fig. 77) shows a slag inclusion

at the root of the ‘Weldwhere the fatigue ’crackoriginated.

Crack No. 2-X, tizdiogrz.phsof the ;,eld.indicated a fracture which was

verified by a,sectioning of the weld (Fig.

definitely started at thlefront surface in

weld and propagated inward.

78). The crack

a ripple of the
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Location

The

.sh~~~nin

appeared

the weld

,,
‘,.

2BZQ!!!!&&
,’ .,.’ :

of Gracks, Fig. 28. .

position of ail the fatigue cracks wiuh res.]ectto the welds a~”e

the diagram of the ring (Fig. 28). M-most a}l of these cracks

on the surfaces of the weld and therlspread either to the edge of

or to the edge oi the ring, The propagation of all the fatigue

cracks was very rapid for by the eildof the test (30,900 cyclesj most of

them yere,of the order

not show the fractures

Note: The results

below from description

of 1’1in length, Radiographs,,,o$,the specimen do

clearly. sectioning has not been carried out.

of previous tests on two specil~iensare abstracted

Siven in pi’evi.ousreport.
1

5i3+3C.iMeCl EL-1. Construction was iledical. to that 0.f’speci.~~,enB--2

above. Fo:lrfatigue crac!:sbecame visiole at 10,500 cycles to 15,000

cycles and the test had to be stopped at 20,000 cycles...h all four cases

the cracks started in the veld.surface and.Lraveied alon~ the weld before

‘oreakin~out into the plate.

Ulpecifi”lenC-l. b.tstruction was iUeiltiC?lWitklB series excep~ tk.at

edges of the hole were beveled, see FiJ= 3 of puevio.x,reporti. Ei~;ht

cracks appeared betneen 11,500 and 30,000 c~cles of’stress. The cracks

started in discontinuities in ttleweld surface+

. ,.
.! ,

L:pecur. enF,1-’1.a.nfiFr.-2

,.’,

>~cimen FA-1. —— .——.—

Fatigue Crack: 10>5GO C:ycles,on the front lei’tedge a’~out1/2!1above

the tra:w~urse center line of the hole> see Fig. 790 The

crack did not start in a sfi~al,lnotch on the inside surface



of the hole resulting from the flame cutting process. The
-,

crack traveied along a I’ipplein the flame cut surface and

was visible on the back face of.the specimen at 13,3,00cycles.

At nearly the same nmioer of cycles a second crack appeared on

ths iront right edge of’the front face,exactiy on the trans-

verse lce~lterline. ‘Thiscrack ai~o traveled alon;;a flame

.,
~~w~e(~i~+ 8(3) to the back face of the specimen. The

test kiadto be discoritir.uedat 23,900 cycles because the

cracks’had sprea!dabout 2-li’’21tt.oeither side of the hole.

Iiiereduction in ths ci)oss-ss~tioncausal pkstic flow at

the ends of the crack (see Fig. 80 andl’ii, 29).

b~ec:imenFA-2—..— -—

Fati~ue Crack: 1.l+,500cycles, on the front left edge at the tra.nsl,?erse

cen’~erline of the hole. The crack foilowed a flmle groove

oilthe inside of the hole and appeared on the back face

zt 23,000 cycles. On the front right edge of the hole a

crack developed 3/811above the transverse center line at

21,5U0 cyc>es and at 2’3,500cycles appeared on the back

face. The test was stopped at 26,000 cycles because the

c22c1:sthen e:~ter:dedapproximately 5/811into the m,etal

~+;tr.esicle~of the hole (see Fi,;. 30),

,..



,,
Specimehs*FB-1‘indFB-2° ‘ “‘ ‘”

~,
~pecimen Fd-1””’ “ ““ “ ‘; ‘

.. . ,,..’.1: ,~r..,,. ,!’’.,.,..,,, ,.,..”

62,5C0 CYCISS, on the back ieft ed~e of the hole (Fig. 82) about 5/3.611,,, !.. ,.. . :’, ; :.

a’hovetransverse center line. At 75,000 cycles. the fracture had tr~veled-’ .,: .:l.’!,..,

alon~ the inside of the hole and became visible on the front face. At tPie
: ,,-:.“. ,,. ,, ‘.,

end of the test (’76,600cycles) this crack was approximately 1-1/411~opg., ,. ,!.., ::

on the back face and 1/1+]1long on the front face. The crack on the opposite

side of the hole appe,aredat 7i,500 cycies on the back right edge of the

operiingabout l/16ff‘belowthe outer line. it traveled through to tl,efront

face, appeared there at 74,000 cycles. ‘Thetest was skopped when Lueders!

Lines formed on all ~aces of’the specimm at the ends

Location of Cracks, see Fig. 31.

77,500 cycles on

the transverse center

Gpecimen F>2

the back rigtt edge of the hole

line, this fracture appeared on

106,500 cycles (see Fig. 83). The crack continued to

end of’the test (115,CG0 cycles) it was 1-1/211lon~e

of the cracks.

about 3~’16~1a’oove

the front face at

grow until at ths

On the c,pposite

side of the hole, a very small crack appeai>edon the ‘oackdge at 109,OOO

cycles. In this speci~:.enlmore cycles of stress were required for the

cracks to result in failure to carry load than seem~d to l~ethe case fOr

specimens FA-1, 2 and FB-1. Location of Cracks, see Fig. 32.

Specimen FC-1— ..——

91,000 cycles, on the front right edge of the nok aboub 3/16” above



I!$$

At 100,000 cycles it reached thetransverse center line (se?.Fig. 84),. ,,,,

back face and by the end of the test (120,800 cycles) the fracture had. ,,,,......

become 1-1/2’!long. On the opposite side of the hole the crack first

appeared on the inside of the holccat ‘104,$OOcycles,spread rapidly to

the

The

the

back face andfinally appeared bn the front face at 112,000 cycles.

cracks had w reduced the net-section that plasticflowoccurred at

ends of the crack. Figure 33”shows location of cracks.

.,

,., ?,

.,



L!)
LxplanaL ion of Sjmibolsused in Table 1 and 2

‘m - ~jidthof specimen in inches

? - Number o: weld passes each side

AJ/ - ‘,;eldsurfaces in the as-welded condition
rz - “t;eldsurfaces ground smooth and flush with surfaces of specimen

Restraint I - ;ioclamps, weld pass~s on alternate siJes
Restraint II - ‘Beadsplaced on alternate sides
Restraint 111 - Clamped to !lhold-do}jnlltable, see Text, Section III

S --Crack stal’tedat surface
i- Crac,[started inside metal

v- Crac!cdetected visually
.{- First seen in radiograph
T- Appeared when section subjected t) tension

F - Front side o: specimen, see ‘Text
i3- Lacx side of s~pecime.n
u- Upper tl-,il’dof Test lencth
~,f:- ili~dlethird of test len~th
L - jo-ivertllticlof test length

lJ(j~E: All specimens were subjected to 300,Ct10cycles of stressL—..
unless noted otherwise unti.er‘lderJiarkS’~in Table 1.
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JAA-2 lkW LONG W.CLD 2PAW 1

“----”””-3 +

AA-3 l/;W LONG WCLO 2PtiW’ I

AA-4 li./W LONG WL-LD ZPAW X

AA-5 1/$W LONG WELO 2P-A E

qAB-f II; WHLOM. WELO 2P-G Z

4AB-Z II;W LONG WELO Zf-G n

TABLE 1

SUMMARY OF TEST I?ESUL TS

A C -2 k WH LONG WE. D 1P-A W -z

AC-3 II:WH LONG WELD lP-A \

A D-l II$W”HIANG WELD 1P-G

I

AD-Z lt+WH~LONCZ b/ELD IF-G

I

JAD-3 /)~w~ONGWELD /P-G

AE- I liiWH]LONG WELD 3P-A! I

AE-Z ll;W~LONG WCLD 3Pxl\
1

L-
DE-/ /6iWtiLONG WELO 3P-Al

z-

-z

z

D

m

a-

la
I

I

-*”---””---
DE-Z /6$W LONG WELO 3P-AW ~

‘-- LEE-I lliW L . . . WELD 3F-A W ~

YC-Z II;WHL oNG h!EL o 3P-A W ~

- ‘,.” # ,,.... “-r;
E. —e.,
350 +26800

.750 +24.?00

Z50 ‘+27600

500 ,+28200

0 1+, ?6500
—..

50 +za.900

700 ,+27800

500 +26 900

//00 +27200

L,,.,..’.smcs,R4,M. . . . . . %2.,Raw Lye. <. m cm..No /pt,.?,#~-f+ “.?..., -.. I.-<.:. -fr “.:.;,>-r .
/-.

/%,. “..

~.joo ?.70400 +,600 +30600 8.?30o l-vs
+4s0+,?8700 ,,2’000 2-v is

+ 450 +25/ 00 ,5000 3-v

+,?300 +79000 9s0 00 4-v

~3s0 +.30000 + 350 +2 7500 57000 I-v

0 +30000 ++00 +.? 7600 34/00 I-v

+300 +2?000 36000 z-v

TO~~;;r’-L 300 +S0.900 +.225 +.70/00 2S9000

— -1-
++50 +30q00

- /+s0 +30100

+3/00 1+30 900

I
+/050 ~31300

- T
-s00 bo 00 —
+900 +265o0 —

— —

,.?000 +27600 /9/500

+ +50 +26400 —

+ 400 +26000 193000

/93000

— ,?43000
,—

+1800 +28+00 264000

+2600 +28350 26400 0

l-v
l-v
z-x
3-x

4-x

I-x

z-x
,, ...

I-v

7-7

z-b

3-b

4-P
5-V

6-L
—— 6-7

I
— — /99000 l-v

I — 2+2000z-v
+650 +279S0 25S000 3-v
+4S0 +29000 — 4-x

-300 +30100 — 5-x

1 + 6S0 +.?8000 — 6-X

-850 ~~6/50 –900

~ d ‘ k--”--

29300 — — — ----

-/00 +28600 -600 +30800 — — — ..”.
.——— .-.—L

+,00 ~+27700 +/050 ?30+00 — — 83500 I-V

r
’500 +26900 +1S00 29300 — — )14000 Z-V

-ss0 +27.50 307000 .3-V

+1300 +27/50 3.? 9000

— 33+000

+1400 +29400 334000

+/00 lk28500 +800 !+30/00 —— —

+ 700 +27/00 240500

I ~ IF’ 1’2V”“L””
+50 0 !+2 7300 +3.50 +29q00 +350 +27250 167000

. .1.- I - --–

+a 50 +27900 +Z400 +Z99Z0 +2600 +287S0 )5200 0

i_I 1 — ,68.O.

‘-- i ‘ ‘,+

+400 +27000 + 900 +30/00 + /00 ,+27800 )S9500

—~ +’0:+2960” ‘3’0:
+1250 +27.)00 +3800 +300o0 -{300 +25750 181000

+3800 !+ Z7ZO0 2+0000

+ 600 ,+29800 Z30000

— _

+ /00 +27050 + 50 +30!.TO I-250 +.?8300 152000

;;:~odpo.o

,+,.o,o;o!:jfi

7500 –850 +9/7S0 -/700 +27000 204000

s
s
I

5

s

I
T-

i
I

I

I

5

s

I

s

s

s
s
s
s
1

I

I

s
.3

4-V

5-V

6-V

i-v

3-T
2-V

l-v
z-x
f-v

z-v

l-v
z-v

l-v

2-x

3-x

+~.o

T
$

R~MAeKSv

BU UEL o BEADS PLACED IN ‘~ ON TINUOUS”

BL SEOUENCE - ALL 3U8SEOUENT

f u SPEC!’7ENS WERE ‘h ACK-3TEP” WEL D ED

FM STOPPED AT 953-0 -G*,P rAILuRE

FU 3TOPPCD AT 76700 CVCLSS

~() 3roP.Eo AT s5000 CYCLES

Fr?

U mJwr?Elf,G~lPs~cTlONSroPmo TEST AT
IZ4000 CYCLES -2 CRACKS lNDICA TED B Y

M flA*,*&e.4PliY

‘a “=P’D ‘+73”” “=’”s –
F(J OIFFICULTT WITH DISTORTION (N PLATEs

BL
DURING WEL DING OF TfflS SERIES

FM

m

Bu

fL

K&w - No FA)L”RES IN SP,TE OF POOR

EflwEN7 397000 CYcLEs TO TEST GRIp

I

s
—

I

s

I

I

I

I

I

I

I

I
~.x

5 -x

1l-v s
,-”

I-v i-

BM s70pPE047 27S500 C“CL., -.? C*AC<
,.v, ,-v PmOPAGArEO SLOWLY

f M .-v eAP/n LY

Fu 4-V’ ‘“”’ ‘“” ‘fin’ 3’OwL’

FE,

IFL

BU

BL
BL

THE PLACING OF 1,?0[ VIDUAL BEADS ON ALTER-FE. ]“~~~$,CJ~SI./”sIT.4RT~O0,4 T/i,s SPECIMEN

FAIL uRE IN GRIP SECi_lC?# J TOPPEO TEST A T
9s709 CYCLES-AFTER 29 DAYS RESK TE.TT
ExTENDED TO !46 000 CYCLES - GRIP SKCTION

T“
7A IL ED~N.
FAIL WE OF TE s TING MA cHINE STOPPEO TEST IFE.~T~,J9s0 W’ ES.AFrER 37 D.4YS 8W THC

TEST WAS CON T!NUEO TO 382000 cYCLES —

g~( LOCAL. AVERAGE STRESS RANGE FIGuRES ARE

F u ~EE;,;:: OF READINGS FOR BOTH j-<sT

~ “ ::; ;:; s- “, 6-V PRoPAGATIoN SARRE3TE0,

Pe. PAG.4TE0 SLOWLY

Bu ~

M.
FAIL uflC OF TE.$ TING PIKtil.NC 3 TOPPED TEST

— AT 7-7400 CYCLES -A FTER52 DAYS RESK TflE
TEST WAS CON T/NUED TO 330500 CYCLES

BL I v PeOPAG4TC0 SLONLY

FL
.?-” P*.7P.4S47S0 “cm” eAP, oLv

FE, I

“-l
F(J STOPPED AT 234000 CYCLE.

Ffl

,-K z-V 6=J?o F’AGATKO RAPID’ Y

FM STOPDCD AT .?54000 CVCLES
i

BU ‘-” ‘*O’A=”~EO ‘4-’0”

BL

m

L

--i---

)-v PROPAGATE RAPIDLY

F(-I STOPPCO AT E34000 CYCLES

4

FM nADE FROM ‘CHA TTANOOGA “.STEiL
STOPPSO .4T =/9000 CYC~.~
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F.4-1

FA-.2

FB-1

FB-2

FC-1

8-2

-W-l

.>,-m,,~—1

PM;TM MI’i’HFMM-CUT HOLEJ, “,/ITHCUT’PLJWOiNLJ.lNTb

As cut -3 (JO $30300 -1350 +30500 10,500

As cut +250 ~29700 -1100 *33600 11+,500

burface +300 a32200 - 400 +30350 62,500
ground
after *8CO $29900 +1850 +29050 77,500
cutting

Lacilined -300 ~2y700 -1275 +28900 91,000
after
cutting

PLA’lik ,:1’!HCJIJi’H~iLOPdliIliGSj ‘!’JI’TI{kii;iFoiLciLixJTs

bee Fi~s. +800 +26750 - 55C +2G900 .23,000
10, 11. 0 -326500 23,000

+17C0 ~25000 26,000
+2100 ~27600 26,500

Same as B-2 bee previous report 10,500

Similar to Lee plevi.o’usreport, 11,500
8-2

.

+- These results were &iven in OtiRDReport lie., 6544, Leri:alL-606

LOCATION
FIG. 1(0..——.

29

30

31 -

32

33

28

Location
similar
to 3-2

See pre-
vious
report
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ltront l?ace X-Bay

lTi~ure 3 Specimen AA-5 8-16 in. From Top
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Front Faoe X-Ray Baok Face

Figure 4 Speoimen AC-2 8 - 16 in. From Top
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Front Face Front Face
Ground

X-Ray

Figure 5 Specimen AB-3 3

Back F’ace
Ground

Back Face

;2-40 in. From Top
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Front Face Front Face x-Ray
Ground

Figure 6 Specimen All-1

Back Faoe Back Face
Ground

O- 8 in. From Top



58

Front Face Back Face

Figure 7 Specimen AE-2 40-48 in. From Top



Front Face

Figure 8

X-Ray

S~ecimen M-1 24-32

%ack Faoe

ine From Top
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Front Faoe x-Ray

Figure 9 Speoiman DE-1 16-24 in.

Back Face

From Top
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Figure 10 Speoimen B-2 Front Bottom
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l’igure 11 Speoimen B-2 Baok Bottom



Figure 12 Specimen B-2 Back X.Ray
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