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(Origin of MatcrivJ and Ob~ect of xara. ,.w_,.,io ... , c.on"'"'n) ... 

lurci C'Ü cond:t tio . be d,..,.terr:1inoé • 

J1acro ... Exrunina 1.,i on: 

Phc to6rrtph ::ilio 1ing tr..I•ee cas-:;;s 
submitted o 

A.)prox· .~ate:2.·Jr 1/3 ... ize • 

Photogrt::.ph o~· a. cror s-sect:i.on of' _ smo .re shel 1 
~ase s s' O\ ... 1 g r·ot'1od of con. trnc;tion o 

·(1-pl'.'ox·ma.t :J 1/3 size). 

( Cr 1t .nued on next pst..,e) 



(Liacro-J,;xam.:·.natior.~ con'L 1d; -

was found 

ITO. 
No~ 
No. 
No. 

A close-up of the vrelded joint, showing 
the oxtl:mt o.f the WJld, dimension 11 W11 

o 

( •\pprox:."..ma tel y X 4 me.gnlfi ca. t ion) • 

0~1 four speci:mens 0x1:i.-r.1lned, this di: ·ension n1::r 11 

to vary, ns follows: 

lr taken .!.'rom Speci 'îGn llNI!, 0,,036 in. 
2 Il Il Specimen Il/\ li 0.019 ino ., J.. J 

3. li !f Specimen "A", 0.,012 in. 
4 H Il un1:;reated 

spoci~nen, 0.009 in. 

Physical Te Jts: 

T:1e netal in the n0ishoo1-œhood oi' the weld 

vms exe.mined for va, 0 iat ions i.n hardness. The Viclœrs hardness 

tester vms )mployed._. us:1n~ a 1-·-kiloere.m load. T .. 1e 

resul ts of -,~h5_s exe: 1:'.nn.tio11 are sl1orm in F'igure 4. 

( Cont.tnuecl or~ next pace} 
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(Physical 'l1ests, cont ld) -

" " t 
' "'" ;. -
'"" -p: :.:-p·.:.~f-'-7'-t--,-t-'~ ,'i'-p-< 

., _j__ 

', '--'-'-' -L-JL_LJ....l.J...b.J__J_ 

Chart ahowing variations in Vickers 
hardneso in the neighbourhood of 

the welded joint. 

Photo.:.:;rnph of tensile 
spe-;:Lmen used o 

(P. r. proxim.a teJ.y 1/2 size) • 

(Continued on next page) 
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(l'eys· val .2osts, , t t ) -

mens il i ect S' -:;c:L er.s ~: _ro c·ut OtJ.t of t·:10 

cases. 'l'"l.__.se str1.JlS \'!Ore n. o 1t 3/8 inch rd.de. rhe res 11 ts 

are t b 1 teè b,lo ·: 

'Test 1·•o. 
Stuc: en trc. 

Wid~h of ~ost pi0c 
Thickn ~SS i1' tUbf.) 'I; all 

Area in t10e &11 

'IhiCKn:ss of ·;reld 

Stress in tu'.Js wt.1 
Stress in v ::ll l 

... 

] <, 

"IT" 
O.328 in. 
O.O64 in. 

J .036 J.l • 

0012 sq. ÏL. 

1,028 pcu:nds 

Oo4ll in. 
0.064 :tro 

CJ .U2G s ,. • z,. 

0.019 Î.l:1a 

0.003 sq. :r. 

1,106 pounds 

Load 0,1 ,,eld, pc:t line r inc... -

4t , 952 p • s .. i. 
85,66'7 · .p.i. 

3,130 pou ... , :s 

4 ° , 531 p • s • : • 
13,3,250 D,S.io 
2,G'.Jl pounès 

PoEi tio~ or frac tu. e Tr tube v·o.11. Ill \'/0] ~ 0 

---- -------------

P t3r.sil picce was a~.so ol,tuine.J. fro1. Vie 

1·nt,rea ·GJ. case b11t it r•ro i'.ù ut 1..1... \, ~1d, in handli ,G• 1.P:'ne 

Sulphur., 

si:.ic n, 

' .L l :·teel Baze -·--·--.. -

o.,,..._)- ,.77 

0 .01 - .026 

none 'vt. ctec 0 

--------· ---- --- -- -· - -·- ---~- ----



lt'i cro sc~:lc .Examina ,.:.on. 

(1',ro·'-·:s u·r .,,.,,;,,.~ t ,,., , .... ..,..,-,,~-· ,r.<> _l_r·.·. ~.,,,,,-.,.C". , l, c, J, • .\U."' •.• • ,, ,., L J. -<.v .. I . . v ._, and 
snlarc.c. ~-Bi.ri r..î.zo :.:.n baso.; 



X22, rel etcllo 

1;'.c;LD IIilliT-Tïc_-1\.'J. ,;J) A': 16!°)0° F. FOR 20 :.IillUTLS A~J) AIR-CCOL1:D. 

OJote tha"':; the de1:dri ·ic str·uctwe in the ··1eld metal has 
been bro:::::cn down b· -c, tL1at the structure o:' the netal 

L1 t~ .. 3 o afo hns ".Jeen made co2.rser.) 

~ ... , . ,"' , ,. 'r - ~ ...... ~ .... . , , ' 

\.::-., '" . ~'\~-'h'-~~~'.:~ 
• • , r >_' •1,• " ' •~ 

• 1 •1 çl- J ~ 1- _:\t~ :: ~ ! , ..... .,~~ 

:~:~~/: ~; ~\ -~~~ ::/•;:;Il~~ 
•'t .. 

:} 
.-~ · .. :w !~;/ ::... ./ \~ 

,.10(..1, .,i tal etci.1. 

~~nctitn of ~ela ~~tnl and stoe: baseo 

'r,otc â.eridri tic sti. uc• .... 'ï.:"3 o' 'J Jld -.etal und en~ ar0ed 
:>rc.il1 'J ~rl aso c,) 

(Ccntinuod on 110:;..t pa,e) 



- Pa•;e 

( 1,iicro sco _Jic , .. {0!'1Ïll:.t.tj_Cn, C-n ~ ,, ) 

XlOü, nit..ù. etcl1. 

Jr:nc ·;ion oi' uclè .etal and et el base o 

II~AT-T.' 'A 1 .. D AI 734c :,,. ~OR ~ 1:0 Œ AUD i IR-COOL:,'Da 

( l!ote de~K:r•~- t:.c trw::tu.1 a 
enlarced graina in Lase, 

or ue;.d rie ~l un 
similnr to ... 'it:;ure 

i-:ure 11 o 

x100 .. ni~al etc"1. 
Jï .. mction of w ld .etal an - st.eel )ase o 

HEAT-TR ATCD FOR 20 • I•n: '".BS AT lfüj0° F o 1''.L AIR-COOL.l.!,'Dc 
(:rote :101:•nn.lized structu:..?c of' •pld 1: '? tal o.n 

refi...1ed str1 ~tur of r:ietal J.n base o) 

( Cc tiuuec on next puue) 
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(ricroscopic i::XG..!llilttion, cont'-.1 ) -

X 00, ~ital· e~c~o 

Structure of uet':11 in f'orged steel base before 
nor,.~~1.:.zin.:;., in an area not e.ffected by \'Teldin5. 

{note the dsndri tic ntruc tut'':J of the \'Jelà .. ctal and 
0n:.a.rL:,e:è. ,...,1~ains in t-u.bulnr body .. ) 

(Contlnued on ne:xt pu0c) 
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- Pa:_:e 10 ., 

(I ". • ' • , . ·.,:i.cros copie .L!<Xmn 1ac io...i. 

XlOO, nital etch. 

Jun".!tio,. of ":.7eld r~otal with tubular bodyo 

HEAT-TitJ~.AT1:.) l•10f: ;,. HOUR AT 734° F. AliD AlH-COùL.CD o 

{:!·lote persistence of dendrl t:tc str:icture of.' 
the weld Letal and enls.rcod grains in tubuln.r bodyo) 

Al OU' nu !.i L , 1,(,u 0 

J\1:nc _,i ·,::.1 of ne lct 1.,ctal -.u~,.l tub'Ü2.r body. 

HEAT-TtH.:A<IJ.w., l~OE. ::..O .:.s::-T,/L S :1. 01 lô50° ~, A:1:C L\.L:t-COOL!.illo 

(}Yote tbo ref:L10 l norm"tl i. z,2,d str lCt 1L"v or Lr weld metal 
and als• tllo ~ )1'::..neme:nt of the si~ructur1e ~: htJ metnl 

in thu tubu1 ar boay. ) 

{ continued on next paee) 
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.. Fn:c:.,e J.l -

Structure o 1' 1,1etal in the tubular body 
before no:· malizing, in an c.i.r·ea. not a.f'fect.3d by 

the weld. 

XlOO, nital etch. 

( Compax'o wi th the body n:etal in Fisu.re l o) 

DISCUSSION 0? HBSF~: 

It ü, e7 .:.dent fror:i a study of the photomicro­

t;ra9hs presented above tb.at the heut i::r·eo.tr,,.ent 

of stress relievlnl, at l"'o_...., ~~ 1,.our a".1è. 0.1.~ r "OOl.L. nrr "" • • - . -,... . 0 

llas not ai'fected t:10 st1"'ucture crcated by the v1e~:.dincg The 

dendi.,i t1 c structu:rr-• evldent; .:.n the v10ld netal is br1ttle 

and therefore not 1,110 1,10ft dosirable v,·hero j_mpact or shocl,;: 

stresses must be r,:.rnist:3do 

'Ihe i.101'11. .. lizin~ tr•eat1~1ent of' 20 minutas at 1650° P. 

ha.s brot,L)1t r.bout . def.nraolo t.i.•unsfor!nation ln tlB tI'ucture 

of the v10ld ~ns1.a1 rnd also .1_1as returnr3d the st1•ucture of the 
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L,8 7-v -

of the weld w. 11 not be af.:: ,c CCL by &.r...J s;,1b::: -iuent heat 

treatr.ent. I'· v-&.s jus 1; ·..,. co.1nc·d€ 1ce l-lflt tr1e only case 

exhibi ting u deep enou-.:;r· i'e Lü vas the ca!;le r rked 1· " 1 • 

The follo )/int, t. rae parac:.,raphs are tazœn f:;:•om 

"Steel and Its Heut 'Ire,t.ev.t., 11 b~ Bu.lens (Batt1-:lle), 

''I woldi.nr,, t'1e met""'l of the reld, a.nec tb.at 

adjacent toi ... ; èire hei tel c..bove the critical, and a.:--e 

cooled rapidl:, by t,.1e chill ir, · efft;; ~t of the parent me tal 

v .. hich 5.s be.Ln,.., join:id. T .e rate of cooling, when t1e 

parent me t;al i s col 1, rr.ay l'e of tl...e ord.')r of tr .. E t of ar. 

11 As a ce 11ere~ 1_ ,._, .:tè.e, tl ::: Ar1eri et n e J dir '-' .Socle t y 

places 1:1 li n:1 t of 200 Brinell ( Q6 RoctC'. oll nt on t..l e ~eld 

or any me tal ftc1 j a.cent to i t, in s ... eel to be \1elded cold 

and wi thout a "'tre s ~-re_:i.c" arine ~ 0 11rie s te 1 ma!,œr o ta:,-s 

wi thin tbis l.~ ~l t by .r10 a· nt., tl 9 C: Lo "v 1 ordinar:'...ly bel. ow 

1;.;lements that ::tren ;tller 

C V ncr!.i ... 15.zed concd. tien but th t' 

do nlt introducc & ✓p• 1.:,,. ..... :e tr.i ... dency tovar'i a r ... 1a.rdenin0 • 

If sic 1 ele~ents are \~eu, their ount 1s str ... ctly J.i:rlited. 

t not$ in th~ be t 

pre:1eat is d-3-ir b .e in 1"' vy s ct:')n , f!'lu. s re:::es rel.i..ef. 

~dv~sable fo~ li~~ anè 

uLlis'19 by JoJ..r. . -,_ 

es- Equivalont to 200 ,fickcrs. 

c (1939) • 
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"is a zone 

::.east Joc an 

if th stee har < 

to 4C0° or n1Gb 

Fro 1 v 1 ~ 

quo te a'-' :' l o .J : 

1 
.1. en l 

Br~nel,, s-4- es 

s ..,re~ ;J rel ~O" d 

Tho 

l ,!_ 

r 1.:. 

1ot sho · dw: 

carbon. :-IO',ever, the 

vhile this t ) r +> st 

) 1 he 

o 3"' r_nell, the pr .ea ~hou d.., 

tl e 

i 

.d .. n.:i là be i , e i f telJ s t "'e 

ls a~lo•ed to cccl. 1 

.4~, of the same book ~e 

. s o. a J zone over ~00 

.L ttl .,o 1 t. L re,e ,; el<"~.ec. ipes ,. r , 

+ 
l ro 1 1 120C ° F. '• 

t>n.:.:n, slnce l ,_ 
... 1., is of :ow 

r.::i.::. L. the base doos. I pparently, 

of a bri t tle na t{, " 04 l, "'n J • lo• c rbor. rant.,e ex·..: t.in<-> 

i t i.. .. r1ot cons id rec.l trc · loso:.e for norma.::. s t;ructura.l 

fabr ~a tion a.1 J l. JC0 •. str .. ss-relie 1nt anaoal is 

, 

~o.1s.1.l re s ...... 1 ,ie.l 1'his, llo ver, ne d n::it necessr..ri~y 

a.p'1l.f vhe 

concl }!3_1-.on: 

. 
c.- X ). u • 10 c!{ i te e r sis ceè • 

t 10 b 'J s t : ü t l ! ur i c, _ · ~ r ~ ·' 1... e 0 _,, t t . 8e spe im::ms 

ta lCO o subrni .. tel.i ·.nen tr-u ·m sa ~ 1.._ 

Recon :e .. 1àa ti o .s: 

111 V CV O" _ cL \'1. i'· io'1 n te :1 l.n t~ J tr::.ck-

t t1.J be 
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(R.eco1ri:ncndat .ons, ::o l, '1) 

As a ro,·tine l.,ls ,:- . 5-on, cas'•S co1._:;,.d be , · cked 

at rand ou, a t n. EU 4 tr Ll 0 .:::·1 ;_1.':-G in the ::nanufacture, and 

strip.J abo1-1t 3/8 ineh u:l. le eut out. It i s qui te 1'ea:üble 

a .___coi v:old., ::,, bendLn \'1it.1 t:e ands with a str.,_p oi' 

verJ ren,:ly ~otea on t1o :ractu~e. 

to permit arr.:.vin__, at any dPL'.i.11it0 conclus:_on on 'ïhis counto 
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