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| TESTS OF RIVEDED AND WELDED STGEL COLUMNS
for HCCLINFIC-MARSHALL COUPENY
by
We &+ Slater ang M. 0s Puller
July 1, 1930
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1. fhe Golumns. The program of tests here reported
.inc.mdaa the testing of A'éi&fht buiit-up steel columns. fumish@a
for the tests by the HeClintle-Harshell Company. Each column
eongisted of a cors, formed by gﬁ'ﬁi“ or an "H" section, aend a
cover plate &tﬁaehﬁ&.ta:eaca‘fiangg,af the core, Tig. 1 shows
the details af‘th@-aéiumnSg-inaiuﬂing the methods ué’f&at@ning

the eover plates to the flanges. 4s noted, sll of tho columns

were wal&ﬂavax¢§9$aaoiumns 2 end S, which were riveteds Fig.2
shows a view of a colwnn in ﬁh@_t@éﬁim@‘mﬁ@ﬁinﬁe Fiz. 5 and 4
show éaiﬁmns iBB, 2, 3g»ég,an&‘5 after they had bean't@aﬁéﬁ,
Upon receipt of the columns, iﬁ-Waavdiméoﬁereﬁ that
columm 1 was so mich out of alignment that it ﬁag not believed
to be comparable with the other a@lumns,'whiah.wwre grach
atraighter, especially since a comparison was desired with
eolumﬂ‘é, its riveted counterparts .4 new column, 1BB, was
furnished to take iis plage, However, column 1 was tested
in order to stuldy tﬁe‘@ffact of its laeck of'aligﬁm@n% on i%s
behavior under load., Frevicus to teating each column, ita



 of the smerican Soclety of Civil Enginesss
and Struts (cee page 1598, W&Eﬁéﬁm@%, 500,058, sVol.88,

- 2

ﬂ@wﬂm fmm a rstraight line in the ﬁ‘imeum of -w;‘;x of
two planes was measured, one plam parallel %o, and t’hé :
other at right angles to tho plane of the cover plates:
These departures are shown in Fig. 5. : ‘These columns were
de@igneé to be émﬁex’p&rts of caltmms of Types © and 6a,
tested at the Duresu of Standerds for the Specisl Committee

1, on Steel Columms

1919~80)s The Special Copmittes provided three lengths in
each type of column end the columns hore reported were orige.

inelly of the intermediate lsugth.. '__ However, in this series .

of tests, in order %o provide materiel for coupons, one foot

was eat from the end of each golun, making them eme foot .

shorter than the 'cez*reswnaizzg, eolumme tested for the Special
Conmittees L | |
The columns were tested with *flat ends" as neerly as

" this eondition could dbe ammaama{i $he top and botton of

eash column hed been milled for the purpose of giving true

bearing surfaces for applying the losds. However, it was dis-

eovared that the milling did not give as nearly plane surfaces

as might be desired. It is belioved that lack of §1@n§ﬁéss of

the ends affected somewhat, the lecation of the load line in
the columns &s thé loads were applied. ' |
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Coupons for the columns wéﬁe
tested in tension for yiala.yainx,,uitima%m s%remgthi an&

faw fbr‘mﬁ@mlus ot @1&&@&61%?} To ﬁaaara the teat g@u»
pons, a‘@i@sa @ﬁm fﬁs& xang waﬂ eut frmm each rm&i&ﬁ &aanv'
ti@n.{ylata Gy z~heamﬁ, and H-bosms ) bafara the caiumms were
shipped from the HoCLintio-uarahall shops at Fottatown,
rennsyivanie, This made the columus one foot a}wmw mem
the lengths originally designated. Four test @0&§ﬂmﬂ wore
teken from osch cover plete. Six coupons Were taken i@ﬁm"f
sach I-section, and eight from esch Hesection. 'Hémoé & fo-’
tal éf iﬁvﬁr7l6 ﬂbﬂﬁens«ﬁarefuseﬁAinfébﬁaining'%&a’avaéage
vield point ‘snd ultivete ati‘eagth of the stesl in sach

_ﬂmlumn.»

~ Pig. O shows the &aaat&@ﬁ and nﬁmharimg of the taa@
coupons eut from the vari@us sections, zn.any aeuyaa aum@ar,
the namaral at the beginning is the aumber of tha enlumn‘rapw
reabnted. « The Jetter A, when present, indicates that %he
eaﬁg@ﬁﬁwaﬁ,t&k@n‘ﬁfﬁmftﬁa-aﬁﬁag that is, fEQM‘thefzﬁﬁﬁaﬁiaﬁ

or the Hesection. Ihe letter P indicates that 1t was taken
‘rram gne of tha @iaﬁes, while the letzer B ex ¢ &nﬁieaﬁeﬂ

whioh plate. The £insl tumeral indicates the’laeaﬁien 1n
the section, as shown in Fig. 6. Thus 3B8PL was a coupon a&% '
from Colwsn 3, pidte B, esd locaticm 1. The COUpOLSs WeTe
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arranged with & view of deternining whether thers were
systemstio variations of yield point throughout the ssotion.
' The tests of the coupons were made in a 50,000<1b.

Riehle Universal Testing ilachine in the ususl manner for
t‘e}w.wz& tmta. The yield-point load was -’éﬁ#ﬁamméé By t;*sal_
“grop of beam" in’ the tests in which the modulus of elsstis . |
eity was not doternined,. 1% the modulus ta&%&, the yield
‘paint was ehesen ab. %ha 1@&& for which the strain inﬁmeaﬁeﬁ
by tha gagaa shawaa.a.rayia inecrease with iittle inecrense
1n-laaé. & Bying axﬁsﬁaamater'with a gageglﬁﬁgtﬁ of twe E
inaﬁﬁa was as»& in tna m@ﬁulna of alaaz&eiﬁy te&ts. |

 Gonaidereble mmmm hes been patd te the ammm
mination and wemﬂing of yw:m point stressos, becauw the
4streng%h @f’tﬁe eolama is ganer&i&y found to be aﬁre diw
reg%lg & funatiaa ar the yia&é peint than af zha a%reng%h
of the m&tari&ls fram‘whiah the g@lﬂmn was a&de.._

| fh@ yial& @nsnﬁ 5@?@3@@3 £0r'inaiviﬁnal coupons ha?@
besn pla%@eﬁ ﬁn Pig. ?. The horizoutal distences betioen
peints-are pr@yexttanai %@ the éistaanea center %o canter
of aaupans, so that & hgrizaaﬁal iiaﬁ on the diagram rapra—
aanﬁiag the avsrage yielé @nﬁmﬁ for all tﬁa eoupons for &
 g1van p&at@g,ﬁilx hﬁ‘W&igﬁt&ﬁ;&gy&@&i@ﬁ%@&y aeearning~$a,%ha
s&eti&n&i éﬁéaa réyre§aﬂ%ad.%y the several goupons. Fig.: ?O%)

$h$ﬂ% a teﬁﬁaney‘fcr the higher yield points o aceur‘at-ﬁhe




sdgos of the flances tmﬁ 8t e center of ‘ﬁ?m !mb, end &
icwer yiold point ag msa ro0ts and at mmmwﬁ%ms wlﬂw
on the flengens However, thu avevage for ali the curves
does ot show & marked airfarenco in yield point for 4ifg-
arent pooitionss In Vig. 7 (b) the varistion in yield |

. polnt for different positions in the I~section 1o less

reguler then thes in Fig, 7 (4) $or the Hesection, The

verage ourve for Fig. 7 (;3-«) shows almost @emm yield points
in all parts of the Hesestions Pige 7 (o} end.® (a) for the
plates, indicate that the yleld point in most cases varied
enly slichtly asoross the :;fmﬁé@ Howaver, tim;. gieid points
for the plates were meﬁm aifferent from thoso for the
corresponding ¢ores. Dsoause of the whiformity within eny
sestion it wne @m}&ﬁu& that a mzmerical averace for mm ‘
points of that seotion, whether of I- or E-seotion of plats, |
was 68 good for preotiosl uvees as an mamgm in mmn the
COUPONH WHLY mz&mm acoording o the amém amm they pope
resonted.

owever, becsuse of the difference belvesn ylold
points for plates and coves of the sawe colunm, it was heow
essary, in determintag yicddepoint strass for the coluwm, to
welsht the yield points of the plates and the core 4n gsmw%
ti6n o the eress of eash. This hes boen dons, 80 the Te
sults are givesn in Fable A. | |
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ﬁﬁe yield points, fﬂr the thr@e»ﬁ~sastiens ghow li%tle

varia%ian from each ather, while tha yi@lﬂ p@iﬁt@ for the
Inasctians shaweﬁ a somewhat gr@at@, vﬁziatzaﬁ, due to ﬁha'
low y%aiﬁ psint far the Issection in Column 3. imaag tne
ylatas the variaﬁ&on of y&ald §ﬁ1ﬂt was grﬁat$an of. aLL, |
columns 6 anﬂ 7 were furniahed aeasiéer&hly Latar than the
ethar eolumns, anﬁ %he yialﬁ gcints of the pla%es in these
éelumas:m@r@ eaﬂsﬁ&erably greater than the smerage for all
plates. With e&ly one exgﬁpti@n, the yielﬁ point of the
piatag uus lower %nan that for the core section in the same
variﬁtian of an 13@&?1@&&1 waighﬁeﬁ

'@@lumﬁa mhavmax%j;
yield yﬁinﬁrtramsﬁne*av@rage«af all waglabagt‘savmn yaragﬁt.

3@4 Testing. ﬂb&umn é*wms tegted rirst {Novemher 30
and Becemba? 1, 1928). ?h% following éaserigtion of the
'ﬁﬁtﬁ@ﬁ% af teat&ng appliea to G@lmmn 4.~ The other solimns
aere %&sﬁ@@ ER ﬁh@ same mﬁnner excapﬁ fer ﬁinaf changes ané
| im@mvmm’&s, as follows: . .
fi) Teo=-inch &%raiu~@ags "aaﬁiﬂgs iaea%i@n ﬁrﬁ,v
Fig. 8) were amittaé from t&a mﬁh@r column
taste.

(2) Pour more gage lines in whickh slipping of
the plates was measured, were added In the
later tests at section DD.




{3) cage 'linw 14 .8, 13, and 15 'amre added at
: seatﬁ.ms BB -and ID. .mot;gér 'ﬁi"‘f‘e‘mﬁee _
m m&& in t}w taa#smg; ei’ C@lumn l whiﬁh
will be desdribded laters .
"i‘hﬁ*- lecathi -@? the gage lines on the c¢rose-section of t;ﬁg
column ara shown on Figs 8, excopt as noted ebove. The gﬁgé
length,{ section A-4 was t’m inches,’ &‘f; tﬁmtz@n 333., €0y and
DD it was is‘f:m mahfasw . Bhe @&g@,-;h@i@s were &ru};m with 8
No. 54 arill (s05& in. in diemeter). Gage lines 5, 11, 17,
emﬁ '9“5 m Wﬁwm EB, ware on the Mg@ of the I-»Wm mmmg.
the core of the eolumn. ~Cage lines 5k, 1ib, ,;V}a-, and 23b,
employed the samo uppor holes &s 5, 13, 37, and 23, but the
lower hole for emch of these gege \iifmszsf instéed of being in
the ‘Iabamé', was in ‘i%ha cover g!ia’w elmée % ?%ﬁé ﬁﬁw ml&.
If the stmm in gag@ ume 5 almﬁ& he the seme a8 fshmz of
522, them éfmlt% have beem 0o ali;aping fzﬁ‘ the ylate, bm*x mzy
diffemnee in the atmin b@t@m am‘i &b méicates az.ippmg ~
of the pm@e remtive te %Im xahefma, end 56 ﬁ*i%% the other.
fshme gaga lines. o ' '

' :%mm ;zlasing eelm r3 in, the tesmng rz&cma:&, it
was ghitmhed with o mixtyre M‘ white E’@rt&ané Coment and
water, in oraer te make more. avment the t‘.‘iak:mg af the mﬂl
scale {herein %emed sﬁmm unes} as the colunn came undar ‘

b iy s pry - g A A, { e b o Attt A et o~ o et i 5 et pemep e e v L e L



sfter the column had been pleced in the machine,
and before anyal@agiﬁa&*ﬁaan»appiia&g provision wes made
for messuring the shortening over th@ whols length of
the column at its four aﬁrne?a, anﬁ for m@aoariﬂg t%e '
center ﬁaﬁl@@%ﬁﬁ&-az the column ra&aﬁive to the @nﬁaﬂ.'
The in‘,‘sfsx:*mmw ‘for meesuring thig amw%’s@ninge are hewe
toimed eamgreaaﬁmﬁﬁaﬁsf%ejéis%iﬁgﬁiah'%ﬁﬁﬁl@fem»th&faﬁzain
gage: Bach compresseieter cossiatad of & 3/8<im. steol
pipe attached to the column . one inch below ihe top, and
‘6f:$ueh.1ﬁngﬁh'ﬁha%.i&sfiewerﬂen&-%ara‘&g&&asﬁ-ﬁh@»giuagér*
of an Aimes gage fastenad one ineh. a%ava ﬁhﬁ b@ﬁ%ﬁﬁxﬁf ﬁhﬁ |
c@luﬁn¢ Thus $he ﬁampressamaoars m@&sur@d the tatal ahart»
ening of & aa&uan under 1oad &xceyt thaz whicH mcaarra&
within ‘%;he ‘two inches cutsids the ég%e lsmgt}a. The oo~
pressomster gzipe was held in line by guides &t mmm the
m@wmw géi@ts of m@ length of the *@O;M@ : ‘m*a m:ta@h«
,man%'@f:%ha émas”gagas‘éﬂ& th@ arrangﬁmﬁﬁt of the yzpes
ave shown in Fig., 9 for the Horthwest end &outﬁwaat eors
ners of columm @. %ha.amﬁs gages road aati fae%@riiy %o
theagamha; of en ‘ineh, Hach azsa«;:msamm ineh total




5 -Sﬁ&rﬁ{eﬁﬁmﬁ eorresponds to an ‘average. strain® of . or

.ﬁcaﬁﬁﬁﬁ in. per iag f&? hna 182-4n, gage l@ﬁgth, ur o 0
an av@rage s%rwas wf 160 1@. Per SGelNi, asiﬁg a(mﬂﬂuiua
of elastiaﬁty of 3@ 9&8,6@@ l&. @ar sq,in, f’

> Pop m&&suring th& ﬂeflectians* tHo ?ine air@s w&ra ;

&tt&ﬁ%@& %o the web of the oolumn sz iﬂﬁhﬁw belew the ﬁap,’

.anﬁ~§i$‘iaahaa above the bottom, giving ﬁ‘Sﬁ&ﬁ‘Qﬁ xva ina
The a&r&ug&%ant“is shown in "ig;'li.~ &% the cantar of the '

eelumn tnass*wiras ga&s&ﬁ<in fwnnt of two mirrors @laceﬁ a%-

right angles to each other; each carrying & scale gredusted

to hundredths of en inch. By lining up ﬁher§a2e~@1ﬁa‘its'"'v
imagé in the mirror parallex in reading the scale was avoided. .

By using uirrvors ﬁﬁ'EigﬁgWamgiéﬁ'?@’&&@hm@@hﬁ?@;Q%fl@%ﬁiﬁﬂﬁ~'

in ﬁhﬁ/ﬁireeﬁi§B nf either axis of the column could be obser-

ved. Readings on each wire served gs a check ob those on the.

othor wire.

* 9ne expression "unit deformation”, and. ﬁha word “ﬂtrainﬂ“

. are used to mean the change of leng%h per unit of length,
and the word “stress™ o msan the intensity of the 1a$arna1

foree per unit of sectional ares. Seo PHOCEEDINGS A.8.T 80y -
Yod. 25 {1985), Pert I, p.07%. The empression unit-dsformas

tion is applied to change of length due to any cause such as

stress or expansiocn due %o heat, while the word strain should
be applied only to change of length csused by stress. However, .

it is mot always possible %o determine what is the principel
¢nuse of & change of length end there may be some confusion .
in th@ use of the two lerms.
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The column was tested In & twowscrew Richle testing

m&ehiu@ of Bﬁﬁgﬁ@@ ib. ﬂapaﬂaty. ﬁs p&a@@é in th@ @ms%in@

maﬁhine, tbe'waa @r th@ eoluﬁn was in the gla@a af tha lan~
gitu&inal aentar*xinaﬁ of @hersax@wa, aée Figs Q‘ Tﬁ@ b@@ﬁ

.tam of the ealumﬁ~waa ylaeaﬁ upon. a pxane& ateel plate three
,1&@&& thigk whieh regted &ir@atly upen the bed of the maehins.

This eolunn was 30 plauﬁa thet ity top was. aaﬁnraﬁaly
aen%e&a& botween ﬁ&a serﬁwm, l&%ﬁiﬁg the bﬁt%am af tns solunn
come where i%~§$ﬁ&§n Hounted on top of the eeiamns«wﬁa a
t&r@mwﬁnah plate, ylanaﬁ an both sides., ©3 t@y ﬁf th@ §L&t@,
eng ﬁiraatly'uadar the h@aﬁ of the @emyreaeian bleek, ware
three pairs of ma&geﬁ,:ea@h %aaﬁiag.ﬁm'aiﬁﬁh@z&@a&;he&xing,
block, These may be seen in Fig. .2, although the &ewi@fé

are pot very distinet. Uhe thres &gheriaa&‘bearing h&@cks‘,

a9 plﬁﬂ%ﬁ on the three<inch alat@s, antlinﬂ an - 1aaﬁcak$ tri-
angle; tﬂa epex block being eantewed over the web, &—5/@ in.
north of the ¢enter line of the columm, The other two bear-
ing blocks wers 4-5/8 in. south of thﬂ eencar lina of the -
aﬁlumm, eight inches apart, center to a&nt&a. |

The aaﬁpraaaian head of ths ﬁastiﬁ@«mﬁenine was then
braaght down un%zl the ﬁe&gea‘war@ n@ﬁr&y in cmn%aﬁ% with 1%.



Thén the wodges were driven up o &n equal conbteact. & loed
of 15,000 1b. was then applied to the columm, and the come
pressometer reedings taken on all four edges of the column.
This was followed by & loed of 60,000 1b, after which the
compressometers were egain read. The proper subtraction of
the readings gave the shortening of the column over a length
of 182 in. If the shorta

ning on the four edges of the column
reveslod an eosentris loading, the comprossion hesd was
raised end the vedges readjusted. This procedure mes repeated
until the shortenin *:meaauraafbywtﬁs~faur sonpressometers '
were egual mwm.eﬂa in. in the 182 in. gage length. The load-
ing wes then considered to be nearly enough axiel to permit |
proceeding with the test.

The test was oar@ie& out with the innramantﬁrof Xeaé
shown in Fig. 26. Headings were Staken on the compressoneters

and the deflection epparatus at more frequent intorvels than

the strain goRes.

4o 'lmsess. It was xmntima& in Section 3
that goge lines 5b, 1lv, lvb, ima 23b, were plmeﬂ so that
they mea&mé the mmant ef a point on ﬁhe amar-glate relau

Siipping of

%’.’w‘a w a wint on the I-gsection o E~aect1cm. "ﬂwm gage.
zima wore ylawﬁ cm}.y an awﬂm B at the top cat ﬁaluﬁm 4,
and on beish seamm B and D for Columns 1BB, 2, 8, and ﬁ,



' wip

einoe 1t was bolieved that if alipping codurred at all, 1%
- would be near one end of the celumn. In Piguves 1l %o 19
 tho movenent in gage 1inas S ond 5b, 11 and 1ib, 17 and 1%,
as m& mm. have been wtma in pairs, b@#@: gage lines of
erch z@mr w..m; mﬁ‘m&ﬁ to the saie origin. The dottod
Mmu m the graphs fer guge lines S, 11, A7, end 23, and
the s0lia ines sre for cago iines Sb, 13b, ¥, and 25b,
The pumbers designating the gage lines ave shown neor the |

in of the respective geaphse ¢he capital Jetter B or .
B m&%m uhother tho mmmt was af muﬁa B or gece
tion D, and the mmm mﬁmm m«umw m@ mwﬁ.tzm of goge
itne in the seotion, Oes Fig, 0. If thero wore no slipping
of the plates, and no ervor of cbservetion, tho selid lines
and the dettod Lines should cvinside, Divercence of the solid
and the dotbed graphe $ndfonted either error of observation or
slipplag of the plates, or both. Since theve g8 corteln o be
scue error of observation, theve is bound %o bo s6m0 Averoonoe
of the Mmm amz of obgerwation, if &.‘B ocours in the zere
reeding, mm cause the solid and a?m%ﬁ ,"m&a te yauin ot a
fized mimw.i distance apfwts if it oocurs in mam@ fow

donds nbove that for the zero mmmg m w&m cause an ervatie

ﬁ&wmm and convergence of the Grashs, Slippisg of the plate
with reference to the structural shape should bo expooted to in-
orease with inoreased loed, and therefore should onuNO & PTOGIEESe

ive divargence of the graghs.
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The curves (Fig. 11 to 18} show many erratic diver-
gences and convergences of the lines, most of which are
£light, indicating slight errors in the measurements. There
are a few slight divergences which are @r@grassivé'avér a
part of the test, such as that for gage line D17, m'zb, for
c@lumn IBEQ and that for gaga &ina~nll, Dllhg far celumn 8,.
Pig. 12 aﬁﬁ.l3gf These divergeunces, howover, Eeyraa%nt,a%<‘

=mﬂs$:a's1£§‘éf'apﬁréxima%axyrage~%ha&aam&ﬁh in., and it can~

‘not be stataé pﬁsitively that ib repr@aaats a alip &t all.

‘ﬂn.tﬂ@ ﬁhﬁl&, the graetie&i csinaiaane& aﬁ the s@lid and

ﬁatﬁeﬁ graphe in these figur@s 1&&1@&%& tha% %ha?a woas 11%%1@
if any aliypiﬁg of. the glataa in. ai%har the wa&&ad or the
riveted columas,

5 " Strains end stsai]Axine - ﬁig@w&;sﬁavs%ﬁ$
gaai%i@ns £+5 o tha gage liaaaa Whii@‘ﬁ&$ $§ﬂ$£§§§¢%$Qnszf
the difforent columns varied, the same sgheme of gage nume
bsriagisaa‘qaea,&hraugﬁﬁat the series. staaias»fag‘ﬁil gage
raé&iﬂg&fan axl~éaiumns have been tabulated and are éﬁéﬁéﬂﬁéd.f
in T4bles 2 to 9 inelusive. e o

~ Although the bearings wors aﬁjuste@ in saﬁh a.way
th@ﬁ; at a load af'appraxﬁmataly 5§,ﬂﬁa 1k ghe straing atﬁ
the four corners of the colum were equal, bendlug strains

T

K



mwlepe& emw early in the test. It was asswmed that the
| aver«all s&erﬁening, w&ieh waﬁ ﬁaa& 1n making t&e a&snstm
;mﬁnt@ @f thc«haarins, wauxd aaﬁaat bwﬁﬁing straiﬁa'in the |
enlxmns due %@ ecaanﬁrieity(ex/%he bearimg. ﬁbﬁ@?@r, aﬂ ex~’
aminatien.nf ca&uma 4, {aaa %ﬁg@ &9) inﬁiaatnﬂ beaéing '
&n valﬁa

memsata ot the m&d&l@ ﬁnﬁ at %h@»@nas m@ariy @_;*%

ana agpasite ;n aign. Thig rav@rﬁal af mamﬁnx ten&eﬁ to
agnaii&eAtha a#aw»&lllshnrten&ag m&aﬁuzaﬁ an the f@aw car‘
asr& af the ﬁﬁlKMKﬁg and thgmafama reﬁnaﬁﬁuthe &amﬁiﬂi?&ﬁﬁﬁ%“
of the aampraasama@ara o an adéaﬂting a@ant. it ia ev1ﬁﬁnt"
that 12 %ha‘avar~a11 shawten&ng at the tour @aruarw of the
aluma s@xa eqmal in spita of large banﬁiﬂg:mam&atﬁ in ﬁha

%alamﬂ, tha camyres,vﬁe%ax a@ad&n&s waul& be at no use in
dﬁteet&ng $e¢antriaﬁty of load. ' ,

& dlegram 1n&ieating tﬁa presaa¢& éf‘benéing strakns'
is. gisaa in ?&g. lﬁ. The figure shows the strains for $he
eross-sections at B, €C, and DD of Column e @ha~m§ﬁﬁﬁﬁlaf
de%&rmiaing the baaﬂing stmaina frmm these measured straina ‘
is given in Secbion 8, The losd for Fig. 19 (approximately -
233336'i%;'§&$~sq‘in¢}"wﬁ$'aﬁ &'péintﬁaf'gr@ﬁ@uﬁﬁaa @hﬁﬂ&ﬁ
of silope of the gversge stross~girain cﬂz%e as shown in Fig.;
20, 7The straein dlsgram {Fig, 19) is. mara or less tyyimﬂl @t
the strain disiridbution scross the seotions of the eslumﬁﬁ
- for leads near the oritical losd.
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The avemga strains at the eem;m: section wem apu
16 mll Ae:xgm
of the solwm - up % & cortsin leoad far aauh aaemmn s &hw&

pmximtely the same aa the average over

xmi sh %:}w mmg& strain ot the wm&ar was greamer than the

ammga for the falz; lengtih of *&h@ euluan, fﬁam ia a:mm by
- the mlw iines, for the

the divergence of the breke;: s Tro
highm loaﬁa in Fig. 20
k‘vi&anmy there wers tw mj&r %nﬁnema wm@h af«- |
feated the awhsr, location, and direstion of thia strain ‘
iifes in the whitewssh, nmmm:@ the %mhﬁ of the esm%ma;_
and the method of ifa&iw_s&w._ In the columns made of the
Hghter %é'%fmma—;,f the strain lines were much morve general
then with the heavier sections, With the 10+in, 8B,4-1bs
I«am’&ie‘m& the strain lines xn *bhe web were alwsa&y spaced
; ,;ﬁ:m, into the fillets, ei ther

and prominent, but never oxti

, from the vit%éfia{s. or from the Jf.‘%angase; Wigh both the 'heaviier

a@mm that :ié > the i@-&im | ?";;,.lb. I*ﬁﬁﬂtﬁ@nﬁ m& &-m. $2~1b¢ :

tended antirely aamss the web and out into the i‘mga&r zw

LR8E Was fmﬁ m whieh 8 stralin lma @m@w@ & mm an&

enly & few m which they crossad B¢ }.ﬁ.m of %zza weld on the
mter mea ar tzxe Elatea, mm is; on ishﬁf fan& mmsm@ that

'ef the wl&. mm the rimm& calums, the aﬁmiﬁ lima axau

tonded to the edge of the i‘ls.nga mﬁ up eloﬁa 1o the z'ivates.‘




?ﬁa atrﬁas at whieh straia 1ines first agyear&ﬁ is g&veﬁ in
?a%l@ 1&, ﬁeiumn e. It rama@ﬁ ﬁv&m »l,@@@ t@ &Q O&a l%, per

'agtia. exaep% ror Galumu.ﬁ in ahxah the first aﬁrﬁim linaa o

a@peﬁr@& a% a 3%?@5& nf 5&9& 1b.ﬁp@r 3Q.iﬁ~ @ﬁﬁ ﬁvﬁyafa »
s%&aas for all waa 35,@»& Eb. ver sqeiam %ﬁe str&aa at which
sﬁx&im xiﬁaa ag@@aw is genaraily &ﬁ&ﬁmﬁﬁ to %@ a@nraxiﬁataly
tﬁ@ yiei& gﬁiﬂt sf tha aﬁeal._ E@r this t@ hava ba@m th@ case
with theae celumﬁs, reqair&ﬁ tha% there»mmst ha?a baaﬁ &n - inimc-

'%ial sraaszaﬁ the g@iﬁ% ﬁh@r@ tha ﬁtr@iﬁ limss~®kmrt@é, avamm

aging abaat 3@ Gﬁe 1b. per sa.in& o '

%h@r& ara sama r@aamma fmw'ﬁhinkaag ﬁha& @amﬂraaaiva
stresaas msre aat up in tﬁe w@hs of the Iﬁaeama and E*hsams by :
unaqnal eaﬁlima af&ar razlamg, b 1% ia m@t'gtaszbla to a$~
timate tnﬁir magnituﬁs._‘-

B Thﬂugh initial sﬁressaa of emnﬁiﬁerahia magmmtaaa dus
to the hea% of walling ané cf waléing.War@ uﬁﬁ@ﬁ%%mazy gresaﬁt&
this fact need not be alaxmﬁng aiﬁca the strangthﬁ ef %he '
ew&umﬁs were ahon%-mﬁaﬁ(shauxa‘ba @4@@@%@& with %ha mata#iazﬁ,
aha§s$, and 1@ngﬁ&s uaaa. The appearanss of s%fain &1n$a an '
the columas 23 rs@@&d@ﬁ in some &ﬁﬁaiﬁ‘ia the ﬁg@ﬁnﬁix, | Eﬁﬁf
the &txteh*welaaa ﬁolumns {6 &8nd 7), the s&m& gaaaral glaeﬁn *
ment af the strain lih@ﬁ &Kiaae& as in %ﬁa columng ﬁiﬁh the -

atiaueus~xalﬁ&a oxeapt that the s%raiﬁ Iiaea, gen&rally, 5
were found in grﬁups-@@yﬁniﬁa the welds 4nd graetia&lly nevar
1n;the sections botween the ﬁntaﬂmﬁtteat‘wwlﬁ$¢ |
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- In & study of the strains Que o welding, and their
effeot on the location of strain. més-; a :m};w: £ive foet.
long nes, fabrﬁeataﬁ aaﬁ.tea%aé. {5ee Fig@ 31}. mwo 11 by ~
5/1§~3n, cev&r platea ﬂ%re ﬁt&%@hwﬂBlQSQ 0 8 umre whiﬁa |
acnﬁisteﬁ mf & 10~£n. 3b~1h§ zwﬁemm. ‘The weia& aﬁ the top |
and bot&qm ﬁt the ea@umn'wﬁr@ ﬁ@ﬁ#iaaaua for ten inches rxmm

. ‘the eﬁﬁa ﬂf the calwmm, “ﬁ& int&rmaﬁiaﬁa'ﬁwiéﬂ were ?&ﬁh

%wa'imqhas lung ana u@r& el

gh% inehes apart, ﬁ%@w Yo .va%@ms,

“pw.mmaa %o the welding of the plates o the I-scosion, numer-

@us twnaimch gége liﬁﬁﬁ wore @stahliﬁaeﬁ and mamﬂ, The gage’
Eimem BETO again raaﬁ after %hn»w@iaing was eamgl@taﬁ and the
c@lﬁmn'hﬁa'caQLEé &@wn o ncrmml 5am@e$ature, Laad,waa then

. apyliﬁd uy 0 e mﬁxnmnm of %98, 000 &h., whieh,eaﬁsed an svers:

age ssress zn the aclumn,ef “?,?aﬁ lh. pey aﬁ.in. After ﬁha
strain r@a&ings nad heam»&btaiﬁaé under this load, the load
Wwas remnv&ﬁ an& anatﬁar set of tea&iugﬁ vas Eakﬁn to MeASUTS
any y@rmanant get xn the eela&ﬁ |
Fig. 28 $hawa th@ &euati@n-erxintsrmittent welﬂs in

'relatian za &he gag@ linaalusaﬁ %ﬁ éatam&ina che diatribuu s
tiom of the stfaina in a awaas«saeﬁi@a aﬁ the e&nﬁar ei ﬁh@

aalumn ané,along thﬁ aﬁg&a af %h@ eavar pla%e t@r a@we aiﬁw
tanoe abov@ aad ba&aw &ne eenﬁer* The e&avaﬁiam wf the' gagﬁ
lines is givan by let%ar&, anﬁ ﬁh@ g@aih&@n ﬂﬁAﬁhﬁ @?@5&«

section 16 gived by numbers. ‘For mxampl@, Buas was located
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B
at mi&whaiéht af tﬁa eeiumn and an tha fiilst of the T
aeﬂ%i&a.t: |
I ?mg, 23{&} the uniy aaﬁaxm&tiﬂna in all g;‘g'y
13&&& eut,by Seetian Dat mi&~hezghﬁ af ﬁﬁa o@lumﬁ.hav% .
ﬁaen plctt@a eggesite tha g&ga 1inﬂ iﬁ @ ﬁifﬁ@&i#ﬁ~aa Hiﬁkﬁ

anggaa Wit& the surfaae 1n‘w%ie& the. s&rain as@urxeﬁg ﬁian
tane@ ﬁaay *ram the sﬁrfaae ragrﬁﬁants c@mgraaﬁiVﬁ strama.
'Eviﬁaa%iy g3l the @agﬁ liﬂaa ﬁuﬁ hy"thw aaavi@n &h@fﬁ@h@&a .;”~
thnngh Lhﬂ str@ss cannot havw ‘been 0@%@?@%@1@& i e31 of
tham, @in@3~%ha @mtal stw&aw on #h@ sﬁeﬁi@n W&s z@r@¢ h% ‘
tha tzm@ of making. the walﬁ, tha Eﬁtal &ﬁrrauﬁéixz ﬁt maa -
heaﬁea t@ a high ﬂﬁgf@%a e&n&ing & ﬁarkaﬁ axpaﬁgxan &ﬁd ,
gr@atiy re&aaiag 1ts r@sxausnea £ fbfaea cousing deform-
aﬁian. ﬂiﬁﬁﬁ the @gt&& at aama &istanae frﬁ& the walﬁ was |
not hawtaﬁ to so high & 3%y ijlﬁ, the. reseraint whiah ﬁ%
aff@raé aa&ﬁmat alga@aﬁi@n'mnat ha%@ _?ﬁﬁuae& in ﬁhﬁ matal
imma&iaﬁa&g surroua&img tﬁ@ weld, a &a&g& gl&ﬁtza f?j; wﬁieh
-aa@~a¢eamaanieﬁ‘by vary'xzttla mtx@sas As the. higﬁiy heaﬁad
m &tal aaoxsaa it ﬁ&ulé ragain\itﬁ r@si&ﬁaﬁaa za~a@r@aa aa&
'wauld Ee subge@%e& to & nigh tﬁnaiie strgss, ﬁae~tﬁ tha 3&- "

sistance of the aurreunﬂiﬁg m@t&l whiah %aﬂ ns% suffaxaﬁ ‘fﬁﬁ

pl&atic ﬁlﬁa. Garfasgﬁndingiy ﬁhﬁ<ﬁﬁ%&l a% some éistane@ L
from the malﬁ &@u&d be au&jee%a& te emﬂprﬁﬂsive»gtraﬁs, 9&@9@1{
the ts%&l &ztarnal,xarﬁe @n the a@atzan was aera, | '

ey e ene o " . [ ———— ey
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, #1thout seme ﬂmow1eaga of how much plaszie flow there
was, it is ©

pessible Yo state hgm*mnqh.@r_the,rasa;%ant-ﬁge
formetions shown in Fig. 22 (a) represent stress. . However,
the smallar the soetional area of the h&ghly hegteﬁ par%ian,
the gra&ter ﬁﬁll be its ylaﬁtic fiow due. ﬁa thﬁ &@atm ﬁﬁﬁ %h@ o
gseater»uiil be the t@nsiie aﬁreas due . to cantraetimg wi%h a
aaaling¢ A% psints in nha aeaﬁium 80 fa? removed fromw the

- weld ﬁhﬁt plastic fl@w ﬁue %@ the heat wes anlikﬁiy, the ;
strains fndieste & camyrasséva str@ss 13 ahbm% 15, 0&@ ib. per
sq,iﬁ., and it sesns 1ﬁkaly %hﬁt at the wela the ﬁenai&e ‘
strecs wes 48 gxﬁa% ag thﬁ ylal& yainﬁ of the ﬁﬁ%&l in 3yiﬁ%
of the-fa@t that tha strain x&aﬂings showed that 1% had,ahort«
ened due to the wolding.. , 7 :

Th@ grge lines in the rows numharaﬁil, 3, ané ﬁ in Fig.

22 (b} and (¢) give thﬁfavexa&avatraxn,&t th@aa.aamnara=e£ the
ecolumm at aaverai tections heﬁweéﬁ»ané through the %ﬁiﬁﬂ; The
gege 1&335 in rows 4 and 5 ere 89 plaa&ﬁ aa to aeteeﬁ-any l@@&l

ban&ing in the plate, but: their average Ea directly comperable

with the goge lines in rows 1, a. and 5 _
Fig. 22 {b) shows thet at all four corners of %he emiﬁmn

there was a‘maxkeﬁ shortening &t tha sectian %hr@u@h tne welds

Y g

PR e

and 2 marked -elongation at tho secﬁiena ba%ween welamﬁ Seetions
B end ¥, midway between wolds, &wra'ﬂar'enﬂugh:&

o the weld

H

that there probably was po plmste £lawsia-%hem@"ﬁh&*évéfaga

e e e G 2 b~ B T R e A ER T ™ 1 g PRAFT 0 SR
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tensile #train at the eﬁges~af‘tka;@1a€es far~%hase-$m@ige¢& o
%ianﬂ-ware 69@*&n&.3ﬁ@ mﬁl&imaths raﬁgaetively@ ﬁsfng'%ﬁe
a&%r&g@~m0&ulﬁn ef el&s%ﬁei%y ﬁf E@,@@G,Gﬁﬁ Ib. per BGeine

the aﬁrr@syandin@ &%raasaa axe 1?,49@ and ?&56 lh. @ﬁr~$g;iﬁ. P
ﬁinaa %he axternax forae apan»aach of these sections $&. z&ra,-
;her& muat have been eamaxessiva s#ﬁeas&& upen. G$ﬁ$¥ garta of.
%&a sectlon %@ balanma ﬁhex%enazlﬁ straasas. .

rzgm az {4} shows that the straina @n,eyyaﬁita faaas
@3‘%ke gover glate were aot equal, ba% %hat 1aeal hending
sﬁmim verying somewhat regularly from weld to.weld, taok
'pla&e. =§ﬁ@&a‘%an&ingwaﬁmaras“w@ra<prabuﬁly'émé to the fact
that ﬁna\hﬁaz was epplied to only one &i&m of the plate, The
&ifference in gﬁx&ins-earresyanﬁa to & difference of sivess

on @g@@sita sides. of tﬁe'glate,- Q&ﬂkiﬁg at Section E %ﬁ

ug=1mataly 27,000 1b., and st &eeﬁi@a F to 1@ y 500 &b. per
8qeins | | S . -
 one vartatioss of strain aleng :f;% siges of tuo -gmaé,,
%h@~$@lﬂﬁ&.&ﬁlﬁ$ﬁﬁ~%@£¢&?&ﬁ\fﬁﬂﬁﬁ,ﬂﬁﬂﬁﬁiﬁﬁ,$@m=QElﬂ$& .@V$ﬁﬁn$£¥
the heat of welding had set up compressive stresses at these
points and tensile stresses at the edges of the cover plates
betwosn them 80 that when the load came upon the column, the

yield ga&mﬁfwa$-£¢aaheévfi?sﬁxaﬁ~§0&n%&;ﬁy@€3i%@~ﬁ&@pw@m@¢.
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@%e yhanamena 9@13@@& @at.ia the foregoing paragraphs

moke it apgaraa& @hat there is POOR Ff;thar study of
the effgat of walaing an,s%resses 33 s%fuctnxal mﬂmbaxﬁ. fit_
waala ba eatmramy faaﬁihle t@ @uﬁ @uﬁ &ﬁr&ya mf ﬁha 8@@tiﬂn »v
at uhich %ﬁgAlazga éefﬁrmatians &ne ta hsat aeeayre&, &nﬁ &eQ
ternine what the total alaatie~atmaiu {s. Tot all of this
wau“& be éﬁﬁ ta %ha se&ﬁxng, hmwaver, s&aéa strainﬁ dug %@

ﬁh@ heat<af r@iliug prahably‘wawa alxea&y preasa%. ‘

far'wﬁ@h

ﬂyaa ayniieatisn.ef laaé,to t&a-aolamn, the straina

ware rea&;ana hava heeﬁ giesteﬁ in Fx3, ga., Tha sl@ga ar %he

grapha 1ﬁ E&g, “3 &n&iﬁat&a tha% tha s%razaa &nem@asaﬁ &% ay~,~

prexamaﬁely thE>ra%e.ta ba expeetea.far steei nnasx CompTess=

i@n, but b@gimmiag in ﬂ&ﬁh case wiﬁh the strafﬁ seﬁ ﬂp hy tﬁa .

aalﬁxng. aa a rasumt, %R@ total stvains at g&g@ lines 21 to

@az, ﬁig. 23g um&ex the £inal gﬁwﬁaﬁ af 3?,?@9 1%. per aq.&nus

were vary 13@@9. i shaﬁia be axgaeteé, s&raiﬁ zines farmsﬂ
in the whiﬁe e@mﬁat aﬁat az the inéiegtaé poimza of high
strain epgusite ﬁa, anﬂAsams ﬁi&ﬁaaaa frﬁm th@ maxﬂﬁ, ﬁut
nama elosa %@ zhe malﬁa. Thiﬂ,is ocns&&taat ﬁiﬁh the faet
that, as naa gravzaasly p@int&&-aut, %ﬁﬁﬁi&@ atrass&a magt |

have exie ﬁsﬁ in the imms&iate ?&&iﬂiﬁy ef‘ths w&l&s‘v ?ig. 8& '

ana 35 ah@w ﬁh$ strain.xznea &% thia 9&939. %%e absam@& ar

atrain 113&& in. the weléa may hava,a fuxtkar axplamatian sznae_
aaleiary %esus mﬂda on small anglas sh@m@d am.st@mza lines on

NP Opiry pe e NI oo wo-s Ay Ay i S0y SIS e I Lo g P v s . Jagy
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the “ﬁlﬁg@ “1th@“§h the &Q&Q appiied aauaea atr&saaa f&r Ba~f
Wﬂﬁ “ﬁm 3’31&3.&3 pam‘t: of ma aﬁeez. B

G ha@.ulus mt mwﬁmiﬂg. | 'z*ame m givas 1:{;@ maduw? f
m cei‘ aiaaﬁcrmy 88 dﬂtgmima i‘er aert:aizx ‘soRpORS a,néi for
ﬂm eaimas. ?ﬁe ménlus of elas‘tiei ty Q‘f the cmxpeafs fer
th& care m%mm and ’Ehaa }zia%:% i‘iefi’& weismm m gmp@ru@n _
m tzm sw*%:‘:wml amas of aachm end %saa mig;maﬁ awmw mr':
‘!;!w a:a irf:; wwsmwetmm @1” me mmmns ﬁatamimd. . m ag-
tam:im "bhe mm'mms of el&atw;iw &imc?‘;y fmm the tesw of
the mims the smm in %hva gage lines at m&%ezgzﬁ: {seew

t&cn ﬁﬁ} mr& migate,d izx pmg;ari:mn m the appwxma%e aress .
mf %lxes &mss«saat&:ms umc:h they ree;;amsanteﬁ » and weighted
msmgaﬁ 333:%% for .:;m”ﬁifm Ge wma deﬁemmﬁ i‘maz thesm
migﬁ%& mﬁmm - (*I’Maa strains %ﬁ?ﬁ m@%ea in }é‘wﬁ m, mﬁ
fmm ﬁheﬁe ﬁz‘msﬁu&tmm &1&@&% tﬁe mﬁuli of al&sﬁieiwg
mwzz in tm émst aolm of Table m, nOTE ﬂehwmimﬁ, :

. Galy ﬂw ﬁrsﬁ ﬁve mlms %%ted, 1BB, ?; 3, e&, ond
5 wam asaﬁ fcr thﬁsa &etermmtim sinoe in cai.mms l; 6,
and 7 a@me oF all er i:he gage 111&@9 on uaetien ce mm mtmé.
For the values of mﬁulus of Mﬁﬁia&ﬁy mm the soupens tested
~ in Sension, the oxtrems renge ma about m,m of the average
value, 33’@1’ the mlu@a t‘mm m eolumn tests {Qampmmim 'tmim}

the ran,ga Has ahea% thres xﬁmaﬁt.

.:--.S. b
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The averaga'm@duln& fron the eougang wea aaﬁsaﬁ,aﬁa
angd that from the: ‘columms: waa 28, 656 000 ib, per a@‘in. Th@
agva@meat between zha two ?aluaakia v@&san@blg gﬁ&é, 3 e
ﬁh@ﬁr~avarag@ is very aiss@ o P%,@@Q 000 1&. pez aq.in.,
tha vaiue usea,ia the e&mgut&ti@n«ot &tr&sg@s fram ﬁﬁrains
in thia r@partw , ‘ ‘

Ghe’ agresﬁsnt b@%we@n.tke waight@a medulu@ far ths |
aaiumn¢anﬁ »ha n;&a;na f@r thﬁ aeu@mns is af 1&%&3&3@ ia view

waf the faeﬁ @h&ﬂ ﬁﬁatﬂ a@ %ﬁm iﬁ&@p@ﬁé@ﬁ% atwueturaa iﬁ Te-.

eent y@arﬁ reymrt%ﬁ by }rﬁfesﬂor eiyde P, Jayris*aaa Freresga
Tort* inazcatsﬁ ALy tﬁat the. mm&nfﬁs Bf- elas%iaity
of ihe eﬁlumﬂﬁ was, aﬁly‘ahouﬁ 2 3@‘,@&3-1@. @ar aq.iﬁa, g?}

.%ha% %he load was. aﬁwmﬁ 29% @r@azar than that c&ﬁ@&%@ﬁ, or iﬁ}

ﬁhﬁ'éﬁuﬁa
poth tests app&ar ta have bﬁaﬁ s0. earefuily‘eenéﬁcﬁe&, and %ﬁe

%kat errores aue. 0 tempera%ure ﬁ@fmrwat&ans entered

r@ﬂuiﬁa were s@ eanaiatent fox a zarg® mnmb@r af columns, as

o makﬁ it ualiﬁ&ly ﬁh&t apnraﬁiabza axrar~&ma %@ %@mae"aﬁar@

mr iﬂaecura@y im daﬁeﬁﬁiﬁiﬁg 1@&&3 wam inv@lvea.

HS OF A %ﬁLL Eﬁi&ﬂ&%&,
ﬁngin&axix& Mx§artmaﬁ$ &&atia&, ﬁaila@im,ﬁﬁ, %@, @ﬁim
Btate Univarai@y.

* mm—%mm o STREGHES IV POUR STELL COLTMNS OF T3 -
BOUITABLE BUILDISG, Bulletin No.72, Fugincering ¥xs .
periment Stetion, Ilowa State College.
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It was largely in an effort teo find out whether une
_ @véﬁJﬁiﬁﬁrihutiﬁn-Gf stress over ﬁﬁ&”ﬁ?ﬁﬁéﬁﬁﬁ%ﬁgﬁﬁ;ﬁﬁﬁgﬁ
'ﬁ#@iﬁin~®h@‘@1@crapaﬁ¢y in ﬁa@%ggﬁa_%y,ﬁ@gxié‘amﬁ‘ﬁyzié§ .o
that the gage lines shown in ?ig;;@nwarw_sﬁ;ﬂ@mpl@%éiy-ﬂiam
- ﬁribdteﬁ évér'tké‘craéawséatieﬁ.bf the columm. Eowevar,
th@ rwaa&%a Bf ‘these testa offer no 3&?1&&aﬁiﬁﬁ af the un~
axpected gheﬂa%@na ohserved by Horrls end Fullers

: ?!

| ‘B&flwétvﬁnaw The snitial alignmonts of tho colums
an gﬁvan @y mﬁaguremﬁnta on th@ eav&r ﬁl&ﬁ@ﬁ, &?ﬁ shown in Fige
ﬁé @he leaﬁ ﬁeﬁlae%*ans ﬁﬁr~$ha ﬁalamas an&er Iaaé are given
in Fig. Eﬁ, ana the . ﬁ%fle%ﬁiﬁﬂﬂ at maxamnm,laaﬁ are given in .
'@ab1@<ll. g -1 bath ua&a& the aaflaa%iam aiv&n @@ﬂurr@é in th@
plene of ledst xasiatanaec I o

T&a f@ll@ﬁinﬂ éis&uasian af 4efleetions apglicg ﬁ@
fﬁnlamﬁ 4 whieh. ﬁa» the first ealumn taﬁ%ﬂﬁ. The ba&aviax in=
_aiea$@& here nay be taken as mﬁwe or lesa~t$piea1 of. &ll tha_
columne., ce&nﬁn 4 was not eﬁtlrnly st?&ighﬁ 8t t;e beainﬂing
of ﬁgﬁﬂﬁﬁﬁti {Eig» 9} Eaeh eQV@QW@iate h&ﬁ & aamhar of OB
ine at the center, but the omsber wes 1n'ap§$$ib@“§iX®$ﬁﬁonﬁ
fer the tvoe plates, so that for é@ 1ﬁetians of the ea&uw@ as
& whala, the. effeet should be n@&rly the seame as though the
column hed been straight. The camber 1&~0§p@5@$& é&g@@ﬁ&eﬂa
might %ﬁné-ﬁa iﬁﬁraﬁwwm a.téigting, hu* i any‘ﬁ%iat~wﬁa pre~
 sentjt§e}ﬁe ?se*zan,apparatas used aas mat ssnsitiva enough
to detest it,
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ﬁom@ ﬂmrlectian in %he plene of lea%ﬂ rasisthaas

: WES~E§Q&£&H%«&1M&S$ fram th@ b@gimvina of %h& Test (?3g.
B6)e 4% w l@ﬁﬁ~ﬁf 286, eee 1%. this ﬁeﬁlﬂcti¢n<@&a +02 ﬁa. _
and ﬁram than.an the d&fieeﬁxen 13@?&@3@& raﬁiﬁly, @ea@miﬂg
77 in. at tﬁa mmxxmnm lﬂad uf 5%%,@9@ 1bu B@fl@@ti@a dx.
ths glane er gzeatas% reaistaaae.bagaﬂ at. a laa& @f aﬁguﬁ
366 &0@ lb. (the 1caa-at which the ﬁaf&e&tia& in ﬁh& @lane
otVle&st xﬁsistanea firs% b@g&ﬁ %o iaﬁ?ﬁ&%@ rapiﬂly)a %ram
then on it iﬂcreasaa 539&&&13 to ‘63-inm at a 1aaﬁ of .
5@@3@@@'&@5 a%~Whiaﬁ kimafa rawiﬁ inaraass bﬁgan '.aﬁ th@
maximﬂmiioaﬁ or 53?,6&9 3&. tﬁis ﬁafieetian was +086. ia, )
.a&%ﬁsagh the t&aﬁ waﬁ ﬂant&nne& bay@a& the maximum lﬁ&ﬁ,
th& iﬁs%&am&nﬁﬁ had h@aﬂ removed and the é@f&wetian wag not
measarﬁﬁ. Tﬁe\yriaaipal final ﬁafleatien teak'p&aeﬁ in the .
plans ﬂ£ least rﬁ&igﬁamcavwhw&, with the taaﬁim% mashine ,
sﬁ&il runniﬁg, tﬁe laaé haé fallen off to =bout 500, 909 b,
That in the plana of greatest ”asisﬁam@e wag ati!l not ag~

arent to the gyes . ﬁh@;ﬁtﬁe&Aaglumns behaved 1 ook the
seme manner ss Colusn 4; Therefors detsiled descriptions
of the Qeflection of the mh@w{ solumns have not beon eiven
exeept in the sase of Column 1, which wes tested in a aif-
ferent manner and which is aisanaaed.in,maetiaa Se ’
Golumne 1, 18B, ond a, all were . u@uﬁt@?gawts af %&ﬁh
other except that 1 and BB wore welded Wiﬁh.&ﬁﬁﬁﬂﬁlﬁﬁﬁﬁﬁ

besd end 2 was riveted, lLikewise, Celummns 5 were
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«wzmwwa of e&m ﬁ%@&"g bu% 4 was wl“
Gus &@aﬁ. and 5 was rivetod. _ , :

Inapsetion of m@‘a ﬁﬁ shows mt in both m&m@a&.
exoept at the maximmm lond, the deflgoticns Of the riveted
wlm wm smm.w then those of the wmsgamﬁmg CoLUENE
ﬁ@lm with continus im&@m Pige 5 &aﬁimm that the
siveted colurms wore 4nitially amwxﬁw than the contiuu-
mmwy welded mlmmm

Eimtlarly, compariscns my Iw made | betwosn colums
mmed with continuous snd mwmatme Mﬁa. Solums 5 ead
% wm acunterparts N&@weﬁmtw c;af Columns & end 7 except
%ﬁaﬁ the Former weve wolded with cmﬁim&s, sz& the latter
with mwmama hﬁ&ﬁm m&«:a%w, ¥ig. 86 ﬁmw that the
colums with intersittens beads asflectod loas under 1oed then
aia t%aa amgmw less sm:aﬁam oolunnsg wztm Wﬁ*szmmuﬁ, %@éﬁm

33430 ms‘mw egmarigon pay he £0doe - Columns 4; 5,
and 7 were alike %ea;;% that O wes riveled, 7 wes @&1@&& with
an tnteruttient head, and 4 vith o continucus beode The mage

with & contimue

nitudes of the inifial dopurdures frow o atralght iine inerensed

fn the order given, that is, 9, ¥, 4pd ¢, vherens the deflection
&n&sx' sy load wos leadt for Goluun 7 (intermitient weld), anext lape

ger for Column: 5 €mw1mﬁ3, and lergest for %Luma 4 {oontinuous

weid)e
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In all comperable cases the deflections were largest
for the columns welded with the @'anﬁinﬁaué bead. Only one
comparison between s riveted column and a column with inter-
mittent bead could be made, and the deflection was less for
the intermittently weolded than raé— the riw%@é ¢olumn. The
two comparisons svaileble ehowed the deflection for the in-
'ﬁ'amifbmug mm‘s& to be less than that for thﬁafﬁm%nu@ww
welded column,

The columns fabricated by riveting were straighter
than those fabricated by either contimuous or intermittent
welding. %he magnitude of deflection under load correspond-
6d to the magnituds -ér the initial &amﬁurw from etraights |
ness except that the riveted colusm {No. 5) gave greater de- |
flecticon under load than the less straight eolumn {Ilc. ?);
which was welded with intemmittent deads.

In general, the aifferences :m' &ei‘iwﬁenymm small
an&.@nfxy one column of & kind was tested. Therefore, this

cummary of the  deflections should not be teken es a conelue

sion that 1t r@gragegﬁs-in.gﬁngﬁalﬁ th9~xélaﬁiﬂn}ba$ﬁﬂeﬂ“§6®-
flections of riveted and welded columss,

8. Bending Streosses. The average of the peasured
straing for gage lines ¢4 and 12, and for 16 and éé@ were ¢ome
puted separately. The former rvepresents the strain on the



ry

~ v4ela petnt of the matovial, but a marized giver
- plago at @ E
 ané aﬁ -4 mmﬁ of 16,

“loads 5io,

wm, ang the Jastor tho etrain 5 om the Dest ed@es of the cover

'nlatam m& %@@ sun. ef %mma amx*&@@ %mmg mﬁw@mw thie

aversge otrein oves the. wholo wgﬂmw@im zmé half thoiz
@Mmﬁ% mgmamzm m Mmﬁm@g atrafs &n *&m "wﬁm £ibre”,

'FWM that {1) the strains tzfm mamﬁ @@W@@my, and {(2)
@ plane seeticn before beading remet:
“‘4>mases aﬁm&m ral$iplic
| ‘.a" s.‘w m@a&u& eaf ammw for all w&mm, give tho bonds

aing @1@% mag bonding.
464 by @a,@@a,@@e ive W 8Qsdne; the

2 GERos 85, & maw%iwlya

o :'.S:,':““f mw

e wm:a mam mﬂ;m w m aren of the W&m«%g thet io %
4 @ﬁ?@mmmm a?m%a '

enohb &3&?&@ &3.& W

LG8 :swa»; for e lover lends, %?mﬁ m
%ww%ﬁ up to 8 poing m@m %ﬁa Wm M:mm m Bony %&ﬁ%

»awﬂ - bakes
ue of m,; o0 ;am poT. m,ma gor amm 283,
m s POT 6Geins Tor CoMwm B (fotel
GO0 Xby and -‘M% abe mw@@m@mh vhopang %‘sm
:ymm point etresses m the soups 5 teo
about 35,000 Ab.(per Gg.dn, for ench of ¢

fm a gtress of




g‘b m m&ﬁmﬁﬁ.ﬁﬁ {:{}g %@uﬁ m m Eﬁ.ﬁ%‘%@ﬁ 5,_.;'3 ﬁiw soms

‘t‘@y ond battan. CLima
ﬁm@% ‘wa;.,

had 3ittle aszm% on s m&mm

e *ﬁ@ i2 o awmnry @ﬁ’ ggm Wﬁﬁmﬁ ﬁ?@@%@@ for
olugme 1 to & im&umwu The »@&waw botweun bonddng
a%‘%m@w at %@J &@E{v, m&ﬁgx %’@?ﬁ %@ M@ﬁm ;ﬁ‘m Solwm | 4 3,@:

..eahm in semo ﬁamm m Figs 50« In el mmm the bengs

mﬁ% @W&%ﬁ&%ﬁ# ab the sz ond botlon Deotions %3’&1 end 0D ore
oo side of the m}a@m

A, _".;: m %@ k2

direstion Ffor emvm& NS m Q@&%m 3, Gy mﬁ % mm
bending a'if;i:; o8 ab the m, ‘middle, am bettan wove about
&qnaﬁ. as. would Yo the m ie ‘&&s& w&m m Sixed at ﬂm "
39 m.,, and 5: the bonding

- grentor a‘% iﬁw sop ma ms thé middio, mﬁ&»
sating soms initied mwmmw of londing m tho emmmm
Thave is we f}',;;m in ¥ig. 20 to indients. W xgﬁwma pdvasns

**swgza of es&%m m«mw‘a mr mm coluwms W%ﬁ the other,

— ,3.,“? thi mw&m @W@% goeris 0 have

165 enpried, This is |

ahoun in the fuot Yhat the w%ﬁ- of the @%maﬂs /% sﬁmga 3 | |
loady to tho yieldd point @We&a of the patorial, Qe:;ﬁivw in

Table A2) wus nenzly m:mam?s b m ﬁh@ oulumnge




thie test of Column 1, longitudinal strains were meacured on
the four corners of the coluun, that is, on the edgés of the
eover plates at sections epproximately fwo feet apert,
throighout the length of the column, &t the same sectious -
geflections were msssured perallel to, end at right angles
to the web '93" thé colwmm. The deflections due to o iced of
528,000 1b, wers > added %o the initisl departus

@8 fron &
stratght ltne and m mmlﬁag total &exm*tm*m {Fig, 30,
curve 2) indicate t;zm total mmma in thm mme under &
load of 588,000 lb.

It wes d&aimﬁ %o amarmm whether the ﬁeﬁwmam
of this column  under load were those which should b@ expeoted
| with & w:lm with as moch initd .
_ psasasseﬁ. This question a@p@&t& to.be of zsza gmter sig=
aificance since Column % ﬁmma 8 mxim maa {ma, lb.j
a&i&hﬁw in excess of ﬁm‘k {7“,%9 1b.) darvied by the mah
straightor mmsm ipB, m&& ms eubstituted fer it

Por the loed of .;aa,tw Ib, the bending momonts &Mm
a sraviﬁy &mﬁ %ramz to the %‘ﬁb ‘of the &&mﬁ; wore ﬂiempumd
from the m@asum@ ss'm&nsa for a:u seotions ot which strain gage
m%s ware taktm. For these computaticns the. usual
, u =Sl £1 was used in which M fs the moment of the fus
sernel iﬁ%ﬁwﬁﬁ%% S is the bending sivess, I is the noment
of inertis of the ¢olumn eeotion about the gravity axis to

mz*v&*&m as this eolumn
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which the moment is mrem&g and o is the distance from the

~ gravity axis to the extreme Pibre, that is, one~half the width

of the plate. The ctrain used in cemputing the stress, S, was
eme-»half the average &iffemw s:ai‘ mm strains measured on %he
eppasite aﬁges of tﬁm awer plaﬁwq Fer %he a@mpumtim ef

 the stmss, sg a maams of a:.amzeiw of 3‘9,9@3,009 1b, per

sq.in. wﬁ& useds

m hanams mﬁs mgwaé. in 'ﬁms mmer have hesxa
plﬁ%fssﬁ in’ aurve 3 ot Fig. 30, . It mxn m m'zed that there
nara twe 13&1!}%8 or zevo xmaent uﬁ.mm the langth of the eolumn,
$1noe the bending moment is equal %o the LFOGuSt of the lood
times tha diatmea af $ts sze aﬁ‘ mt&@n fmm the center of
gravity of %he saeﬁiﬁn et th@ aelumn, it f@ii@ws %&aﬁ at tha

-saatiam of zere bmdmg mmmt " a&m line wf aetiaa ot t:m lmd
on the ctalum st pass thmugh *i:he aenter of g«;mwwy of the .

section. This faet was used %o iomte the line of aﬂim M
the lméa ijacting ths %wa geﬁnm ot zem w«
tally from curve 3, 1&@ mtamwt curve 8, txeo mims xm %hs

end hariam—-

1ine of aection of t}w aalm wore ss%abnahec‘z. | Pm&ng a &im
thrdugh %lmaae pamta it is inﬁiw&ed that theré wes an saeen* "
tricity @f the &mﬁ e@m to 0.36 m. at tm '&sg; of the mlm
and 0.09 in, st the bottom. lMultiplying the load by the de- &
x;«armr% ef its lme m’ aamfm fmm 'Eim een%r msw a:? the

-defiested eﬁlmn (fme hax'wmtal ﬁat&m& from the. :z*.m*v@ e:&’

tet&i aerleetmn to the ;L:}.m ot awﬂ»ﬁn} gives the moments at |
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ms mim;s aeeuam.* 'masa hava hm pmme& in euwe 4
f@r mw&aﬁn with thme mmﬁ i:mm me ﬁtmms.‘ '_

‘iﬂzi;ie zﬁsre are eer‘&ain dﬁammts, the gmeml
 agreenent ﬁemm %ham o mmt ourves 5 &mé és 18 @enﬁ.

"' Frm eaah :zmment eurve (mat m, t!aat ohtaimﬁ a&ree*&ly fl‘@ﬁl
- me Mraimg mé that im the gmz‘iuct of the, mm 'ﬁﬁ;ms the -
&apmrea) the aeﬁee%iens imve iaeen éetamizze& by a dauble |
mtagmﬁm of the 'ﬁ:"f curve fm’ ﬁha calmn. The measured aan
rz.eetiona aaa ‘éha two ampmaﬁ deflsctim cmav !:sam been
p&eﬁa@. in aur#’es 5, &, and ‘?,‘W f@t cmmgmmm with each
_othér. The agreement, whieh is very gmﬁﬁ m&&eataa ‘that
'tlzam was nothing mys@em@w in ‘tize bahav«'ier cf the ealmn |
86 {8 as doTlections arve condermed. It is not w}.m, hew-.
- ever, why Oolumn 1 cervied a siightly mreser 1084 than column
155 tn spite of the leck of aligment of Columa l.. Tho ex-
plenation 1o mot to be found in @ difference of the yleld
‘points of the stesl for the two columis, singe the Gifference
smounted to anl? 590 1b. per fsq.-in;; | Thé wetghted 'ngagg‘ |

# | gtpietly these moments should bé multiplied by the .
- angle of inclination of the live ef asction, but o
the ugz;%?z nes 80 smell thet t!m casixza was %akim
. 88 ' ' , ,

*#  gince the aei’:watim ourve wmm have been detersiined -
direcily from the méasured strains instead of first
using the strains %o compute the momsnts, the ﬁer}.eaw :
tion curbe & has been designatod as that computed .
from the méssured strain. In deterniping the ﬂe:flwu
~ tion given in curve 7 the moments e@m;mteﬁ as loads

Mmes departures wers used.
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ymm p@iﬂ‘% m caluma x m %,9@6 :m. per sc;,. m., anei that
mr emmmn m;a m 35;46@ &b. m:: m»in. In agi‘%& ax’ its

co}.amx l, am?a this my aseawﬁ fczr the i‘act that aos.m b

earried slightly move load Sham 1EB. Possibly the lack of
 plapeness of the ends of the aalmgna had mem %o do mﬁh the
éemiemnt of banéing $tmases thm: am tm Inck 0f {nitial -

ratghtusss.

' If% was umxpmm W'ﬁﬁ&ﬁn e@a@mﬁmémy of Oy 5& ine
for the resumam xem at the m}p m& o rind mew‘ﬁmaiw Bo
much gremter there %hm af{s $he tm:m 58 iﬁ&iewﬁeﬁ in ecw
$ion 3 “much eam was us@& in ﬂmtwm@ tm cal Ens ¢ Hem%r,
as shown in I’i@. zg. ’éamimg st;z:alxw were femé. &arly' in iﬁm

‘sseszs. Al‘f;haugh the eolumn m worS mil:teﬁ, fzmy vem not-

ylane eamugh ta ps’eviée tmifem mxxmt with me %w:t.ng plam
and this Laeis: off plamnesa seems m be »ha mat prchable caﬂsa
of the maen’l;riaiw.

10, . aé
tional Mmm sweaaas fmr %ma ealwma wam eia%miw& from
Pig. 20 and are gﬂm fn Tabla 8. '

ﬁ‘ha prapors: '




'g@@@@v%&ﬁnal Lmﬁika ﬁef ﬂom;;;w

top ﬁm m:u deng g
ourve; g&viag,aanfiwmaﬁian of %ﬁe aar@a@zneaa of zhﬁ pro~ |

. The gtvess at which any curve in Fig. 20 departed
ayﬁraeiahly,ﬁﬁkﬁ 8 a%raigh% linﬁ‘ﬁﬁﬁ ﬁ&kﬁﬁ a8 %hﬁ ?fﬂ;i*:fl’
%zaaal 1&m§t<fbr ﬁh& @aluma ragr@sam%a& %y ﬁh@ auxv&. @%@ 
3, 6, and 7 wer so mﬁ as -

te rai&& BOme émmﬁs aa &@ the vaiaéity.af %he valﬁaa aalw |
ee%&, but for Colwmn 3 the pofnts determined by the mam
gres ﬁﬂ& %haﬁ@‘ﬁﬁﬁe;”f,;; hy tﬁa «}mar%aﬁaéaﬁer‘r@m@ia%ﬂ

' gth. of the ealamn a@&n&iﬁﬁxﬁhraugh&u% the
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gﬁ?ﬁ&@&ﬁ& ximiﬁ. ﬁlae f%r emIaMﬁﬁ KB%, %,‘%g &ﬁﬁ 5, tha |
pelats detemined by the strain gage wmazaa with thosé ,' '.
from %he a@mpreﬁa@mataw up %¢ 3 ﬁ&gh lﬁ&ﬁ Fﬁz cﬁlaﬁﬁa 1, .
8y an& 7 aﬁr&iﬁ &ago r@&ﬁim@a fbr yﬁazkgng aha awf~f‘
s%raius*wmre n@% taken ﬁa\&o ammgavza@a ﬁatw&aa gragarm

%19@&1 iihfﬁ @y %&a two mﬁﬁzﬁfa maa akailabla,

 The mmmm at She proportional nmm as shown i
?&hl@ izg wer@ haghar ﬁh&ﬁ the stresses at %&a fifﬁt ap&wv51
anee of a%&a&n lxaaa, ya% %ha@@ i$ & %ﬁﬁﬁ@&l aﬁrraﬁﬁamﬁﬁae@

| betusen thm t@a @e%a @f w&lu&x ﬁﬁiﬁﬁ Aawvaszha im@waaa&mm

tﬁaﬁ there grabably wmﬁ 8 zaxa%i@& %@%@é@ﬂ Shem., It nas b@ea
ia&iwatea @aita aiaarly thet t&e pr%ﬂ@ﬁ@$~@£ imitz&i aﬁm@maﬁa»

ive atm@aasa a@ any yﬂﬁiﬁieﬁ ﬁ&at@&&ﬁ the &Eﬁ%&?ﬁﬁﬁ&wﬁf s&f&i&

1ines at that position. The gemeral oo

rospondsnee betusen

stresses at the propertional limit end at ﬁ%&ﬁfﬁxsaﬂagﬁﬁ&§&n¢a




PN '

of etrain Lines, ‘Bﬂé‘iﬁ@ﬁ% that the gmﬁmm of mi,mﬁ

o mﬁ@m&a nlae affocts the me of pmmm%&mxmzy betugen
' zagzgv:&m& aﬁm@ and wmmsm &Ww : ’

A& comparieen &f %im %msmm Mm:@n%& %asr mﬂ m
nied aw ﬁ*@mul& ' '

Cre ‘bkzamﬂmmiﬁaa |
. 4w the am%m@& m

s the Fﬁazﬁsmg me P—
wm - end

: . an mw&m sanstant. £or @tm ﬁ B:
with fima wﬁa

; " iie weoe used g’m' mw&asm h@e&w& it o s
Fold+lmomm !mé gaite Boneral

the eoupon
T eoste

% » slendernons

meﬁww@ formln,
strength of mw@mm eoluzns Gannot bo properiy
mﬁ W en the tusia of tho etresses dovoloped ot the
i ;Wq It hoe boen found® that Lfow coluwmn of the sane
a&mm%a m%i@, %, the stressos a‘k e w 1688 Wers approxX=
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s'beal fmm which %he'y mm maem, Tm mﬁe of iz};@ mamge
eximm load on the column w the ymmagamt e
.mreﬁa_ of the at@e}. thus bsemmas a mmxmsa of the affee'aivw '

ness ‘witi& which %1‘33 matarml 4n the wlmm is zx&a. . %w

mtw, which is here temeﬂ @m aﬁ‘acﬁimnesﬁ mtm, has heen
wmpu‘{seﬁ &nd ig g&wzx in th@ nex% 40 .the msﬁ eaﬁmm c\r Table
32, ”hﬂ hiﬁhﬁst mtm gimn is: ma&, @mﬁ 3.mgst 18 0. 8’?9. '
and the avemge a‘f g1l is 0.91:5., “The mﬁm var:&a;tixm m@m
the avemge i &,é,a. *rhe averaga effmtimnass x*atma for -
the rwete&, cen*{;inuwsly walﬁeﬁg aﬁ,@ stzmhnmeaa eelma
were 0 9&% @ 9?3., axxﬁ mem, mgmtw@},y. _ -

. on the whole, 4% must be conoluded mma tm max i "
.’Lnaés ﬁtﬁ&‘dﬁd in %mﬂ er the ytelﬁ»yaint s?mm ef %;zze mﬁw

ial, thet is, ‘%;hsa affea%vmss mtitas,& were. sa nearly @gxma

. mgmmiless of t;ha meﬁma M fabmca%im n:ﬁ‘ the w&mms s that

8o mliame éistmetiem ean ‘be nade aa to the effmmvmaas
of the three methods represented. ) B .
‘I‘he ratio of tle Eﬁ mpmte& by ﬁaﬁk&m *s formila to.

the averago siress st mw lwﬁ is giv»en in the lest column
in Table 12. These valueg represent & measure of the acouracy
with which Rankine's famla. nay iaaf é‘;ﬁsaé to predict the average
stress at meximum load in these 1@@1‘@%@3’1&;: - The values of this
otatio renge from 848 to 929 and the average for all velues is |

88% of ithe meximm load.

R R i v i T A e T e a am
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1l. Owmery of Resulis. (1) The largest slipping
of plates shown by the measurements, was about 0,001 in.

Dven this may have been nerely a differenve in compressive
deformation within the gsge length over which the measure~
ments were taken. No weaimesses atiridbutable to fsliwxng
of plates developed. , |

{2) utimnmmiag caused ahertan&ng of the metal at
swtim through the welds and elongation at the eﬁb@s of the
sover plates at sections mi@way betwsen walﬁ&. - In the miftahs
welded. céiumns# the sirain lines appetired first on the sec-
tions thréu@:a the welds but none appeared in the welds or in
the metal very cloae to the welds. In general, they 4id not
gppear botween the welds except in the webs br the eolumns,
where tholr formation apparently was drought about by initisl
compressive stresses sel up in the cooling of the section
after rolling..

{3) The points of firet appearance of strein lines
corresponded to the points of highest initisl stress due o

heating of the metal 80 far as the stresz due %o hesting

couléd be determined. . '

(4) The aversge modulus of elasticity determined
from the coupon tests was 29,300,000 b, per sq.in. a.né that
detormined in the teais of the columns was 28,650,000 lb.per
s8gein. The ,:éa-&ulﬁa ased in cooputing stress from strein wag
29,000,000 1b. per sg.in. o
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(5} In all camyarablefaaaea, the aaﬁleetians uara
gretatost fm@‘%he aemzinn@ualy wa&daﬁ ealumaﬁ. Th@ra waa S
1it%le &is%in@tien as to ﬁatla&tian %@twe&n %h@ wﬁva%ed &nﬁ‘“.:
the stitak»waldeﬁ uoiamns, Ia gﬁaaral %hs magni%uda af the""
&eflectien carraspom&eﬁ te the magﬁituae of %he ini%&al de- o
partures frop ﬂtraightﬁawa. wamvaw, OBLy maa aalumm ﬁf a
kind was %ﬁs%ad anﬁ the élrrerenees in é&flﬁﬁti@a are nﬁ%
large. . ﬁherafor@ conclusions es %o aeflaeﬁiﬂn aﬁanla be uaaﬁ :

wxmuau%&mq - o o L o

{6} In Galumaa 8; é,lun& 8 tha banﬁing stras@aa, amﬁ
thexerara fhe benaiag m@mants, ware abont aqnal at tap,
miédl@,-aaﬂ bottem. In«ﬁn@ other aalumna %he p&ﬁﬁ%ﬁﬁn ox
‘maximnmlmamﬁn%fvaxied ba#w&an tay,:msﬁﬁle, anﬁ hat%a@u Hoth=
ing in tha %asta inﬁisataﬁ.aay.marked aﬁvantage nf @i%har
riveted or welded columne ovar the othar se far~aa rraeaam

from bending mements is ooncerned, alt,*g h the aﬂntinmonﬁly

uel&a& columns sesmed %ﬂ be more ﬁgb51§27§% §§§s&%3 ﬁaila&tiaa.

{?} In apite of its 1amga inﬁ%ial &eflae%iea, Gelwmn &,
uhich was ﬁantinuonslg‘ualde&, aarriad slightzg gxeater'maximaﬁ,
ipsd than ite counterpart, Columm BB, The b |

_ﬂf,.mwmsnta in
this column, mﬁmputﬁa‘aaftna‘graﬁactwaf the losads ﬁimma-%ka»&e*v

fiections relative %o %ke line of ac%ien, agrae& felrly well
with the moments aamputea tram %ba~m@&aureﬁ styains. . The de~
tl&ctiens computed from the baaﬁing mﬂmmnts alaa agreaﬂ vary
well with the meagured ﬂ@flaetxsna.
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ea) The lim&% er @r@yartiaamlxtv Batwe@n a@@&i@é ,;‘ :
streas anﬂ r@saltiag strain eeauyzeﬁ,at sﬁresses weii b@*.:<.;
.law %he yiela p@int but highaw than %ha stressﬁa at'whieh -
aﬁﬁaiﬁAiinea Fiest apgearea, There was, haaa#sr, a gener&l |
correspondence: beﬁwe&n the stress at the Limit of prapax» |
tian&lity eng’ ﬁhat at which a&raiﬁ.lkmas first apgaar&d, |
and this sﬁggests that b@tﬁ wore inflaaasea‘by the prase&és .
of znitial atzaeaas.iu the colunns, , . ,

(93 The ratims of the strass at m&ximum laaﬁ %9 the
yielé«ﬂcint s%rass ﬂs%&h=iufi fram %ha coupons warﬁ t@ nearly
aqual fer all ahe columng ﬁ@ﬁﬁ@ﬁ, that no raiiaﬁla aiatinev

tion can be maﬁa a8 t@~%h&féffﬁ¢§&VGBﬁaﬁ of ri?ating ealmmam _
or wg&&ing,tngmg,aikh@z wi@h\g g@ﬂtﬁgmﬁua mr‘&a-iat&xmgttant
weld. o |
(iﬁ) Althongh the temts inaieaﬁaa tha pr@s@ﬂﬂ@ af in«
' 1%&&& str&&&a& ot annazaewahleemagniﬁuaa, a&t up in caoling
after welding, and pxabably after malling a&sm, the mﬁximnm
loods carried did not appear 4o be’ apyrﬁeiably inﬁlumnaaﬂ '
theréby. . L |
’{1&},ﬁhe,aﬁxasa.a@-maxﬁmﬁ&"&@&ﬁ»axvra&é&»abamt,15% |
-greater than the a#res‘.s' computed by Renkinets formals
P o - 53
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ful suggesﬁwns, Pmmswr Co D. Jansen far earryizag out
the test of the ‘ghort anlmn discnssaé :uz saetion 5, and
for furnishing mtas-z)mtmsions c;r this, an& ct!mr par‘ta
of the inveati@a%im' ana . R Be. .ﬁex-rm i’or valmivle
assistance in the %@Btmg and. w@z‘mug uy ef the aa‘ka. | :.,

; t. This mmm;waum was made
in the Fritz Imgﬁmaring mwmmry of Lehigh ﬂmvwszw. |
The writers lt.riah to thank the fancwmg men of tne Departe-
ment of Civil Engineering: Professor R. J. Fogg for help-



tod! im and @mmw WQ&%&M@ mﬁiﬂ@a
x pance to Wiﬁm &@ & regord of the:
‘www - of tasts may be of valus, and éuoh & recszd is
thepefors inciuded s an 6ppendix to the Teport,

fial by aone jadgment

afiectionn, The notes on
gely of ’@&u %&amgﬁiw f:tf

s ghay obliams, w this vesson Uolumn
@mw mads the basis for comperison . Uhe b

In the folloving notes shers tho "1uside” or “ine
yeior® faoe of the gover-plates ia referred o, tho face
towards the center of the colwsm is Reant, that is, the
face on whioch the mmm@% wop dose. Simdlarly by cpatside”
or “extericor® fage i mednt the face awsy £3¢
of the colusn.




. 2. {epproxis

Aaking of the whitewssh 38 taken ao zm; indtcatica
af high strein at the m@m where the fiaking ¢
: aliy took the mm mi‘ Iines in the mm«-

Ihe fivet otrain lines aﬁg;m@& ab & lond af M,m@
boly 16,000 Ib. per ma;&mi on the wmm
faeas of the cover plates. These Lines consisted of dis
tvain. Jines opposite sections et which strein m Toadings
haken, 4% this Joed thors were no stain lines visible
9 flsngen of the Besestions 4% & losd ef 526,000
pprovinately aagmﬁ ibe per a@.ﬂml m lines on the:
oover platon wers extending end boosning wore
Jinte on the sdges of the south a}.@mv pm% mme'
& vary fev on the dnstds faoes %‘f the cover p;mtmm on

noeay m mmtmu of tho web sad ihe Llanges.
4% & losd of O72,000 1he the lines sbove noted end

ueny new strain iines developsd on tho fases and edges of ths
wma* Short diagoned strsin Lines were guite generelly dls
tributed over the entire lemgth ¢F the «ﬁ@&%& elong the flanges
of the lessotion, At the neximus load of V65,000 ib. pEYEe
fuatsly 52,000 1b, per m;;m;} M‘t&x the mm and south WW&




shownd & lerge mwber of strsin lines over the ontive lungih
of the eolumn, fizm mg,. Sk}s  The strein lines vers horizans
tal for the lower thvee Foet of both plates and sheve vers a
few horizontel lines at ether pointe aleng the zz&mw, ﬁw
sver; the mpjority of the ltnes were diegonel. In genevaly
the iines on the ux%@%iw Log " of the plates stopped before
Ane ';wﬁ" the weld, n the amw Tage of
¢ , jartat  extendsd dawsrd bud
not s far &3 the weld, In the ?i-s-swﬁm; Ltnes extendsd on-
tively aoross the web &b wery short intervals and on to the
Plences, bt not entively te the odges The ganerel renge of
the Mx&w was She sene af m%* Colwen 30B and s conporisen
sinliar to that made for Colums 14D

roRinntel G006 b, per mnimj on the odges mﬁl
the eutsids i’ of the conth cover plate (pilate 1), buk none
the suposed portion of the fnside fase of thie plete. &%
the amme m:s strain looe aloo spyesred on the flanges of the
Beagoticn, gaher 3? noay s@&ﬁ«mﬁgm of the mwm, There were
pope on the web of the H-scetion.




par ea.in.) She strain lines on the Fisuges of
of Cotum: a ,
started at ﬁﬁs mzm and mm&w towa the %@a of the
flenge bat 418 net reach ths 1 1ds 4% tts dond mm m&
5o flaking on the wedbs The seuth fuee showe
wore horizontal near the botton of the 66
‘oey ﬁm top. The dnos wore
4% 672,000 b wAny of the A
g&m new ends; extentsd to the m . 1t 1
 (Fig3R)s The eouth mw wos

; am‘z m&m
: ww x‘m on ﬁm !xmr‘m m%m |

o5 showed fase and fow mﬁa ho odge of the ﬁaﬁaos
- 300d, 754,000 1b, i%ﬁ%@%@r
; agﬁiﬁ.} m smt}x pinte gi&% ?.%} s&@m@ ﬁ far @ ny -
tradin lives (Fig, 33), In the central past of the
leagth of the column tho horisental linee prodomis %04 B
stii) there wore meny inslined linem, a% both the ta;; and
'hmm the eﬁmnﬁ. Mma :@mﬂm&mﬁaﬁ, 1o foaot thore were
| : ‘ o5 OB the nowth *&M% ﬁ,t).“&
ivain Lines se on m south
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» &’tmm &% $hie

of much logs stesin. In goue wi. the iines on the exterior
£ a o the g&:mam 3 5 ;:,;m hefd m&@nmg the iine ot ?.:M
w:&ag much &8 in Colunn «&e Thare Wﬁ* short &ima o the
interioy fads of the north plate but mm L3 £
%tfm i’m of the sputh gwmfmg Those on the norih @1&%@
adge end extanded tmward m» a 8istanse of
about 2 in, anmg ma% i dn. fm the wel
section, Iines extendsd entirely aeréss the web s!

. tevvuds and oud dnte ¥w flanges 4

on the doe

191/4 frie OF the wdge, m e web m lnas, wors @m . o

wmmmw but EW $he

rrd £nd soue ﬁawwﬁ,
& GPPR "*‘»"nﬁ was the ssae s for

stedp of m %?ah noxt %@ mazs ﬂmg@ mmz
sﬁm&% Mm& @Eﬁm@ﬁa

tredn Lines were uoked on thin ool
slad M 8 lnnd of 5&6,

;a ib, (ﬁm}mmm%m 16,600 e w
#ge s.m), This oteurrved at tﬁ;e nortiwest corner of the Mzm
on he oubtside fase of mm R, ixtonding from the @@@m of

PR ‘ y about B in,
# Tow amm 1ines on the amamaz: MW L 4 m w&m
abous five feet above the base, |




. aﬁ this leoad, .

- disgonal Lines appes

4% & loed of URD,000 1b. (approxive

per Busin.) there wers

ef the plates nesr the mawmﬁgne of the wﬁm* and pow
1inew appesred at the bottom at the northesst and the southe
eust cornors on the sdgas oF g&ﬁﬁw B and Go. Thoss Lines

4% 8 load of @%,ﬁw v, Bhe a%min Qkﬁms mgﬂy'
ou the pistes and nono on the wols.

4% & load of § x-w 1, éwmﬁm;
gzw Ba.dn.) the susanding «w 8 the vivets
on tho eset ﬁ&ﬁg tmm wire | mnm
saz e top snd bettom of the solusn (PI¥-

#1580 ﬁia&@m& lines iﬁ» both pistes neayr the bﬁﬂm of the
eolueyg o

7 58,000 1b.

&‘b %ﬁﬂ mm 3&%& ﬁﬁg W@@' *&*& gﬁ‘%# -:._.,,,,1,7 -
50 3. per sg.dn.) tho iines on the south gza.nta {plate
GMWE in doth ﬂi vig. 35),

oxdanding dnward & &‘mﬂ d3stanpe fyvon ﬁm olgas. e
wwi there m 3 %ﬁx ;

A Tn Ee s T T e ~ et - TN Bt el i pae 0y Bl il 4w T TNT -
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*EM %}?ﬁ@%@ hed {8, thers maa hot o distinet o breal in
the centinuity ot the ;i.ms &% the idne of a'iwﬁa a8 aye
poarst at the Line of the welds in Col n &e s

plate ¢ were most mumerous at $he Tesle )
thon,. ;mme B on the zbrth sma, wos a@im a{f,; r o plats
é‘ﬁ %‘W‘& that *ﬂm Linen wezs m:m ’ A
mwa of %m g&aﬁm {M, %} m@ 1% were g,aita WW

%M% &m m* ttme %‘ég bt %m@' vory tise

en the web were much ¢loser ave _ |
{Pig. 56)s m% at the senter M the colu )y and 4t
ﬁm lﬁm #Etonde: ama the Ziliats xm the flengee and

:mm a% m&*hm@h‘ﬁ of %m ﬁm sxtended aoress She |
rivets o the edgo of the flanges |

‘ ﬁ-"*ffj"; m W in %o *ﬁ?:w W;&s f

wppresched m@ ﬁmmg W 8 am ':.‘a M‘ a%@m W

L s g e NN e S ALARET g TR DL e

g -
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- and €3

- the fage of the ploty, soso

the edges of the plates D m Gy hos
piate) were dlstributed over the shele ngth 01
tended around en the fese of $ho plate. bost of these
Aines on the odges of the platem were inclined. oOf ﬁmﬁa o
ware hawimm sm SUmE WOPE i~
olineds The iines on mta B {the ¢ out zsmm; ware vory fow,
Sinilerly on the west stdo thers vere o few lines on the edgs
ang on the fose of ymm Os bmﬁ mme sute nobed on plate By

o1 the east side of the oelimn &t $ho BoFEh, there
2 a‘% the wmw of the Issestion, Theve
» ghres filiete end |

ﬁmw waze Bo 1‘;‘1;,;; a0 the w, B S
A% 644,000 1b, (approximately 2 27,000 15, P 8q.1ns)
on the enst sids, the sirsin iines on %us uorth plste were
ttanding, snd were s numesgus thres 7ot above the bass.as
to ibdieate that at this @1&% there wie & high s’bﬁ%&. i
the weat side of the oclumn the lines on the south plate wese ]
extending. There weors more iines thsy bafore st the merthenst
fillet, and they ware appearisg at tic othew theeo fillets.

T
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85,800 :i;m per $udn.d the ool

the ;;;mtw &t '?&m top and bettox of the m&m snd wore

Hhere were 80180  on the wab on both *&zm onst sné west
sidae about twe m Mﬁn foat ebove the Dice fsﬁ' E%eﬁ %ﬂi%?‘u
ﬁ"u@ thﬁ fohaiins mgg ’fﬁ?gm xﬁs %ﬁf W g

LoibE sm%mmgiﬁamga%@
- moutly
dingunal iﬂa,gw}, ‘mtw ware very few et %ﬁ emzm* ot ﬁw

of ﬁ:mmm Thay were ww Tz

Thers mﬁ wars very m Zines o2 the interier ﬁam |
of the piates on the east side of ‘iam polunn but semenhet |
were on $he woest side. 'Wm whioh were % wore 2% Qlﬁw
top and wﬁm buy thers ware none m %‘m s}m%@ mr ihe aolumie
In this oclumn, &8 in Solum @;‘ the atr wm ?ﬁzﬁ ot oross
the lines of welding.

- ﬁm ueh of the a&w&m m& ‘%;m L m&mg t%w
LAney gxmm& fron :emw m fienge and am*ﬁmm wﬁ inte
the flanges (Vig, 56), They wore moTe mmsrous ot m conter
#nd ands than st intermsdieto points, Heve they were sonewhu
broken but extended across the £ille% Luto the flange,

B! P mrrac T R 2 it I A s T R T L R T A Vimas s ——————re L g Al aae e e gl ek g Nt g 0 e 3 sy AB o gt gy iy 4 ghi g ey iy g Arp i vy



fag ot ms edgss tomnrd the ghnters of %he g@m«m :m &

distande of sbout %o inshes. Nene "™ appresisdly x@zugw
‘than this. The firut lines were olserved uear the top, but
ar he sative leagth

late for osoh one o the mﬂ&w Taoe,  The
fusenons %&mwn ihe steain Jises on outside ynd iwe i
'si{%ﬁ Taoor wou seldem dore {hin 1/8 in. za*m; the machine

peai but am nut cxtend beyond w inohes from dho @dgd of
the plete nor 414 any appesy on $he Fwgootion. 4 few Pl
sLEpntly vieny the ends of the liugs,

 Under o load of S05,0600 b wﬁmy %:,\zam x:m
PEr do.4ne) odditional strein linen appesred, extending fren
the fillots of the I-asoticn outward towurd ¥he corne
tho gslunn {Pig. 39}, Thsse Lines mb fi;*m wors &‘iwm :&ff&»im
long, 45 the load inoresed they extanded slightly in length
but never reuched & longth groater tusn 1=1/4 in, They ai6
a0t extend inte the wob at all, but ended m the gmaw.




some of these linos were inglined bub mewy of them wore
tale 4t $he ssme Jond (S0B,000 1b.) theve wers
radn Moes on the oultside of the 3@1@%& mﬁ#&%ﬁ the
top within about three inthes of the end of
me. 45 the losding thmm, the linse extended,
S PRENOUNes showing wove forking o% the
v D ﬁﬁ%&% ol earlier in the test (T4,

&1 1natcates %&m the t,;«‘. ing of the ¥ i, rsly €
J mm’&% the phen 3 of the ewwm of the nill
erom the atesl, 4% plases patehes of nill soale w &ﬁmww
bis sive are seen to be wirling off the netal, I ﬁ’i@« 59
He sha iras forsed by the stzelin lines are
| ghow: ©6v the web and the innge feoes of the flenge. &
unifornity with whieh the s%min ifnee in m% web ¢f the
columnd terminated in two verticel perallsd lines about 2.8
tn. on either side of fhe vertisnl centér iine of the column

g T e g L e e g ma e L e b e s g ¢t 4, ot et 3 ng ey
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| , sgures for the exterier of
the govereplates of the soluwme The lines on t’ﬁw eovE
plates, which oroused the web, Sorminsted ef sbout the
dems dietonve foem the wabd as 41 those on the interier

he flangs of the I-heam, ! take
¢ soupletion of the Sest, end ﬁmm formed by
 Lhaking show wen; dsagonel 1ines end wush mere
king $han &% the mpximas lond, m& of $he lines were

| . ' twen 1068, The
Iive which sppears 4o Pig. 40 a% eboud the posttion
of the web of the column 1 not duw $0 strdin in the plate,
but to sccidental sbrasion of the whitewash., Thers wers 1o .
stradn ines at the Junobion o s ¢ ITesestion.

The Cizet oteain lines veourred &t & 1ved of 240,000
b, fapprovinately 17,000 b per sq.n.) aboub six inches
below the top of the column on the ssuthenst covper, 4t $his
load there were only $ue strain lines end they cecurred on
noth the cutside and {neide of the plate. |




terior and mﬁmﬁm it aoat plnind

4% 808,000 Ib, (approximatoly O£,000 b Lbe par s@.m}
%'a 3 aiing had immmd at the ?3&%& 4% m avted
fm' %aa formey losd, Un the enst faw ,f.'m werY ﬁ%mm
Lnes o the eovereplate the flange of %ﬁ& Mwsﬁm»
ﬁr& the m piate ﬁﬁ?ﬁiﬁ iines gﬁm lly oo 5o
mﬁ vivets, but on tho nirth plate M@ﬁw betuoan the ﬂw&m o
There were 50 points of starting of strais lines, che ot the
wige of the Bl % and working in, the athm nh m wige of
%m I@M%@ﬁ &3}& Boriing am@ They ammﬁ o both the e
"o @m m,ﬁ:‘i%x* Dage.
ffi of B92,000 ﬁ};ﬁa fa@ y : ﬁ%%ﬁ e

spous dingonal lines between the two
8 gi_‘;aaﬁw the wzwm mg@g 45,
%m wm&&a w the vivets there lmw aty J_f»
,".-;-l.,,&m ot m W&m; it oa wm of mm@ b, {@m
satedy 51,000 1%, per #%&a.} there  were mo strain iines
&ﬁ the web ssf £he eﬁm m& extvesely few in the fillets of
the Isseetion. | |
A% %@&,e&@ iba £m—f sximately 85,000 14, ww.m»}
cvatn lines in the mm, m& & Lou o in the




.. &t the mim 108:(1 of 5}.&,900 Ib, { apyroximtely
36,0&0 iv, per sq. in.) there were hcr!.xantal stmm linas
111 ‘the wb of the colunn similar to tﬁom in eolm}m é, but
in this case they ocourred only at the top ami batttm and
at mmw-heig,ht of the eulmm on hoth 'slm Tast m.ﬁ West ﬁmea
(mw M}. Thers was bu&zkimg of one wmx*«pzaw at mid=
 height on the smthmst sorner. n ha,a baen mtj‘;‘?i 4 at: the G
bwinn:ing a:t mm test, before any Xmﬁ ma amliaﬁ, that

‘there was a light ourling of the plate at the bnwm_ bear~
ing at the southwest corner of the column.’ There was mothing
tc indicate that this had affested the behavior of the column,

Interm:

Colum & _(Welded - ttent Dead)

The first strain lines appeared at a load of 138,000
ib, iapproxmétely 5,800 1b, per 8q.in.) in the form of three
small lines on the emst edge of plate G (the north plate).
{hese became more notisesble at 230,000 1b. {epproximately
8,600 1b, par sq.in.) and o few cracks eppesred on the West
eﬁmﬁ of Doth cover plaies, At 368,000 1b,. {approxinately
" 13,0001b. per sgq.in,} the lines started to form on the odges
@r the plates t both inside and ounilside Laces] josh oppusite
the welda. These linea beoane distinet ae more load was
applied (Fig. 45). |
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Eﬁbﬁm s@'_“’:% «&22*3 welds, - 0
g ‘&ﬂﬁsﬁ sigee of the eover @.‘&aﬁm

w@% @ﬁ“ m;%:.a mﬁg icbenddng Korisas

w@ﬁﬁ%~ 1bs por mﬁ
, ;  hiad am&wm on ¥

Eﬁmﬁm}m i
51 &zwﬁ a4

.ﬁ@}sﬁw &@ﬁmﬁm&ﬁ indte
ssted $ha% Gecal stra

aees had besn m"& &rm the piates ang -
ove by the welds. The mm

el proming ;%ﬁrw %@%Q ibe. per ﬁ%ﬁ»mi
3 xm a@m@mﬁ {o the web 4F the Tesontion.
The idnes, howevor, i  Sow us £56,000- :w. {axz;mm
$aly 28,060 1b, per :aa;»imi was reuchod, :
‘ vesuehilo at 644,000 ib, alagenal 34
the Doxth plate near the bottom, exteniiug practically

3 on m wmwm, mm n@ 9d on both
tanda tally soross &%’ iﬁ’m» &%@3
Tunniog mw the flangess  4leo were o Tew disgomal
o wob, 16 wes noted Shat 811 ines, whether in
in mu’ga w&mﬁ %m mmmmw

sz&s on 11 :
piates o I-soction; wave




ST A LA

s Colypn 7 azimmﬂ at &
, sorlontely m,ﬁm v, per mﬂmz
along the edges of the o wer plates W&m the welds,

B zzz&&, ib, gawzmwm; lﬁgm b, per ﬂ@ama%
mooakl nnm Appesred on tazm ﬂ&ﬁgqa of the Iwsection oppom |
85te ald wolds., There ware M 8 few diage ned iines on the
eatside fase of the south eover plate, Ll of thase lises
— extandling under m@rmm imﬁa mm &3 w‘ - Aba.
WOTO qUILE DURBOTOULs. |

5% 592,000 3;@;, iﬁgﬁm’%ﬁiﬁ” %a?gfm 1Y, per PR
five hovizonsel etrain iinss eppoexed on the web near the
botton, 4lde, s line wp&m& o the web oppesite the fourth
weld up fvon the bottom. - (he cuver piates af this loed showsd
many diagonnd Linse on he culside Paces as TELL 88 mhﬁ the

| 4% & Joed of 490,000 m mE;ym%mtmy M@ﬁ% 1b.per
puein.d the linee mm well &ia’@rmﬁ%ﬂ around the wolds and
on the web of the %awﬁmm the suver pistes mm not m '
budly lined an was She wed w the T<seetion.




o Upon ag:mm@g Wmﬁé@ ibe €ammmﬁ%w %gi}@-@ ‘1%%»
: mx szg, iza«; am Goesr gazam mmaa, at ﬁm g&ﬁi ﬁi;gwm
betynan welds,. (Fig. 48} The nerth plete bugkled ten ine.
«m&a blow the m&ﬁm a the’ solunn, waile m ﬁ&w‘?&fi @3&%
buckled 81 2n. bolow tha miGdls, Io Vi 95 the mumerous

| straln ines miss}z &&g}ﬂm@ in the m mwm§r wﬁ:@h
- the W%Xﬁw sny bE Sk - -

. The buskiing us* the oover pmtw wy mz‘» due % m
m}m&ﬁ Getens o m w&lﬁiazg but mng te oo gzam%
‘spaoing of the internittent welds. fhe tensindh senter to
sentor spasing uf the m«m groved teu &m&m for the B/ibe
iy sever plates of Golwmn ¥, bul ww a@qm@ for the &[@w
mg ﬁm&f m&‘ﬁm of Colwmm &, |
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TaBLE I - RESULIS OF COUPON 75572 OF COLULEI MATERIAL

i Al WA W R Re e B e e e B8 &Quéw&aﬁno»um C ) wpﬁ» B s e BB a® W R B W o W B8 W > e

Yield Point Strosses
1b, pey £q.in.

Gore

Section-

Teor B

Plates

- Uitimate Stresses
l§&§9$;$@3135

_Core
Section

Plates

. forH

Weighted
Average

averngs

B %

9.3

9.8
7.38
7.36

10.28
7.88

15,0
:xﬁéﬁ :
16,0
18,75

.88
8.88
18,75
G.63

58,8007 33
40,800° -

'ﬁﬁgéﬁﬁ%
'4ﬁ§3ﬁﬂ$
40,5007

@gggQ§$

5&;1@@*

28,500
38,1007
86,000°
%3,@@% voB
35,800 97

"-163,égge
,;ﬁgig&qi
) . 56,800%
89,200
59,800%

62,;100%

o | ﬁi,@ﬁe

58,700+ :
5@»593 ' "
67,800%

58,600°

57,2001
- 69,350

50,100

59,200
59,100
87,700
59,300

- 69,800

€5,600
59,700

80,080

* aversge of © test coupons

' pversge 6f © test aoupons

# average of 12 test coupons
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N Strarm  at gage line No (N i/fior:17/7s/
1

§ :;)4/2/62-%//%.5'Jﬂ////b/7/702}2jaﬂx2/4Ak7 B\ \Arl/ |3 |/ F|/ T A& | /1O
N |88| 60|20 |60 |-30| 32 |52 |30 |20 |40 | 50| 50| 10| 20| 32 | 70 | 60| 50 o |#0|20|eo|35
S leclro (20|20 | w0 |\r5 |30 20 20 /0 'Zo 20| el-ro| ¢ \,rol20 \ro0 | r0| S0 |20)| 3028 |20 - 370
,‘Q«‘ o0\ 40 |\-0|#o |\~v0|/5 |#0 |60 |J0 | 0 | 20| 70| 80 |#0 'ffa 77 o| 2o \2o| 60| 00| 20|25
§ AB-8| 2/0\150\760| 30 /38 \/80\ /150|720 /50 | 170 | /60| 00| 90| #0|/40| /70| /5F s50\| 60| rf0| /60| 128

 |¢c-¢c|r60|/70|/80 /90 \ /675 |130 2o /60 VALY /90 /00| 190)| 120 /20| /50|200/F7 | /40| /40| /20| /90| /48| /4| /20O
3: 00\ 770| 720|750\ 80 /18 |s60| 150\ 90| 60| 150|s70|1 70| 130|135 /50| 170] 150 110|/€0| 80| /30| /20
§ 8-8l200\|320| 300|150 | 292 |360| 320|280\ 290|320\ 3 10|22 0| /99 289 | 270| 332 300 /20\320| 292 300|258

¢ | 260|290\ 350 290 | 278 |230 260 oo 260 262 \220| 300|260\ 280| 280|250 | 250| 260| 250\ /60| 260)\232|220|270
% D0\ 340\220\320\230|278 |330|320|260\2/0|280|320|330|280\|2%/ |300|260|250 270\|330\230| 280|278
§ 28| 620|490\ 420 | 280|442 | 60| 530|460\ 480|450\ # 70| 34 0| 300\ 44| #30 4rg 460 320\ 520|250\ 460|445
w |¢<€ |#70|870|560\5/0 | 502|380 450 560 5750 485|490\ $50| #4555/ 0| 530|470 |5/0 | 590|450 |2 70| 430| #32| 380| #20
8’? 00| 500\ 400|470\ 370|435 | F00| 500|940\ 3580| #60|270| 500|470 | 460|980\ F00|¥$40 #50| 530|390\ 450|455
§ L-Bl 940 |730|620|4/0| 675|870 7850|730 |730| 650 Mijo s00\ 67/ 660 | 760)7/0 590\ 790| 760| 680|652
& |c-¢c|eso|730|870| 930|795 | 660 7/0 F60 /0 785|760\ 760| 760| 760| 830|780\ 790 |860| 680| 550 22| 705 | 650|570
«i\ 0-0| 750 |6#0|700 | 6/0| 682 | 820|820\ 660\ 6/0 | 690|720\ 6580|6807 /0 | 860|670\ 745 770|870\ 30| 680|722
§ -8 /6/0\/320\860 | 7/0 | /125 |/460| 1400|1260\ /300\/020| 990|860 830 | //#0 | //89|/300 /2404 G50\ /370|/300| 1100\ // 80
N c-c | F0\/50\/520\/450)/250| 970 /20 /440 /O 1235\ /120\/300)/2/0\//70\/240|/260|/223)/2%0| 960\ /220)/3/0) //95 | /020|/050
\v}) 2-0\/4200\/40| 980 | 9207170 | 1820\/440|/1270| 1090| 990 |/000|//00|/060\//66 | /#60| 9901225 1/60| 1570\ /070) mayzao-
§ B-B\27.50\26%| 550|800 /76013// 2470\2390\2420\|1290\/220| / /80| 100/ 804\/77¢ zzodl /985 1290\ 20850\ 2570\ 15/0| /562

. |c-c| #7027\ 2600 z;;gl/eq 2/ 1440 2380 2350 /838 | 1600|/920\1760)1620\/7/0|1780 {703 |2are|/240|/c20|2/40|/758)| /370 /460
s 0-0\2 727090\ 970 | 940\ 7/ |2590|2630\/990|2020\1170|/200|/350|1280\/ 279|240\ /620 /9.0 /5840|2620 2000|/700\/875
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N § Strarn of gage lfrne No. (Miiror/is/
NE RN
S, 2 \y2 /6|28 \ Al 5 | 26| 17 |16 |17 176|123 |236\An| 2 (/£ |Ar| 7 |8 |F |Ax| / |F |/F /0 |AKx| 6 |2
§ B8|-20|¢ |go| /0| 20| 50 |40 |20 |20 |50 |20 |/0 | 20 |2#¢ | 50| /0 |30 /0 |30 |do | o | /2
N [¢c-c|l2o|g0 |40 | 20| 30| #0 ¢0 60 20 g0 | 20|60 |0 | r0 |20 | 0 |70 | 30 |#0 |20 | /0 |25 50 |30
N |2-0|490| o |20 | 60|35 |40 |20|20 |10 |10 | 10| /0 | 10| 6 | #2|20 |30 g0 |40 | 20| 10°|28
§ 8-8ls0| 70170 | 110145150 /50| /10 | 120 | /80 | 60| /10 |1/0 |/2% | /40 | 140\ /40 /70 (/20 | /o0 | /609|122
¥ &< |/20|150\140 (120 /32| /30 /40 /60 /20 /38 /30 | /150 \r#0 | /20 /30 100 \// 7 | /30 (/70 |//70 | /00|/28]| /20 | /50
X |00|160|/30|140\/90 |/55\/90 |/30|150 /20 |/50|/90 | /00 | /120 | 48 | /30 (/30 |/30 130|130\ 10 |250V/55
B8-8|240\| 170 |330| 250|248 | 280 |270| 220|240 | 320 | 230 | 290|260 |258 | 270 | 260|265 230|230 \/89 (270 |232
C-C |\ 240\ 260|280 280 |26 | 2560 250 J2o 280 282|280\|290|285\|250|260|220|243| 292 |290| 230|230 |260)\ 240|250
N |0-0|300|280|260|320)|290|3/0 |280| 270|260 (270|290 | 230|240 |269 | 270|260 | 265 260|270 260|270 \260
§ 5-8| 390| 370|780\ 230|478\ 930|900| 390 | 390 | 550| 530|410 | 930|241 | 460 |4 70 |65 440|200\ 370| 530|435
C-C | 960|442 (520|990 |478 | 5/0 s20 480 480 498 | 560|530 | 545\ 500|450 |4/0 453 | 510 | 500 |4.70 | 430|468 |#20 (470
?.’\ D0\ 890|420|490| 940 | 448|500 |490 |460\|440\|920\|390|400\|4/0 |439 | 440 | 450|445 430\ 450|430 | 450|440
§ B-8| 550\ #60|/030\ 660|675 | 640|600\ 540\ I50\9/0 | 920|690 | 650|638/ |670 |6£50| 680 660|570\ 520\ 750|632
o |C-¢ |680|690| 750|700\ 705|770 760| . |700 700 7/8 | 840 |760\800|7/0 620|620 \650| 7420|800 |720|7/0 | 742|650 | 650
Q 0-0\760)| 640| 670|650\ 672|790 | 750|680 680 | 670 | 620|580| 580 | 664|640 | 660|650 620|660\ 440|660 |45
§ B-8| 880| 720\ 1530\ 980\|/028|/000| 970|820 |840 | /400|1280| 40| 980 |/029\|/0/0\1020|/0/5) 1030\ 730\ §60 | /200005
N [€€ (1000 1130\/300|/ 1/198\/070 Wgo /1240| /1260 /188 | 4360 1230|1295\ 1/90 1200\ //60)1/83|4860\1290|/200| /170275 |//(50 1040
{3 0-0| 1220\ 1230|1000\ 1020\ /130 1250|1230\ /(80| 1160|1110 | 960|010\ 990 /117 | /180 (1060|1120 1080 | /1&82\//00\/020)/0%5
§ 8-8 | 16501580\ 1900\1180|/1578 1740|1720, /610|/680\1310 | (780|13/0| /280 | 1616 | 1 580/ 7#2) 1660 1420\|/560\/670 /670 /980
N |¢-< |/560|/1440|2060|2350\/852|(17 (0 1690 /560 2/40 1875\ 2240\ /570\2055\ 1550 |1 700\ /6.30\/ 727\ 2110 1980|1750\ 1950 /948 \ig 20| /540
N 20| 2020|2070\16%0|/950\/ 7952010 960|/970|/970|1710|/670| /530|/760)/ 78/ | (880|/520)/8. 1600|1860\ 1880\/67¢ | 1752
& |88 |1970| 2090|1890\ 1080|1745\ 2030\ 20/0|20/0 |2/ /0|1850\/8/2 || 3(0 /250 1798|1710 |20/0| /8. 1420|1750\ 2050\ 750 |/ %2
Q €€ |/610|1380|2370|28/012042) /5800 1690 Z/Jg 2500 2042\ 2480/ 9780|2230\ 2000|/560|/760\/8 73| 2450\ 2/40|/760 | 2140|2/22|/970| /590
¥ -0 | 2320|2510\ 17/0 |1 380 /982|22 80)2220|2300\ 2330\ 1820|/820| /570 | /540 198/ | 20/0\2//0)|2060 /650\20\2270|/890 | /1965
N h
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g E § Strann atf gaoe /ire No. [ NVii/iior 725/
3
N &{4 /2 |\ /6 \ZEV\Av| T fb////b/7/@252ﬁﬂk2 ENA\ 7 | & P 4\ 7 |3 (/3|0 |\Ax| 6 | /O
§ BBl9o|zo| 50|30 3560 oo |50 |90 | 70 |\ 60 |~/0 |40 |37 | 20|30 | 27 40 | S50 | 30|90 | #0
N |46 20|50 | s0 |20 575 | 0 S0 20 4£0 3520|2020 |90 |30 |30 | 33| 20|20 |20 | %0 |25 | 30| #£0
N |gol-rol\eo | 20| 0| /15 |20 |0 |20 |#@ |00 |30 |20 |30 |27 |20 |60 | 90 s50\40 | 20| 30 |35
S g8l r30ls20\150\|150) /32 | 170 \140 | 160 /50| 160 | /60| 120| 120) /50| 120 | /30| 125 /150|140 |r20| /40 | /38
S |c-clrzolre0| 130|110 | 730 | 720 /50 /50 /60 1#5 \ /120|120 720\ 730\ /30 |\ 0 | 133 140|130 | 100\ 160 ) /32 | 120 \|/4£0
§ 0-p0\ 100|140\ 100 | 100 /70 120 | /40| /140|150 |//0 | 80 |40 |100)/22 \/20| /40| /30 /30 /40| /20\120|/28
§ 88 | 240\ 250|370 | 270|268 | 320|270 |330|280 Jo2o\|260\270\29 6|\ 20| 270|225 280\ 270\ 240|280 |\ 268
s |c-c | 260|\280| 260|220|255 | 220 260 280 262 \240\ 230|235 | 300 |260| 260|273 240|270\ 220| 300|258 | 250| 260
X |00|230|200|230|270|255 | 260|300 | 260|280 | 240|260 | 290|240 | 262|200 | 300 | 270 ‘ 250|290 | 260\ 230\2#5
Ng-8 |90 | 250\ 550\ 490|282 | 500 |4 70 | 520|480 2304 70| 500\ 500\ 460|280\ 470 500\ 440\ 450\ 50 475
c-C | 500|270 |44 0|400|452 | 400 #£50| 440 435\ 430| 420|425\ 520 | 520|430\ #90|420| 40| 2£0| 480 |44 8| 200 | £50
~ 00 420|960\ 500 | 540 | 490|520 FEO|\ 480 | 500|459/ | ¥F0\ 520|480 440 | J00\ 490\ 440|468
§ B8 760|752 \ 280 | 700 | 690|680 \§40| 720|760\ a5\ 700|750 | 725 760 | 7/0\|680\820|\H#2
<€ 700\ 748 \65¢0 &90 ' 650 790 \750\|660)|7/ 7 | 620| 650|680 | 690 | 660|720 | 750
&;‘ 20 730|770 \ 760|770 | 780 |360 700\ 0 670|790 \770\720\728 ‘
B-8 /1{0 1138 | /080| /080|750 | 970 1320\ /12 1120) /040\/090| 1220\ /a5
ic-< jaso|\ /o8 | 960 /000 7020\ 000\ /000\/0/0| 920\ 950|9/0| 960\ 7.35| 980|980
S 00 1050\1412 \I140\| 1150|118 0\/250\| 10/0\/060 /080 010\ 100\ /150 1050V/078
§ 84 WEO /582 /650|1700\17/0\/670|/490\/5850\ /320 MM /330\/5.50\/660\/900\/610
(-¢€ 1650252 /(120 1100 /400| 1350\4320\|/250)|/320\/270\ /180 \/640|/300\//98 /180 |//40
g 200 /260\/588\1700\1700\|/9. 1470\ 1450|1330 13/0\1580\/890|/600 1595
§ 88 &s0\| re.50| 23| 2470\ 2630|7570\ 80| 1560|120 1320\ 2070\2368)/ 7401872
S [€€ 1648070 970 /980 1560|1520\ 1390\ /490\1750\ 1170 | 978\ /660 /333 | /180 |/OF
> |20 1000\ /G 70| 2400\ 2390\ 29202 1450\ /320 13%0 2/4o|zam 170U 975
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§ Sec- Strarms of gage. srne [ Miliontss)
S \ton | 4 (12|16 |24 \Ax| 5 |0 |\U \1b| 17 1726|123 (226\Ar | 2 | 1| AK| 7 |8 |7 |4r| 7 |3 |17 | 22| Ax
N | 8-8|20|20|20 |30)|22|20| 00|40 |20 |-20|80 | 20| 20|22 |20|30 |27 20| s0|30 |20 |20
S |¢c-¢ |20|0|#0 |Fo |25 |40 20 30 20 28 |70 |90 | 25|40 | 30 |#0 |37 |20 | 20| #0|30 |2%
S |2-0|30|20|#0 |30 |30 70 | 50 | 30| 0| 30|30 | 50|20 |36 |20 |20 |20 20| 20| 0|20|s5
S |8-8 |/60| 20| /10 |120|/28| /100 |120|/40| /12| 70|/90|/20| /20 )/21 | //0 | /40 | /25 120\ /00 | /80| /20 |/30
S |¢-¢ |/#0|//0| /40 |1#FOV/32 /30 RV /o /oo /72 | 8o | /40 \ /1@ \rzo|\ /40 |110 123\ /00| 90 |r70|/30)|/22
E{ 0-0 170 | 140|140 | 120|/82 | 230 | 160|130 | 90 | 120|170 | 140|130 | 139|/30| 140|735 120|720\ /20| /20| /20,
§ B8-8 |Joo 260|230 240J2.fb 230 \ 230\ 340 | 24| 200|330 | 220|230 |252 | 230|250 | 240 240|230\ 220|180 |2/8 | -
Q |c-c |260|2¢0|3/0 | 300\278)|230 290 230 220 292\ /190|280 235\ 270|280 | 2/0|243 | 200|200\ 280|290 | 272
N |92 |3/0 280|230 |250 268|360 | 350 | 260|290\ 240|230 | 270|260|2821280| 3/0| 295 240\2 70| 290| 260|267
8- 8 | 550 | 500|380 |40 |#70 | 440 | 4 40| 530|450| 790| 5/0 | #00| 380|942 |9/0 | 450 445 420 | $20|6/0| ¥50\#75
€ - ¢ |9/0 420|590\ 5601795 | 350 80 #60 60|  |#43|370|5/0 940|440 | 980 | 400 | 440 |40 | 390|480 | 530|748
N | O-0 |550|520| 340\ 450 4656 /0| 570 | 5/0 470 | 360\ I70 | 470 | #4047\ 470 | 520|495 gd0 | S00\4 70 | 900 |#52
B-8 |880|820|530 | 560|698 | 720 | 7/0 800|730 | 600\ 7/0 | 610 | 600|635 | 650| 74 0| 695 600|700 | 780| &90 | 680
€ -C |Joo\620|9/¢ |740|7#2| 630 690 g/0 790 730\ 670|740 707 |\ 750 | 700 | 640|697 |8/0 450 |690| 790 | 695
§ |0-0 |00 |50 |460|680|738 | 920|570|800|778 | 550|550 | 700|710 |73#| 760|750 |75 630|830\ 790|380 |720
S | 5-8 |woo| i 0| é20l022|/0 90| 1080| 1300|1230 840| 30| 70| 760\ w02\ 08 | 1100 | 1005 800\1080|/320\890 | 1022
Y |€ ¢ || 750\/570 /68 o2\ 870 720 12/0| /300 1075 50| /080 (1065 | /040| Jf00 | /0/0\ 1050\ /330 730\ 940\/2 70| /068
W | O~ 1670 /60| 350 \BFON /IO /546|/4 70| 1340\ /3/0| 720|710 |/050|/030\//46 |/ 260\// 50 | /1225 /020\/450\/340\| 780 |/ 1#
§ 8 -8 |29/0|3920| /72 | /IO 2090\ 2/20 * 270 7/@ &50 14102400 : B20\2060\ 3280\ 12/0
S | € -¢ |-30|250|3500\247) /150 /o0 252 30. 2000\/700 1990|1970\ 1 780) 309010501000\ 1410
N |g-2|* & |-#0|3% 3370|3350\ 30| 320\ 1070\/0.30 | 14 90| 1400 2460|2040 1400 | 3380 | 3070|/060

Lzl sfoad = #€ 000
*Ou# of range

Sirains 1or all gage /res

Col No3 Table. .5




*Out of range, averaged s ¥ egwa/ 70 correspornding Srrair? line. Jable ¢
_Slrains for el gage 4hes

N [de S/ramn al gage /line No  (Nli/liantlhs)
S
St £ (7217624 av| 5 |56 11 (16|17 (176|123 (2206 4v |2 | # |Ar|. 72 |8 |7 | 20|47 |3 |/T | /2 | A~
AA| ool oo |oo| /s | 4+ |30 #6 170 |\ oo 7 T 46 |15 | /5 |30 |30 | 00 | /9
% 88l 2ol 20| 7o |-10lr0 |20 | 20|40 |r20| 70 | 00 | 20| 20 |34 |70 | -
Q\ c-cleoloe| ol wl|sz|70 -/0 30 20 27|40 |30 | 3511200 | © -37lzo |20 | 0|70 |77
w |gwol 2ol 2z0l-10]| 0| 8 |30 /0 -/20 30 ~-/2 |30 |30 |30 4 !
o | AA|#60|270 |2i0 | 150 |277| 270 /0 240 260|230 | 245 276 260 | 2¢8| /68 | 290 |260 |350 | 272
B % B-B|/90 280|230 | /40| 2/9|24#0|260|/60 |280\370| 20 (230 |23 |22/ |200| -~ |~
A ez /90| 250|230 220|270 240 220 280\  |z237|250\220|237| 70 |\2/0 \230 170 \260 \2#0 \220\2/0 |23 2
§ 0-0\260|2/0 290 | 270|2 57| 230 270 /20 240 |- 207\ 370|200 275
S (44| 760|230| 200|250 | 505| 740 500 Jso 470 | #60|#67 230 520 |#75|370 |#70 | 530| 550|455
& B-B| 400|490 | 360 | 400 \#/2 420 | 430|470 | £ 80| 4/0 | #00 |#/0 | #00 | 42T |460 | ' _ i
‘\; C-C | 340 | 80| 500 [460 |#20\450 #40 430 #40 EL0 |20 |FFO\ 435270 | 4/0 | 460 373|980 | #20 |FI0 | 460 447
o |0-0|520| 500|450 | 350 |@F5\430 &40 260 #50 S48 T00 | 3680 | #40 :
§ A4 860 | 630 580| 200| 5671720 690 s8¢ 350\ 950\750 6#0 éjole3s|¢70|6%0 | 760 | 730 650
BB\ 770|880\ 560 | s60\692\670 \ 680 | 770|830|660 | 660 |620 620|689 |7/0
g c-c |30 | 570|820 760 | 670|680 7/0 730 730 772|670 | 720|695 | 730|670 | 700 637 ledo|s60|7/70 | 730 455
00 \870|880| 650|660 | 765|790 650 460 680 652 | 660|670 | 665
N ' : ; E
Q |44 \1070) 1080\ 250\ 260 75:91 920 H30 730 640 1710\ /175 &20 780\800 730|920 \1/#0| 970 | 745
S |2-6|1270) 1320\ 810 | 800 | 1069\/130 1100 1200| 1 270 1030 | 1010| 820| 900 106 0| 1030).
» |c-e | 790| Bro\r2g0|0v0| 792| 980 1010 //50 /20 1065|1120\ 1090|105 | 700 1060 | 1040 10001080 | #90 |/040\//30 | 1060
N |2-o\/360|/270| 820 | 940 |/0%7\/230 950 770 /060 1002/ ¢30 | 1020
S |#-4l|re20|e |30 | 270 w035\ 1280 re00|. | 880 /10 | 2020|1965 1080 930\ 1005\ 850\1220 1520|1160 | 1182
S |8-8|/790| 1860\ 1020\ 720 |1397 /520 | 1510\ 1560\ /600|/300 | 1260|1120 | /090 | 1370\ /#/0 | . :
Q c-c| 990| w0 |/880| /680370260 1300 /600 1600 1440\ /430\ 80| 1455|1220\ /#00\ /460 13701550 \1250 |/ 280\ /670 1437
N | o-0|r830|/660| 970|080\ 380 1620 /3/0 9&0 7270 1295/300\/260) 1280 L 8
g A-A | 3/20|* 6/0 | 290 \ 1772|1870 24/0 /130 1750\2270\20/0 1200 1050|125 /045" /béa 2200\/3%0 | /622
S | 8-6|2660| 2700|1020 7/0 (1872 | 2230|2210 | 2360 |2460| 1650) (580 (4301390 | [9//\/870 l i |
g C-C| 920 | 790\ 2820\27570\/870)/5/a /660 2340 2250 1940\/370|2080\1 735V 790 |/ /960 1870 V2260 /570 /600 \25/0 \ /970
R |o-o|zes0|2200| 970|1030)|13860) 2560 /990 /250 3 1797\/820\/680 .
o |44F |© Ppwlmo| oo w7 : /240| - - |25 o\ \rzae|  \weo azao|r |/360
g 8-8 |#620 |#7%0 | 4/0 | 330 3560 | 2410|3600 | 2810\ /820 | /730 | /1680|1760 2650 :
N |C-c| 350 |. 270 | 4230 |45%0 570 /840 3850 3240 2450 |29.50 2290 \2480\2 360 3320 | 130 \1690 |9020
,\ 0-0\|* . |#40 | 360 | 360 3990 2960 /£00 830 2é60\2220 |
/rirkral  Joad = 28, 900 /bs. : co/ Mo #
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e /Jme (Millionths)

Stramn a’ 94

Load |Secton 5 Sp_| 1/ /b | 17 /176 | 23 | 2356 |Average
: B-8 30 40 50 s0 20 /0 z0 <0 33
© 8 000
D-D GO 50 40 40 50 80 £0 7o 54
B-8 /30 130 /60 /70 S0 S0 /30 /30 /28
/38 000
D-D /140 /150 /70 90 /50 /GO //0 /30 130
B- 260 270 | 300 | 320 | /90 200 | 290 280 4
230 000 prd ' b
-2 290 370 240 P d) 320 340 | Z%0 280 28/
| B-8 | 490 | 490 | 540 | 680 | 390 | 900 | 530 | 530 | 494
368 000
D-D 570 $30 | 430 | 470 | S50 580 | 430 470 | 489
B-8 780 | 720 | 8/0 870 | 5§90 | @00 780 Qoo | 753
506,000
D0 670 | 700 | ¢40. | 620 | 820 | 870 | @30 7/0 708
B-8 /080 | 17700 | /7060 | /7730 850 860 | 7060 | /070 | /026
©44.000
-0 920 940 | 960 940 |/7260 | r270 | 970 | 7070 | 704/
690000 B-8 12/0 | 1230 | /790 | 7250 | r000 | /020 | /220 | /1220 | /768
: ppP |/0/0 | /030 | 7090 | /070 | /960 | /530 | /1//0 |/2/0 | //89
247500 B-8 /480 | /480 | /420 | /1480 | /1340 | /1360 | /570 | /1580 | /476
; p-p //90 | //70 | /1380 | /370 |1950 | 2040 | /480 |/570 | 71577
o9 000- B8-8 /630 | /1540 |/7650 | /590 2470 | 2540 | 2680 |2750 | 2/06
: D-p /340 | /1270 |/690 |/490 |3730 | 3920|2730 |29/0 | 2385

Inital Load Z3000

Slrains for aff gage Lr7es

Col No. 6 Tgp/e &




S/rain al_gage /e (Mittionths)

Seclion ‘ 3
Load S L A 27 | 17 | 23 | 73 [heiee
| ! { ! ’
B-B /0 / | o ’ 7] [ 8/ | 70 | 120 / (17
D-D 2ol -zo5 |20 7o | 10 | 40 | 30 | 2o | z8
| |
| | |
55 230 230 /90 /30 /40 rg0 | 240 230 | /85
84000 . : t
D-D /00 | 1z0 | /730 Z200 90 Vxe) /00 920 | 717
1 i
B-B8 380 | 380 240 240 Zz270 Z60 | 390 360 | 3/5
/40000 ' '
D-D zZ/0 220 | 250 | 350 | 2/0 /90 | 2zo | zzo | 234
B-8 580 | 60 | 400 | 380 | 440 | 430 | 560 560 | 488
224000
DD 4/0 | 450 | 420 | 580 | 430 | 9400 | 420 | 440 | 45z
B-B 850 <0 30 / 680 | 660 | 830 | 830 | 735
308000 8 7 6/0 8 3
D-D 630 | @0 | @90 | 800 | @40 @40 @00 | 650 | @3
B-B /1/70 | /1/90 850 940 980 9o //30 /130 | 1056
392000
DD 970 |s000 | 990 | 1770 | 870 | 960 | 930 | 970 | 287
220,000 B-38 13/0 | 1330 | 1770 | 2070 | /730 | /7120 | /1260 | /1270 | /200
: DD /70 | 1730 | 1/20 | /1240 | 1/20 | 1110 | /080 | 1170 |//27
490,000 B-A /1790 | 71870 | 1570 | /1550 | /1580 | /1560 | /1690 | /690 | /655
’ D2 |15%0 | 1620 | 7670 | 1770 | 7600 | 1570 | 71570 | /1540 | 1594
523000 B-B 2090 | zz/0 | 230 | 3280 | /1690 | /1500 | 71320 | 1230 | 193/
: -D-D /1870 | 19560 | 1960 | 2080 | /360 | 71290 | /410 | /1410 |1G67/

Initial Load [4.000

Strains (or all gage lizes

Col. No. 7 Table D
R e R R R R
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TABIE 30 » HODULUS OF BLASTICITY
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| c%?f” Plates

weighted

Aversge

A

& o

- Average

- EB;400 sm *

- 51,000,0000 -
' "E?‘;;ﬁ-’i?@,ﬁ &

29,390,000

730,000 5000+ 000
80,100,000+ 29,500,000
80,400,000+
900,000+ -

28!

87,400,000+
29,100,000%
26,800,000 -

80,800 *@QQ

789,900,009 -
| 87,700,000

| 28,000,000
3 ‘%ﬁém’jﬁ
23,89@,69@
| ?3‘9@%9&9@3 )
26,100,000
- 26,850,000

* sverage of 4 test coupons

411 figures represent ib, per sg.in.
.+ Averags of 3 test coupons ~
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TABLE 1) - RESULTS OF COLUMN TEETS

_Ho.  Sq.n. ¥
60,8

60,8
7.9
98,7

3%»1_30

238,97

25,99

4 @ o s @ N g ,;,aé-,

sverage =

M¢§9 '

14,86

14,86

78.7

9.9

78.%

e

‘2353399

790,000

5 #&aé;’feﬁ |
&v,aee |

blﬁ ,ﬂ“

- 769,000
ms,aed.

‘&*W'

peflsetion
of Magimum

2’:&;5@9
%ﬁm

- BeGulus of

- Blastieity

ised = Jn,
.68
0.83
0.50
0.77
0.8
0,02
0.8

,é%t 3793? S ﬁn./

&8 ,ﬁ@ﬁ 9@9

,aee,en o

‘ ?s&,mma{: ;

29,100,000 -

£6,000,000
87,500,000
28,165,000
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TABLE 12 « COMPARISON OF COMPUTED STRESSTS FOR MAXIMUM LOAD QN COLUMN
VITH YIELD POTNT STRESSES FRUN COUPONS AND STRESSES COMPUTED

'Jie,i'-'.is-&,&»a'»-»-(igaa-cs#a’i’r-énﬁ-ﬁ-b»@ﬂ-&ﬁpmaa—pup‘w*«-mq-»d.su&uwnnwn@ﬂﬂm@ﬁnn~

Yield Pofnt Stress at Pirst _H0ress at  Stress at  Retlo of &rms Computed &

golumn ' Proportional - Mexioum Lesd at Max: 8
“NO. ef Coupons Strain Line FlAmit of . prom @empﬁtea to Yisld P ism 2@ gﬁg& a
ib.per 8q.in. Ibiper-mgiim., - Cplwm - Test -~ - of Coupoms JLead

-

3 84,900 18,000 .- 21,800 62,300 . 27,700 085 888
188 85,400 36,000 . - 21,800  32;800 ~ 28,200 . .912 870
2 85,900 16,000 21,800 32,50 26,500 805 877
4
S
&
7

15,800 30,800 &7,600 598 003
81,400 56,900 83,000 954 L
21,400 557856 81,400 = .913
30,000 . 15,400, 88,900 31,900 088’

88,700
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All endls milled :
ln Colurmns 1, 188,3, and 4, Reinforcing Flates were -Q_igi;_/_é?
welded to I-Bearm with a confuniuous bead. 0L UM, TESTE
In Columnns 6 ond 7, FPlates were welded o coLU, A 2
I~ Bearr? with an infermitient bead. f;y /

ln Colunins 2 ond 8, Plortes were riveled fo
I-Beam.
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Fig. 2 - View of Column in Testing liachine




KOTE:

Location of Column Numbers indicate the
portion of the columns shown in Fig.35,




m.‘-wma.z.a".mds
After Testing

NHOTE: Location of Column Numbers indicate
the portion of the columns shown in
Tig. 32, 34, 35, 38, and 44,
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CUISSIGNS AND EXCEPTIONS I8 PLACIEG GAGE LIUES
(ses Preceding Figuvre)

T N e i i A O N A GO T i 0 i O SRS T VS R

godumn 1 Seobion A4 omitted
Sgotion A=& onitted

Sevtion d-4 »«mgmﬁ ' Ro. & ang w
on Sention €s¢ amitted _

Colunn 4 Ho. 37 on Sestion A=~4, and Bh,; 1lb,
iTL, and 85b emitted on Gage
M@a DeD: Ho. 6 ond 10
-mmﬁ on &%ﬁ%@& 'l emé
. mg i%.% m& m wxs ﬁw@ s
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Fig. 24 -~ Strain Lines in Short Column




Pig. 25 - Strain Lines in Short Columm
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Mg. 31 - Strain Lines on Exterior Vage of Column 1 at laxisum Load
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Fig. 58 - Strain Lines on Wed
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Fig. 38 « Strain Lines on the
Exterior Face of
Cover Plate of Column 1BB



¥ig. 34 = Strain Lines on Web of Column 2



Fige 35 = Strain lines on Exterior Face of
Cover Flate of Columm 2







Figes 37 « Strain Lines on Exterior Face of
Cover Plate of Column 3




Fig. 58 « Strain Lines on Wedb of Column 3




Fig. 39 - Strain Lines on Web of Column 4




Fig. 40 -« Strain Lines on Exterior Face of
Cover Flate of Column 4
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Fig. 41 - Strain Lines on Columm 4




Figs 42 » Strain Lines on Exterior Face of
Cover Plate of Column 4




Fig. 45 - Strain Lines on Exterior Fece of
Cover Flate of Columm O
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Fig. 46 » 9train Lines on Web of Coluam 7
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