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ABSTRACT

:Thisprhesis_presents the results of a preliminary
inygsfigatibn“of’Welded H columns of A7, A36, and AuLY

steelsj,oflﬁrimary=interest is the effect on therstrength

@hﬂfﬁétenistigs Qf ﬁSihg component plates which Vary in

thickness from 1/2" to 2 1/2%.

The sections Cbmparedfinclu&é twO;iightishapes
(7H28 and 10H62) and one heavy shape (lSHZQO)p with both

UM andeléme-Qut‘comgﬁnent plates.

‘The experiments reported are tensile coupon tests,
residﬁéi'Strééé measurements, stub colhmn tests, and
full column tests. The results of these tests are used
to formulate a tangent modulus analysis, and based on
this; the ultimate strength of axially loaded, pinned-
end columns is found. These fheoret‘cal.analyses:arg
perfofmed using ‘the actual residual stress distributions
in the shapes, including the variatioiis across the com-

ponent plate thicknessess-

It“ié‘cgncludeﬁithat-there is a strength difference
inwtheﬁheavy»sectibns ﬁhi¢h is dependentmop fhe,gpade of
?sfgel; that flame-éuttihg of the ébmponent_plates improves
the streﬁgth of both light and heavy welded shapes; that

there seems: to be little difference in strength due to the

type of weld used to join the heavy b;ates.




1. INTRODUCTION

1.1 Background | ~

¥

Within the past twenty years, extehsive;researbh
has been devoted to evaluating the effects of residﬁal
stress on the'strehgth of@?xially loaded, pinned-end
 columns. (A review bf the significant contributions
prior to this‘timefcaﬂ,be found in a;numberjof*other

works 1’2’3’5?5

). This research same about at the in-
stigation of the coliimn Research Council, which in 1949
realized the imporfance“éf-cohéidering thesé "locked-in"
streSseS in the investigation of columnmStrength,I The
early work was conducted on rolled columns, and was ing.
volved principally with the coéoling residual stresses.
Ffom this study, it was found that these stresses ac-
_counted for the, until then, unexplained transition that

i1s found in the column curve, for’Lnltlally.straLght columns.

A pilot study connected with tﬁis early work was
concerned with~cqrumn shapes built up by welding, and in
these tests, a'redUCtion<inzstrangthfrom that of the
rolled Shapes was.notedQG As afpesuit&of these fiﬁdiﬁ233
a full investigation into the strength of columns fabrica-
ted bywweldinghWHS conducted. The fesults pf this proiectﬁ
confirmed the lower_sfreﬁgth for welded H-shapes, while
thé'ﬁelded box shape$.diSbIaYed Strengthsyappn9acging that

of. the rolle_d._.-7 The ‘reason for the strength reduction can

“ ~x
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of the process of residudal stress formation were that an

‘be traced, pbimarily, to %he’wélding ﬁesidual stress pat-

tern in the H-shapes,~as well as tb-initialvout-of—straigﬁt-
ness, which tends to be greater in welded than in rolled’
2,7,8  v

columns

Indications from fhgsé ppograms aﬁd_erm a'knowledge

#e

ineérease ih,strength could beé realized by altering the resid-

ual stress pattern in some way: by annealing, flameécutting
of componeht‘platesﬂ application of a weld bead to the flange

fips Qf‘the"shape, or some cher'methonQ’B,

research had been conducted on plates 3/4" or under. Thus,

it was thought that using an increased plate thickness would

give~greater strength, since fhe‘ﬁatio of weld area to total

croésasec¢ignal area, and cehsgqueht1y5 thewrelative heat

input,’wouidfbegless than in the light shapes, and the stress
pattern would vary across the plate thickness and pephaps be

less of an influence 7,8.

1.2 Program

The;investigation reported here is a pilot study on

welded built-up columns using component plates which were

, | | | | : \ %
dver one iﬂchiin thickness. The work involved bé&th UM and

fl&me~cut plates welded to fbnm.H-SHaped columns .

Primarily, three shapes are compared in this.rePOﬁf@»

ihere‘are twojiight shapes, a 7H28, and a 10H62. Both were

* UM = Universal Mill

Until that time,

S T W e Yo e e o )




fabricated from ASTM:A7 steel and joined by fillet welds.
The heavy shape (only one was tested) was a 15H290 Shape§
of both ASTM A36 and A44l steels, with both full and

partial penetration welds. Table l,and.fignres:l and 2

give part%Culars on these shapes.

The 1ight shapes w{fh UMéomponent’plate; were
tesfed previously, and the results have been presented
in an earlier work. ' They will be used for comparative
purposes with the heavy shape and the other light shapes

with flame-cut plates.

* The designation "H" was adopted to denote a welded
built-up shape. |
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2. EXPERIMENTAL INVESTIGATION

2.1 Test and Measurement Procedures

The investigation took on both a thecrgtigal'and  

experimental aspect.: The experimental tests whieh¢§ggg.+7‘

.perfofmedmwere: tensile ﬁaﬁpon tests, residual stress
measuremegts;’s¢ﬂb ¢olumn tests, and full column tests.
It should be noted that there.were‘npwfhll c¢olumn tests
in the series inQQIVing The;heévy shape, since there were

no pinned-end column fixtures of sufficient capacity

available.

1. Tensile Coupon Tests

The tensile coupon tests were pepforme&.td.dbtain
or verify the mechanical prdpertieslof the Steels being
studied, Most of the tésts;were peerrmed on the ASTMW
stdndard 8 inch flat and 1/2 inch round coupons, while
some were on mnon-standard 8 inch -and 2 inch coupons. The
non—standévd 8 inch coupons were in allfreépects the same
as the standard flat‘spécimens, except that théy'were not
full thickness piéces‘ The‘abéamwas reduced in order to
utilize a Smaller-eapabityiméchahical testing machine
which had greater accuracy thgn.{He larger hydraulic mach-
'ines§ The non-standard 2 inch coupons were cut from resi-

dual stress sectioning specimens and were primarily‘in

the weld areas.
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AL e om 1

~was the static yield stress level

The yield stress, that was used in the computations

6,9 e . ' L
“ .« This is the stress

level which occurs imn thevplastip'portion of the stress-

strain curve at a zero rate of strain. In 6ther words,

the movable crosshead of the testing machine is brought
'toﬁa halt, and allowed to come tO'equiIibrium with the
speéimenQ A drop in load 1s -noted as well as an increase .

" in strain, and when all motion has cedsed, the static yield

stress level has been reached.

2, Residual Stress Measurements

Residual stress meéasurements were made on all pieces

to determine fhe welding and cooling residual stress patterns

for each specimen used, since it was found previously 2510511

‘that the variation of residual stress along the length of a

column is neéligible, except for a distance near the ends

which is about eﬁual to the depth of the m;mber.

All residual stress measurements were made by the

method of sectioning, in which pvelaxation of stress is dccom-

plished by sawing of the specimen ints strips lzg The pro-

cedure is as follows (the letters refer to parts of Fig. 3):

1hé;piateuelement§(a plate, flange,swEb’ etc.) is

laid out with a system of gage holes for a measuring appara-

o

tus (in this case, a 10 inch Whittemore strain gage), as

‘shown in the figure (A). These holes are on both sides of

in all of the shapeSw Only one set of measurements was taken

SN st e <= o
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the element. A measurement, rééding number ong, is taken
and the plate 1s.cut 1n£o strips by saw1ng along the dashed
llnes, glVlng each 5pe01men two sets of gage holes (one on
each side) (B). Another reading is taken, reading number

two, and the residual strain is found by dividing the dif-

ference in thé-readihgsfbyfthe,gage'iengih¢ For plates
under- -one inch in'thicknesS3 the sets.qf'gage'holes;gn each. .
side of the;pLate<shquld give approximately equal readings,

sincée there is little variation across the thickness cf the

——

plate elemént. Thus the final strain reading will be ‘the

average of the two sides.

However, in the heavy shape, plateées were up to 2 1/2
inches in thickness, and thefreadingSVﬁn.GACh side differed -
quite significantly; fUpthér~mEaSurements had to be made.

This was accomplishedbe.laying out gage holes on each in-

dividual, previously-cut, specimen (C) where again -there

were gage holes on each side of the elemeént. A measurement

(nuniber three) was taken, and the second set of saw cuts was -

mad€3 Wheréupontreading number four was-téken‘ﬁD). The Yari-
ation of residual Strain-a@ross the plate thickheSS'was then
obtainediby‘&ividinggthé differencé_of”these«last two read-

N3

_i ngs by the gage ]_ength . _{

*

The base upon which these variations are Supenimposedk

must be an assumed one. In this case,‘beam—type action was
presumed to occur in each specimen after the initial cuttlng,

and preV1ous to the second relaxation, and consequently a

mrr.-u%\
\




straightilinemvariation off stress woulﬁ'resuit. Super-
, 8.
imposing these last strains on_this straight line, we

obtain the total residual strain variation across the

ol

]

. ‘thickness of the section (E).

A ten inch Whittemore strain gage was used to
make these measurements because it gives a reading over
a relatively large distance, averaging out most discon-

tinuities and localized disturbances and giving more re-

producable results.

3. Stub Column Tests

Stub column tests were performed in order to obtain

stress-strain curves which would include the efféGfoQf

iresiduai stresses:prééent.in'the secfions, The tests were
conducted according to the Stub Column Test Procedure pre-
sented as an appeﬁﬁiX’%é reference 1. In brief@ the stub

¢olumn is a section of a specimenmwhich'has.a Sslenderness

ratio that is low enough to preclude any general column
buc¢kling. In this way it resembles a large compression

coupon except that it is not stress relieved.

| ;The-tesf was dqndubfed mnch.like-a c@mprgssidn
céupdn test. The specimen was alignéd_in.thezmaéhine geo-
 m§trica1ly and.instrumEﬁted, -Figure Hﬁshéﬁs two séﬁemas
{of_iﬂstrUmentétion using dial gages. Around the baée of
the specimen are four gages attached to the top end plate
by tight wires, used for attaining and dheckinggalignmeht;




o

Next to the_columneis a gage for measuring crosshead move-
ment. At the:miﬂéheight of Fhe éblumniare mounted two
l0,000th inch dial gages for strain measurement during the
test. The upper picture shows,these‘gaggslfastened by tack
welds. The lower shows the gages-m@unfed:on a rack arrange-
ment: If desirved, séme or all of the dials 'may be-replaced
with Wire-resistance_strainﬂgqges,'but the dials are pre-

ferred since they give average values.

When the instrumentation was complete and the white-
wash applied, the alignment was performed. (Whitewash is used
to show the flaking;bf mill scale, indicating the progress. of

yielding.) The specimen was loaded to a point below the pro-

portional limit, and the corner dial gages checked. Only

When~the¢gages read to within 5% of the avérage was the load
considered axial. Adjustment was made by tilting the top

crosshead of the maChinea

The actual test was performed by loading the specimen
in increments and taking static readings. The reading was
taken after the crosshead dial‘gqge'shéwed'that all movement

had ceased. A.ﬂontinuing}QIOf of load wersus deflecticon was

maintained to check test progress and to aid in Qhoasiﬁg the

increments of loading. o

4. Column Tests

Column tésts were cquﬁated:tq ébtain experimentél

verification of theoretical column strengths ; they were con-

ducted only on the lighter shapes.
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Next to fhe column is;a_gage for measuringncrosshead move -
ment. At the mfd—height of_thecblumn are mounted two
l0,000th'inéh dial gages for straih measurement during the
tesf. The upper picture shows these gages fastened by tack 
welds. The lower shows the gages mounted on a rackﬁarrange:.
ment. If desired, some or all of thg-dial?imay be Peplacedl

with wire-resistance f%rain géges,:but'the dials arg pre-

ferred since they give average values.

When the instrumentation was complete and the wWhite-
wash applied, the alignment was performed. (Whitewash is used
to show the flaking of mill scale, indicating the ppﬁgrgs% of
yielding.) The specimen was loaded to a point below the pro-
-portional,limit, and the corner dial:gages checked. Only
when the gages read to within 5% of the average was the load
considered axial. Adjustment was made by tilting the top

¢rosshead of the machine.

The actual test was performed by loading the specinmen
in increments -and taking static readings. The Peading was
takgn after the c¢rosshead dial,gage showed that ail_mpvement
'had.ceaé§d¢ A continuiﬁg plotrof load wersus deflection was
maintained to check test progress‘andjtomaid in'choqsing the

in¢rements of loading.

4. Column Tests

Column'tQSts were conducted to obtain experimentalﬁl

~verification of theoretical column Sthéhgthg; they were con-

duétéd only on the lighter shapes'.




-These tests were perfbrmed on columns whiéh-were

in the pinned-end condition, since this is the basic column
ﬁf'mbét deéién.specificafibnSand cu;ves; The end condi-~
tionwas achieved by the use of eolU@nuend fixtures'designed
at Lehigh,Univensity'Igg Thetprincip;e is that of a cylin-
dﬁicalhsurfacefbéaring oﬁ=a Horizontal plane, but with the
ceﬁter;qf:curvétupe of thgxcylindridal'portién located at
the base of the specimen so that the SlénderneSS'ratiG-San

‘be determined using the'actual'length of the column. As

remains on a line passing through the center of the column
‘base and is’ still axial. Figure 5 shows this action, as

well as a schematic view of the bottom end fixture.

Instrumentation

The instrumentation of the specimen consisted of
electrical wire-resistance strain gages for strain measure-
ment, dial gages for measurement of deflections, strip scales
mounted along‘thé column flange to measure out-of-straightness

and lateral deflection,and level bars to measure end fixture

rotation.

The electrical strain gages mounted at the mid-height,

top, and bottom, and at inteﬁmediate*points'on%the column,
were ﬁseﬁ_in alignment and to record straih'readings, At
the mid-height a dial gage was tiounted and connectéd to the
column by a fighf wire to measure mid-height deflection of

W T
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the column during the test. Another dial gage recorded
crosshead movement and was used to indicate at what point
load stabilization had ‘taken place. The,strip scales,

attached at@the'miGEheighf;ends, and intermediate points,

¥

flection at a number of }oints along the specimen. A

point on the laboratory floor served as a reference for’ -

-~

readjusting the transit when~it.wasdistrubed?.anda scale

on the machine cﬁosshead.indicated.lateraljmachine mo§ement,
The end rotation level bars were:prECisibﬂ‘levels mounted

ori brackets which were welded to the base plates of ‘the
column. ﬂBy»turning a micrometer scréh, the level could be
brought to the horizontal position, an& the amount;;f adjust-
ment ﬁbuid_be-determined,fﬁbm:an attached dial gage on a

20 inch.Levéﬁ.arﬁf As a further check on strain réadings,
gagé holes on a 10" gage iength were drilled at the column
mid-height for a Whittemore strain gage. ;Ali“of'thes?'in+

struments and their locations.are shown in Fig. 6.

Alignment

.

Once the specimen had been erected iﬁ the~teStihg

-maChlﬂe,:geOmetrlcally allgned,“1nstpumented,~and3whlte,

washed, the‘aligﬁment,wasVPenféﬁmed; ‘The column was loaded

§.

tOﬂaﬁpoiﬁt welljbélow-the“prdpoﬁfional limit and the strain

was read on the corner strain gagesaafsfhe midéheight and

4

ends. If-these.wereunbt equal, the qpasshead~waS:ti1ted,

or the colunn shifted in the fixtures, and then reloaded.

by e T L i T v Ty
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' The alignment was considered satisfactory when allﬁneadf

ings were within 5% of:thevaveﬁage‘at each of the three

gage poin%s@

Test

The column was given an initial loadzbf’aboutiwok
and a zero reading ‘was made on all dials and gages. The
initial eccentricity of ‘the column was read through the

transit. When these préiiminaries were‘CQmplefed,;thez

- gage indicated that all movement had ceased. Readings
Wwere taken until after the ultimate load had been reached
and passed, afterelocal buckling'Was observed. The Speci-

men was theﬂi&ﬂldadedy and the permanent set was noted.

2.2 Test Results

1. Tensile CogBon Tests

The resﬁlts qf the tensile éOQEOQ feéts.are bena
in Table 2. An imieresting poiht ingtﬁe tensile tests
was that in the heaVier'iBHQQO shapes,-Some of the coupons
displayed,a total lack af;ajyigld!pLateau (Fig. 7). Upon
reaching the stress at which yield would be expected to
‘occur, sfﬁaih'hardening:comméncé& and continued until ulti-

mﬁfe'ioad. This Same ‘type of curve WHS found in ﬁhé“stub:,

column -tests. This has a definite effect on one assumption

i
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for the taﬁgenr modulus dbncept,ﬂthat is: the”material
is perfectly elaéticﬁplaStic& Since not all of the cou-
pons sthed this phenomenon (and thﬁseiwhiChwdid were all
flange cqupqns),'the total effect on the column strength

=pannotibe:peadily evaluated until more work is done.

2. Residual Stress Measurements

Shapes Composed of U.M. Plates

The residual stresses that are discussed in this
‘report are principally dye to the plastification of all
or & part of a seetion erm'thenma1 action. The part of
the SQCfLGn‘to cool last is usudlly ﬁhéwﬁant'tﬁgﬁ will
contain the tensile stress, this being balanced by the
compréssive stress set up in the parts away from the weld
or molten greé lu. ThuS%\if a part of theé section can bé
maintained in'the molten state after the rest has cooled,
tensile stress can be induced, aﬁd dggending on the loca-

tion; the strength of the column may be increased.

Iﬁ.aerJied.Hashape,thé last part fd éqdlﬁwili be
the areada around the junction of web and flange, and it
will contain the tensile stress; Pig, 8 for tﬁe 8WF31
section. The*tensile:stpesses are not the critical omnesy
the locdation and magnitudes of the compressive stresses

are the controlling influences on the amount of strength

reduction that will occur in arébmpPESsion member. The:-

pattern in the 8WF31l shape (Fig. 8) shows compressive
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stresses in the flange tips, at~theemaximumadistance from
the axis of bending (weak axis), and upon yielding the
result will be the greatest pessible.redQCtion'in the load-=

carrying capacity of the coluimn.

For the llght welded shapes composed of unlversal

- mill plates, the re81dual stress pattern is. shown in Flg 9,

The dlstrlbutlon resembles that of ‘the rolled shape in that

the compre881ve stresses are: in the flange tips, but the

magnitudes aré higher. Therefore, when the column is loaded

the outer portions of the flanges Wlll yield sooner, and the

loss in strength compared to the.rolled shape will be greater.
. ;

Looking next at the heavy shapes, the rolled LUWEL26
ts the heaviest rolled section to be tested to date,ls The
stress distribution is shown in Fig. 10. Again there is the
same general distribution, except that there is also a vari-

ation across the plate thicknesses. (No measurements were

'made at the time to find the type of variation). Note the

high stress due to cooling dlone.

Comparing this with the heavy welded shape composed
of Universal Mill plates, fillet welded, of A36 steel (Fig.11)
there is again a similar distribution, with the compressive

stress in the flange tip. :Heweverjleven though the ratio of

. weld area to total cross-sectional area is smaller than‘for

the light shapés;(%or.example, I%F_fcr the heavy shape versus

'115 for the 7H28), the compressive stresses ‘apre quite high,

™




éﬁPPQaching'Sévenfy-fivéPEPCent of‘tﬁgmyielaﬂvalue in

Same places’ Thé-explaﬁatian of ;his caﬁ’beufOund in the
- | ; | “
initial stresses present in the'platé.pr%br"to'welding.

It -was thnd;frompast tests that the residual stress dis—
tributiodn due't03305ling in plates of oné inch iﬁ‘thiékness
could be sighificantf For example, Fig. 12 shbws the cool-
ing residual stresses in a piaté.éO" x L". The stresses -
attain a magnitude of 23 ksi. at one edge-;r apppvximaté1y 
2/3 the yield‘stregslsﬂ Thus, in the heavy shapes with
‘plates up to 2 l/Q'iﬁ¢h€S:thick, the coolfﬁg'sfpeSSQS‘will
tend to be quite high,ﬁWhiiﬁ the welding pfocess¢will con-
tributEErelatiyelyiiittle tohthis 17&~that is, the soirce
of'ihe high strésses ithhe shape is Prin@iPailY the ini-

tial cooling stresses im;thé'platew

Figure 13 shows the variation of residual stress
aérGSS the thickness of the component;plates for the mild
steely fillet welded specimen. Thé‘vaﬁiatiOH is either
nzslightly'paraboli¢7oranﬁaight line iﬁfnafdre-in.the%area
aWay from fhe;wéld; AI{?théiﬁaréﬁgiig shape_cauld be accent-
’uated,ﬁqr in other words, if tension could be retained in
the~center-ef7thé plate elements, theréwwonld be g‘“core”
of stiffer material.fo sustdain tha column after the external
fibers had yielded. iBut,'in this case, the welding process

has erased these tensile Stresses. One advantage is that

hit'may.be4§ossible‘tp_gpedigt-the stress in the plate inte-

B TP

T SRS R e et




. \
and a straight 1line interpolation between. There are some

non-destructive testing techniques (x-ray, fe?“zzngle)
which can measure these surface values quite accurately
However, more work, and more shapes, anejneeded_befgﬁe
this‘can be said with centaihty; :
- ¢

Eigﬂres_lﬂr.lsi end 16 show the stress dlstrlbutlon

in the other shapes composed of UM plates. The AB6'spebil

men with grOOVe~welds is Quitefsimilar-to the previous sec-

tion, but the A4yl steel sections show a somewhat lower com-

pressive stress magnltude 1n the edges of the flanges which
is in agreement with the earlier findings that the residual
stress magnitudes will vary inversely with the parent metal

The variations through the thickness of the Plates
for these specimens are basica 1lly the same as that for the

A36, fillet welded, specimen.

ShaEeS'Cogggsed Of Flame-Cut Plates

The flame-eutting of the compodent plates can be
expected to give a more favorableNStress distributiong due

to the fanffhat the flange edges will have been in the

mOltenst;fesubsequent,toany otheﬁfpart of the plate
prior to weldingu Asimentiéﬁed previougly, Tﬁmsiie*stress
should occur in this area. 1In narrow plates, this tehSi%e

stress would be completely_erased by a center weid. However3

the plates used hepe can be consi@eﬁed wide, and the tensile

15
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stress in the edges will remain after welding, although

decreased somewhat in magnitude

Figure 17 gives the stress distribution for the

light shapes composed of flame-cut plateé, The distri-

bution has been altered considerably by the cutting®pro-
.céSS,-and thuégaﬁ increase in column strength should be

.expected. -

The distribution for the heavy shape composed of

A36' steel, with partial penetration fillet weld is shown
in Fig,hlﬁ, Again, there are tensile stresses in the
flange~tips buf.ﬁf a smaller magnitude. The reason for
the smaller-magnifude is?th?Known, since details of the
flame4GWfting<operéti©n were not obtained at the timé«af
rglling'aﬁﬂ fabficatian, ’The;vaniation of this stress .
across the plate thickness (Fig. 19) is similar to that

in the shapes composed of UM plates, with either slightly

parabolic or straight line variation.

The distribution for -the mild steel specimen with

full penetration weld (Fig. 20) is similar to that for

the fillet welded specimen.

The sections composed of A4L1 steel, however, show

a somewhat different pattern (Figs. 21 and 22). The very

high stress in thé flange tips of both shapes is readily

evident, exceeding the yield stress in same~piaces¢ Siﬁce

only one heat of this steel was tested for the flame-cut
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plates, and only one cutting operation was involved, the
reproducibility of these very high stress magnitudes cannot
be certagn until more work is conducted on heavy shapes of

high strength steel.

1

3. Stub Column Tests

Stub column test results are shown in Figs. 23 and
24 for thewsﬁapes~ccmposed'qf UM.PléIés, andTih Figs. 255
and 26 for those of flamé-cut plates. cheékéng these curves
with the residuai_stn95§gdistributiOnS, the -dependence of -s
the prﬂpaftional 1limit on the residual stgeSsmagnitudes can
bé seen,A For example, in the 7H28 shape émeosed.of flame-
cntfplates (Figs. 17 and 25) the proportional 1limit is -about
- 12 ksi, and the maximum residual stress value is about_ 24 ksi,
which total up to the yield stress of 36 ksi found from this
same Stub é0lumnteSt5

‘The yieldvstness levels were found by taking the stress

at the 0.5% strain as recommended in Appendix B of reference 1.

Although this method has been found to give results that are
ﬂhigh 18, in the specimens tested here, there is good agreement

with the yield stress obtained from the tensile coupon tests.

It is evident on all the curves that they lack a
"plastic" portion, that is, there is continual strain harden-
ing aneifheqknee of the curve has beeén passed,qmuch.iike

some of the tensile coupons. This is probably due primarily

!
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plates, and only one cutting operation was involved, the
reproducibility of/}hese very high stress magnitudes ¢annot
be certain until more work is conducted on heavy shapes of

high strength steel.

3. Stub Column Tests. . | | | | » a
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Stub column test results aré shown in Figs. 2% and

24 for the shapes composed Qf-ﬁM p1ates, and in Figs. 25

and 26 for those of flame-cut plates. Checking these curves
withgth; residuai.strESS distributions, the?dependenCi Qf
the;pfoportional limit on the residual Stress magnitudés cam -
be seen. For examplé, in the 7H28 shape composed of flame-. -
cut plates (Figs. 17 .and 25) the proportional limit is about

12 ksi, and the maximum residual stress value is about 24 ksi,

which total up to the yield stress of 36 ksi found from this:

The yield stress levels were found by taking the stress
at the 0.5% strain as recommended in Appendix B of peference 1.

Although this‘meihbd'hanheén found to give results that ane”

18 . . o s s . .
s 1n the specimens tested here, there is good agreement

with-the yield stress obtained from the tensile coupon tests.

high

- It is evident on all the curves that they lack 4
1 p lastic " portion s t hat i sy t here is continual strain harden=
' ing once the knee o6f the curve has been passed, much like

some of the tensile coupons. This is probably due primarily
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to the greater strengt? of the weld material and in some
cases due to the properties of the material shown in the

B

tensile teéts;(Fig. 7).

Another intéréSting.resultﬁbf'the Siﬁh'éolumn?tests
is the oeccurrence of Wbat might be caiied’“cross.benﬁing“ 
in the heavy column shapes composed QfoIémeacuthl&ﬁGSg;
Figure 25 Shéws spec.imen Ciﬁkffiame—éut~plates;-A36 steel,
filletfweldS)-afTéf the completion of the test. Note the
"Waﬁy"?aPPEanancglgf the flangés. This was first noticed

at a load of about 4.5 million pounds (53 ksi) and the

Valuesiof'flange deflection are shown @t the botton of the

9
figure. As is evident, this:is-différent.ﬁrcmffhe local

buckling phenomenon usually noted in stub column tests,

where the flanges "rotate" about the webﬁflahgeajoint,




3. THEOREIICAL INVESTIGATION

3.1 Tangent Modulus Curves

l. Brief History

" The buckling analysiS'ﬂsed-in this program was bg;Ed
on the tangenttmodulus concept, This W&S,firSt:ppppgséé

by Engesser in 1889 when he suggésted'that the .column |
"strength of an axially loaded specimen mighf_bé found if
the "tangent modulus" or the slope of thé;stpess;sfpainf
curve at a particular point; were substituted for the jini-
tial modulué in Euler's buéklingreguatibn. During the fol-
lowing years, undera.numbérof'%?fernces, Engesser reali-=
zed that upon buckling the'fibers oanhe convex side of the
column would begin unloading, and so he abaﬁadhed'thé tan-
gent m;dulus theary,éprébosing in_1895*thg*re&ﬁced“madulus
theory. Again using the_EuleP equation, a S&bstitution is
made for the initial modulus, but in this case it is the
‘Wnedqced" modulus which is dépéndent'onﬂboth the tangent
modulus (loading portion of curve) and the ihitialqmgdu}us

(unloading portion) as well as On'thefgrbss—seefidnal.Pro-

perties of the column.

From the classical concept of instabili ty, the re-

 ducedimodn1us théory'was the correct one, but tests seemed

to indicate that failure would occur at a load that more

closely approximated the tangent modulus load. This paradox




wés explalned bj‘Shanley in 1946 when he resurrécted the
tangént modulus-theéry ds ‘the true column buckling theory
He. stated that the tangent*mbdu;us load was that load at
TWh*ilc'h.b’ifurcationqcaulﬁdqtake; place with no strain reversal
occurring in the cOnvexﬂgideﬂdf the column. Stated another
way,‘thls is ™the lowest load at which bifurcation w111

B

occur whether or not an 1ncrease in ax1al load is reqnlred
e . %

2. Curve Construction

‘This "Shanley lQad".iS'the:bugkdihg*load'used in this
analysis, and.eria.rec%angulaﬁ'member it is given by:
Ptt 72 E

t
Py o"y(L/r.*)fQ

where : Pf is the tangent:modulusflbad
P_ is the yield load
O _ 1is the yield.&tnes§

L/r is the (ﬁfféctivé) slenderness ratio

of the column.

‘The tangent modulus, Et? fPTTSteel can be found fﬁom 
1ﬁh&¢onsideﬁation that the residual stresses will cause
uneven yiéiaing,dver the cross-section and that the stiff--
neés_resultinggcan be exprésSed in two equivalent.wayStfan




where: I is the moment of inertia

. E is.Young's modulus

Ie is the moment of inertia of the unyielded

portion of the cross<section.

which is the form used for the column curve construction.
Although it is shown here fbn%a rectangular sectian,thls

6quation 1S thevone applicable to_ahywsection with asSyms

-metric&l.residual-stréss*patterh, 18

¢ribe the residual stress. distributioﬁ, and hence I o then

the equation can be solved to give the curve. However, if

eribe analytically, then 8 numerical approach can be used,l’

In this approach, the" flanges and web are divided

into a number of elements,

of resldual stress. A unlform straln is: 1mposed on the

sectlon and the yielded elemerits are found. The effect

of these yielded elements is subtracted from the load caus-

ing the straln, and the net load on the column 1s found

-




length of a Eblumn at ineipient‘huekling with this cfoss

é
|
~yielded~e1ements. With these-values, the correspbndiﬁg ) — . o
”sectiOD can be found. , - - | , j ﬁ

.In;thé iighter~shapes, these elements had thlckneSfes

-In the heavier sections, ho&ever, the-piates were divided
in both dlrectlons, through the thickness and across the

;width, to account for the variation of residual stress

through the thickness of the thlck plates.

All of the tangent moduL&Sﬁeupvesﬁdﬁawn were con-
structed using the actual residual stress distribution,
including,.in the heavy.shapes, the variation through the

plate thickness.

3.2 Ultimate Strength Analysis

oy tially Straight, pinned-end;, axially loaded column.

1. Assumptions

The assumptions which were made for this analysfs
were: the column is initially stfaight the load is ax1al

which 1ncludes a symmetrlcal res1dual Stress dlStPlbutlon'

\I,.

the deflected shape of the column can be described by a

2. 20
sine serles functlo




cept in that the column.isuaésumed to bifurcate at the
tangent modulus load. At the bifurcation point in a speci-

.men free fbom_residua1 stresses,'théfstresséahd strain

'

distributions will be as shown in Pig,EQB; A further in-
crease in strain will‘céusé:inoadingzin:the convex fibers,
and fhé‘unloaded_&ﬁea of the seCffbn.will_pﬁagress:acrbss
"the seCtidn.untilenbngh materiél is eifher‘yieldedidr“ﬁ;;
.loaded-to.Cause:a'deqreasé in load. FiguPeQQ'showsthis

action for a section containing a simplified distribution

of residual stress.

it

2. Formulation:

In fcrmulatiugfthiSfahéiysis,_iny the strains occur-
ring -after those of the tangent modulus load are required,
since all fbrces«apeqin equi1ibrium=until this timefg. The
;méthod'iS‘noihing more than an equilibrdum method, with the
sum of forces, iﬁtepnal and EXterna;,_anﬂ the sum Qf'mmentS
providing the basis. Examining the stress diagrams at the
bottom of Fig. 28, it is seen that, in the deflected shape,
if the column is~£¢:pema£nstanding; the sum of the addi-

tional internal stresses must equal the increment in load.

Also, the moment of the additional:stresses;aboui“the.columﬁ

centerline must be balanced by the moment of the total force

about the same point. Or:




Wif and Fl are the stress résultants to the
fight.andfieftvdf'fhggCOlumn centerline,
X, and X; are the moment arms of these, resul-

; tants,

P, is the tangent modulus load,

>
g

is the in¢rement in load above the tangent

modu lus load, )

y is the deflectidn of the pdint unﬁer con=

sideration.

Thesé;félations; if*they“werefto be formulated for

i

the total length of the columns;, would be quitEtCQmplicated

2

and virtually unsolvable “. A simplification is made, in

that the problem is solved only for the mid-height of the

membeér, which is the most highly stressed portion.

Sinc¢e the residual stress pattern in the heavier sec-

tion varies dcross the thickness of the plates, the mathe-

matical exprESSian=dE§cribihg-ithQuld be quite-cgmplicatéd,

even if simplifications were introduced. Thus, a numerical

.

¢
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-approach was adopted, which could be solved by use of a
digital computer. The Se&tibhingfmétﬁaﬂwlends itself Easily

to this computational process, since it produces a number of

'é . discrete elements, each with its own (assumed uniform) stress

and usually equal in size to all others: . | i

Taking each element, and applying the above equili-

brium equations; for the summation of forces:

tw E. # (X +[Bb)

3F

Where:

§F is the force contribution of a single

element,

t and w are the length and width of the

element,
[ 4

Ef is the tangent modulus of'thewmaterial

in that;elemeﬂfa

®

9, X_,B, and b are defined in Fig. 30 and
together represent the strain on the

element.

This leads to the increment of force o6n the tota1 crnss—

section by summing over the area.

AP = tw § ZE (X +Bb) . " em=(a)

| : where t, w, and § apé'constant for all elements.
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Emes portmians o

the deflection'eb, anﬁ?the;curvatupe, @

deflected shape of the column could be expressed as a sine

series function. A further assumption is needed, to use a

Now, formulating the sum of moments about the cross-

e -

section centerline, for a single element:.

fm
5
H

8M = tw E_ P (X +Bb) X

whére : o
)
v T B

| SMis the:cohtyibuiion'Tasﬁoment'frgm the

element,

'"g.Xn is the moment arm of the element about

the centerline of the section.

égain, summing over the whole ¢ross-section:

(P, +AP)e = tw g TE_ (X +Bb) X_ -=-(b)

where:

(P, +AP) is the total axial load,

e, is the mid-height (maximum) deflection:

]

There are now twc;equafipps, but four unknowns: AP,

e c ’ B ,» 9. -'On e more relat :‘L'o-nrs_,h‘fi.p' can beé obtained between

One of the assumptions made earlier was ‘that the
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single term sine function to describe the defléﬁtion'z, Co

In other words: | | *

where:

'y is the deflection at any~painx5

z is the distanee@glqnggfhé column

L is the column length.

If this expréssion is differentiated twice,

and for the mid-height (z = L/2):
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There is éﬁill one mgre:unkﬁown'than equations, but
! - | if a %aiﬂe is,chdéen fbr“one;parameter,—}orvexample,‘B,
thg=equations:canbe_sélved@for the others. Howevér, as
San:beﬂseen~hy~examina¢ion of the equatiGns, all of the
E T . .
“elations are not explicity that is, variables cannot be .
factored out with éase to aid in the summétioﬁ\pfoéess;
Complicating fhis;‘@poﬂ4yiéidimg and ﬁnlﬁadiﬁg; the modulus.
of elaStiéity.changesg so that a particular élement:may
have a different modulus than fhé one next to it. (For

this -analysis, as in the tangent modulus analysis, it was
assumed that the steel had an idealized‘élastic~pérféctly

plastic stress-strain curve.)

Since the désired terms could not be factored out

of the expressions, a trial%andeéﬁrqr'solution was employed.
A value of B was chosen, and a nondimensionalized value of
C

e was assumed. @ was found from eguation.fc); and substi-\k

tuted into / equation (a). With the resulting value of AP,

all the knowns were inserted into {b), and a new value of
ebealculated, This calculated éc was checked with the ini-
tially assumed one, and if the difference was greater than

.
0y
an

2% of the inffial,'the caleculated value was taken as the

initial and the cycle reﬁeated; When the difference had

beeri reduced sufficiently, a second value of B was chosen

; | and the whole, process repeated.

S Ao

Each element was assumed elastic at first, and after

edch calculation, this assumptipn,was_checked, If the
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stress had turned out to be greater than its elastic capa-

3

city, its known stress value at yield (tension or ccmpres-

sion)was inserted instead.

YQ. Limitatiqzs

There were some limitations placed on the computation3§
| | ]

1. 'Thé ﬁnloading of the:fibers Waéﬂhot taken into
aCQQUnt'énce yield héd%ocburgedg In other words,
the material was assuméd to follow the Stréss-
:strain:Cufve;frqm all_ldéations; whether loading
or unloading. This was due toitime;restriﬁtiaﬁs

on ‘the use of the computer.

2. The residual stress (or strain) values were aver-
aged to gi§e~one répresentative'halfﬁflaﬁge,.and
one half-web, which wene’SHBSequently used for

the stréngthxbalculaxions,

3. All elements were assumed the same size., This
was not strictly true, since in the heavy shapes
the.elements‘neﬁr the weld had various sizes,ibut

since it was weak:axis bending, their effect would

be rather small.

- -
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4. DISCUSSION OF RESULTS

4.1 Tangent Modulus Column Curves
_'Shown in Fig. 31 are the tangent-mcdulus curves for
the light shapes composed of UM plates. The reason for

_the concern over strength loss in the welded shapes can bé

seen, witﬁ ihenfesﬁlts.of the Eo;umﬁ %eéts andfthg column
curves falling wéllibélbwzthefaverage curVéﬁfénﬂthe rolled
'“ wide;flange shapés. In Fig. 32 are the tangent modulus

curves for the heavy shapé'composed of UM plates. In the
1ow slenderness ratios, all -the curves are grouped,;bué at

a lower strength than the rblleﬂ.shépes; As theé sleéender-

ness ratios increase, the~sirength'offthé~A36 columns 1is

| > - [
reduced and approaches that of the lighter shapes. The

Aynl columns maintain a somewhat greater carrying cap&city,

camsistéht‘With;earlieriWork?dn roll@dishé@es 6, but they
dQ‘hOt,épprcaéﬁ fhe curve for rolled wide-flange shapes of

high-strength steel.

Tignres.33-and 344 show the tangent modulus curves for

e v BT b AT o N SRR

{the'shapés cqmpO&eﬁ Of f1ame;cut-piatéS, Ihe~lighte§ shapes , l
although they”shGW'improv3mEnt over those with UM plates, | - :
are still weaker than fhe,comparable'rolled'Shapesoier m@i}ia
of the slenderness ratios. The heavy shape, however, is »

neﬁﬁly as st@ongias the rolled shapes for most values of

L3

slenderﬂesgzﬁétios, for both the A36 and Auul steels.

M._,,A,_«,‘ \l.ww,,“_,,m.w_,.__“_u .‘
| —ea—s e s = "




Figure 35 1s a comparison of the tangent modulus
curves for the mild steel, fillet welded :;specimens. Gniy
the heavy Shape composed of flame-cut plates compares:in

a saiisf&étory way with the rolled tangent modulus curve.

‘The tangent modulus curve can.be obtained from the

stub“column test results by determininj

s”ihé.tangent;to the
sfresa-straiﬁ_éurveAat’a nnmb€r~ofypdintsénd.solviﬁg.thé:;
tangent”moduius buckling‘eqﬁationw This curve should coin-
cide with that obtained directly f;omﬂfhe:féSiduai stress
distribution. 'However, parficuiarly in the heavy?shape,
this was not so (see Flg . 36) . This 1is exp la 1ne d by the
vfactifhaf the shape of ;he stnéss~3tﬁainicurve for the stub
column showed a continual strain hapdening, whiie in the
humeﬁical solutioﬁ-the-mOdulus-affergyielding is taken to

be zero, and no strain hardening is taken into account.

The curve obtained from the stub column test is ex-
pected to be the correct one, since it considers the com-
plete cross-section as a whole and mnot a*ﬁumbérmqf;small
elements; also it considers the actual stress-strain rela-
tionship. The "reinforcing" prﬁvided by'the'weld:metélmand
uaitsi;éigthPing heat-affected zone éauidaalfép‘thg QH?Vé in
a fashion not taken into account by*the-residua% stress
methdﬂ; Howéver, the 1attérmethod;waSFused.%ef? to check
. the Stub&column test fé&ulxs;?squé there was a Qifficﬁlty

!

«in:alignment,“'This difficulty arose from the 10W“bP°P02inn&l

limit that reduced the alignment loads.
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4.2 Ultimate Strength Curves

Examples of the computer output from the ultimate

strength proéram are shown in Fig. 37, Ehe~dutﬁutliS'inE
the form of load versusAmid-heigpfsdeflectiéﬁAcurves,,and
GOnSidération of‘a.nuﬁber of édiﬁmn lengths will give an
ultim&ﬁe strength curve. From previous work zgitMWOuld
be eXPeCted-that”the deflection curves obtaiﬁed will not ’
agree very well with the e#perimenial curves, but ‘the

ultimate strengfh-valpes‘shouldlbé fairly close. This

is because of the SimPliinngmassumPtiénS made*‘

The indications from these deflection curves are
that the columns with the higher slenderness ratios will
have lower post-buckling strengths but Will mainfain»thiS
strength for a greater deflection, or analogous to the
plastic behavior of,b;amsp'rhe-"rotatidn capacity" of the

longer column is greater than that for the short.

The ultimate strength curves for the heavy Shape
are shown in Figs. 38 through 41. In all c¢ases, the larg-
est increase in strength over the tangent modulus curve is

no gréater than about lO%,this being in the lower slender-

ness ratios. If the effect of initial eccentricities and

the resulting decrease in strength are taken into account,

if*mayfbe'c&ncludéa that the. tangent modulus approach re-

presents a good upper bound to the strength of these heavy

columns.




4.3 _Strength CompariSohs L | - .

1. Plate Edgé Preparation

0 L]

For éTI’the.columhs involved in'this study, the i |
flame;cﬁtting<of thé éampdnént plates resulted in an in-
creasé.in strength over those se@tions.made up of UM
p;atest .Thisqincrease‘QQS'mdst significant for the light

sections (Figs. 31 and 33) and for ‘the heaVy:éhape-Qf

A36 steel in the higher slenderness ratios (Figs. 32 and
34). The heavy shape of_Auul steel'showedﬁsome increaseé
due to flame-cutting, but it was relatively small for most

values of slenderness ratio.

2, Grade of Steel

// In the heavy sections of UM plates, fhé A4L4]l steel
columns showed a greater strength than those of A36 steel
~or the higher slenderness ratios, and were approximately
equal to the 536“s§ecimens in the low slenderness ratios
(Pig. 32). This confirms the work done eanliéﬁ~oh rolled

- .2
Wideéflange:shapes 6;_ Howevep, for the sections cdmposgd

oft flame-cut plat955 both steels showed approximately

equivalent strengths (Fig. 34).

The lower magnitude 6f residual stress relative .to

the Yiéldvstress of the material would indicate that the
“high.strength steel should haveaa,greaterfcapnying capacity

than the mild steel, but the pattern of residual stress




. % +
caused by the flame-cutting operation seems to reduce
the effect of the grade of steel on column strength of

heavy sections.

3. Weld Type

.A-compapigon of the fillet wéldédJSPegiméﬂsfﬁiih
.“thé-full*pénétratibh groové welded columns shows that

” ;
theére is little effegi df'weld type onhegvy~column
strength (Fig. 32 and 84). This would be in line with
the earlier statement on?fhe:small effect of welding on
the residual stress pattern in the heavy section. Sitce
tﬁé residual stress distribution is used for the column
curve construction, and it reflects little of the welding
process, the cuf?aLWGuLd'alsq contain very little welding

effects.

4. Plate Thickness

In Figs. 35 and 42 ane shown‘the;tangent~modu1ﬁs
and ultimate strength curves, respectively, of the mild
mSteel (A7 and A36), fillet welded specihens, It is evi-
dent that the heavy column section of UM plates displays
a higher strength than the light shape of UM plates in
the low values ofLSlendernessrario in both analyses,  and
the two curves approach each other as the 1engphuin§ﬁ§ases;

; a

Fér the flame-cut sections, however, while the tangent

modulus curves show that the heavy column is again stronger,

the wltimate strength curves show that both the light:and

O RPN
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heavy shape have comparable strengths over the lower
slenderness ratios, the heavy SéCtionnbeing the stronger

for the greater lengths.
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S. SUMMARY AND CONCLUSIONS .

The purpose of thisihvestigation on welded H
columns was thdetermine~fhe:effe¢t on. the strength char--
acteristics of these members Of'USing¢0mp§nent plateés of
Azg-ASB; ﬁhd Ayyl ngéﬁs Whi@h-varf§3~in-;hickness from
1/2" to 2 l]?"k The study was a preliminary one, and the

Y

:cqnéiusiqnsAaxe;jéntative; more work being needed in all

aspects of heavy column shapes.

Samelgf"the conclusions th&iﬁed.fnam this program

are:

l. The general Shapﬁfof'the-rQSiduél'StPeSS distri-
butions in heavy‘ﬁﬂlnmﬁ sections is similar to
that found in rolled. shapes, and in light welded

S hape S . ( Section 2. 2 )

2. The magnitudes of residual stress found in the

, UM heaVy sections are m&ch:highér than would be

expected from the weLdﬁng;prbcesS, and are due,
apparently, mainly to . the cgpling stresses 1in

the.plates.priorftp-weldiﬁg@ (SECtion'?.Q)

3.. There is é;significant*vaﬁiation of residual
stress through the component plate thickness of

L

4. The variation of residual stress across the.

thickness of the“bompoﬂeﬁtQPlates.of the hgavy

0 o s v 2 Ao et




. mild steel heavy shapes. (Section %#.3, Figs. 31

sections is either a straight line or else

slightly parabolic. in naﬁurea This allows

the prediction of the interior stress values,

knowing the surface measurements and making

. L
straight’line interpolations. This ‘could

lead to hondestrpctiVemmeasuring; (Section 2.2)

5. The ultimate strength analysis can be easily

extended to take into account stress variation
across the thickness of component plates by
using an elemental approach, and utilizing a

digital computer. (Section 3.2)

s

From the taﬂgeﬂthOﬂulusmanalysis, all of the
welded shapes displayétrengths lower ‘than
thefﬁOIléd‘wide-flange shapes, the heavier
shépes of flame-cut platesxmostscloselyfép-
proximatiﬁé the polled'cupve;. (Section 4.1,

Figs. 31 through 35)

The tangent modulus analysis:pepresents~a good
ﬁpperAbouﬁd’tawthe'strength,of'heavy~weiéed

columns. (Section 4.2)

Flame-cutting of the component plates of a
welded column results in an increase in c¢olumn
strengtﬁ, pahticulariy for iight shapes, and

w

through 34i
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The use of high strength steel for t e heavy
N ”
column sections composed of -UM plates, results | ’

~in an increase in column strength over mild

.,sfegi_specimens« The sections composed of
&flame-cutwﬁlates do not show this increase,
due to the altered residual stress pattern.

. 10. The type -of weld used to fabricate the heavy
column:ségtion (partial penetration vs. full
‘penetration) has littlefeffegt>qn the column

strength. (Section 4.3)

11, The use of heavy UM plates in column fabrica-
tion results in an increasé in strength over
~the comparable light welded shape in the low

slenderness ratios. The use of heavy flame-

cut plates gives a modest increase in strength
in comparison with similar 1light shapes for
higher slenderness ratios. (Section 4.3,

Fig. U42)
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7. NOMENCLATURE AND DEFINITIONS

¢éross sectional area

flange width

Young's modulus of elasticecity
tangent modulus.

deflection at column mid-height

force

force in small element
moment of inertid
effecti&e’moment of inertid -
effective length factor:
column leﬁgth

moment

moment due to force in a small element

column load

maximum column load

tangent modulus ‘load

yfeld‘idaa

load above the tangent modulus load

radius of gyration

thickness of plate or small element
width of small eleément

distance from an axis

location of a small element

deflection. of any point along.the"wplumﬁ/'

R
L




N

distance along column

o B parameter locating distance of instant aneous

' neutral axis from ¢olumn centerline
strain ‘ .
A non&imensionaiized‘slemderngss ratio
o ;étre§s
a%‘ tanéeﬁtwmodnlus stress
o ‘yield stress
yield stress in flanéﬁ
o yield stress in web

”

@ curvature

Buckling Process by which a structure or any

-part of a:structure.pasSés from one
deflected pattern to another with

no change in load.

Rgtatibnmeapacity The angular rotation which a %hdpé

out prior local failure.

Ultimate Load The largest load a structure wilil

support.

Yield Stre S'sS The s tress at . which a materigl exhlblts
a specified deviation from the propor-

tiunalify of stress to strain.

Yield Stress Level ‘The average stress during yielding in

-

the plastic range.

e
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TABLE 1

EXPERIMENTAL COLUMN SECTIONS

measurements and tensile coupon tests.

2 - Specimen designations of sec
also used for column curve i

UM - Universal Mill;

FCrh;Flame,gut;

tions used for stub column tests
dentlflcatlon

Shape - Web Flange Plate Edge Steel Weld 1 2
Prieparation .
3 1 UM A7 3/16" Fillet - -
7H28 6 x = 6 x = .
FC A7 3/16" Fillet - -
& | " ; _ -
10HB2 9 x % 9 x % UM A7 1/4 Fillet
| - FC A7 1/4" Fillet - -
UM A36 '1/2" Fillet Cl C2
UM A36 60° Groove C3 o
UM Ajy] 1/2" Groove C5 C6
. | 1 | . ; o
15H290 | 10 % 1= | 14 x 2% UM ARBL | 60° Groove €7 | cs
| | FC A36 1/2" Fillet co | c1o
FC A36 60° Groove Cll | c12
FC Ayy] 1/2" Fillet Cl3 | Cly
FC Auyl 60° Groove c1e | cisl
- Notes: 1 - Spec1men designations of sections used for residual stress

H - Symbol for welded H shape
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Light Shapes:

TABLE 2

TENSILE COUPON TEST RESULTS

(given in ksi)

-Shape

Plate Edge
Preparation

yw

% |

7H28

10H62

7H28

10H62

UM

UM

FC

FC

46,
32.

3.

bh7.
33.

31.

Heavy Shapes:

p *

|specimen o

yw

Cl

C3
c5
c7 .
€9
€11
€13

C6

36.2

48g2}
45.6.
464 |
455 |

36.1

46,
45,1
33.6
| 35.
Ly

42

$33.7
'36,fj~
b6.7
| us5.:

A 35! 

Ly .6 |

Weighted Average
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COLUMN TEST RESULTS

| shape Plates | L/r | » | p/p. |

(kips) |

[ 7828 | uM | 53 | 208 | .754
| 32 353 894

| 10H62 UM 103 302 505
- 78 375 .628
59 | 389 651

| 7H28 FC 53 | 961 | .s56

10H62 FC 59 Lyy .776
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Fig. 1 Dimensions Of Light Welded Shapes
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Fig. 2 Dimensions Of Heavy Welded Shapes
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END FIXTURE ACTION
Before - After
Deformation Deformation

f‘/‘f | —— Specimen

Column
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Radius

Cylindrical
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! ——— Bearing B IQ\Gk)

_____———Wedges for
Aligning

T ' ~]——Base Plate
V224 7 VY

SCHEMATIC VIEW

Fig. 5 Column End Fixtures
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LIGHT WELDED SHAPES
I A7 STEEL,U.M. PLATES

'20"'410
-10

]

-18.2

'-ksi() -
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20 -
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) |||

-12.2 -13.4

THZ28

-25.0

0f UM Plates

IO H 62

Fig. 9 Residual Stress Distributions In Light Welded Shapes
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Fig. 10 Residual Stress Distribution In Heavy Rolled Shape
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Fig. 11  Residual Stress Distribution In Column Cl
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Fig. 12  Cooling Residual Stress Distribution In 20" x 1"

Plate 0f A36 Steel
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Fig. 23 Stub Column Test Results For 7H28 Shape
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Fig. 25 Stub Column Test Results For Light Shapes
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Fig. 27 "Cross Bending" In Stub Column C10
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