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2.1.2 N~utral Axis of Column in the Col~mn Web 
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2.2. Upper Bou~. Approach, 
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The upper bound approach .to ana-lysiis· .. ,,,f a b .. e~:m·~to=~ 
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Four discrete yl~lding·p6i~ts in the column flange~ 

' ' at -the four corners of the connection are s_hpwd Jn Figure 11 • . _- __ .{: 
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sently· u·sed . to p:redict she·ap failure C?f. a connection was 
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'S:i.,ttc-e elastic strains are dete:rmined uniquely. by stress,
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Figures :11 and 1:2: :sho~ a~l d·ispl_acements. ·_as .di:splace- • 
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. ·' \J ' m·ent rates. This ':prcrc-edtire makes the. calcula_tion- of the 
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c alcttla~t i ng 
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'unit energ}' .dissipation, D(€.}j), poss.ible by 
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the plastic strain-~ates, i~., directly from 
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the ·d:isplace-
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:ment rates assume.d ( i. e, cf in. Figu·re 11). ,. . 
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-If the von· Mises Yield Cr-iterion is --a·s:s-u.med to g,overn 
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yielding, an expression fo·r· the ~nit internal energy dis~ ., 

sipat.ion c.·an bE: derived u~itlg tensor ·manipulati·on· and ·: 

various prope·rties o·f the strai:n ten.sor •. The .. ~resulting 
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unit .internal work expression i$ :given· a.s equation (2.23). 
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·A complete ·derivation of equ_ation (2.2·3) is 
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Therefore., equa t 1.on ( 2. 2 5) ·relating unit energy dissipation ;. 
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• r __ to shear strai~t rate may ·be·:~ .. d-iztectly. obtained from this .. 
·relat·ionship a.nd equation ( 2. 24'). 
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.~ossible to-de~ermine if the conn~ction was .in an equili~ 
..,,. 

briurn .state in the Prlastic range. Th.is measure~ent' was 

. 3.4 .Testing Procedur~ .. ·J 
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"Figures 13A and 13B ,s·h~o·w a. s~bass.~lllblage . .ready to· .. . . 

test. . Testi·ng· ·was b.egun ·by "alignin-g th.~· subassemblag·e 
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Beam jacking loa~, V, was plotted v~rsus ·the beam 
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·t-:·he load-deflect ion cu:r:,ve s ·of all ·1:ne tests co.nd ucted. 
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These curves are characterized by an initial ~tralg.bt. 
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.lln~ elastic region follOWfad_ ,by a. .curving transition 
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• . 1· 

. ' .. . 
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· - ·rack-i1tg st:a-t-e :f·:ri wh::it=.h. ·!he· ··.curve ·become:s ho.:r-i zori-t.al .• 
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:rig·u:re 23 is a beam loa·-~-diagonal cle:·fo·r:ma.t'i:on ·· .burve ~ 
. . 

for test -3-33.A2,. an· unstiffe-ried conn.ec·ti.ctn su·bjected ·to \ 

anaxia1;1oa,d of_P'IPY =.0.,8 •. The curve ha~ hOth the 

te_t1sion and compression diagonal deforma.t·ion curves .supe~-
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. • • ___.;ti'. /. . positive .·f.9.2: tl)e tension di9gon~l," ana neg.ative f?r· the . 
~ . ':, . comprers~on /iago_nal. 
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As_ was describe·d in ~hapter 2 of 
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r . · > .·: :this r'eport ~·the_ .~iagonal- defOrmations were .measur"ed · in ... -, 
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" 
•·~- l, ' "'"' .... -. • -.... \. ... .., ... •·. . . ·, .. 

' ., __ i wi ~h the _ge
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neral trend being Sh~wn· in_ Fig~re 23. , ThJ 
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" .~ tha£ an unstiffened conneciion shows about 30.percent 

greaie.r deform.ation al-ong t·he c_omp:ressic;:,n diagqnal than 
11·'. 
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the tehsion diag6nal. 
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If in· Fi·gu.r.·e 2·3 t.·he transition zones 

1
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(i.e. ·v = · 19 K and gr .. :.eat·er): .of bot·h dlagopals are· comp'are·d, 
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f-as:t·e.r t:han the 'tension diagonal. This evi.de·nce tends to . ~ 
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press:ive diagonal. of an unstiffened · connect:ion ._before it 

ap~e~.d~ to- the·tension diag6nal. 
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'·p:i __ g:u:r.'e: 24 g.iv:e.s a c_om._pa:rison of .. ·t,he' 99mpre:s:s:i·v.e di,a- -~. 
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··. ' ' ' test.a of Figu.._re 24 ·the tension. d.iagonal .de:f~rmat·ion: is. not·, 

shown but the trend is. slmilar to F~gure 23. In all tests 
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Figure 25 is ·a c\bmparison of· the di.agonal deforma- • 

"' 
. nection stiffening ~cting in·terision~ It should be noted I 

'I. I( '-

t.hat the data obtained foI' -~ 333 •. A4 is quest~onab).e due 
" -t:o the ·possible influen.ce of untrQ.cea-ble iristrume·ntal .... ,-... 

-... ·· . 
) ~· .. . • .f· 

errors. 
' 

.O·. 6_ are comp.are.d~, the conn.ect ion ·w:i,th ·a co·mpres·si_ion .di:a~ 
., 

_·',g_on,a:l stiff.erter seems to ·r.(adq_ce · th·.e s:hear ·racld.ng. 
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Thl.:S . 
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t·hat· the maximum de·forma:1tio:n -occurs along the compres~i-ve 
~ 

·:d.iagonal. · If a stiffene·~ is ·placed a·1o~g the: c,o·mp·ressive 

' diago~al., .o·ne --would ·expe:ct c.o.-rr.e:ctly that the. she:ar- rac-ki_n·,g:: . 
.. 

.. , would be reduced. ., 
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·Figure 26. s'l~OW$: ·tihe ·:1 .. 0 .. ad:..;.di:ag-o·n~·,1 q.e,:f·orrtl'at·io.n c,u·p:ves 

., f..'cfr both :ten.S~O.ll a;nd c~~>'rtfpress·ion diag-01n~l;S df t'e.st 3·3·_~ .A7 •. 

.,, ·This, i_s a· subasse.mblag:e .m-_a:a.e from· ·a ~WF25 col:umn · s·ectio·n •. 
' : .. . T.h~ connection·· .it_se·lf is diagona·lly stiffened with the 

-. sttfrener acti,ng in tension. .. •!Ct --.- ~- - --.:. - . ' • - • • 
It should again be ·not·ed that ; 
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' the compre~~iori.diagonal shows the ~~~imum deformation. 
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~ The fi~st yiel,d,' beam s~e~.f ,· load -~ive' in Table 8 

wa~ ·calculated from Figures
1

. 23 1t<i/ -26 •. The flrst yie.ld . 
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I By pl~ci~g rosette g-a_~es. a.-t spe.cific locations on 

.the web ·panel of t:he: con·nect'ior1, i.'t ;ts ·p,o-ssib:le t:o crb-t··ai.n: . 
.•· 

' ·'the ~t.r'ess di"stri,btitiori wi~hi·n _a_. :_c:.on:ne·ct:-ioil ·for: .any g~v~p.: .. 
• • • -.loc:1.d •. _ Fi_gures 2·7. through 30 ct:r:e ~-::tte p,ri.n-c·i/p.al st.re:ss q.i:s.- .. .. . 

·tr:i-putions for an unstjffene-d_ ·co-n_ne ... ct:ion ·and fo.r ·'tw.o di.:a:- · 

... :g.opa.lJ.y· stiffened conne-c.t'.ions -fO:I' $e:1,ec_:·te_d. l:o .. a·.ds. 
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F~gure 27 ·gives the~p~in.clpal &tre$s rliaf~i-butto~ 
~-···-·-----·· ... ·-···-··- -···--·.·-·-·-· ---. -·- ·--·--~ - . --

:fo .. r ·an ·unst-i·ffe~ned -~t connec·t:i~~n --:fo·r. tw-o se:lE{ct-e·d l·~:~,d::-~: .• 
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·_At1. e:J:as·t .. ic $'.tr:ess distribut·l:011r- is 'Show:n in :F·ig-uI"·e 27';.- I·n 

t:h-1·$ fig\l_r·e·, al.l. ·th:e. p·r.i:ri'c-i"pa .. l .. c.~mp-r .. ·e~s.ive ,st-r,_es.·se·s :ar:e .... . '"'' 
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it 

li.ned .up .p·arall_.e.i: a·nd i.-n ·the :·direction: -of tb-.-e- c--o.mpr.essio_.n· 
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·.d_._:iag-.o.na:l 6-f t·be .c-_onnectio·:n. 
l ' 

The · ef··_f._ect.- ·:of~t,he: 9,2}.umri 
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The. remainder of this repoJt wil°l' use the te;m;---
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, upper · and lo_wer compressive triangles; An up_p.er compr~s-
' ~ sive tria11·gle fo·r this test se..ries will be. defined as tq.at 
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/ stresses at a load causing some_ yielding lin the web panel. 
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As yieldin:g ·sp:re··ads in "'an uns.tif·f.ened qontiection, i,t: 

• 1 pro._gre·sses. :l·n·to the upper. 9ompr-e.·s,s iv:e tr:ia.ng~e • 
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c:cfmpress:ive tr.ia.ngle has a_ low~:r.' c:ompre s ~ i o.n. s tresi$: due to: 

shear· e.xist-s:. fo·r:. ·a. c-ert.ain be,arn load. If this shear :stat-e 
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