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A3STRACT

An e:çerimental and. theoretical investigatÍon of the statical

behavio.r of cropped.-web'Joints Ís reported.. The Joints have square

bollow sections as chords a¡¡d. circular hollow sections with

longitud.inally-oriented. cropped. end.s as web members. such joints

have the advantage of low fabrieation cosbs compared. to savn- or

profiled.-web Joints. Tests of 3)+ isolated. Joints vith a pratt- or

N-truss configuration are reported.. Equations obtained. using nr.rltiple

regression analysis to relate the strengths a¡rd. stÍffnesses of the

Joints to various pare,4eters are presented.. The strengths of the

Joints ere found. to be usuarly acceptable a¡d. comparable to those of

sinilar sawn-¡reb Joints with snall gaps between the web members. The

stiffnesses of the joints are aLso fow¡d. to be acceptable, provided.

that tbe chord. ¡ralls are not too f]-exib]-e. The stiffnesses and. stress

clistributÍons of the Joints are satisfactorily estimated. using

sinplÍfied. mod.els of the Jolnts and. a linear finite element enalysis

progrnm. Computer prograüs for plotting the JoÍnt mod.els e¡¡d.

geoerating the d.ata required. for the ana\yses are described.. Design

recomenclations end. reconmend.ations for fì¡rther stud¡r are provid.ed.
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Chapter I

INTRODUCTION

Trt¿sses fabricqted. of tubular sections, herein referred. to as ,',1 
1,,

tubular trusses, possess many attractive features, and have become

increasingly populer. Belov is a suroary of the ad.vantages of these

trusses, as r¡eIL as problems and solutÍons involvÍng the fabrication ',,'¡¡' ,: ','.::,i.:-:'::

of their Joints. In ad.d.ition, the behavior of Joints prevÍously 
,,, ,,i,,,,,

investigated. Ís revier+ed.. FinaIIy, the obJectives and scope of the r':,i ,:j ,,,,:

present Ínvestigati.on are stated..

1.1. Tubular Trusses a¡rd. Their Joints

In reeent yearsr tubr¡lar trusses have become more economj.cal

and. have been used. increasingly. Difficr.¡lties Ín the fabrieation of

some tubuler truss Joints have been largely overcome. The d.esign and.

fabrÍcation of these Joiuts have become &ore efficient, as a result of

reseerch anci erqlerience.

lubular trusses have neny advantages. They are cornnonly 20Ø

ligbter tban other t:rrsses, because tubes have exceptional buckling

resistance (stelco l9ß). The trusses have mÍ¡rimum e:qposed. surfaee

areaÊ' vbich minlmizes rrind or nave load.ings, as ¡¡ell as the costs of

fire and. corrosion protection, paintíng and maintenar¡ce. Furthernore,

they look neat a¡d. pJ.easlng, e¡¡d thus need. not be hid.d.en.

Accord.lng to Beckett, tubuJ-ar trusses were usecl by Robert

Stephenson fn the conetruction of a railway brid.ge at Conway, U.K., in



2

181+9. Such ear\y tubul-ar trusses were fabricated. from pJ-ates a¡xd. rivets,
and' rere e:q)ensive. The fabrication cost was still high even 1n the

Did-1930fs when electrÍc-arc rrel-ding became more acceptecL. Tbis is 
.::,

because only circular 'tubes vere rollecl enti their Joints required. ''

profiling and. were d.ifficr¡tt to fabricate.(Beckett rg7o)

Severa.l methods for overcouing the ctiffÍcnJ-ty in fabricating
tubrrlar truss Joints have been used. fbey inclucle the use of semi- .:,..'.. 

.,1: :,.

autmatic profiling machines, gusset plates, croppingr oï rectangular 
i: :::

tubes. some of the resulting Joints are illustrateil in Fig. 1.1. t-:"t':'

Semi-automatic profiling maehines can efficiently profile the

entlsofcircr¡1ætubesiftheinsid.ed'ianeterofthevebtube,the

outsideèiameteroftheehord'tube,a¡¡d'theang1ebetr¡eenthetubea:res
l

are given (RobÍnsoa 1969). However, euch maehi¡es are used. for mall-

tubes e¡d. not w:id.e1y avaÍlable in Cer¡ada (Cran et a-1. 19n). 
I

Gusset plates have been r¡sed. to eliuinate the profiling, but

they tend. to car¡se stress eoncentration, and. are e¡q)ensive (Cran et at.

1971)

Cropping ( flettening anct cutting of a eircular tube using trro :: : :,

.-.'_.: .. . ....:

V-shapetl eteel bJ.acies) Uas also been r¡sed. to elimi¡ate the profiling ,.,',.,-',.,;

(.ralm 1951; ll¡¡clerso¡t 1961,; Sa,met t963i Borrtrkenp 1964; Elavacek I9T3;

Morrls et a1. J;gïr+). Tbe process is fast, slmp]-e, antt efficient. rt

j requlres ao extra materia1 ancl sirpli.fies r¡elcling of the Jofnts. 
'

Ibe proflliug can aleo be eLininated. by the use of rectang:rrler

' hollo¡¡ sections, rolled Ín U.K. e¡d. Ca¡að.a slqeerlg5S-:e¿¡dt-196?, respect---5 --- -

,,it"ly. The fJ.at Er¡¡faces of these tubes allo¡r eircr¡ler or Ìectangrrlar
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tubeg to be velatecl to then without profiling, provÍdeci that the r¡eb

tubes do not overlap. rf tbe veb tubes overlap, they nay be profÍled.,

used. vÍth, g¡¡sset plates¡ croppecl, or otber tube eizes selected.
', ri

' among tbe different methods for el-Íminating profilingn cropping

Ís relatÍvely eeonomieal. Eowever, the eroppecl-¡reb Joints have been

usetl mainly in snall trusses, becan:se their behavior has not been 
r:..:.

tbrougbly ÍnvestÍgateci. Ïf these JoÍnts are found to be structurally ' i

acceptable and efficient, tbey may be nore rrid.ely useci antt significantly 
,,,..,,'''.'

increase the econon¡r of tubr:lar trrrsses.

I.2. Pr¡br:].er Truss Joint Research

Sioce tbe chorct member of a tubular tn¡ss Joint has no centrat

web element to provide a èirect support for the veb members, the Joint
;

mey be very flexible antl ïêtkr pe,ii"*"rly when the ehord. thiekness/wid.th

and. veb-vicith/cbordt-¡ridlth-.are sæaLL. The behavior of some t¡pes of these ,

Joints has'been e:rtenslvely lavestigated., as d.escribed beLov.

In tbe follovingr .loint efficÍency is defined. as the ratio of ,, 
,,,

the test failure loatl to the yielct loatt in the tension web member ( Cran 
, :,, ..

et a . I9ll).çaltbough Bor¡¡ke,nF Íg6il has clefined ft Ín te:øs of the '':"'

ultínate load of the tension web ratber than the yieJ-cl Loacl. I'he JoÍnt
loacl factor 1s dtefluecl as the ratlo of the rrltinate loacl to tbe norking

:.:.-....
'toad of the tenslon veb member. In aclclÍtion, a Joint is saÍ¿ to have a iri-,.,,

aegative ecceatricity if tbe neb member a¡Kes intersect before meeting

the cborcl axis; 1f tbey intersect beyoncl the cborcl axis, tbe eceentric-

lty is posttive¡ when the rreb aact chorcl a;¡(es are Gmeurrent, there is



' _':: i"

zero eccentrieity. The eecentricitÍes, as verl as overlap and. gap are

ilLustratect in Fig. 1.2. lhe overlap is defined. es orr= q/dz, although

other investigators may *" ol(see Fig. 1.2). sinilarly, the gap

is d.efined. as o-= g/ð,^.
.g¿.

JoÍnts between Circular Er¡bes

J8@ (1,951) fonnct that a direet cc¡:nectÍon of the tube walts

rras preferable to en intlÍrect cor:nection via gr:sset plates or wed.ges.

rn aclclition, Joints rrith an overlap between the rreb members vere

stronger tban Joints with a gap betrreen the rrebs.

Jarnm et a1. stated. that, in ord.er to achieve IOOîÁ Joint

effleiency, the anor¡rt of overlap of the neb tubes measured.

perpendicular to the cbord tube must be at least lj% of the ðia¡neter

of the chorô tube. The overlap ean cause some moment, but this is

acceptable as long as the point of intersectj.on of the ¡reb tube æces

lÍes ¡vitbln the nictôIe hatf of the chord. tube diameter. If the d.ia.meters

of the veb tubes are relatively large, the tube end.s shor¡ld. be

flatteneti to 20 or 25% of the chord. tube d.íeneter, Ín ord.er to preserve

the f]-eribÍ3-ity of the chord. tube. (Jo"- et al. t952)

Tests of tubr¡lar Joints cond.ucted. by Tubenakerg of Australia

Llnitecl (fg6O) shoned. tbat profiled. Joints hatt approximately the aaue

collapse load.s as JoÍnts rrhose r¡eb member end.s were sheared.. The

profilect compression webs, however, ehoved. no preferred. d.irectioa of

buckling, while iheared.-enci compressÍon nebs usuaLly bucklecl out of the

plaae of the truss. lield.ing 1n the compression web oceuneô at balf

r: .

.: :.:i
: :l:_ i:
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the failure load. for a joint with a negative eceentricity.

Anderson (rg6r) found that profiled joints and eropped joints
had. comparabre r:l-timate load.s, although the fo:mer had much lower

ma:rÍmun stresses end. better stress distribution than the latter. For

the foløero the maximun stresses occurred. adjaeent to the flanks of
the web members, but for the latter, it occurred in the crotches. The

chord stresses were red.uced. by increases in the overlap between the web

members, ertd in the negative eccentricity. He reconmended. that cropped.

joints with large overlaps between the web members cor:ld. be used. as

safe and economÍcal substitutes for profÍled joints, provid.ed. the l-oad.s

were static.

g¡nrmsl (rg6s) found that tubular truss joints could. fail
through tearing or excessive deforuati-on of the tubr:lar chord., w-ithout

d.anage to the wel-d.. And. the rigiùity and. load. at fracture were changed

by an alteration of the confj.guration of the joint.

Bourrke¡nF (fg64) for:¡¿ that interr¿el-d.ed. joints lrith profiled.

menbers lrere more efficient than joints with gusset plates end. joints
lrÍth eropped. end.s. TLre stress d.istributions of the former rrere more

unifora and their chord. stresses near the weld. in the truss plane vere

less than half the correspond.ing stresses in the cropped joints. The

elastic and. r:J-timate load. capacity of a tubr¡lar joint was Íncreased

consi-d.erably by overlapping the profiled. web members, as this resulted

in a d.irect 1oad. transfer between these members and. subsequently

prevented. the development of high bend.ing stresses in the chord. tube

w411. Like And.erson, he concLud.ed that cropped Joints cor¡J-d. be used.

ii:ì,.:t .:'

:,:ìr,ji:,ì.¡

¿.- ...
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successfu.lly provÍcleci that the load. r¡as static a¡rd. moderate, a.nd the

eroppecl tube clia¡neters rrere small.

Borrnkemp (1968) also tested. .2L pratt-type truss Joints of

circular tubes r¡¡d.er 
"a'*r" load.s. He ccnreludtecl tbat negative

eccentricity Joints (ofben rrith overlaps of webs) had. a strength

superior to that of zero or positive eccentrieity Joints. Furthe:more,

Joint streagth l¡as íncreased. by increasj-ng the chord ¡¡a]l thickness or

tbe veb member òianeters. llhe increase in web dianeters Íncreased. the

length of lvelci between the web ancl the chord. members, which resulted. in

an inproved. load. transfer and. a higher strength. He also fonnd that a

compressive force attd.ed. to the chord. d.id. not influence the faÍI¡re l-oad..

Tests of profiJ-ed. K Jointe. rith ¡ratÍo of .d.ianeter:s of web to

chord. of 0.\, conducted. at the Otto Graff rnstitute of the stuttgart

corlege of rechnolow (t96J), shorred that statically loaded Joints

failect þ d.efo:mation of chorcl members at e corpression rreb load. of

5O/' to 6fl, of the nltinate load.

Hlavacek (rgts) testeti K-Joints a¡¡d. for.¡ncl that the average

efficiency of fJ-attened. web JoÍnts lras about 80Í end nas smal-Ier tha¡r

that of profilecl Joints. rn aciclition, compression r¡ebs rrÍth

longitudÍna1J.y flattened. end.s nere ebout 20Ø veaker then the sa.me vebs

rith profiled. encls. He euggested. that tbe flettened. end.s shor¡lcl be

ehorter than 20 to 30 nm (0.8 to l.a in.). He founct that Joint strength

increeged. r¡ith overJ-ap. Overlap obtaineci by cutting either the

compresefon rreb or the teaelon veb produced, better results than that

obtalnecl þ cuttlng both webe equarly. Negative eccentrlcity anci gusset

, 
.-, 

. , ,:, .._ .i-_.-:. 
:
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plates which d'id not cut through the tubes increased the joint strength.

Joints having Rectangular Chord.s

Eastr¡ood et al. (tg6la) staticall-y tested 6o w-ty¡re tubr¡ler truss

Joints having round webs andrectangr:Iar chord.s. Iheir resul-ts suggested.

that veb members shou-l-d. have a mod.est overlap of about one third of the

veb d'ia.meter, as this wot¡ld substantíaIly d.ecrease the local- d.eflection

of the chord. faee. In ad.d.ition' second.ary moments caused. by eccentricity
d.id. not affect the ultinate strength of the truss.

Mee ( 1969) tested. 6r- statically loaded N-joints between

reetangurar holl-orn¡ sections and. for:nd that the transfer of load.

between the branches improved. irith increasing overlap. A joint with a

gap could. yieId. prematurely d.ue to excessive d.efo:mation of the chord.

faee, but had- a large reserve of strength. The joint strength increased.

l¡ith an increase in the ratio of branch vid.th to chord. w-idth, since

more load was transnitted. through the side r¡alls of the ehord.. The

strength al-so inereased. with ari increase in the ehord. thÍckness but

only when the l-oad. between the bra¡rehes was transnitted. thror.rgh the

chord. walI. The stíffness of the Joint increased. w-ith en increase in
overlap. The overall behavior of Joints with rectangular sections was

similar to that of similar Joints with cireul-ar r¡ebs having òia.meters

equal to the vidths of the reetanguJ-ar webs. If the webs d.id. not overlap,

the foruer Joints hacl smaLi-er d.efLections ar¡d strength. A chenge in
chord. preload was found. to have little effeet on the joint behavior.

Eastwood and. Ìfood (rgfO) for:nd. that when the web members of test

Joints overlapped', the Joint behavior was in general extremely satisfac-
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tory with consistently high load factors obtained., a.nd. fail-ure ntmost

always occurred in the web members, not in the joints. Ifhen there vas

a n¡e1d' gapr the load factor Ìras generally smaller than when the veb

members overlapped., and. failure occurred. armost invariably by

considerable defornation of the chord face rather than by buckling of
the web members.

Based on test results on joints r¡ith reetangular ehords and.

circu-l-ar or rectangr:lar webs, Eastwood ar¡d. lÍood. (rgro) eoncluded that
when the webs overlapped. by more than 50% of their mean d.ianeter, the

normal load. transmitted. into the chord. was trnlikely to be a liniting
factor for the usual ïange of l-oad cond.itions, and. d.eflections in the

chord- face would. be snall-. Ttre greater the d.egree of overlap, the

smaLler the d'eftections Ín the chord. face and. the greater the resistance

to fatigue vould be. fn add.ition, a joint with a smaJ_l weld gap wout¿

have less chord-warl distortion, but wor:ld. be more pïone to fatigue
faÍl-ure, than one w'Íth a wid.e weld. gap. Eestwood and. wood. provid.ed. an

enpirical formr¿la for calcrrlating the strength of a joint having a r¡el-d

gap, later presented ín Cran et el. (fgZf).

Dasgupta (rgto) tested. firll-scale tubular N-trusses having

rectangi:lar chord members end. circr:l_ar branches v-ith smal_l gaps at the

Joínts. He found. that the failure load.s of the joÍnts were about 25% to

30% Io'¡et than those of the isoLated. Joint tests eonducted. by Eastwood.

et aI. (tg6la). He attributed. the d.ifferenees tò tne second.ary moments

in the trusses. He also found. that failures occurred. varÍou.sJ-y by strut
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buckling, by tensile failure at the toe of the tension web, or by

premature failure of wel-d.s. Fr:rthe:more, the d.efLections of the truss

were increased due to the fl-exibility of the gap joints. And. the

second.arymomerrbsd'uetopositiveeceentricityeaused.rmfavorab]-e
:.:: a:1:

stresses at the crotch of the jointo but those due to negative

eccentrícity relieved. the stresses

DavÍe and Gid.d.ings (fgff ) tested. 31 N-truss gap joints betr,¡een :,,,,..,i,
:.:':.:.:.:.'::

rectangular chord.s and. rectangular or ci.rcular branches to eomplement :: "'::

tests done by Eastrrood et al. (lg6¡a,, ;¡TO) and Dasgupta (l9TO). They ,,, , .

provid.ed. some cu?ves for predicting the joint strength.

Morris ut +. (rgz)+) tested 18 pratt truss joints having

flattened.-end webs and. round. or squere chord.s. They found. that joints 
:

having square chord.s t¡ere about one third as stiff as sim:i1ar joints
v.ithround.chords.Ttrefozrr.erjointshadyie1d.1oadsabout2J/o,anð'

rrlti¡rate load.s about !o%, lower than the latter. The urtimate loads 
l

were not significantly lower than those of joints having unflattened.-

end. webs. The orientation of the flattened ends d.id. not substantially 
,.,::,::..,

affect yield. load., r:l-timate load, or joint stiffness. The joÍnt .',-',,,,
,t rr: . r' r:.eccentricity and. overlap greatly affected. the joint stíffness but not :::,'r'-',
l.::a.:.::-.::.:.

the yierd load or ul-timate load.. Loear d.eforuatÍon of chord. rrarls

slightly i.ncreased. overalr truss d.eflection. The specimens failed. by

buck1ingofthecompressionwebmemberorruptureofthetensionveb
:,1 ,,,,t, ,aì,,,,member, partially Índueed by 1ocal chord.-waIl d.efortation.

Gibson and pastor (rgrl+) provid.ed. comprehensive su¡maries of
research on welded Joints of hol-10w structr¡ral sections.



ward.enier (tgll) presented. some formulas for calcrfating the

strength of d.ifferent joints having holrow structural sections.

Tbeoretical Analyses o{ Joints

Eastr¡ood. et al. (w6ra). used. a bea.n-on-el-astic-foundation

analogy and. tldn plate theory to anatyze l-ocal- d.eformations and. stresses

in tubular N-joints v'ith rectanguJ-ar chord. members and. circular branch

members. Theoretical contours of load d.istributi.ons, Local deflections,

and. stresses for òifferent val-ues of joint eccentricity were obtained-

and. eoripared..

Eastwood et al-. (lg6e) employed the elastic theory of thin
plates and. a fÍnite d.ifference approximation to estÍmate the local

d.eflections er¡d bending moments in N-truss gap Joints betr,¡een

rectangular hollow chords and. rectangirlar or circular holl_ov veb

members. The bound.ary cond.itÍons at the corners were put in the forr¡ of

a moment-rotation relationship, assr:ming the chord. tube-section to be a

closed rigid. fra¡ne. For relativery stiff chord. walls, the joint loaos

were assumeô to be uriforuly distributed.; this resulted. in a very

conservatÍve estj.mate, a.s the assumption ùid. not a] 'low the transfer of

loads from the central parts to the stiffer parts neâ,rer the side walls

of the chord. For relatively flexible choro warls, the d.efl-ections

und.er each web member lÍere assumed. to be unifo::rr or to foll-or¡ a predicted

pattern; the results for the uniforrrr d.eflection assr.mption r.¡ere not

always realistic, as the parts nearer the sid.e r'ralls and. the pa,rts

betveen the branch members tend.ed. to r:nd.ergo smal-I rel-ative defLections.

12



13

Mee (1969) atso stuðied. the elastie behavior of gap Joints
between rectangular hollow members; the top faee of the chord rras

treated. as a thin plate.

Dasgr4rta (rgto) used. the fÍníte erement method to study the

local deflection characterÍstics anci tbe flexibíl-ities of tubular truss

Joints having rectangular chord.s. The ty¡re of el_ement used in the

aaalysis was a four-noded isoparametrÍe quadrilateral flat plate,
inclucting the effect of bend.ing and. nemþrane stresses. A d.ata generatÍon

progra¡n ves rrritten to id.ealize any Joint ¡nith a rectang:plar ho1low

chord' aad' recter¡gì¡far a¡rd./or circr:lar hollow webs; and. to generate all
of the clata required for the analysis. The aaalytical resr¡Its compare¿

r¡eLl rith erqrerimental resr¡lts.

Mouty (Vfl) useci yieId.-line theory to predict the r¡ltimate

loads of tubular Joints. Most precticted. load.s were 1ess than or equal to
tbe e:çerímental feil_r¡re load.s.

In sumary, the e:çerj.nental 'and,'theo:reticaÅ results showeci that

the strengËh of a'tubr¡l-ar truss JoÍnt is increased. by:

(1) a¡r ínerease in the ratio of the thickness-to-d.Íaneter, to/cigr of
the chorcl men'ber, as this increases the stiffìress of the chord waLL;

(Z) an increase 1n the ratio of neb-clin.rneter to chorci-d.Íameter, d./d.,

as thie:fup:roves'the stress ðistrtbutions on the iload.ed. chorcl face;
(s) aa lncrease in the ratlo of overlap to r¡eb d.ianeter, q./dz, as this
peraite uore web-member force to be tra¡¡snitteci ciírectly between rreb

nenbers fastead of tbrorrgh bend.ing of the chord. warl;
(!) an increaee in the negative eccentricity, as this decreases the



lever arm al-ong the chorcl r¡all betrreen the r¡eb-menber axes ar¡d. thus

recluces the bencling in the waLL;

(¡J ¡'' increase Ín the yieltt strengtb of tbe pembers, aod

(6) usÍng profiled. endi rather than eropped. end.s, flattened encls or

gussét plates, as ttris tùistfiþuteç the foreç,s more.w¡iform-ly on the

chord. r¡aIL.

1.3. ObJectives and. Scope of Ïavestigation

rn thÍs stuftr, tubr:l-er truss Joints having cropped.-end. circular
web menbers end. rectangular chord.s, as illustrated. in FÍg. r.ld., were

Ínvestigateci. [be Joints have the advantage of a relatively low

fabrícation cost, because cropping reduces cutting tÍme, eriuinates
profiling even r¡hen the r¡ebs orrerlap, and. sÍnplifies weld.ing of the

Joints by requiring onþ straight filret rrerd.s. Moreover, the

rectangular ehords provide goott stabÍlÍty and. large beerÍng surface

ereasr and facÍlitate connectioa to other stnrctural menbers.

The cropped encls !¡¿y cauae gome adverse effects. fhey nay

increaee the effective J.engths of the veb members, thus d.ecreasing the

t¡lti¡¡ate loacls. TIre 1ong, narror edges of the eropped. end.s may prod.uce

unfavorable etress ctistribr¡tione on the chorcl faces. In add.ition, the

cropped. elrds may dietorL locally vhen loaded..

towever, early fnvestf.gations of cropped. web Jolnts nainry rrith
circr¡lar chord.s (Jo-" lr95].i Anderson L96I; Sn'r,net ]rg63a Bor¡rkF,?,F :r96t+;

1l+
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Elaveeek l9T3; FrovÍch r9?3; Morris et a1.1974; TbÍensirÍpipat anct

Morrås f975) have ind.icated. that the aclverse effects ctue to tbe cropped

ends are aot signíficant antt the Joints are acceptable in ma¡ry cases.

Since the croppeci rreb'Joints rith reetangr:lar chorcls are eeonomÍeal and.

pracúieal e¡nd. have not been extensively investigated., the present

Ínveetigation rras earriecl out.

lbe obJectÍves of the lnvestigatÍon were to study the statical
behavior of tbe Joints and. to d.eveJ-op tiesign criteria for them. In the

invest'igation, both e:çerimental and. theoretical nethod.s Ìüere used.

The fo:ser rras d.one by testing isorated. Joints. The latter involved

using a finite element progrem to analyze a simplifÍed. mod.el of the

Joints.

The seope of the investigati.on rras ]-inÍteci as fof.lovs. In the

oc¡rerimental- investigatíon, 3l+ test specimens .¡rere consÍd.ered, each

had a PratL or.s-truss configr.ration. The tvo neb members of each

speeinen were identical ancl bacl cropped. ends neldett at engles of )+5o

anct 9Ðo, respectively, to tbe face of a square chord.. The chord. was

not preJ.oadlecl since the effect of the lerger forces r¡suolly existing

1n the ehord clicl not signifÍcantly affect the failure loati (Bonwkn'nF

1968¡ Eastwood et 41. 1970) . Three quantities were r¡secl as variables:

tbe ra.tio of cborcl thickness-to-v'itith (to/uo), the ratio of average

veb-iÌi..eneter to chord-width (d/bo), ard the percentage overlap (orr).

lrhe tbeoretfcel stucly ¡¡rss f{n{!ecl to erastÍc anerysÍs only.



Chapter 2

TEST PROGRA]4

2.1. JoÍnt Parar¡.eters

The ex¡lerimental progrsm involved. the testing of 3l+ ¡oints
having square chord.s and. longitud.inally cropped.-end. webs, as

illustrated. in Fig. 1.1d.. The effects of three par¡meters lrere

investigated. These Ì¡ere the chord. thickness/r¿idth ratio (to/to),

the average veb-dia¡aeter/chord.-width ratio (a/t'), and. the percentage

overlap (ov q/d) iLrustrated in Fie. r.2. The values of these

paremeters were varied, whil-e those of other paraneters were held.

constant as far as practicable.

The paremeter values are given in Table 2.1. rt shows that

there are five different groups of to/bo values (o.osr, o.o\0, o.ol+b,

0.062, and 0.0T6, approximatel-y), three d.ifferent groups of d./bo values

(0.)+, 0.5, and. 0.J, approximately), md three d.ifferent overlap values

(o%, 5o%, alr.d Tj%).

2.2 Specimen Designation

The specimens rrere d.esignated. as forlows. The first five

specimens were previously tested. (Tniensiripipat and Morris l;9T5) and

¡¡ere s'i.Fly designated. by a d.Ígit from r to 5. The renaining 2p, tested.

in the current investigatÍon, had. a three-part d.esignation. The first
character, a d.igit from I to 5, represented one of the five values of

to/bo used. The next character, A, B, or cn represented. one of the

I6
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TabJ.e 2.1. Specimen propertíes

Spec-
imen

a/bo

ol
/0

bo'

ho

in.

to

in.

"o/oo
d t t/a

dl_'d2 t:_,t2

in. in. /,

1
2
3
l+

5

1450
TA75
2A5O
2AT5
3A5o
3AT5
ha5o
)+/rl5
5400
5A5o
5L75

lB5o
TBTS
385o
3BT5
l*e5O

\eT:-
5800
SBro
5BT5

1C50
ICTS
3c5o
3cT5
4c5o
\cl>
5C00
5c50
5c75

l+. Oo o. 175
l+. oo o.tT j
l+. OO O.lTO
6.oo 0.182
6. oo o.r8e
6.oo 0.t92 3.20
6. oo o.t92 3.2o
6. oo o.z\z l+. 03
6. oo o.z\z l+. 03
\. oo o.tTi b . s8
l+. 00 o.LTi l+. SB
4. oo o.z:>o 6.25
4. oo o.zjo 6 .z>
L.oo o.3oo 7.jo
l+. oO O.3oo T . joh.oo o.3oo T.ro
6. oo o.r8B 3.136.oo o.rB8 3.13
4. oo o.r8o l+. :o
l+ . oo o.t8o L. lol+.oo o.zjo 6.2>
l+. oo 0.250 6.25
l+. oo 0.310 T .Tj
l+. oo O.3oo T . jO
l+.OO 0.290 7.25
6. oo 0.182 3. 03
6. oo o.r8e 3. 03
4 . oo o.t7T \ .)+z
l+. OO O.tTT I+.)+Z

4.oo o.e4o 6.oo
l+. oo o. e\o 6. oo
l+. OO O.29O T ,2j
4. oo o. grl+ T .Bj
\. oo 0.3r3 7 .82

1. 90 0.110 5.79
1. go 0.II0 5.79z.s8 0,]:25 5.25
1. go 0. r10 5.Tg2.38 o.tzi2 j.zj
z.s8 0.180 7.56z.S8 o.t-80 T.j6z.¡8 o.r8o 7.56z.s8 o.18o 7,56r.67 o.rz:> T.l+8t.6T o,L25 7. Itst.61 0.r25 ?.1+Br.67 0.125 7.48t.6T o.tz:> ?.1+Br.6T o.Jzi 7.48r.6T o.rz:> T. l+B

z.B9 o. z4o 8.30
2.89 o. el+o B. sor.9r o.r2o 6.zB
1.91 0.120 6.28r.90 0.120 6,sz
1.90 0.120 6.sz
1.90 0.120 6.sz
1. 90 o. t2o 6.szr.90 0.120 6.sz
l+.:l+ 0.297
l*.:l* 0.297
2.89 o.z4o
z.B9 0.25o
2.88 o.e4o
2.88 o.d+6
2.89 o. z4s
z.B9 o.zs6
2.89 o.a4o

r+l.S
t+1.>

59.5
31.7
39.7

39.7
39.7
39.7
39.7
)+r. B

41.8
l+r. B

\1.8
4r. B
l+r. B
l+1.8

48. z
48.2
41. a
[r. e
I+1.>
)+l .>
t+f.>
t+1.>
)+1.>

75.7
75.7
72.2
72.2
72.O
72.O
72.2
72.2
72.2

5o
0
0
0
0

50
T5
5O
75
50
75
50
75

0

5O

75

5O

T5
50
75
50
75

0
50
75

5O
T5
5o
75
50
T5

0

5O
75

l:.,..:l'::
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Tab]'e 2.1 (Conti¿uect). Specinen Properties

Specimeu Chortl Ifebs

.'e/,ho

1K

(KLlr)I

;Ê,Peèi
fied
lleld.
Size
in.

ooeu
ksí ksi

oo'e u

ksÍ . ksi

1
2
3
l+

5

1450
l-AT5
2A5O
2AT5
3A5o
w5
ll¿:o
,+tl>
5A00
5450
5AT5

IB50
TB75
385o
3BT5
l*¡50
\W>
5800
,850
5BT5

r.c50
LC15
3c5o
3c75
l+c5o
,+cl¡
5C00
5c5o
5e75

,t.5 8\.2
5I.5 8l+.2
fl.5 8\.t

't.T 
72.8

5r.7 72.8

5r.7 72.8
5r.7 72.84?.r 72.3l+?.r 72.3
5I.2 75.2
5r.2 75.2
5l+..7 80.4
5l+,7 80.l+
,t+.7 8o.lr

5L.T 72,8
5I,T 72.8,5r.5 th.r
5r., 8l+.f
52.0 76.8
,2,0 76.8"52.6 

79.9
52.6 79,g
,2,6 79.g

,+.7 8o.l+
5l+.7 80. l+

53.5 66.9
53.5 66.9
5I.5 8¡+.2
5L.5 th.f
5t.2 75.2
5L.2 75.2
52.6 79,g
52.6 79.9
52.6 79.9

56.1 ?8.1
56.t ?8.1
48.3 Tz.8j6.r ?8.1l+8.3 Tl+.2

l+8.3 7I+.2l+8,3 TI+.2l+8.3 72.848.3 72.8
æ.3 80.6
63,3 80.6
æ.3 80.6
63'3 80.6

æ.3 8z.z
63 3 8z.z

5\.7 79.7
5\.7 79.7
,6.t ?8.1
,6.r ?8.1j6.L ?8.1
,6.r ?8.1
56.r ?8.1
Í,6.L 18.t'
,6.r ?8.1

5,+.7 8z.z
,r+.7 82.2
,I+.7 82,2
5l+.7 82.2
5l+.7 82.2
5t+.7 82.2
5l+.7 82.2
5'l+,7 82.2
5t+.7 8z.z

o.125
o.375
0.580
0,o77
o.2r3
0.015

-0.090
-o. 05s
-0.0?5

o. ol+8

-0.068
o.],25

-0.058
o,272
0.080

-0. o68

0.088
-0.075

0.120
0.000
0.130
0.010
0.360
0.L:l5
o.065

o. o4o
-0.L08
0.305
0.168
0.335
0.Ll+o
o.6sz
0,290
0.29o

::l+
ffl+
90.3

:-rl+
90.3

92.3
92.3
92.3
92.3

131
131
131
131
r_31
131
131

76.5
76.5

ffl+
ffl+
].t)+
r¡-}l
uh
rr\
].1l+

l+8.0
48. o
76.8
16.8
76.8
76.8
76.6
T6.I+
T6.II

L/)+
il\
t/\
t/)+
t/)+

3/B
s/8
3/8
3/8
3/16
3/16
3/16
3/16
s/16
3/16
3/L6

3/8
3/8
s/t6
3/t6
3/16
3/16
s/t6
3/t6
3/16

3/8
3/8
3/8
3/8
3/B
3/8
3/8
3/8
3/8
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tbree values of d./bo used.. The final two characters, 00, Jo, or lJ,
inclicatect the percentage overlap of the web members.

2.3. Specimen Design

To facilitate comparisons rrith other investigationsn and. to
produce a relatÍvely severe road.ing of the chord. face, a pratt- or N_

Joint geonetry, as illustratecl on Fig. 2.1, vas used^. Each test
specÍmen consisted of a chord. and. t¡ro web members, each extend.Íng from

tbe test joints half way to the adjacent Joints.

For simplieÍty, the si.zes of the t¡ro webs of each speci-nen

were kept the sa¡ne. Relatively large chord. sizes r¡ere chosen such that
the capacÍty of the loading Jack usea (200 kips or ggo ¡o) rras not

exceeeed..

2.)+. llateria]-s

The rectangurar hollor¡ sections (ms) 6 x 6 in. (li>e x r!2 nn),

used for the chord.s, 'were cold.-fo:med. end. stress relieved., while RIIS

l+ x l+ in. (roe x 102 nn) a¡d. the circular hollow seetions (g¡ts) nere

bot-fo:med.. ArL of these sections conformed to c.s.A. specifÍcatÍon

Gl+o.21 Class H Grade 5OlJ. Tension tests indicatedi that the yíeld stresses

oe, at O.2îl offset, of the RIIS ranged fron l+f.l to 5\.? ksi (Se> to S7T
t)

tr/m') a¡¡d. those of the SIIS re.nged. from 48.3 to 63.3 tsi (sss to \s6
D

N/m'), as given in Table 2.I. fhe ultinate stresses ou are also given.

I.-:;.j..,,,,



:,.:. '-.i :- -. : :.: :. :.: :.:- :i-
:)

20

T
^tÉl
slil
;l
_t_

Test Specimen

= ]+B (rl+.6 n)

Fig. 2.1. Pratt- or N-truss and Test Specimen

hips (l+l+. : t<n )

ç
o
(n
.rl

ë

Fig. 2.2. Cropping Machine
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2.5. Fabrication

Tbe neb tubes lrere cropped. in a cropping machine, as

illustratecl in Fíg. 2.d. ['he cropped. tubes and. a chord tube were " i :
' 

'.,';:::l:

assedbled for tack *i** in a Jig as shor¿n Ín Fig . 2.3. Tt¡e final

reld.ing r¡as d.one by a certified. nelder of the Douinion Brifue Company,

tlÍnniPeg' 
::""'':"""t'

l 
,' ,'. ;. :;ì1 ;:;fhe r¡elcls were clesignetl to be etronger than the menbers. An '::i'i]:i:':'

exF,nFle of the welcling specÍfÍcation of tbe specimens is illustrated in ,,r,,:,,.,:1,,
ij.r'r'riir::r"

Fig. 2.\. The weld sÍzes of the specimens are given in Table 2.1.

2,6. Defotøation Measurenents

The defo:mati.on a,long the center line of the l-oacted. face of

the chord. rras measurecl at sfx locations, as illustratêd in Fig. 2.!. 
I

[be1ocatÍonsrrerechosenbagedonpreviot¡stests(flriensiripipatand'

lúorris l9T5), vhich sbowed. large clefo:mations ¡rear the extreme ed.ges of

the nebs. lhe cboice of transdueer locatio,nB nas e.Leo-restrieted. by

avaiLable Bpace; tbuc ,tvo ¡ntterna ïere used.., ,' , ,

' 'l_':j _:-

Tbe measurenents rrere ta.ken nsing six Linear voltage '' '"
,",'ri. t. 

,t 
ta,'

't'
clisplacernent tra¿sducers (I,Wf ts), nenufact¡¡rect by Eew].ett Packercl. [t¡e

traneducers vere of Series ?DCD[, badt a etroke of tO.Z5O ín. (6.Stm)

aadl aa accuraey of 0.001 in. (o.oa5m). rhey nere mounted. on the

r¡nloaôect face of the chorcl, as shona Ín Flg. 2.6. The steel core of ['1s1

the tra¡sducer waa comectecl to a trristecl etaÍnless eteel- nire of

0.0151n.(o.g8:.m)cl1ameter.Thewfrer¡ascementecttoa3|I6in.

ì/ir -rì:.)1.:1:.i
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Fie. 2.3. Weld.ing Jig

First step

Second. step.

Do not stop

at ends.

Electrod.e

Fig. 2..I+. Welding Specification
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Transducer

(l,tæ ) ' (r)

Transducer Locations on Chorci Wal].Fís.2,5,



Ð1

INPUT -OUTPUT
WIRES

ALUMINUM
MOUNTING
BLOCK

STEELCORE

TRANSDUCER BODY

BRASS ROD

SPRING

ALUMINUM CHANNEL
(ALLOWING VERTICAL
ADJUSTMENT OF
TRANSDUCER )

BRASS CENTERING PIN

SOUARE CHORD SECTION

STAINLESS STEEL WIRE

GLUE

NUT

Fig. 2.6a. Transducer Assembly
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Fig. 2.6A. Transducer Assenbly

Fig. 2.7. Transd.ucer Locations on Compressi_on Web
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(l+.l6nn) nut by KYOWA EP-L8 strain gauge cement. After the interior of
the load'ed face of the chord. was brushed. and. cleaned. with acetone

solution, the nut was passed through a 0.25 in. (6.S5nn) nofe

in the chord walL by .neans of a smal.l tube, and.

cemented. to the chord. face using a drop of cc-15A lcrolÍA strain gauge

cement.

The lateral displacement of each ccmpression r¡eb member rras

measured by using fÍve transducers, three of which vere located. in the

plane of the speeímen to measure Ín-plane bend.ing, and tl¡o Ín the

perpend.icular plane to measure out-of-plane bend.ing. The l-ocations an¿

numbering of the transd.ucers are shor¿n in Fig. 2.7.

2.7. Strain Measurements

The strains at several points on the specimens were measure¿ to
d.ete::¡dne strain and stress distribution ar¡d. to check yielùing of the

materiaLs. The locatÍons of electrj.cal resistance straÍn gauges are

shor.¡n in Fig. 2.8. Garrges 1 to 4 were instarled. at the nid.-length of
most compression r¡ebs to detect bend.ing and to check member force.

Gauges 5 to 26 rrrere instatled on eight specimens (¡ll>, 1875, 3BTj,

)+ST5,5BOO, 5B5Or 5BT5, and 5CT5). Only specimen 5BT5 had a total of
42 garrges.

Tt¡e straÍn gaì¡ges used rrere precÍsion strain gauges

manufactured by Micro-Measurements (u-¡¡) a¡rd. were of EA-06-25oBG-120

t]æe. They were 0.25 i.n. (6,35nn) long and had a strain linit of i%.
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i;-i,i':1

i',1:-r:l :

Fig. 2.8a. Strain Gauge Locations

6.f

fl.5"

2"

j,1,,[

lÅj4/
Sid.e El-evation

36"

19 20 25 26E[æ[r=
[ ![E
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-opp

u
2

I
[.0 o,9"

SÍde Elevation

L5.75,,

).25t' 20'3.j4-spp.1e=nH

Fig. 2.8b.

plan

Strain Gauge Locations on Specinen IBJJ

.ì'
::.i-

;ijì'ti:il

i.:, :-- i.
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2.8. Loacüng Arrangement

The specimens lrere l-oad.ed. in a loaùing fr¡me, as illustrated. in
Fie. 2.9. Load was applied to the tension web, through a shaft 

, ,calÍbrated as a load cell, by a 200-kip (BgO_trN) jack. The compression

l¡eb and' the ehord were pin-supported to simr:late points of inflection
assuned. to occur at the nÍd.-lengths of the members. Eastwood et af .(l9TO) 

,.r.,.,
used this assumption in their tests a.nd. suggested. that the cond.itions : 

',i:r:

approximated those existing in a relatively stiff truss. They for:¡d 
i,,,.,,,.

that d.ifferences in support cond.itions (pins or rollers) ùid not

significantly affect joint performance.

2.9, Data Acquisition

At a t-oad.ing i.ncrement of about l kip (h.l+: kN), or smarl_er

when yield.ing occurred, the load.s and. the corresponòing dÍspl-aeements

and strains of the specimens Ìüere recorded. in terrr.s of voltages on a

magnetic tape by using a Hewlett-Packard. data acquisition system (nod.e1

98304). The d.ata were subsequently red.uced and. plotted. by using the

progremrnable calcul_ator ar¡d. printer of the system.

i,"
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Fie. 2.9b. Loading Assembly



Chapter 3

TEST RESULTS AIVD D]SCUSSION

Test results on cropped.-veb joints, presented. ar¡d. d.iscussed. in

thÍs chapter, include the l-oad-d.eforration behavior, mod.es of failure,
strength, and stiffness of the joints.

3.1. Local Defl-ections of Chord. Faces

The behavior of a cropped.-r+eb Joint is conveniently shown by

load.-d.eformation curves, as illustrated. for specÍnen 3A5o in Fig. 3.1.

The load shovn is the measured. l-oad. in the tension web, whÍIe the

deforuation is the local d.efl-ection of the load.ed. chord. face. The curves

r¡ere used. to plot the d.efo::ned. shapes of the chord. faee at d.ifferent

load.s, as illustrated. in Fig. 3.2.

Fie. 3.1- shows that the d.efor^mation increased. 1inearly as the

].oad. r¿as j.ncreased up to about 10 kips (l+l+.¡ kll), or en axial stress j.n

the tension'¡¡eb of 16.5 ksÍ (ff\ w/nn2¡. frr"r, the defomation inereased

nonl-i.near1y, gradually at fírst but very rapiùLy as the Ioad. approached

the maximrm (u]-tinate) t-oad of 32.)+ tips (fl+)+ f<lu), or 53.\ tsi, (S6Bwlnn2).

After this 1.oad., the d.efozuation inereased. further but with a d.rop in

load. so that equilibrim was maintaíned..

Figures 3.1 and.3.2 show that the d.efomations of the chord. faee

u¡d.er the rreb members rrere nonunifo:m, being relatively large near the

extrenítÍes of the web members (trensd.ucers 2 ar¡d 5) and small near the

1ap (transd.ucer l+). Tfre chord wall ar¡d. the web member end.s appeared to

32
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rotate as a unit about a pivotal poínt, beeause they were relatively
fLexible. The chord.-lrall rotation tras eaused. by the force eouple of the

web members which usually had. a moment arrn between theÍr ances along the

ehord. face, as illustrated. in Fig. 3.2.

The chord.-l¡all rotatj.on ind.ucpd. bend.ing in the compression web

member, which caused fr¡rther bend.ing in the ehord. face. These bend.ing

actÍons aggravated each other r:ntil the chord face failed by excessi_ve

d.eformation or the compression web failed. by buckling. The bend.ing of
the compression web, usualry away from the tension veb, cor:rd ind.uce a

fracture fai-l-ure in the tension web near the J-ap. A yield.ing failure in
the tension web cotrf-d also occur.

At the i¡ltimate 1oad. of 32.)+ tips in the tension web, the

marci-mlm local d.eflection in the chord. wall of speeimen 3A5o was about

0.121 in. (S.f8 m), vhieh ís TL/, of the chord-wall thj.ckness, or 3,t%

of the chord. r¡idth. Defor.mation of this order is eonsidered. large.

Aecord.ing to the csA standa^?d. sl_6-1969, tne maximum aIIowable

load in the tension web of specimen 3A5O was 0.6o"uO, = 0..6 (6S.S tsi)
(o.6oz in2¡ = 23.1 kips (ros uv). AssumÍng an effective length of six
feet, the maxÍmum arlowable load. of the compression r¡eb was o_. I ' 2

t"t]- = (n

E/r.yz (rol")f)a, = (r4gooo rsi/rsr.h2) (o.6or ír,2¡ = 5.21 kips (es.s rw).

This corresponded to e l-oad of (5.21+ trips)/sin L5o = T.l+1 tips (SS.O Uv)

Ín the tension web. As this Load is snaller than the matrimum allowable

load in the tension web, i.t governed the d.esign of the rreb members. At

this Ioad., the maximum local d.efl-ection of the chord rral-I was only 0.01

in. (o.e>l+ nn), 5 .T% ot the chord.-walI thickness or 0. p5/, of the chord
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vid'th. The loca1 defl-ections along the r,reb axes were even sma¡-ler and.

thus acceptable.

The defomed. shapes of the chord. face of specimen 3A5o vere

ty¡rical of those of other specimens having 50% or 75% laps. The

d.efomed. shapes of a zero-lap Joint vere arso quite similaro although

the web member end.s appeared. to rotate J-ess as a unÍto as illustrate¿
using specimen lB00 in Fig. 3.3.

tfhen the r¿ttimate load of l+3.3 tips (r9s uv) or 6)+.5 ksi (U+)+

N/nn') l¡as reached. in the tension veb of speeimen !800, the maximum

defo:mation in the chord was only about o.o3T in. (0.91+o nn), rz/, of
the chord.-wall thickness or 0.9% ot the ehord rridth. This illustrates
that the local defl-ection of a zero-lap Joint can be acceptably snarl

when to/bo of the chord is consid.erably large. rn thÍs case, to/bo was

equal to 0.0775.

The local d.eflections of the chord. faces lrere d.ecreased. by an

increase in overlapr as more load. was direetly transferred. betl¡een the

webs instead. of through the chord. face. This is il_lustrated in Fig. 3.h,

nhich shows the ma:rimr:m d.efomations of speci.mens 5Aoo, ]:Ll,o, a¡rd. 5AT5.

The specimenslrere similar exeept that their overlaps were zero, jO/", and

lJ/o, respectively.

The Locat defortations of the load.ed. chord. faces r¡ere al-so

decreased by an increase in to/bo. This is illustrated Ín FÍg. 3.5,

which shows the d.eforaations of specimens 3CT5, \CTj, anil 5CT5, at a

Load. of 6O t<ips (e67 p¡¡ in the tension web. The specimens r¡ere sÍmilar

ir;::.:
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but their -O/bO were 0.04h2, O.0600, a¡rd. O. OTB2, respeetivety. Finally,
the local d.efortrations of the chord. faces were d.ecreased. by ar¡ increase

in d/bg, wtrieh al-l-owed. the loads on the chord faces to be d.istributed

more favorably. This Ís illustrated in Fig. 3.6, using specimens l+A50,

4850, and. )+c50, whieh were simirar but had d./bo equal to O.hrg, o.l+75,

and. 0.720, respectively.

The load-defo:mation characteristics of the joints can be

summarized in ter"rns of their stiffhesses; this is presented in Section

3. B.

3.2. Buckling of Compression Web Members

Because of the rotational d.eformation of the load.ed. chord. face,

the compression web tend.ed to bend. vhen it was loaded.. If the r¡eb was

slender, buekling usually occuned when the u-Itinate load. .was reached..

fhis is illu,strated- in Fig. 3.7, tthich shows the 1oad.-d.efl-ection curves

of the eompression web of specimen 3A50. when the load. was small, the

benùÍng in the web was small. When the r:ltinate load. rras reached., the

bending became very large ar¡d buckling occurred.. After this, the bending

Íncreased. as the load. d.ecreased..

Buckling of the compression webs of the speeimens always occurred

in the plane of the specÍmens. This is because the moments at the end.s

of the webs were in this plene. rn ad.òition, the support cond.Ítions

tend.ed. to prevent out-of-plane bucirling. For an actual truss, the

compressi.on webs cor.ü-d also buelcle out of the plane of the truss.

!1 J .. -1,,:i1.-.11:11. j'. _ r'
_ . i - - : --l: _ _:: -' , -:_ _ _ _ _i -:. i -:'.; :i;::: .,r.:ì

.:..:..
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b3

The directÍoa of beading aatl buckling was usually array frø tbe
tension neb, as illustratecl ia Fig. 3.J, because tbe end. moment ras in
that tlirection.

ff the compression vebg were relatively stoclqr, they cteflecteô

but usuarly ctid not bucLre at the urtiu¿te load,s.

3.3. StraÍns of Chord. Faces

Because of loce.l bend.iag, the strains of the chorcl facee aear

tbe Joiats rrere much larger then those at some distance arra,y. TbÍs is
il}:stratetl in Fig. 3.8, whÍch shovs longitutlinal straÍus of speeiuea

5BT5 at a load of 20.1 kips (89.4 kIü) or a stress of 30 ksi (ZO7 t¡¡*rz¡
in the tensÍon web. The na¡címr.u strains at section B, near the Jointj
were as large as J,.6 tÍmes the ma¡címr.¡m stra;ins at sectÍoa c, at 10.gF in.
(zf6 wl awa,y. The straÍns at section C ¡rere rather r.¡aifom end. agæetl

well wÍth the average a¡cial strain calcr¿latetl by ttivitling the axial
stress by Yor:ngrs modr¿lus.

Fig. 3.9 illustrates strains Ín the tra¡sverse d.irectíon of the
chord. faces of specÍmen 5BTi. The transverse strains were highly non-

.nifQlt agd vere, more critical then the longituclinal strains. l|he n€¡cinrn

transverse straia rras about six tÍ¡[es.as large'as the conesponcllqg

longitutlinal straitrr â4d. ¡ras snaller than the yÍe1tt nalue (o.xn.
A plot of transverse strains of the ]-oattecl chorct face aear the

welcl of specimen 5875 aeainst the loatt Ín tu" t"o"ion r¡eb is shova f¡r

Fig. 3.r0. Tbe locations of tbe strain gauges have been sho¡rn fn Fig.
2'8ì. lhe strains lrere relatÍvely i""u" near the extre¡aities of the
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webs a¡rd small neer the overlap. At

(about 20.1 kips)n the strains were

l+f

the working J-oad of the tension veb

approximately linear, because the

stiffness of the chord. narl (to/bo) was lerge. fherefore, a li.near

a.na\ysis may stilI be valid up to this J-oad..

The transverse strains of the l_oaded. chord. face were usually
larger then those of other faces. As a result, plastic d.efonnation often
concentrated. on the load.ed face. Thus the strength of the joint eould.

sÍgnificantly depend. on the thickness and r,¡:idth of this face.

As to/bo was d.ecreased., the ma¡<imr:m transverse strains of the

load.ed chord- face were increased. and. beca¡re non-linear at a low l-oad.

This is i]-l-ustrated. in Fig. 3.11, which shows the manÍmum transverse

strai.ns of specimens 3875, \STj, and. ]>BT;-. At the working ].oad. of the

tension Iteb (20.1 kips or 89.4 i.ff), only the strains of specinen JBJ!

exeeed.ed. the nominal yield. strain of O.LT% that correspond.s to the

nominal yield stress of 50 ksi (31+)+ N/Ðn2) for the joint material_s. ït
may be estimated from the Figr.rre that, at the rrorking load of these webs,

to/bo of larger than 0..05 probably results in maximum strains rrhích are

smaller than the yieId. straÍn.

fhe transverse strains of the load.ed. chord faces of specimens

5800' 5850, and,5BT5 are shorm in Fig. 3.l¡2. At the workÍng load of 20.1

kips' the straÍns were approximately linear and- smaller than the yield
strain. This shows that a zero-Iap Joint, whieh is easier to fabricate

than a lap joint, has acceptable deformations at the working load if
to/bo is relatively large. rn this case, to/bo vas larger tha¡¡ o.o7.

The strains of the chord face neer the Joint of speeinen 1BT5
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are shovn in Fig. 3.13. The speeimen had. tO/bO of only 0.0313 arìd a

working load..in the tension web of ,9.9 kips (e6f UV). At this load.,

the chord. face had very large d.eformations. The uLtinate load of the

speci.men was only 80.7 trips (S¡A m), whÍeh correspond.ed. to an anial

stress ot )+0.l+ ts:. (zT8 x/nn') tn the tension r¡eb. consequently, the

working load. in the tension web of such a specimen, vhich had. a smal_l_

tO/bO, should be red.uced.

3.\. Strains in Compression l{eb Members

fhe longitud.inal- strains at a cross-section of a compression

web usually were non-r.¡niform, ind.icating bend.ing or stress concentration

in the veb. This is illustrated in Fig. 3.1\, which shows such strains

for specinen 5875 at a tension web load. of 20.1 kips (gg.)+ tN). ttre

strai-n near the 1ap was relatively large; it had the ord.er of the yield.

straÍn and. rras mueh larger than the strain on the opposite sid.e. The

strain distributions at d.ifferent sections on the compression web shor,¡

that the r¡eb bent away from the tension web. Although out-of-plane

bend.ing was ]arger than ín-prane bend.ing Ín this case, the latter
usually pred.ominated. if buckling occurred..

The average of the strains at the top secti.on shovn in Fig. 3.1l+

was 0 .068/'. rn comparison, the average axial strain calcrrlated. by

dividing the arciat stress by yowrgts mod.ulus rras (o.To? x 20.1 kips)/
õ(O.6fr inÍ x 29ooo ksi) = o.oT3f", a d.ifference or B/,.

lfhen a compressÍon web buckled., the difference in longitud.inal

strains on the opposite sid.es of the r¡eb in the plane of buckling becarne
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very large. This is illustrated by the strains at the mid-length of
the compression r¡eb of specimen 5B5O in Fie. 3.l.:;-. Initial1y, the

strain d.ifferenees of the opposite faces were reratively small and.

increased. stead-iIy with the load. llhen the uttinate 1oad. was reached.,

the d.ifference j.n strains of gauges 1 and.3, which were in the plane

of the specimen, becnme very large. The d.ífference in strains of gauges

2 and. 4, which were in the plane perpendieul-ar to the plane of the

specimen, remained. approximately eonstant. fhis ind.icates that the

eompression web buckled. in the plane of the specimen and. in the

direction avay from the tension web. Such buckling behavior was typical
of most other specimens.

The d.irectÍon of bend.ing at the mid-length of the compression

rr¡eb was sometimes reversed at the ultimate load.. This happened. to

specimens )+c75' 5c50., and' 5cr5, dl of which had large ,o/oo, d/b', and.

laps. It is illustrated by the strains of gauges 1 and 3 of specimen

5c75 in Fig. 3.16. when the útinate load. was reached., the strains of
the eompression web were still smaller than the yield. val_ue (o.ll"/,),

although the tension web ar-rd the loaded chord. face had yielded. local'l y

and. excessively.

when to/bo was smalI, the compression ¡¡eb neer the lap usually

bent and. buckled. away from the tension web, as the chord. face was

deforrned plastieally. This is illustrated. in Fig. 3.1?, which shorr¡s the

longitud.inal strains neer the lap of the compression r,seb of specimen

t875.

.;,,:r.lt
lì lf. :r,l

o:r the other hand., vhen to/bo was large, the compressÍon r¡eb
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near the 1ap usually bent away from the tension web but reversed. the

d.irection of bend.ing when the ultimate l-oad. was reached.. This is

illustrated. using specimen )+¡75 in ¡ig. 3.18. Such behavior resr:J_ted. in

a point of infl-ection near the 1ap, which red.uced. the effective length

of the compressi-on web and. increased. the buckling l-oad.. It rr¡as for:¡rd. in

such specimens as 3875, )+sT5, 5Boo, 5850, anð,5cT5, all of which had

tO/bO of larger than 0.04. Tlrus a chord. vaIl havins to/b' of larger than

about O.0l+ approximated a fixed.-end. cond.ition for the eompression l¡eb.

3.5. StraÍns in Tension lleb Members

The longitud.inal strains at the mid.-length of a tension lreb

member were usually r:niform, ind.icating that there rras littre or no

bend.ing at tiris section ín the member. This is illustrated. by the

strains of gauges 15-18 of specimen 5AT5 in Fig. 3.19a. The average of

these strains usually agreed very well with the average straÍn calcu-

lated. from the measured load..

The strains near the joint of a tensi.on web were l-ess r.:niform,

being relatively large near the Iap and. on the opposite sid.e. This is
illustrated. in Fig. 3.19b, whieh shows that the strains of gauges 12

and. 1\lrere sometimes as large as twÍce the strain of gauge 13. As a

result, teari-ng in the tension web usually started. near the lap.

Fígure 3.20 illustrates that when specimen !AJ) re.ached. the

uJ-tímate load., the tension web yield.ed excessively, vhile the compres_

sion web bent but d.id. not buekle, aild the ehord. had. small_ strains.

Figure 3.21 shows that when specinen hn75 reaehed. the ulti-nate
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load. tbe tensíon veb yielcted. excessj.vely, the eoupressicnr web bucktedr

ancl the ehord. straias ¡rere sma]-].

FÍgure 3.22 sho¡rs tbat r¡hen specinen 5CT5 reaebeci the r¡ltimate

Loact the teasÍon rreU aaa the chorcl yielcletl J.oca]-ly end the compressi.on

neb bent. fîre strains in the cmpression web d.id. not increase substant-

ialty when the loatt d.ropped.

3.6. FaÍlure Mod.es

FaÍlure of a specimen was saici to occur when the ultinate loa¿,

representing the linit of usefr:lr¡ess of the JoÍntr wffi reached.. Failure

of the specÍnens rras d.ivÍd.ed. Ínto three main mod.es, correspond.ing to

fai}¡re in one of the three members forning the Joint. The three modes

of fei}¡re are: faÍ}¡re by excessiye J-ocaf d.efomatj.on of the load.ed.

chord. face, fai}.¡re by buckling of the cou¡rression web, and failure by

tearÍng of the tensÍon r¡eb. llhese faiJ.nre mod.es have been ttesígnated.

A, B, and. C, respectively, ia Table 3.1. Ihe Table sho.ws that a specimen

cor¡Ldl fail in one or more of the three mod.es.

Fail¡¡e by exeessive d.efomatÍon of the chord. face (motie A) is
illustratecl in Fie. 3.23. It usually occurred r¡hen the chord. wa].l vas

relatively flexible conpared. to the web uembers. Íhe ].ocal defo¡ratÍon

rras srbltrarily consid.ereti large ff its naximrs value .erceed.ed. ebout

2fr ot the cborcl vlatth. Tbis mocle of failu¡re usually oecr¡ned. with other

reêe(e).

FaÍlure by buckliag of the coupressíon veb (uode B) is sho¡rn Ín
Fig. 3.21+. rt occurredi in nost specinens, as shonn in llable 3.L. only
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Tab].e 3.1. Test Resr:lts

Speci:nen N2,,

kips

l" ro 
.Ne.',

'toboo" toou q%
in. %

1
2
3
l+

5

1450
].ATS
2Ir5O
2A75
3A5o
3AT5
l+e5o
t+g>
5.A00
,A;50
5475

1350
J3T5
385o
3BT'
4s5o
tr¡¿>
5800
,850
5875

r.c50
TCTS
3C50
3c75
4c5o
t+cTi
5C00
5C50
5c75

3h.5
29.8
5l+.3
33.1+
t+9.6

5T.t+
58.1
59.9
6z.l
32.1+
32.7
40.3
38.5
3h. ?
l+a. O
l+s.z

8I+.2
8o. T
27.7
s3.9
\o.t
l+O.Z
l+:.S
l+4.3
I+5.2

L03.3
88.5
95.8
99,5

Loh.2
93.6
9]-.'(
9'î.r
9l+.8

o.677
0.585
L'o96
o. \r8
o.6zt
0.641+
0.652
o.rI+5
o.57:-
0.6s6
o.6l+r
0.557
o.532
0.389
o.l+70
o.l+84

1.021
0.978
0.578
o' ?oT
o.559
o.5r5
o'45r
o.'l+>6
0.504

I.Zgtr
1.108
1.858
1.930
t.t+16
r.326
r.063
1.039
1.018

2.7t
z.s\
l+.39
2.5t
3.73

3.86
3.9t
3.27
3.)+2
2'51+
2.57
2.23
2.t3
r.5,
r.88
1'91+

6.t3
5.87
2-3:-
z.8s
z.z,+
2.22
1.81
r..82
2.Ot

7,76
6.65
?.1+3
7.72
5.90
5.30
)+.2>
l+.16
l+. o?

99.tl
8>.9

I27.O
96.2

n6. o

95.5
96.7
99.7

rol+. S

84. h
8:.r

ro\.9
100.2

90.1+
109.1+
rl-2.5

7T.o
?3. B

73.2
8g.s

roT.6
ro6. B

r-15.0
na.l+
120.1
t+l.l
40.9
87.7
ü.r
95.7
84.1
83.0
90,2
86.7

r79
v5
]rzl+
rf l+

IL3

97,.1+

98.T
toz
ro6
zz6
228
281
z6B
zl+z
293
301

75.9
72.9

L32
r6r
194
]93
207
202
2r7
l+l-.4
35. l+

86.1+
86.8
9'l+.5
8a.8
81.9
88.9
85.5

AB C

AB
AB
AB
AB
AB C

AB
AB
AB
AB C

AB
B
BC
B
B
BC

AB C

AB C

AB
AB

B
B
B
B
B

A
AC
AB
AB
AC
A
AC
A
A

[=
l=

Failure by exceselve d.eformation of 3'oad.ed. chord. face,
FaiLu¡e by buck1ing of compressÍon web member,
Failure by teering of tension web:member.

Note:
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Fie. 3.2\c. Failure Mod.e B - Buckling of compression Ïüeb Member

5 BOO

Fie. 3.25a. Failure Mode c - Tearing of rension hreb Member



:"i.: ;rr]: . t: ¡,_.)-"t:":,t-.,: i-.:,:,r.-,r:: "i!:,

(¡)

(c)

Failure Mod.e C - Tearing of Tensj_on lfeb Member

6g

Fie. 3.25.
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i¡elastic buckling haví.a8 large plastic d.eformation is includ.ed. in the

Table. F.Lastic buckling occurred. to al-most nl't specímens. As previously

mentioned', buckling ¡ras, Ín the plane of -the specÍmen an¿ usrra"tl-y in the

d'irectÍon away from tbe tension web, as it was induced. by en en¿ moment.

When buckling failure oecurred. in the compressíon.rrêb ia,loner.

tbe aetual JoÍnt sti^éngth niebt,.be çl,ight]-y Larger than the measured. load.

Besides the overall buckling, loca1 buckling or cripplÍng of
the end. of the compressÍon web occurred. in speci_mens 5A00, )800, and.

5850, as illustrated in Fig. 3.24b. [hese specimens bad a stiff chord

wall and. a slender compression r¡eb. The crippling was caused. by the

overa]-l buckling of the cou¡rression veb and the restraint of the chord.

varl. As it was d.epend.ent on the overall buckliag, it was regaïded. as

a second.ary bueL1Íng failure.

Faih¡re by tearing of the tenqíon web (mod.e C) is illustrated
ín Fig. 3.25. Tearing of the web usually started. near the lap close to

the weld' because of stress concentration and. J.oca]. yield.ing there. It
occurred. more often in specimens witb a jo% ]'ap than in those ,,¡itin a 75%

1ap, ind.icating that a¡r Íncrease in overlap improved the stress

clistrÍbution.

If loed.ing rras contÍnued after tearÍ.ng in the tensj.on veb had

occurred., tearing in the chord. face cor:ld. result. This happened. to
specimen l*C50.

I,lhen r¡eId.ing vas d.esigned. and. d.one properly, teering in the

r¡eld rarely occurred. It happened, near the overlaps of epecÍmens I an¿

ß75, but cor¡J-cl be coneÍdered. as tearÍng in the tension veb.
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specimens lc)0 end. 1cT5 were not fabricated. and. werded. properly,

thus vere not incrud.ed. in the foll-owing analyses. The latter failed
prematurely in the weld..

when speeimen la75 reached. the ultinate load., the tension r,¡eb

yieJ-d.ed' excessively. Tearing or buckl-ing vouId. Iikely result if load.ing

rrere eontinued..

3.7. Joint Strength

The strength of a cropped.-web Joint is measured. by the ultimate

web-force component normal to the chord.. For the pratt or N-truss

geometry used' i.n the tests, this is equal to the uttinate load in the

compression web (*r_.,r) , or O.fop tines the u-ltimate l-oad. in the tension

wet (Nr..r) given in Table 3.1.

The strength of a cropped.-veb joint having no gap can be

estimated. using the fol-lolring enpirj-cal- formul-a:

J,, = tobooe(o.5oL + 6.ro(d/bo)3 - [¡.s(a/ro)2(tolbo)) (s.r)

Tshere J.,, = ultimate web-force conponent nor"mar to the chord.,

tO = thickness of chord. waI1,

bO = outside rridth of chord.,

ou = lrield. stress at O.Z/, offset of chord materÍaI,

d = average outsid.e d.ip.rneter of web members.

A-l-ternatively, the equation car¡ be vritten non-d.imensionarly as:

r,.,/roooou = o.5oh + 6.ro(d/b0)3 - 13.3(d/bo)2(tolbo) (s.e)

;:t i .: : -.:. .: :.

r:r{')ìi:l r::..,.r,:.
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The experimental values of Ju/t'b'oe are given in Tabl_e 3.J_ and. plotted

against a/UO ana tO/bO in Fig. 3.26. Also shom in the Figure are

curves of Ju/t.booe calcutated. fron Eq. 3.p for a number of d./b. an¿

tO/bO values. It can be seen that the experimental and. calculated

val-ues agree very well . The curves show that, for a gi.ven value of
to/bo, J.*/toboo. is approximately constant vhen d./bo is smaIl, but

increases sharply rrhen d/bo is rarge. For a given d/bo, t.r/aoroo"

increases as tO/bO decreases

Equation 3.2 has been obtaÍned. by neans of a stepwise nultiple
regression anarysis and checked. by a mr:ltiple regression analysis
(t,i¡son and Sheth irgT3, Kennedy and Nevil_le l9T6,

chebib et al-. 19T6). According to the anaryses, the equation

relating the variabl-es in this form is statistically signifÍcant at the

0.1Ø l-evel-. rn other r+ords, the probability that all the true partial
regression coefficients are equal to zero is equal to O,A%. Thus, the

dependent variable t,r/aoboo" significantly relates to the ind.ependent

variabl-es (d/bo)3 arr¿ {a/lo)2(to/bo). fhe coefficients of the independent

variables are also sígnifieent at the O.I% level; thus these variables

significantly influence the dependent variable. The former variables

account for 96/, of the variation in the latter.

Some results of the regression analyses are given and ex¡rlained.

in more d.etails in Append.ix A.

The overlap is not incl_ud.ed in Eq. 3.I and.3.2 for the sake of
sinplicity and because the effect of overlap was inconsistent. An

increase in overlap usually resulted in an increaseo but occasione-L1y a
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d.ecrease, in joint strength, as can be seen in Fig. 3.26. fhe increase

in strength d.ue to overlap was usua'l I y smaller than 5 to l-O/ro although

sometimes was 2o/o vhen d./bo was small-er than o.Io. A d.ecrease in

strength was usually snaller then 5%, bvt a IO|, decrease occurred. when 
- 

, i 
,

d/b' was equal to 0.72.

For d.esígn purposes, the strength of a cropped-web joint may be

calci'd-ated. from Eq. 3.1 or J.2, or fron Fig. 3.26, as illustrate¿ in .''' ,':':,',,,:

't',- '"t,1'1t ''
the following exartples. suppose that the joint has the follorring

,t - :- .:-_t.': : l.: .:'::-'
members i ,'...r::_.;::..i._.:..:

chord.: RHS )+ x )+ x 0.250 in. (rOe x 102 x 6,3j n¡-))

tension web: CHS l-.90 x O. 125 in ()+8.3 x 3.tB n¡r) .

compression l¡eb: the sa¡ne as tension l¡eb. 
i

lAll members have a nini.mum yield stress o" of 50 ksi (S)+\ fU/¡ont). ,n,r", 
,

¿/bO f.9O/)+ = O,I+75, ana tolb' = 0.250/\ = O.O62j. 
ì

Using Eq. 3.f, 
i

;,
J,,=(o.25in.)(\:.n.)(5ot.si)(o.:ol++6.1Oxo.)+753-l+3.sxo)+752

x 0.062r)
,''t,tt.t. 

l 
',t,',,,.,'.t

= 27,4 tips (fee Ul). r',.'. , ,,'ì.,.

.Llternately, using Fig. 3.26, for d/b'

trr/t'O'o. is approximately 0.55. Thus,

= 0.1+75 ana to/bo = 0.0625,

J,, = 0.55rc.25 ín,)(l+:.n.)(50 rcs:.) = 27,5 kips (ree uv).

ïf the limit state d.esign approach (crsc rgTT) is used., the

Joint strength cal-culated. should be reduced. by a perfor"mance factor Q of
0.9 or smaller. Thus, the factored Joint resistar¡ce Ís:

. : .jr..-i ,i::i:' :i:
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Jr = oJ.r (:.s)

where J-- is gÍven by ES.. 3.1.u

tr'or the example given above, assuming that þ = 0.9, the factored. 
,,,,jj,,,,,.,,joint resistance is:

J" = 0.9 x ZT.\ = Z)+.T kips (ffO Uv).

This should be compared. with a factored. d.esign 1oad. Assume that the 
¡1'.11:.,1,,,l-atter load. is smaller than the. faetored resistances of the webs. Using ',,'',.",:. ,

CISC 1977, the factored. tensile resistar¡ce of the tension web is: ,.',,',-',,., ",;:.:r:t.":::r:

T" = 0Arou = 0.9(0.69T trr.2)(50 rsi) = 3r.h i<ips (r\o uv¡.

Ifthetensionwebi-s\5oinc1ined.tothechord':thenorma]-force

componentis0.ToTx31.4tipsor22.2kips(98.8kN).Assumethatthe

compression web is vertical and. has a length L of 6 feet (1.83 n) and an

effective length factor K of 1.0. then,

¡ = (rc,/r)(o./r2n)0.5
= (1 x JZ ín,/o.6zg in.)(50 ksi/3. t\2 x 29ooo ksi)0.5

= 1'51 
' 
j:: ' :: :r':

The factored' eompressive resistance of the compressi.on web is given by: ':',"':,",":'

::.:,..:_,:,:.. :..:. 
_

c_=QA"o(-o.11r+0.6s6À-1 +o.oBTÀ-2) ':.'::::f 1 g ' v'vvl/\ t

= 0.9( 0.697 in.Z)(50 rsi.)(-o.nr + 0.636 * f .51-1 + o.oBT x r.5r-2)
= 10.9 kips (l+8.: nq).

'. -i..--:,,.r:.1since the faetored. resÍstar¡ce of the compression veb (ro.g kips) is ¡.;r;lt,::
smal-ler than both the factored. resÍstance of the tensi.on web in the

nozrnal direction (zz.z kips) and that of the joint (zI+.7 kips), the

conpressÍon web, not the Joint, contrors the d.esign. rf the factored.
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resÍstence J- was snaller than the factored. d.esign load., otherr
member sizes r¡or¡]-d. have to be chosen.

rf a r¡orkÍng stress d.esign approach (crsc ryß) is useä, the
naJdmlu arlo¡rable road.. oor*"r to tbe chord. of a cropped.-web JoÍnt is:

J* = J.,r/F's' (3.l*)

where Jo is given by Eq.. 3.1 and. F.S. is a factor of safety. The no:sal
force components of the rrebs app].ied. to the chord. should. not exceed. this
allor¡able 1oad. J*.

Using the sa¡ne Joint illustrated. above, ¡rith a safety factor of
1.f, the alJ.owable J-oad of the Joínt is:

J*= Ju/F.$. = 2T.5h.T = ;¡6,2 kips (fZ.r ¡¡ç).

The alLowable load. Ín the tension neb is:

Na* = o.6trø" = 0.6 (o.øg7 io2)(50 ksi) = 2o.9 kips (93.0 kr,I).

This correspond.s to a nornal ]-oad of O.TOT x 20.9 kips = l4.g kips
(6¡.g kN). since the slend.erness ratio of the conpressÍon r¡eb is
(tO/r¡, = I(72 ír'.)/(0,629 in,) = 11lr, tUe allor¡able toad of this ¡reb is:

Nr* = t"i. 1-ern2n¡7.9?(w/r)1 = u.o kips (35.6 rc'ï).

-Agaín' assu¡re that I[r* anci N* are, respectivery, lerger than the load
each reb is reguired. to cerry. since the Ioad. Ín tbe conpression rreb

(g.o kips) Ís sma]rer than that in tbe teasion neb in the no:mat-

directlon (rl+.4 kÍps) e¡¡d. snaller than tl¡e arlor.abLe load of tÌ¡e
Joint (t6.2 kips)' the o.mpreedÍon_ veb agaÍn controls the Ç.esign.

rn ord,er to compare the strength of :LeBped eropped-web Joints with
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tbat of Joints but rith savn nebs and a neld. gap bet¡¡een them

(Eastnood. and. tlood 1970), Jo/ty. values are plottect against d./bo in

Fie. 3.27. The Figure sborrs tbat the strengths of the cropped.-web

Joints were comparable. to tnose of the sa¡nr veb Joiats, provÍded. that

to/bo j.s sma.llerthan about 0.07. rt also shor¡s that if the suggested.

working load. eurve used. for the sar¡u-r¡eb gap Joints is app].ied. to the

cropped-web 1ap JoÍnts, the results r¡iIl be w¡conservative when tO/tO is

larger tban 0.07, anti excessively conservative in many cases when tO/bO

is smal-l. The equations for cal-crrlating the suggested. working l_oad.s

sho¡r:o in the Figure heve the d.isadvantage that their coefficients vary

r¡-ith the system of r¡nits used.; in this case, the teræ Ju/lou" h,as been

erçrressed. Ín inches

[he strength of a tubular truss Joint has al-so been e:çressed

in many otber rrays, incluôÍng in te¡øs of Joint efficíency and Joint

load factor. fhese and otber para,meters have been used. to reLate the

strength of cropped.-r¡eb Joints to various Índ.epend.ent para,meters, but

the results have aot beeu so satisfactory as that given by Eq.. 3.2.

For example, the Joint efficiency, prevj.ously tiefined. as the

ratio of tbe .r¡ltins,te- loacl to the .y-le1dl-1oacl in the tensÍon rreb

(n^/aro""), i" pJ-otted. against tolbo in Fig.3.2B. It can be seen

that the efficíency incøsistently relates to to/bo, d/bo, end orr.

Írhis ie probably because tbe yiel-ti etresses of some tension webs (or" )

rere larger tha¡ those of some chords anci d.id. not cq¡trol- the r¡l-tinate

loads. In ad.d.ition, the yfeJ-d. load in the tension r¡eb.clÍdt uot,gover:n

tbe r¡lti¡nete load wben failure prtrar*Ly5-occurred. 1n other members.
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Despite these limitations, Fig. 3.28 suggests that the cropped_

web joints tested had an efficiency ranging from 73% b A2T%. The

efficiency of most of the joints was larger t?,an B\%. A rool, efficiency
was obtained for joints having d/bo about o.)+o to 0.50, to/bolarger
than about 0.05¡ and a 50% to 75% overlap. A large d/bo or a smal-I

tO/bO often led, to a l-ow efficiency.

rn comparison, Bouwkanp (rgøg) found that a roo/o efficieney
was obtained. for a profiled. joint having circul-ar hol1ow members r,¡ith

a chord d.iameter d0, if the joint had. to/d.o of larger than about 0.05

and. had. no eccentricity, or if it had. to/do of larger than about o.o3

and. a negative eccentrici-ty. A tension r,ieb having d.ia.:neter about

hal-f of the chord. d.ia.meter also gave a relatively high efficiency
(Cran et aI. rgTr).

The strength of a eropped.-web joint ís compared to the buckting

strength of the compression web (*rr) as shovn in Fíg. 3.29. The

buckring load Nro was ca.t-cr.¡-l-ated using the csA standard. sl6-t_ 969 axta

assuni-ng that the compression web had a length of six feet and an

effeetíve length faetor of l.o. llhen the ratio of joint strength to
the buckl-ing strength of the compression weu (J,r/Nro) exceed.ed. 1.0,
the joint was stronger than the cônFression web and. was very efficient.
Figure 3.29 shon's that this usually oecurred when the srendexness ratio
of the compression web (Kt/r)l was larger than about 90. rn ad.dition,

arr Íncrease ín ./bo or (xt/r), gener"lly d.ecreased J.,r/Nro. Finally,
ar¡ ínerease in to/bo usua-rry increased. J.*/*r¡ but onty when iner_astic

I.ir¡:. .:: :

buckling of the compression l¡eb was ínvolved..
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Be

rn snrmar¡r, the strength of a cropped.-veb joint rrith a zero to
75fi overlap can be acci¡rately estimated. usine Eq.. 3.1. Exa.mples illus_
tratíng the calculations,of the Joint strength by the linit state d.esign

or the. working load. d'esign nethod.s have been provid.ed.. The calcr¡ration
caJx be facil-Íteted' by using a d.esign chart or table, which ca¡r be easily
prodhrced. The strengths of the cropped.-web JoÍnts .rrere generally compar_

abre to those of similar Joints ¡¡"ith sa¡¿n vebs ar¡d gapsr provided. that
to/bo vas smaller ther¡ about o.o?. [hey rrere usually larger than g5 to
IOÚÃ of the yield load.s in the tension webs or the buekJ-ing loads Ín the

compression webs, provid.ed that to/bo was larger than about o.ol+. For

effåcient desÍgn, the web d.iameters shor¡l-d ra4ge about 0.1+ to 0.6 tines
the mid'th of the chord.o ar¡d. the slend.erness ratio of the compression veb

shor¡Ld be larger thar¡ about 90. The effect of an increase in overrap vas

usually smaLl. The strengths of the. cropped-web JoÍnts are generally

acce¡rtable and the Joints can be safely used in a tubular truss u¡rd.er

stat'Íc load's. The strengths may eJso'-be aeceptable when a small rreJ-d. gap

is provid.ed. betrreen the r¡eb members.

3.8. Joint stiffbess

The stiffiress of a eropped.-web Joint along the compression web

axis is d'efineci as k, = Nr/ô1, vhere N]. aati ö]- are, respeetÍvely, the

force ancl d'isplaeement in the llneer range along the compression r¡eb axis

at the load.ed chord faee, as illustreted. in Fig. 3.30. Sinilarly, the
gtiff'tress along the tensÍon r¡eb axÍs Ís ciefined. as k, = Nr/62, where N,

ancl' ô, are' respectively, the force and. d.lsplacement in tbe 1inear range
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along the tension web axis at the road.ed. chord. face. The values of k,
and' k, for the Joints tested. usually remained. approxÍmately constant
¡¡¡til the load's were egual to about half the rrltinate l-oad.s of the Joints
or near the rrorkÍng roaas of the web members. These var-ues are given in
Table 3.2 in terms of \/ud ano. kr/Ed, vhere E is the modurus of er-asti-
city (29000 ksi or 20ooo tt/wz) and d is the average outside dianeter of
the rreb æobers.

Ehe estimated' values of kz/Ed, were generally less accurate than

those of kt/Ed. This is because the arces of the tension webs, associated
vitja kz/Ed, were more d.ifficr:lt to locate aceurately. rn ad.d.ition, the
d'eformation components of the tensÍon r¡eb along the chord. axes l¡ere not
measured. a¡rd rrere negleeted.. 3\¡rthermore, the determ.ination of the
defortatio¡¡ at tbe tension lreb arcis usually involved. an interpolati.on, as

no transduaer nas instal-led. at the anis location because of linited.
available 6pace.

lbe stiffness k, ca¡¡ be estimated from the follorring equation:

\/Ed = 0.0012 + 6T.l+(tol¡o)3 * 6.9r(tolro)2or, (s.:)

the kl/Ed values obtaÍned from this equation and. those obtained. from

e:çerimenta are protted. for comparison Ín FÍg. 3.31. rt can be seen that
the ex¡reriøental e¡lci calculated. values agree quite wel-r. The curves show

that' for a given varue of overrap ov, kf/Ed increases rapiùLy as to/bo
becomes large. For a given varue of to/bo, k1/Ed increases with o.r.

Eguation 3.5 has been obtained. by means of a stepuise mrrrtiple
regression aaalysis and. checked. by a nr:ltÍpIe regression a.nalysis.

Accord.ing to the a,na\rses, the equation relating the variables in this
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Table 3.2. Joint stiffhesses and rruss Defrections

L/Ed k.z/Ed

%fr
oJ ç a 

^¡/\in. in. Ín. i¿

T
2
3
l+

5

r¡50
TA75
2A5O
2AT5
3A5o
3475
\¡,50
t+tl>
5A00
5450
5AT5

1850
lÆ75
385o
3875
l*g5O
I+s7i
5800
5850
5BT5

]-C50
LC15
3C50
3cT5
l+C5O

t+cl>
5C00
5cr0
5c75

1.38
0.81+
0.64
0.1+T
o.4l+

o.67
0.81
1.28
r.32
1.73
2,TT
2.95
4. r?
3.10
5.go
9.t7
o.67
o.6T
1.01
1.66
3.03
3.30
3. l+8

l+.ll
l+.37

0.78
1.00
L.l+1
1.78
2.1+I
2.60
2.33
I+.¡l
5.2r

5.26
3.18
1.33
1.78
2.09

4'rg
-r9.276.ll

6,TT
5.86
7.83
6.26

r4.7lr
7.23

]-3.92
?3,51+

r4,l+l+
-3.89
3.81
9.37
6.77

rl+. o5
T.O2

$.86
Ll+.03

-6.o2
-6,o2
9.06

r4.81+
10.12
l_8.38

l+.61+

r8.41+
2L.95

0.19s
0.320
o.4rs
o.567
0.461

o.zT7
0,L7'
0.154
0.150
0.181
0.il+z
o.tz6
O. OTI+

o.u6
o. 060
0.038

0:2Qt
o.lg8
o.263
o.rl+5
o.ro6
0.078
o'096
o'058
o; o6l+

s.083
o.o6o
O.LLO
0.083
0.0?1
0.059
0.095
0.038
0.033

t.::69
t.t69
0.983
o.975
o.775

o.627
o.6zT
0.570
o.570
1.182
1.r82
r. ohz
r. ol+a
o.992
o.992
o.992

o.5oT
o,507
1.100
1.100
0.978
0.978
0.927
o.927
o.927

o. l+r5
o.l+1.5
o.lo4
0. ?ol+
0.586
o.586
0.516
o.:.t6
0.516

r. s6
1.1+9
r.l+o
1.5I}
r.z)+

o'90
o.80
o.T2
o.72
r.s6
L.32
1.17
t.32
1.11
1.05
1.03

0.ru
o.6l+
1.36
r.al+
1.09
r.o6
1.02
o,99
0.99

.0. hga
0.475
o.8r
0.'lg
0.66
o.65
o.6r
o.55
0,55

ú.j
27.3
f+Z.O

58.2
59.5

44.r
28.0
26.9
z6.s
15.3
L2.O
t2.r
?.r

11.7
6.t
s.B

?9.6
27.3
23.9
l-3.2
ro.8

8.0
ro.4
6.3
6.9

19.9
r\. )+

t5.6
Lr.8
12.1
10.0
18.4
7.3
6.s 1..':r,:i:.
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folø is statistically significa¡rt at the 0.1Ø level. Thus kr/Ed. signifi-
cantly depends on (to/to)3 

""ra 
(to/uo)2orr. The coefficients of the tr¡o

Íud'epend'ent variables are also signifieant at the o.a% Level. These two

variables account for about B5/' of the variation in the d.ependent variable.
For simplicity, the par'aneter cl/bo is not includ.ed in the equation.

ïn obtaining Eq. 3.5, the kl/Ed values of specimens 1c5o and.

1C75 vere not includ'ed. These two specimens lrere not properly fabricated..

Theír weld's Ìrere very poor and wor:ld. be unacceptable Ín normal praetiee.
Their overlaps ¡¡ere much larger than specified., being 11)+ and. l3rØ

iastead of 5o ffid Ti'Á. Howevero Eq. J.! predicted. kr/Ed values vhich
agreed. ¡¡eL1 r"ith those of these two specimens. Thus the regression

equation was not revised..

Both positive and negative values of ôr, the d.isplacenent used. to
evaluate the stiffbess kr/Ed., were obtained. for the joints tested.. Thís

observation, along vith a consid.eratÍon of the physical behavÍor of the

Jointso ma^hes it cleer that ô, equal to zero is possible, resulting in an

infinite stÍffness ka/Eð. curves involving kz/Eð, therefore possess a

siagularíty and' there are two regines in which regressÍon analysis coul-d

be applied', coffesponcling to ô, J-arger or snalLer the¡r zero, respectively.
since most of the Joints had. ô, larger than zero (i.e., very few negative

values vere obtained'), eurYeB nere fitted. only in the regime corresponding

to positÍve 62, as shown Ín Fig. 3.32.

An al-tenoatÍve approach, r¡hich night have circunvented the problem

of the singuJ-arlty, uorrtd. be to use the flexÍbility r/k" instead of the

stiffness kr. This was not triecl.
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Ehe stiffüess k, along the a:ris of the tension lreb member car:. be

estÍ-nated. using tbe folloving enFirical equation:

kz/Eð, = O.QuZT.+ 118(rolro)3 + 2.31(tolbo)ov (3.6)

For cohparÍson, tne x",/nd. values obtained. from this equation and. those

obtained. from the e:çeriments are plotted. against to/bo as shovn Ín
Fie' 3.3e. rt can be seen that they egree quÍte neLl-. The stiffnesses
kz/Ed, åne::ease with increeses Ín to/bo and. overlap ov.

The regression a.na\rses used. to obtain Eq. 3.6 sholred. that the

equation is statisticarly significant at the 0.1% level. Thus the Ïrypo_

thesis that the regression is not significent is reJected.; the stiffnesses
*r/Ea aepend on the independent variables (to/uo)3 an¿ (to/uo)orr. The

coeffieients of these trro variables are signifÍcant at the r,o% rever,
Fina11y, the regressÍon of kz/Ed. on the t¡¡o variables accounts for a

signÍficaat anou¡t (Tj.9%) of the varÍation in k2/Ed.

Equation 3.6 aoes not pred.ict kr/Ed. very welr when to/bo is about

0.03 and. overlap ís 7516 or larger. This ís to be ex¡rected., because for
these para.roeters, though the pred.icted. values are positÍve, the e:qrerÍ-

mental velues are negative¡ thus the Joints are or¡tsÍd.e the range of
appllcabiJ-ity of Ee. S.6. lhr,rs Eq. 3.6 ca¡r be ueed. for prediction of
k, only vhen to/bo is greater than abor¡t o.o3 and o.,, Ís l_ess than abor¡t

T5%. llhe prectlcted values; howeverr.can be ¡¡eed to eonservatively

estinate the increase in truss d.eflectíon due to Joint d.efo:mation

because a larger Í¡crease is obtained. r¡ith the positive varues.
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Ehe stiffìresses k1 end. ke "* be used. to estimate an increase in
d'efleetion of a tubr¡lar truss due to local deforaations of the Joints.
Let a¡ d.enote the tnrss d.eflection due to JoÍnt d.efornations, a, the

cl.eflection due to cuanges in length of truss memberso and A = A, + an'¿
the overall d.eflectÍon at midspan of the truss.

For practical trusses, the truss d.efrection due to joint
clefomations a¡ is usually smarl compared to that d.ue to changes

menber lengths Ç. In other word.s , 
^J/L^ 

is.much less than 1.0.

illustrate this, a series of tubular trusses having geometry and

loadings as sho'¡m in FÍg . z.l was analyzed.. The menbers a¡rd. joints of
each of these trusses ÌÍere assumed. to eorrespond. to those of a

particular test specimen. The method of virtual lrork (Wfrite, Gergely,

and sexsrnith 1973) rras used. to ealcr¡l-ate both a¡ and ar. The

e:çerinental values of k1 and. k2 vere used. to calcr¡tate Â¡. The

calcr¡lateci values of a¡, 4n, a, and. 
^¡/\ 

are given in rable 3.2. fhe

AJ/A' values are plotted agaÍnst tg/bg in FÍg. 3.33. The Figure shows

tbat A¡/ar is usua.lly smaller tinart 13% when tg/b6 is larger than o.o5¡

but can Íncrease to 60% rrben tg/bg Ís equal to 0.03.

The va-lues of A¡/Ç shovn in Fig. 3.33 represent an upper borx¡d

for nost practÍca-l cages. This Ís becauge tbe trusses assum.ed. have a

J'arge clepth/epa.nr. thus emal-l \ *d large a¡/q ve-lues, sÍnce a¡ do not

slgalficaatly vary rrith nenber J.engths but h do. rn acldition, the

Al/\ values are aLuoet u¡raffecteci by a change in loadÍng pattern or

J:rtensíty, becauee both A¡ *d 4, vary rrith loads. Thus the values of

ln

To
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A¡/d^ of ty¡rical trusses, r*rieh have a smalJ-er ciepth/spa¡¡, atre usuatly

snaller than tbe va-lues sbo.wn in the Figure.

For exrnFle, if the span of the tmss shovn in tr'ig. 2.1 was

d'oub1ed., keepíng the sa.me loading pattern and íntensity, the a¡/a, ,:,'

values sho'w¡x cor¡Id d.ecrease by the ord.er of 5O/".

Aecoròing to csA standard. sl6-rg6g, the ma¡cimum arlovable

deflectÍon for the tn¡ss shoun in Fig. 2.I is 6pan/lgo = 3.2 ín. (gf mn). ,,,.t,1

This is larger than the ca].eu].ated. values of the total d.efleetíon A 
:' 

"l,given in Table 3.2. Thus the truss deflections rrere aceeptable.

rn sumary, the Joint stiffyresses along the compression end.

tension r¡eb anres are given by kt and. k2 in Eq. 3.5 and 3.6. They can 
,beused.toestinatea¡rincreaseintrussd.ef1ectíond'uetoJoint

d'efo:mations. The increase is generally smal1 and may usually be 
lneglected' in most practical cases. Eovevero if the tnrss d.efl-ection :

due to changes Ín member Ìengths is critical and tg/bg is small (about

0.04 or lo¡¡er), the increase in d.eflectíon due to Joint d.eformations

sho'"J d. be checked..
I r:::'r::'
..;.-.: .



Chapter l+

TIMONETI CA], .A]VAJ,YSIS

This chapter briefþ d.eseribes the finite element method.,

computer progrâms, t¡pes of eLements, and. sinplified mod.e1s, used in
the theoretÍcal analysi.s of the cropped veb joints.

4.f. The Finite Element Method

The finite element method., a powerfiù approximate nr¡.neriear_

method for analyzing the forees a.nd dispracements in a structure, has

been l¡el-L covered. in many books, including przenieniecki ag6g,

Zienkierriez I)11-, Desai and. Abel l:gT2. In this methodo the structure is
represented. as an assemblage of finite elements interconnecting at
nodes. The d.isplacements at the nodes are usua-lly ehosen as primary

unknovn quantities, while the d.ispracements in the elements are

conrnonly assuned. to vary according to some simpre polynomial fr:nctions,
called' interpolation fr:nctions or d.isplacement fr.¡nctions. Equations of
equilibrÍun for each element are fo¡rr.¡i-ated. in teras of a stiffness
matrix and the d.isplacements and. forces at the nodes, using a

variational principle such as the prínciple of minimum potentiat enerry.
fhe equations are combined. into equil-ibrium equations for the whor_e

structure' The nodal displacements are solved., and. elenent strains and.

stresses computed..

93
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f+.2. The Conputer Progr¡m Used.

Based. on the finite element method., many computer programs

have been written to d.ete:mine the forces and ùisplacernents in a

structure under load.s. One of these prograrns, written by Bathe, qlilson,

and Peterson (fgfS), and called SAPIV (A Structural Anatysis prograrn

for statÍc and. Q¡na,mic Response of Linear systen), was used. in the

analysis of cropped.-web Joínts. The progra¡n contains many ty¡res of

elementso three of which vere used. in the id.eatization of the Joints.
These three are a pla"ne stress element, a thin plate (shell) element,

and. a boundary element.

The plane stress element, of a quadrilateral shape, was used. to
represent the web members. The element is isoparametric, that is, its
geometry and. d.isplacements are d.escribed by the sa¡o.e parnmeters and

have the snme order. As a result, the d.isplacenents are compatible or

confo:ming (continuous with:in and. between elements) and complete (rigid.

body d.isp.l-acements and. constant strain state of the element are

possible).

The thin plate (sheIl) element, of a quad.rilateral shape formed.

from four conpatible tria.ngles, was used. to represent the chords. The

membrane and. benòing behavior of the element are represented.,

respectively; by a constant strain triangle element and. a¡¡ "Lccrg"

e]-ement.

The bor¡nd.ary element was used. to id.ealize the supports of the

specimens. It has one d.imension a¡¡d. a¡cial or torsional stiffr¡esses.
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Data input for the anarysís consísted of a head.i.ng car.o a

master eontrol card., nodar point data card.so element d.ata card.s,

concentrated. load/nass d.ata card.s and. erement load. mr:rtiplier card.s.

Data output includ.ed. a print of input d.ata for checkíng, nod.al

d.isplacements/rotationso shel1 element stresses, stresses of the prane

stress el-ements, a¡rd bor:ndary erement forces/moments.

)+.3. FÍnite Element Mod.eLs of Joints

A finite element moder of cropped.-web Joints used in the
stu(y is shown in Fig. l+.r. Because of s¡nrnetry, onry a harf of each
joint was used..

The chord., idealized. by the thin plate erements, vas assuaed. to
have a width of bO - tO, a depth of hO _ tO, a¡rd. a thickness.equal to
the actual chord. thickness tor where bo and. ho are, respectÍvely, the
actual outsÍd.e r¡idth and. depth of the chord..

Each web member was Ídear-ized. by the plane stress er-ements

having the same cross-seetionat area and moment of inertia as the
member' The wid'ths and thícknesses of the elements r¡ere assued to be

constent up to a poÍnt on the web anis one web d.iameter (d) above the
cropped end., as illustrateci in Fig. l+.A. Between this point end. the
cropped- end., the wid.th er¡d thickness lrere assu¡led. to vary rinearly
between the constant values and. the values at the end., estinated. by

the forrnr:las given in FÍg. \,2.

Two hinge supports at the chord. and. compression web ends were

represented. by two pairs of bor.¡¡¡d.ary elements, no:mar to each other, as
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shonn in Fig. l+.r. a rorler support at the tension web

represented. by another bor:nd.a:ry element norm.ar to the

An applied load. prod.rlcing an average stress of
(zoT w/mz) vas assumed to d.istribute uniforrn-ly at the

the tension n¡eb.

l+.4. Data Generation progra.m

end. was

veb a¡<is.

30.0 ksi

roller end. of

The anoi¡nt of input d.ata required. for the finite erement

enalysis of cropped. web Joints was quite large. The preparation and

checking of the data was very ted.ious, althor:gh some of the data can be

automatically generated by the sAprv progran. Thus, a computer progrem

for generating the data vas ¡rritten.

The first input data eard. for the data generatÍon progra¡n

specifies the number of joints to be generated.. The second. card. is a

heading card. i.d.entifling the joint. The third specifies the width,
d'epth' thickness and length (bo, ho, to, a,nd. Lo) of the chord., the

dia.meters, thicknesses, and length" (1, tl_, Ll, d2, t2, *d Lr) of
the compression web and tension web, respectively, and. a-rso the
percentage overlap (or percentege gap, negative of overlap) of the veb

members. The fourth card. specifies the number of elements (Nl to Nlh)

to be generated in ll+ element field.s, and the length factors yyf, and

YYR speciffine the nr¡mbers of tímes of (bo - to)/z to be used for the
lengths ad.Jacent to the compressÍon and. tension web members,

respectivel-y, as shor¡n in Fig, \.3. A set of card.s sÍmilar to the

second. to the fourth cards is provided. for each JoÍnt to be generated..

: illl: a,":r1,:-1.:i'ìtli
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The progran printed input and output d.ata for checking. rt also

stored the output d.ata on a permanent file for analysis by the sAprv

PIOgrem.

A computer progran was also vrítten to read. the Joint data from

the fil-e and. to plot the element meshes anronometrieally, as illustrate¿
in Fig. ]+.r. The plots províde pictr:res of the joints and facilitate
checking of the d.ata.

:i-r l::'ri.



Chapter 5

THEORETICAT NESI.ILTS AIVD DISCUSSTON

5.1, Deformations of Chord. Faces :

The deformations of the load.ed. chord face of a cropped.-web joint,
used' to d.eterrnÍne the stiffr¡esses of the Joint, can be estimated. qulte 

,,,, ,,

accurately using a finite efement analysis and. a sinplifÍed. mod.el of the r'1:r":

joint. The models used. for specirnen IBOO ere shown in Fig. 5.r. The :,,,.,t

deformations of the loaded ehord. face measured relative to those of the

corners of the unloaded face of this specimen are shor,sn in Fig. ,.2.
Al-so shom is the d.efo::nation obtained from the experÍment.

Figure 5.2 shows that the theoreticar and. experimental

d.eformationsagreequi-tewe11.Thetheoretica1d.efo:mationsincreaseaS

the nr:mbers of nod.es end. elements are increased.. They are genera-lly l

lsmal-ler than the experimental d.efornations, as expected. However, they 
,

are slightly larger in some cases. This is probably because the weld,
I' ,,.','which dístributes the loads more favorably on the chord faee, was ,:..:

neglected in the theoretical models. In ad.d.ition, the id.ealíze¿ mod.els , ,1..',

;r':r'.t'

d.o not exaetly represent the actual- specÍmens. Moreover, the

deformations vary consid.erably even with a slight change in chord.

thickness. FÍnarly, there coul-d have been exrors in measurenent.
1t':':;:':"The finite element mod.els of specimens 5AOO, 5A5on and. of a ,,:''.'

similar specimen with a 50% eap (>t:O-) are shown in Fig. 5.3. The

d'efor"nations of the load.ed. chord. faees of these specimens are shor.vn in 
.

Fig. 5.1+. rt can be seen thet the e:çerimental end. theoretieal

102
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SPECIMEN 5ffOO

tl9. gF N00ES = i 7.i

N0. 0F PLRTE ELEHEÀjTS = 9C

N0. 0F PLnHE 5TBE55 ELEHENTS = {0

N0. 0F B0UNEFBY ELEHENTS - 5

a. Specinen lA00
Fie.5.3. Finite-Element Mod.els for Specimens 5AOO, !A!0, and SArO-
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SPEC I I'1EN 5Ê50

NC. GF li!0ES = 1?3

NO. gF PLFTE ELEHENÌ5

N0. ûF PLENE SIR¿55 eLEHENTS = q0

N0. gF EúU¡i5f,ßY ELEíENîS =

SPECIMEN 5Ê50-

b. Specimen lAl0

NO. 0F ticiEs

NO. EF :LÊTE

NO- OF PLÊNE

ELEIl!tlTS = 100

5ÎRE55 ELEI4ENTS

N0. 0F BSUNEFSY ELEHENTS = 5

c. A |o%-Gap Joi.nt (:¡:o-)
Fie. 5.s. Finite-Etement Moders for specinens 5Aoo, 5450, end 5A5o-
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defoznations agree rather well-. Fr.¡rtherroore, the d.efoznations of a gap

Joint are generally larger than those of a 1ap joint.
The finite el_ement model_s shovn in Fig. 5.3, which have about

135 to 145 elenents and fT3 to 186 no¿esn usually give satisfactory
d'efozrnations l¡-ith reasonable computatÍonal econo4y for joints hawing a

chord. r^'"idth (UO) of four ínches (lOe ma). For this chord. width, the
ratios of the theoretical defor¡ration to the errperimental d.eforaation

at the peak varues of the chord. face (ôt/6e) usually vary from about

0.Bo to 1.20' as shown in Tabre 5.1. Thus, an agreenent between the
theoretical and experimental d.eforrnations of the ord.er of 20% is usualry
obtained for a joint with a ehord. v'idth of four Ínches and having one

of the mod.els shovn in Fig. 5,3.

hlhen the chord. rrr-idth bo is six Ínches (r5e m), the model_s shovn

in Fig. 5.3 may resuLt in large element sizes and. small defo:mations.

The ratios of the theoretical ar¡d. ex¡gerimental d.efornations for this
chord. size vary from O.i+t to 0.Tl+, as shor+n in Table 5.1. The resrrlts
can be improved' by subd.ividing the eLements, thus redueing the element

sizes ar¡d. increasing the nr.mbers of nod.es and. elements. This is
illustrated. in Fig. 5.5 and 5.6. The former shows the mod.ers of
specÍmen 1A5o' whil-e the latter shows the d.eforqations of the ehord. face

of th:is specimen, whÍeh has one of the poorest theoretical resul_ts. It
can be seen that a d.iscrepancy in defomation of 59{, ís red.ueed. to 3Z/,

by íncreasing the numbers of elements from ]t35 to 259. tr\¡rther

improvements are possibte if the elements are further subdir¡:id.ed

especie'l]y those in the vicinity of the Joint.

I
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Tab]-e 5.L. Ratios of peak

Defo:mabion¡ of. C'hord 'Faees, 
ôt/ôe,

Theoret ieal,and Þr¡rerinental
r¡gir¡S l35-elenent Models

SpecÍnen 'bo' ho

- in.
6r/6.
at working Load (approx. )

].
¿

3
b
5

laSo
1Â75
2A5O
An:'(5

3a5o
3AV5
lnSo
t+ef>

5AO0
wo
5^iî5

rB50
l3T5
3850
3ts?5
Irg5O

Ls?¡
Ðto
850
FT5
1C50
LCFS
3C50
3c75
Ìc5o
ùcrf¡
5C00
5c5o
5cT 5

l+.OO
l+. OO

6. oo
6. oo
6. oo

6. oo
6. oo
6. oo
6.00
4. oo
4. oo
l+.OO

4. oo
l+. OO

l+. oO
l+,00

6. oo
6. oo
l+. OO

4. oo
l+. OO

4. oo
4. oo
l+. OO
l+. OO

6. oo
6. oo
4. oo
l+. OO

l+. Oo
l+. OO

4. oo
l¡. OO

l+. OO

o'90
0.80
o'¡4
o.7s
o'71+

o. hr
o.4r
0.71
o.6o
0.88
0.73
o. Bo
0.86
0.87
1.13
1.18

o.l+8
o.6z
0.6l+
o'78
0.91
o'90
1.09
r.26
0.89

-
0.89
o.9T
1.15
0.85
0.87
r..38
L.10
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SPECII-1EN iF5O

N0. 0F N00Es = l?3

Ng. OF PLFTE ELEHENTS =

N0. 0F PLFNE SIRESS ELEHEIITS =

NO. gF BOUNDÊRY ELEHE¡ITs

SPECII'IEN iÊ50

N0. gF llüEEs = 323

NC. OF PLTìT: ELEHENTS = r82

NO. SF PLFIIE STBE55 ELEIIENTS

N0. SF 80UNDÊRY ELEHENTS =

(r)

(a)

Fie. 5.5, Finite-Element Models for SpecÍnen 1450
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The theoretical- d.efoz:nations of the loaded ehord faees inereased
more rapiåLy r,rhen incompatible bending modes were used. for the plane
stress elements representing the web members. However, such uses coul¿
resul-t in theoretieal d.efosnations larger than ex¡rerimental d.efornations,
particr:larly when the chord. widths were smarl. Thus the Íncompatible
bending mod.es were suppressed. ín the analyses.

5.2. Ðeflections of CompressÍ.on Webs

The d-eflectÍons of the compressÍon webs, indicating bend,ing of
the members, are also given by the finite element anaþsis. ïl]ustrated.
in Fig' 5'7 are the theoretÍcal deflections of the eompressíon web a:<is

of specimen 5Boo id.ear-ized as shown Ín Fig. 5.1. ït can be seen that
the d'eflectíons increase and- eonverge as the elements along the r¡eb are
subd.ivid.ed..

Also shown in Fíg. 5.T is the ex¡:erimental d.efreetion whieh has

been adjusted' to account for a rÍgid. body tra^nsl-ation caused. by initial
movements of the pin supports at the end.s. The e:çerimental- defl-ection
agrees well l¡ith the theoretical defleetion of the mod.el which has lfh
nod.es. The theoreticar defr-ectÍon of mod.el with z2z nodes appears

larger than the erperimental d.efleetion. This Ís rather unreasonabre

and. probably resr:rts from eruors in measurement. rf even one of the
measurements of the deflections vere inaccurate, the curvature of the
erçerimental defleetion curve nor:rd. be signifícently changed..
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5.3. Stresses and. Strains on Chord Faces

The stresses and. straíns on the chord. faces of a specÍmen ean

be calci¡Lated. usÍng a finite element analysis for the idealized mod.el-s.

The stresses consist of both bend.ing and. ¡nembrane components. rhe

bend.ing stresses near the joínt are usually larger than the membrane

stresses, sinee the chord. face at the joint Ís transversely l-oaded.. The

strains are ca-lculated. from the stresses, using theory of elastieity,
and. compared ¡,s-ith measured values.

The surface bend.ing stresse" oxb *u o"o along the x and. y æres

can be caleulated. from the bending moments per r:nit length Mxx and. Mo
given by the finite element ana-tysis. The d.irections of M** and M* are

ill-ustrated. in Fig. 5.8. The subscripts xx and ¡ry refer to the l_ocal

coordinates x and. y of a plate element.

According to the theory of elasticity (Wang

bend.ing stresses are related. to the bending moments

foll-ows:

1953), the surface

per unit length as

( ¡.r)

o. =6M /xo xx'

o- =6M /yÞ yy'

xb

,2
"o

ú

r,¡here tO = plate thickness.

The bend.ing strains are related to the bend.ing stresses as:

(oxb - voyb)/E

(o"o voxb)/E

Poissonrs ratio (0.3),

.. :.. .
I rrl,: ;
if---

ê
yþ

r¡here v

G.z)
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Fig.5.8. Bending Moments per Unil Length
ond Membrone Slresses
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arìd. E = yor.mg's modulus (29000 ksi or 2OOOOO w/m2).

The membrar¡e stresses o:or and o¡rm, shovn in Fig. !.8, are also
given by the finite element analysis. The membrane strains in the locat
x and y d.irections are:

Êr* = (or* - vo)@)/E
(:.s)

eyln = (o* - vor*)/n

The total si:rface strains are equal to the suns of the bend.ing

and. membrane strains, that is,

Ê**=Êxb+t:*

( 5. )+)tyy=tyb*tyro

To illustrate the calei:l-ations of stresses and strains on the
chord. faces, specimen 5BT5 is considered.. The idealized mod.el of tÏ:-is
specÍ.men having 283 nod.es anð.239 elements as shown in Fíg. 5.9 lras

anaþzed by the finite element method.. The d.istributions of benùing

moments per r:nit length M*,, and. Mo along four straight lines passing

through the centroid.s of prate elements of the l_oad.ed. chord. faee are

shova in FÍg. 5.10. rt can be seen that these moments are non-unifo*,
being relative\y large neer the extremities of the JoÍnts. Ttre moments

M** and Mo at section A of specinen !BJ!, obtained. from two id.eel_ized.

models shown in Fig. Jg, are given in Fig. 5.u. rt can be seen that
the moments from the d.ifferent mod.els agree v€ÌJr-;velt. Moreover, the
moments along the centre line of the top chord. faee are large compared.

to others

t-::.:.

'. .... .. :.:

since trar¡sverse strains at section A of specinen 5B?5 were
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SPEC I þIEN 5875

N0. CF NOilES = 2s3

N0. 0F PLnTE ELSIjENTS = t5tt

N0. 0F PLßNE 5TñE55 ELEHENTS = B0

N0. SF BSUN0FFY ELEHENT5 = 5

SPECIMEN 5875

N0. BF NüCES = 552

N0. 0F PLÊTE ELEIIENTS = 220

N0. gF PLnNE 5TBE55 ELEHENTS = B0

N0. 0F BTUNDBRY ELEHEIITS = 5

(r)

Fig. 5.9. Finite-Element ModeLs for Specinen 5BT5
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measured'' theoretical transverse strai.ns rüere calculated. at the sane

position and' lrere corpared. with the erçerimental values. rtre transverse

strain at point Arr along the eentre of the top chord. face at section A,

of Fig. 5.11 is calculated. as an illustration.

At this point, using Fie. 5.11 and. a 2g3_node model,

Mo, = 0.53 kips-in./in., and MO = 0.25 kips-in ./in.
Since tO = O ,290 in , using Eq. 5.1,

oxb = 6(0.¡S) /o.zg2 = 3T.B ksi,
oyb = 6(o.z>)/0.292 = tT.B rsi.

rt is noted that o*o at this point exeeed.s the average stress of 30 ksi
in the tension web member.

The membrane stresses o:@ *u o* for this point are 2.5 ksi
and -l-0.0 ksi, respectívely. They are small- compared to the bend.ing

stresses o. end o _xo yþ

UsÍng Eq.. 5.2, the bend.ing strain is:
Êxb = (Sf.8 - 0.3 x 17.8)lzgooo = O.0Ot[2.

Using ES.. 5.3, the membrane strain is:
rr* = (2.> - 0.3(-10 ,o))/zgoo0 = o.oootg.

rt is noted. that the bend.ing strain is about six times as large as the
membrar¡e strain. Using ES.. 5.1+, the total tra¡sverse strain Ís:

t*r, = 0.00112 + 0.00019 = 0.00131.

In comparíson, the experimental strain was 0.00128, a d.ifferenee of 2/o.

Thus the experÍmental and theoreticaL transverse strains at point A,
agree very well.

Tra¡l,sverse strains at other points at section A lrere siuilarly

¡.\::1i:>.':;r..!;

i: : : : i:
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carculated- and. are shor¿n in Fig. 5.rza, while longitud.inal strains
(along y-axis) ror section B of Fig. !.10 are shor¿n in Fig. j,rzb. ït
can be seen that the straÍns on the load.ed chord face are much larger
than those on other faces. lhe theoretieal strains ag"ee quite well
w'ith the ex¡:erimental ones. This illustrates that the stress and strain
d'istributÍons of the chord faces can be quite aceurately pred.icted. using
a finite element analysis and. the id.ealized. mod.els presented.

Ttre chord. of specimen 5BT5 used. in this exânF1e had. a relatively
large tO/bO.

average arcial

stresses and

At the l-oad. of 20.1 kips (8g.L kN) correspondjng to an

stress in the tension web of 30 ksi (eO7 ¡¡rr2), *n.
strains were stÍl1 largely linearly er-astÍc. For specimens

with relatively smarl to/bo, this nay not be so. However, the finite
el-ement analysis can be extend.ed. to cover such cases by inelud.ing

inelastic and. large d.isplacement behavÍor. This has not been d.one here.

lhe nonlinear analysis would. allo¡a the joint strength to be estimated..

5.1+. Stresses in Web Members

Manimum and. minimum stresses in the .web members of specimen 5BTi,

obtained. from a fínite el-ement analysÍs of a 352-node mod.lo as

ilLustrated in Fig. j.9, are shown in FÍg. 5.13. The Figure shows that
the stresses ín both webs near the overlap are relatively high. For an

a:rial 10ad. causing an average stress in the tension web of 30 ksi (207
D

N/nm'), a manimum tensi.le stress ot l+0.\ tsi elgX/r#) occurs Ín this
web Just above the lap. This ind.Ícates that faÍlure by tearing of the
web lflill usually start in thÍs erea. Experiments have confirmed. this.
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SUrrmary

The finite eLement method. and. a sinplified. model of the Joint
presented' can usually bg used. to preclict the 1oad.-d.eforaation behavior

and. stress ciistribution of a cropped.-web Joint up to a load of about

half the rrltÍnate load of the Joint or about the lrorking loa¿s of the
'r+eb members. The agreenent beti¡een the theoretÍcal- and. e:çerimental
results is improved. by subd.iviòing the elements, partÍcularly those in
the vÍcinity of the JoÍnt. Tt¡e nethod. ce¡r be extended. to includ.e

inelastic and. large d.isplaeement behavior so that the Joint strength
car¡ be estimated..



6.1. ConclusÍons

Chapter 6

CO}ICLI'SIONS AI{D RECOMMHVDATIONS

Based' on test resr¡-Lts aacl theoretÍcal analyses of the cropped.-

rreb Joints, the foll0rrÍag maÍn eonclusions have been reached..

(r) The strength of a cropped-web Joint w'Íth some overlap between..the reb
members is comparable to tbat of e, eimilar. Joint rrith sann webs an¿ a

smqll gap, provictect that the chord. thickness/rfüdth is smeller than

about 0.07. lrhe strength of the cropped.-¡reb Joint, erq)ressed as the
r¡ltimate veb-force cmponent no:øal to the cbord., car¡ be accurately
esti¡¡atecl using Eq.. 3.1:

J', = t'boo"(0.504 + 6.ro(d/bo)3 - 4s.3(d/b0)2(tolro)),

vhere to, bo, ancl o" are' respectinely, the thickness, nÍdth, and yielci
stress of the chord., wbile d. Ís the average d.iemeter of the web menbers.

I{hen to/bo 1s J.arger than about o.ol+, the Joint strength is usue_r\y

larger than about I5 to Loo7l of tbe yíelcr strength of the tension veb

or the buckling etrength of the compressÍon web member.

(2) The etiffress of a cropped.-rreb Joint, with no gap, a-læg the anis
of tbe cæpreesion iyeb menber ean be estimateci usÍng Eq. 3.5:

k, = Ed.(o.oo12 + 6T.l*(tol¡o)3 + 6.91(toluo)2o,r),

rbere E ie tbe noihrlue of elasticity of the chord aad. o.,,. is the ratio of
overlap to the teagion web d,l.ameter. The stiff:xess of the Joint arong

the axle of the tension rreb can be estLuatecl using Eq.. 3.6:

r-.la.i::1.
T2T
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k, = Ett(0.012f-+ It8(tolbo'13 * 2.31{tolbo)orr).

The stifûresses k, aad. k, can be r¡sed. to estimate en increase in truss

cleflection due to local,d.efotnations of the ].oad,ed. cborcl faces. For

oost practÍcal trusses; such an increase is usual1y sma].1.er than about

l-0 or 15% tùen tO/bO is larger than about 0.05.

(s) Fail-r¡re of a cropped.-web Joint can occìjr in one or nore of the

foJ-loving three msin mocles:

A. FaÍ}¡re by excessÍve loca]- ctefoløation of the ]-oaded. chord. face.

It often occurs r¡hea the chord. w¡lf is relatively flexible coupared. to

the rreb meu,bers, aod it usually induces other failure modes to occur.

B. Fail¡re by buckling of tbe compression ¡reb member. ït often occurs

rrhen the compressioa web menber has a slenderaess ratio of about 90 or

more. rt occurred. in most of the specimene tested.. rt is usuaaly

induced. by rotational d.efo:nation of the chord. faee at the end. of the

web menber. lhus the bucLlipg Ís usually in the plane of the truss and.

Ín the d.irection away from the tension neb.

c. Faih¡re by tearing of the tension veb menber. rt often occurs

when the veb memberÊ aJre stiff, and. it ¡¡s¿n'ì]y starts near the overlap.

(l+) lhe ctefo:matione and. stresses in the elastie range of a cropped.-rreb

JoÍat ca¡ be accurately prettictecl using the fÍnite e]-ement method. and.

the siuplifiect models of the Joint presented. herein,
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6.2. Design Reeornmend.ations

cropped.-web joints having nq gaps between the web members are

reconmend'ed' as safe and econonical substítutes for profiled.- or sarvn-web

Joints of tubu-l-ar trusses. The d.esign loads of the former joints are

estinated. using the empirical equation 3.1 and. applying a perforuance

factor or a safety faetor, d.epend.ing on the d.esign method. used, as

illustrated. in Section 3.7.

For the joints to be efficient, having high strengths compared.

to the strengths of the web memberso the chord thi-ckness should. be larger
than about 0.0h times the chord. vid.th. rn ad.d.ition, the r¡eb members

shor:l-d. have dia¡reters about o.\ to 0.6 times the chord vidth. The

compression web member shou-Ld. have a slenderness ratio larger than about

90.

The veb members shourd. have no gap between them. They should.

have an overlap of about O.! to 0.75 times the tension r,¡eb ùia¡reter if
the chord thickness/r¡idth is srne'rl-er than about o.o)+. rf the truss
d'eflection due to changes in member lengths Ís critical and. the chord

thíckness/rsidth is small-er than about O.ol+, the increase in d.eflection

due to Joint deforaations, which usually is neglÍgib1e, shoul-d. be cheeked.

:.i:::ì
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6,3. Reeonmend.ations for F\rrther Stud.ies

rn ord.er to fi¡:ther confi::¡l the valiùity of the etrength an¿

stifûress equations obtained. in the present tests, a number of cropped.-

veb Joints having ctÍfferent paraneter values should. be tested.. These

a,re:

(f ) Joints having ci/b., values of about 0.6, O.B, and 1.0.
(z) Joints having ,o/bo larger than 0.0g.

(S) Joi-nts having srnall gaps or no overlaps bet¡ueen the neb menbers.

(4) Joints baving veb members the sa¡ne €ùs those studied. herein but rrith
shorter lengths, as Joints having corrpression rreb members wÍth sl-end.erness

ratios smaller than about 90 seemed. to give row effieiency.
(:) Joints having rectangular instead of, square chord.s. (.roints having

rectangular chord's and. those having square chord.s w'Íth the seme thíckness/

rridth ratios probably ¡ril1 have comparable strengths, because the

streagths are usually largely governed by the plastíc d.eformations of
the J.oad.ecl chord. faces. )

(6) JoÍnts baving co4rression and. tension web members vith d.ifferent
d.ia¡neters

(f) JoÍnts having t/di other than about j% to glt.

For the theoretÍcaI etud.ies, the Joínts shoutd be analyzed using

a noalinear finíte element progran so that the strength a¡¡d. behavior Ín
tbe plastic re,nge nay be pretticted. A yielti-line approach is arso

lnteresting, usÍng the etress pattern obtained. from the elastic finite
eleu¡ent eaalyses as a guld.e.

l'':.-',,: :.,' ì.r::1.''. :'
::' : :l:ì. , ¡ì:.- ::f:! !
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APPMID]X A

The proced'ure for obtaining the strength equation for cropped.-web

ioints (Eq. 3.2) using ni:Itiple regression analyses is briefly outl-ined.

below. some resi:lts of the a.nalyses are given and explained.. sinilar
proced.r:res rrere used. to obtain the stiffness equations for the joints
(nq. 3.6 and 3.7).

For eonveni-ence, the joint strength J.,, was non-d.imensionalized.

by a term such as tob'ou, tz'o", totou, todo., before conelating with
other non-d.imensional paremeters, such as d/bO, tO/bO, and o.,r. pl_ots

of these paremeters shor,¡ed tinat Jv/toboo" is crearry rerated. i.¡-ith

¿/bO. StructuraLly, this is reasonable, as J.,, l,¡ould. be expected. to
vary with toboo. and. d/bo. This was confir:ned. by mr:rtiple regression

analyses, which also gave equations relating the paraneters.

since 32 test resurts (exclud.ing speci.mens 1c50 and. rc75) were

eonsid.ered, 29 variables cor¡td. be used. in the analyses in a gíven run.
The variables used. includ.ed. a d.epend.ent variabre, such as tr/toboo",
arrd. various independ.ent variables, such as d./bo, to/bo, ou, bo/d, t/d,
e/hg, and. their powered. prod.ucts.

For illustration, the result of a stepwise nultiple regression

analysis of 32 test results (observations), using four variables vhich
gave good. resul-ts, ís given bel-ol¡. The variables are:

(r) J.r/toboo.

(z) (a/uo)2(tolbo)

(s) 1alro)3

(4) (d/bo) &oluo)2.
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The means and. stand.ard. d.eviations of the variables are given in
Table A-1. Table A-2 shows the correlation matrix of the variabl-es.

Table A-3 gives the resr:Its of the step-v'ise mi:].tiple regression anafysis.
This Table shol¡s that in the first step, variable 3 was entered., because

it had the largest correlation with the d.ependent variabl-e (variable 1).
In this step, the nul-tiple correlation eoefficient, nor11.ally ¿enote¿ by

r, is 0.850. Therefore the third. variabre accou¡rts foy 12 = Tz.2% or
the variation in the first. The leve1 of confid.enee that this Ís true
is for:nd. as foll_ows.

rn this step, the d.egrees of freed.om v, equal to the number of
observati-ons minus the nl¡mber of independ.ent variables used minus one,

are 32-1-l- or 30. Using Table e-l+9 of Libson and Sheth (fgfS) or Tabte

A-Lt óf Kennedy and Nevil].e (tgT6), the va-lue of correl-ation coefficient
r for t]ne I/" l-evel of signifieance eorresponùing to 30 degrees of freed.om

and' 2 variables is o.l+49. since this value is smaLler than the value of
r obtained (0.850), the third. variable accomts for a signifÍcant anor.¡nt

of the variation of the first variable

In the first step of Tab1e A-3, the F-value for analysis of vari-
anee is 78.0. - This is compared. to the F-value obtaÍned from statistical_
Tabl-es as follor¡s. The d.egrees of freedom for the numerator vf to be

entered. in the Tab1es are equal to the number of independent variables,
vhich is 1. The d.egrees of freed.om for the denominator v2 are equal

to V, which are 32-l--l or 30. UsÍng TabLe A_9 of Libson and. Sheth, the

F-value correspond.ing to ul = l and. v2 = 30 for t|¡e O.I% l_evel_ of
significance is 13.3. si.nce this is smaller then the F-value obtained.
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Table A-1. Means and. stand.ard. Deviations of variables

STEP-IiISE ¡iIULTIPLE AEGRESSIC}I +**** UÌíTVERSIITY OT HAI.¡ITOIJÀ *****
JOrNT STRENGTIT (3 ? q9s. , 4 vÀRI.)

NIJI{BER OF OBSERVATTONS 32
NUIIBER OF VABIÀBLES 4
NUIIBER OF SEIÈCTIOI{S 2

CONST]TNT ?O T,TI{rT VAR IÀBLE5 O. O

VÀRIÀBLE lIEAN ST]I!TÐAIìD
NO. DEVI/ITTON
1 u .78236 0. 39 B?3
2 0.01512 0.01 062
3 0.15273 0.12370
4 0,001 65 0. 00 1 16

Tabl-e A-2. Correl_ation MatrÍx of Variables

CORREL¡\TION !I ATRIX

ROTT 1

1. 00000 0.56222 0. g49fJB 0. 161 31 , ,.. .
.::t::-

RoI{ , ,,:,, 

,,,, .

0.56222 1.00000 0.90553 0.gg312 ¡',,',1,,

ROTÍ 3
0.849f18 0.90553 1.0000rJ o.6,1243

RO¡r 4
0. 16131 0.88312 0.612U3 1.C0o0Q , ,.



Table A-3. Results of Step_wise MuJ.tiple Regression Analyses

3.560
0.722

3.560
0.722 cF

L3T

4.929

SE.LECTroNr...¡ 1

DEPENDEI{T VARIÀ-qLE.......... . oNUxBER oF vÀ nr ABL rrs 
- 
i¿rñðËñ: . . .

I{UT!BER OF VÀRIÀBLES DELETÐD...

1

0
0

VÀRIABLE ENTERqD. .... 3

lgH oF sQu AR ES BETJI]cEÐ T¡¡ TFIIS STEp. .. .PROPORTION R EÐUCED TN THIS qTfTD

cuiluLÀTrvE sû!_oI 50uÀRES ngDucED......CUI'ULÀTIVE PROPORTTõN NióUôE0....: :: :::
FOF 1 VÂRT¡TBLES EN?EPED

üTILTTPLE COBRELÀTrON COEFFICTENT.. .(AD.IUSTBD FoF Ð.F.) ........ .. .F-VÀI,ÛE FOR ÀN-ALYSTS OF VAFf À!{C8...
STÀNDARD ERBOR OF ESTIHÀ18........ .. (ÀDJUSTED FOR D.F.)...........

STEP

V ARI ÀBLE
NUüBqR

3
I NlEFCEPT

0. 950
0.950

7 8.028
0.214
0.214

REGFIESSION 5TD. IIFF.OR OrCOEFFICTENT REG. COEFF.
2.739tt8 0.J1013
0.36395

C OI' PUT EÐ
T-VÀ LI'E

8.933
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Table A-3. (Continued.)

2

1.177
0.239

tt.737
0.961

0.072
0. 015

138

oF 4.sis

VARTÀBLE ENTElì8D... .. 2

!uü oF SQUÀRES AEDUCEÐ rN TIIIS .STEp....
PBOPORTION R EDÜCED TN THIS STEP. .. .. .. ;

cullttl.ÀlrvB suü oF SQttARES REDUCED......
Ct,I'TLÀTTVE PFOPORTION REDUCED........: :

FOF 2 VARIÀEf,,ES ENTERFD
UUITTPLE CORRELATION COEPFICIEIIT... 0.930

(aDJilSTED FOR D.F.)........... c.gg0
T.VALUE FOB ÀNÀLYSTS OF VÀRIÀNCE... 35t}.849
STANDAND ERBOR OF ESlTI!ATN. . .. .. . . . O. C81

(ÂDJUSTED FoR D.F.)........... 0.c83
VÀRIÀBLE RtsGRESSIOI{
IIUI{BER COAFFTCTENT

3 6.1Q172
2 _tt3.26122

INTERCEPT 0.50439

YÀRT ABLE REGRESSTO¡¡
NU}f BER COEFF ICIENT

3 s.65704
2 - 95.49690
4 261. 08423

II{TE RCEPT O .47249

STD. EFROR OF
REG. COEFF.

0.27 802
3 .2 3927

SÎD. ERFOF CF
REG. COEBF.

0.65798
12. g 180 1

63.24625

COII PUT ED
T-VA LIJ E

21 .9r17
-13.355

SlEP

YTTRIÀBIE ENTERED..... 4

!uü oF s0uÀRES REDUCED rN TIIS STEP....
PROPONTTON R EDUCED TN THIS S18D....:::.
ctn{utÄTryE su¡.! oF S0UARES REDUCED......
CUI{ULATTVE P TOPORTTON REDUCED......: :::
FOF 3 VÀRTÀBIES ENTEBED

üULTIPLE CORRETÀTIO¡¡ COEFFTCTENI... 0.988
(ÀoJUSTED FoR D.F.)........... 0.g87F.YÀLITE FOR ÀNÀLYSIS OF VÀRIÀNCE... 371.240

STåNDARD ERROR or. ESTIü¡,TE. .. ... .. . 0.065(ADJUSÎED FoR D.F.l ..... r.... . 0.067

4.910
0.976 or 4.929

COI{PUT ED

T -V ALT' E
13 . 157
-7.393
4.128
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(fB'o), the fírst variabl-e signíficantly depend.s on the third. variabl-e.

For the first step, the regression equation obtained. is:

t,r/toboo" = 0.36\ + 2.7\(d/bo)3 (a-r)

The computed t-var-ue given is 8.83, equal to the square root of the
F-val-ue since there is only one ind.ependent variabre. Thus the 

;coefficient of the ind.epend.ent variable is arso statistÍcally significant ,l

at the 0.1Ø level.
:fn step 2 of Tabls A-3, the second. variable ïras entered and

Eq. 3.2 or A-2 resul-ted:

;

J.|r/roooou = o.5ol+ + 6.10(d/bo)3 _ Ls.s(a/lo¡2(tollo) (a_e) 
i

The values of r, F, end. t vere changed. and. si-nilarly analyzed. The

resul-ts have been given in section 3.7. The two independ.ent variabr-es

account lor 96.oil ot the variation in the d.epend.ent variable. The

regression is sÍgnificant at the 0.1Ø level. The partia_l regressíon

coefficients are also significant at this Level. This is because the
t-varues obtained. from the regressÍon are equal to 2r.p and. -13.\, and

the t-value for t]''e o.I% level of confíd.ence and. 2p d.egrees of freed.om

is only 3.66 (using Table A-3 of Libson and Sheth or Table A_g of
Kenne{y and Neville).

Ïn step 3, the fourth variable r¡as entered. a¡rd. the following
equation was obtained.:

J,r/toboou = o.\72 + 8.66(d/bo)3 - g>.5(d/bo)2{tolro)

+ 261(d/bo)(tolro)2 (a-s)
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At this stageo about 97.6"/' of the variation in the depend.ent variable

are accounted for. The coefficients are also significant. The val-ues

of Ju/toboo. obtained. from the errperiments and. Eq. A-3 are given for
comparison in Tabl-e A-l+. rt can be seen that they agree very we1l.

sinilarly, Table A-! shows that the experimental_ values of
J,r/toboo" agree very lrell with the varues estimated. using Eq. A-2.

Because of this and. because of sÍmplicityr this eguation was used..

SÍmilar results were obtained using a nr:lti-linear regression

a^nalysis progrâm. unlike the step-wise nt¡ltiple regression analysis

progra¡n' it does not automatically sel-ect a variable which has a high

correlation to give good. results and, the analysis is not d.one in a

series of steps.
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Table A-4. Values of Ind.ependent Variables Using Eq.. A_3

SELECTION... . . 1

CASE NO.
1

2
3
4
5
6
7
I
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

.27
28
29
30
31
32

TA BLE OF

Ï VALUE
0.67 67 0
0.58451
1 .0 9639
0.4 1 832
o.62123
0.6 4r¡ 1 0
0.65195
0.5452rt
0.5707 3
0.63551
0.64139
0.55656
0. 5 3171
0.3 8873
0. tt 7050
0.4 8395
1.02n92
0..97949
o.57'157
0.7 0695
0. 5 5933
0.5551 I
0.4 51 40
0.4 556 7
0.50 370
1.8 579_3
1.92959
7.47596
1.32581
1.06269
1.03926
1.01789

RESIDU ALS

Y ESTT$ATE
0.69509
0.69509
1.1393?
0.53312
0. ó52 55
0.63753
0,63753
0.57485
0.574f15
0. 582 46
0.582tt6
0.48831
0.48831
0. 4674 5
0.46745
0. 46745
0.869 12
0.869 1 2
0.68763
0. 6876 3
0. 5392 1

0.53821
0.47490
0.49205
0. tt Bg7 g
1 .90087
1.90087
1.41051
1.41051
1.11443
0.98643
0.gg146

FESIDUÀt
-0.01839
-0. 1 1058
-e.04298
-0.11480
-0.03132

0.00657
c.01442

-0 . 0 2961
-0.00412

0.05305
0.05893
0.0692 5
0. c4340

-0.0 7 872
0.00305
0.01650
0.15180
0.10937

-c.11006
0,01922
o.021 12
0.01697

-0.02350
-0.02638
0.01391

-0.0 430 4
0.029?1
0.06545

- 0. 0 9470
-0.05174

c.05283
0.0264 3
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Table A-1. Values of Ind.ependent Variables Using Eq. A-2

sEtEcrroN..... 2

cå58 NO.
1

2
3
4
5
6
7
I
9

10
11
12
13
14
15
16
17
1B
19
2Q
21
22
23
24
25
26
27
28
29
30
31
32

TÀBtE OF

Y VÀ LTTE

o.67670
0.59451
1.09639
0.41832
0.62123
0.64410
0.6 51 g5
0.54524
0.57073
0.63551
0.641 39
0.55656
0.53171
0.3 8873
0.47050.
0.4 B 395
1.02092
0.9 7g4g
0.57757
0.7 0685
0.55933
0.555 1 I
0.45140
0.45567
0.50370
1.85783
1.92958
1.47596
1.3 258 1

1.06269
1.03926
1.0 1 789

RESI DU;IIS

Ï ES?I ITAT E
0.731 33
0.73 1 33
1. 1 3858
0.5666 1

0. 6788 5
0 .66'117
o.667 17
0.610fi9
0. 6 l0ftg

. 0.61933
0.61833
0.477 30
o .47-130
0.3u299
0. JfJ2gg
0.39299
0.87175
0.8?1 75
0.72483
0.72483
0. 549 33
0.548.13
0.40 169
0.42634
0.45056
1. 90632
1..80632
1.4364r1
1.43 6q4
1.16822
1.03281
1 .03[J44

ß ES TDU AL
- 0.05 463
-0. 1 4682
-0. 0 4219
-0.1tt829
-0.057 62
-0.02307
-0.0 1522
- 0. 0 6525
-0.0 3976

0.0171 B

o.02306
0.07926
0.05r¡41
0.005?4
0.0875 1

0.1 0095
0.14917
0.10674

-o.14726
-0.01798
0.0 1 100
c.0 0685
0.04972
0.02933
0.05314
0 .05151
o.12326
0.03952

-0. 1 106 3
-0.10553

0.00645
- 0.02055


