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ABSTRACT

Tests of two sinilar Pratt trusses of twenty-four foot span, each

involving four cropped-end tubular steel web menbels and square hol1ow

structlsal section chord nembers are reported and results are compared

h,ith th@se obtained on isolated joint tests done at the University of

lvla¡itóe, Trusses designed in such a way t}j.at the foul test joints in a

truss fiould be consecutively loaded to failure are described. Each tine

a joinË failed, it was suitably reinforced and the loading was resuned to

cause f,.ëi lure of the next joint. Ihe joints having slender web rnenb ers

failed d,ue to buckling of the cornpression web ne¡nbers out of the plane of

the tnrçs. The joints with stocky web menbers failed due to excessive de-

formation of the chord face at the joint. The corresponding joints when

tested ün isolation failed prinarily due to excessive deformation of the

chord face at the joint. 'lhe failure loads of the joints in truss tests

were trenty-five to thirty percent lower than in the isolated joint tests.
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NOTATION

d = outside diameter of h'eb tube

d = outside diarneter of chord
o

b = chord width
o

t = thickness of chord tube
o

t = thickness of web tube

e = joint eccentricity (distance fron chord axis to intersection

of web axis

F = load in colnDression nember

F- = load in tension menber
I



CHAPTER I

INTRODUCTION

1.1 General

In recent years, Hollow Structural Sections (H.S.S.) have been

used extensive Iy in truss construction, partly because of a¡ increase in

the availability of a wide range of section sizes and strength grades.

Moreover, hollov, stTuctural sections have many advantages over other

types of rolled sections when used as tluss ne¡nbers. A weight saving of

the order of 20 percent is quite connon for tubular a",rrr"r[26]. This

is because H.S.S. have high conpressive, bending and tolsional resistance

as well as good lateral stability. The cLosed closs-sectional shape of

H.S.S. mininizes the exposed area and hence ¡nakes corrosion protection

and painting relatively inexpensive. Finally, tubulaÍ trusses with ex-

posed structuraL members are aesthetically pleasing.

A major disadva¡tage to the use of holl.ow structural sections in

trusses is the high cost and difficulty of fabrication of the joints.

lhe ends of the web rne¡nbers require careful profiJ.ing in order to obtain

a proper fit between the webs arid the chord face. The welding of the

rnernbers, especially in the acute argles between then, becones fairly

difficult.
End cropping, a recently developed fabrication procedure which

involves simlltaneously flattening and shearing the ends of the web

nernbers, permits an economical web-chord connection. The cropping not

only elirninates profiling, but also reduces the cutting time, as the

tubes can be rapidly squeezed and cut in one operation in a cropping
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nachine. Moreover, the welding is sinplified, since only straight-line

fillet v¡elds are required.

In the p¿st, cropped joints have been successfully used for

secondary joints carrying light loads[1'3'5]. ïheir behaviour tequires

extensive experinental investígation before they car¡ be safely used in

prinary joints.

A testing progr¿Lln was recentLy begun at the Llniversity of trfanitoba,

[21] to investigate the properties of cropped connections for use in tubulal

Tvrenty-nine specirnens, each consisting of a single Pratt truss

joint arid the portions of the truss webs and chords extending half way

to the adj acent joints, were tested to destruction. While the results

obtained in the isolated joint tests were consistent and reasonable, it

was felt desí¡ab1e to conpare the isolated joint behaviour with that of

si¡nilar joínts incorporated into tubular trusses.

1..2 object of Investigation

The obj ect of this study was therefore to exanine the behaviour of

cropped joints incorporated into trusses and to conpare it to that of

si¡nilar joints previously tested as isolated joint specimens. A range of

isolated tTuss joints tested by Morris a¡d îhiensiripipa tl27l *ut exanined

and four types of joints were chosen to be incorporated into each of two

sirnilar fu1l scale trusses. The trusses !{ere designetl in such a ll'ay that

the four test joints in a truss would be consecutively loaded to failure.

Each time a joint failed, it was suitably reinforced and the loading was

¡esuned to cause failure of the next joint.



1.5 Lirpitations of Investigation

The linitations of this investigation were:

(1) The investigation was entiTely experimental; no analytical study

of joint behaviour v,¡as undertaken.

(2) Static loading only was considered.

(3) The truss chords were all H.S'S. 4 x 4 sections and all webs were

round H. S. S.



CHAPTER II

TUBULAR TRUSS CONNECTION

2.1 Introduction

In this chapter, the failure nodes ând the paraneters affecting

joint behaviour are discussed' A brief surunary of Past work on both

conventional and end-cropped (or end-flattened) joints is also presented.

2.2 Failure Modes

A tubul¿T truss joint rnay exhibit one of several nodes of failure,

depending upon which joint coÌnponent - chord, conpression web, tension

web or weld, is the weakest. Different nodes of failures are:

' l ,6 ,9 ,lL ,77 ,2rl(1) Excessive local <le format ion of chord wall. t

(2) Bucklíng of compression web. [1'6'9'10'11'17'21]
r. ,6,9,17,211(5) Fracture of weld. L^

(4) Rupture of tension web. [5'6'9'17'21]

(5) collapse of wall of conpressiolt ""b. 
[11'17]

The ¡nost corurron ly observed type of failure has been excessive

rotational defomation of the chord face, caused by the adverse load con-

dition at the j oint.

It has been formd in nost cases that chord face defolnation has

been excessive and has rendered the structure useless long before the

ultinatefailureofthejoint.consequently,jointdefornationhasbeen

used by nany investigators as a failure criterion'

Eastwood "t tr.[10] used a chord face deforrnation of 0'05 inches

as a failure criterion. Ilorïis and Thiensiripipa tl22 '271 srrggcstecl thût tlìe
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allowable chord face deformat ion be a value proportional to the chord

size r the ratíonale being that allowable bean deflection is proportional

to bean length. They recornrnended an allowable defonnation of one percent

of the chord width.

Other investigators used altenative nethods to detennine failure'

And"tror, [ 1] and Bouwkarnp [4] ,rrud ultinate failure criteria such as buck-

1ing, tension failure, and weld fracture in the evatuation of their

test specimen.
t"l

Blockley et al .t"l defined failure accordíng to the rate at which

deflection was occurring. A novenent of the loading ran of 0.045 inches

per ninute under no increase in loading was assuned to indicate failure of

the j oint.

In general, the chord wall defoflnation causes a rotation at the

ends of the webs and a buckting failure of the conpression web usually

results,

Sonetines a fractule of the weld occurs at the lap between the

webs.

When the tension rr'eb is the weakest joirtt conponent, the joint nay

fail by rupture of the tension vreb.

On the other hand, if the wall of the compression vreb is relatively

thin, it nay buckle locally and produce failure. However, this type of

failure nay be prevented by requiling that the dianeter of the conpression

web not exceed 5000/Fy times the thickness of the section[8], 'uh""" 
py i'

the specified ninimun yield strength for the web rnaterial.

2.3 Measures of Joint Perfornance

Thc nost cornnon rneasures of joínt perfolnance are strength, stiff-

ness and stabi lity,
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In order to coÍIpare stTengths of different joints, previÓus inves-

tigators have represented joint strength in dinensionLess forrn as either

joint efficie,"r16'zt 'za1 or joint load factor[l'2'7'r2'2L].

The joint efficiency has been defined as the ratio of the failure

load for the joint to the strength of the tension web, or as the yield

strength of the first rnenber to yield.

The joint load factor has been defined as the ratio of the failure

load for the joint to the design load of the tension web or the colnpres-

sion web. Hence, the joint strength nay be lepresented either as a tension

load factor or a conPression load factor, depending which nenber governs

the design.

In this study, the joint Load factor based on the tens ion webs is

Telatively easy to calculate, because no sl'endemess ratj-o need be taken

into account. However, the values are neaningless when ultinate strength

is governed by the buckling strength of the compression webs. In such

cases, the joint load factor so defined changes if the size of tension web

is changed, even uhen the ultimate load of the conpression web is kept

approxinately constant by using the sane conpression web' The working

load of the tension web is calculated by narltiplying its nominal cross-

sectional area by 0.6 of the ¡nininu¡n yield strength ' The working load of

the corpression web is calculated by assuning an effective length factor

of o.ll2al as has been recomrnended for webs i-n conventional tubular trusses.

While joint stiffness is usually defined as tlìe initial slope of

load- deformation plot for the joint, in this study, the average slope

the elastic regíon was used.

Another measure of ioint performance usually considered is the

the

in
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stability of the joint. 'Ihe load-deflection culve indicates the load at

rhich the chord walls and the joint becorne unstable and yield or fail by

local o¡ overall instability.

. 2.4 Parameters AFfecting the Joint Pelfoflnance

There are a nu¡nber of PalaneteÍs which affect performance of a

tubular trrrss joint[l '6 'r0 'r7 '21'281 . As illustrated in Figure 2.1,

these are:

(f) The ratio of chord thickness to chord width (diarneter), tolbo.

(2) The joint eccentlicity, e, or the gap or lap.

(3) The latio of web diameter (width) to chord width (diameter), drlbo.

(4) 'Ihe angles of inclination of the webs.

(5) The value of the axial stress in the chord.

(ó) The ratio of web thickness to lveb dianetel (width), trldr.

(7) The length, degree of flattening and arrangenent of the flattened

ends, if these are used'

2.5 Behaviour of Conventional Tubular Truss Joints

several investigators[1'10'1r'12'17'28] htu" found that the be-

haviour of conventional tubular truss joints is governed Pri¡narily by the

first three of the pararnetels, listed above.

(l) Ratio of chord thickness, to to drord dia¡neter, d , for a

rormd chord, or chord thickness to chord width, bo, for a rectangular

chord. The srnallel to/bo, the rnore flexible the joints and the srûaller the

resistance to buckling of the compression web.

(2) The spacing of the web me¡nbers where they neet the chord face'

It has been expressed in tenns of the lap of the webs, the gap between
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hen, or an eccentricity, as il i.ustrated in Figure 2.1. Lap joints, which

often have negative eccentricities, exhibit greater strength and stiff-

ness tharì do gap joints, which usually have positive eccentricities.

(3) The ratio of conpression web dianeter, dl, to chord díaneter,

do, (width bo, for a rectangular chord). For a conventional H.S.S. tTuss

joint, this parârneter is significaat because the larger dr/bo, the nore

directly the web rnember forces are trânsrnitted to the side walls of the

chord. Hence, the larger dr/bo, the stiffer arid stronger is the joint.

Bouwkamp [6] found that a¡ increase in the tolbo ratio re]ieved the

radial bending stress in the chord tube wall and resulted in a stronger

joint. Furthernore, he for¡nd that the effects of varying the dr/bo arid

tr/bo ratios beca¡ne less significant as the degree of overlap of the rr'eb

nernbers íncreased.

Eastwood "t at. [11] confirmed Bouwkarnpts findings and in additlon,

found thãt when the load transfer between the webs occurred through the

chord, the local joint deflections were reduced by increasing the ratio

dt/bo. This was due to the fact that nore load w¿s trânsnitted through

the side rr'alls of the chord.

The effect of to/bo and dr/bo on joint efficiency, for joints in-

volving round chords with varying degrees of lap, are iLlustrated graphi-

cally in the sterco H.S.s, design ¡nanual for connections [26]. The joint

efficiency incre¿ses with an increase in dr/bo. Changes in dr/bo signi-

ficantly affect the joint perfornance, especially for joints involving

thick chords.

For joints involving a gap between the web nenbets, increascs ilt

dr/bo and to/bo tend to inc"e¿se the overall stiffness of the joint and to
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r€duce local bending stresses '

Proble¡ns arise in joints involving square chords when the web

rnernbers are welded to a relatively thin chord face, as conmonly occurs in

econo¡nical tluss design. A connection of this type usually experiences

Telatively large local defornation of the chord face at the joint' unless

stiffening ¡rembers are welded to the chord face or the nernbers overlap'

FultheûnoÌe, this de format ion occurs at a load very rmrch betow the elastic

linit of the nenbers, rendering elastic design useless.

Eastwood arrd woodlls] have expressed the ultinate loacl of a gap

joint as a frmction of chord thickness. Desigfi tables and charts have been

cornpiled to relate the naxiÍun vertical load that can safety be applÍed to

the rectangular chord member, to the palaneters to/bo *d ar/uo[26].

2,6 Flattened-end and Cropped-end Joints

Jarun et 
"r. 

[19] suggested that flexibility of pipe sections used as

truss chords should be naintained by localizing the weld, a conlnon focation

of joint failure, so that it ri.Ûrs over a relatively narrow Part of the

ihord surface. If the web tubes are relatively large, this ca¡ be achie-

ved by flattening their ends. The end-flattening nay result in only

partial overlapping of the webs, causing only partial trar¡sfel of shear

forces through the chord tube wal1. It was also clained that l'00% joint

efficiency can be achieved if the depth of the connection betÌ¡reen the con-

pression and tension web nenbers is greater than 0.15 of the çþe1d tube

dianeter.

ttr.rr.""k[17] found that the joint efficiency is 20 percerlt Lower for

joints with flattened-end tubular web menbers, ùrhether connccted lon gitr-rdin a1ly

or transversely to the chord, than that foï conventional joints. He suggested
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that fLattened lengths of the webs should not be rnore than 0.8 to 1.2

inches, othenr'ise the conPression web rnay buckle at a lorarer load than

expected. He also stated that crossh'ise flattened ends were less safe

against buckling than were lengthwise fLattened ends, since the forrner

cor¡ld not transnit bending nonent in the plane of the joint.

ttlo..t, [24J stated that, in order to obtain an effective length fac-

tor of 0.7, as is pernitted for webs of convent ional tubulal trusses, the

degree of end flattening must not be greater than one-third of the web

tube dianeter, while the web tube thickness nust be at least equal to that

of the chord.

According to the Gernan specification afid the British standard, the

minimum all.owable natio of web dia¡neter to chord dianeter, dl/do is 0.25

and 0.33 respectivelyl4], Bouwkarnp suggeste<l,in this context, that the

web dianeter dr, be rellaced by the reduced width of the fLattened end of

the end-flattened webs.

Investigations involving cropped-end web ¡nembers were performed by

A"d"tror,[1], who formd that joints involving cropped-en<t ¡ne¡nbers had locâl

stresses which were much higher than those with profiled ends. The inten-

sity of the stress was reduced with an increase in lap of the web membeLs.

It was noted, however, that the increased stresses in joints involving

cropped-ends did not lead to lower ultinate loads. Arrd"tron [t] attlibuted

this to the follovring factors:

(i) The joints could relieve overstress by stress redistTibution'

(ií) The conpressiolì lveb collapsed before the full plasticity of

the chord wall was developed. Therefore, the ultinate load factors ob-

tained were to sone extent a measule of the strength of the contpressiotr
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vireb under eccentríc load.

(iii) Iäe normal loads at the joint v,rele distributed over a greater

axial length of the chord than those in profile joints.

(iv) Part of the transfer of nornal load at one joint occutred

thTough direcli cormection between the webs.

(v) The chord stress beca¡ne less severe by incorporation of

negâtive j oiat eccentricity.

¡nde"soo [t] re connended cropping as a safe and economical sub-

stitute for in joints conposed of rotmd tubes of si¡nilar

proportion to those investigated, provided that the loads were static. He

further recorended that a positive j oint eccentricity should be

provided to incorpotate a robust direct connection between the webs. Since,

however, direct connection contributes to the mal' -distribut ion of stress,

such a começÊ ion in st ructure s subjected to najor dynanic load rnight be

dangerous.

I{orris, Frovich and Thiens iripipat [2 r ] formd that stiffness and

yield loads of flattened-end connections involving square chords were

approxinately one-third and one-quarter, lower respectively, than those of

connections involving round chords. Furthernore, theil uLtinate I'oads

r¿ere within ten percent of each other. The joint load factors for flat-

tened-end joints with overlapping web ¡nenbers were not significantly lower

than those fol siml-lar conventional cormections. The stiffness, yield

load and ultieate load were not significant ly affected by either tlìe

dircction or the rnethod of end-flattening.
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2.7 Sumnarv of Previous }liork

2.7.1 Conventional Joints (Webs not End-croPPed)

Fron the findings of previous work on conventional tubular truss

joints (ones with plofiled r,rebs), the effect of overlaPPing of webs, and

of the ratio of chord thickness, to, to chord dianeter, do, for a round

chord, or chord thickness to chord width, bo, for a square chord, can be

su¡ narized as follows:

(1) Lap joints are stlongel than gap joints'

(2) Load factors for cropped-end joints increase with an increase

in lap between the webs.

(3) An increase in laP betlieen the webs tesults in an increase in

joint st iffness .

(4) The intensity of the local stl€sses ca¡ be ¡educed by in-

creasing the overlap of the web ¡nenbers.

(5) A joint efficiency of 100% was achieved when the deptiì

of connection between the webs was greater than 0'15 tí¡nes of the cho¡d

¿iameter.

(6) Joints with small tolbo ratio are lelatively flexible and

hence have relatively snall resistance to buckling of the coÍ¡Pre s s ion web'

(7) When the latio of diatneter of the web, dr, to the width of the

chord, b , is increased ther€ is an increase in the stiffüess of the joint.
o

(8) An increase in the latio of tolbo(or toldo) relieves the

bending stress in the chord tube wall and Tesults in a stronger joint'

(9) The nin i¡¡urn allowable value of the retio of web dianeter to

chord diarneter has been specified as 0.25 (Germ¿n Code) and 0'35 (British

Codc) .
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2.7.2 End-cropped and End-flattened Joints

The following is a surnrnary of the findings of previous ¡esearch on

end-cropped and end-flattened j oints :

(f) Joints with crosswise flattened webs are less safe against

sideways buckling than are those with lengthwise flattened ones, sínce

the former could not transnit bending nonents in the plane of the truss.

(2) The stiffness, yield load and ultimate load are not signifi-

cantly affected by either the dírection or the nethod of end-flattening.

(3) While Hlavacet[17] forrr,¿ that the joint efficiencies are

general ly 20 perccnt lower than for conventional joints, Ìlorris et a7.l2l)

found that joint load factors for ovellapping end-flattened joints are

close to those of conventional joints.

(4) Cropped-end joints produce higher local stresses than do pro-

filed j oints .

(5) The intensity of the local stresses can be reduced by in-

creasing the overlap of the web menbers '

(6) The increased local stresses in the cropped-end joints do not

lead to a lower ultinate load.

From the findings of past work on both conventional and end-cropped

joints, it can be seen that lap joints are more favorable than gap joínts.

However, according to Morris and Thiensiri pipaJ227, an increase in lap

of rnore than 50 percent has virtually no effect on the joint strength'

Both the strength and stiffness of the joint increase with the ratio of

toldo and dr /bo.

It can be concluded fron previous work that statically loaded

cropped-end connections with overlap between the uieb nembers can be used

as an economical , safe substitute for the prcfiled-end joints'
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2.8 Conparison of Behaviour of Isolated Joints

with that of Joints in Actual Truss
rol

Dasguptat'l performed a series of tests on full scale trusses in-

corporating ten joints sinilar to ones that had been testetl as isolated

truss joints at Sheffield University. He found that the ultinate loads

of the isolated joints were higher than those of corresponding joints in

full scale trusses. He explained the differential as follows:

The basis of the isolated joint tests was the assunption that

points of contraflexure develop at the mid-polnts of å11 nenbers in a

truss r¡nder the action of secondary rnonents. Therefore, it was thought

that if the Part of the truss around a joint and between the points of

contraflexule weïe isolated, the truss conditions would be properly re-

presented. However, this arrangernent is not capable of sin¡r'Ìlating the

bounalary conditions conpletel.y as the inftection points were not allowed

to undergo relative disPlacements. The secondary truss nonents are, there-

fore, not developed in the isolated joints. Dasgupta also showed that

the points of contraflexure develop near the nid-points of web mernbers

only, and the positions of the points of contraflexture in the chord

rnembers, if the points exists at all, rnay not necessalily be near the nid-

points. Therefore, the force bormdary conditions at the ends of the chord

rnenbers nay not be simllated in the isolated joints.

Dasgupta analysed the truss using a seni-rigid anal¡'sis corn-

puter prograln. He colnpared the bending monents rf ith those obt¿ined fron

full scale tri¡ss analysis. The secondary bending rnoment s in the branch

¡nembers of the isolated joints were negligible in cornparison to those in

the full scale truss.
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Hecon:ludedthatthesesecondaryÌnomentscausehighstressconcen-

trations at the joint and as a consequence, the trusses fait at lelatively

lonr loads. 0n the other hand, the absence of these moments increases

the 10ca1 deflection and it v¡as fornd that ¿11 0f the sheffield isolated

joints faitrri due to excessive I'ocal deflection.

Finally, he suggested that the resuLts of isolated joint tests

should be ::eviewed in the light of additional nornent s which would be irn-

posed on the joints if they acted as a part of a conPlete structule '
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GIAPTER I I I

EXPERIMENTAL PROCEDURÊ

The objective of the experimental rdork was to study the behaviour

of four joints in a full tmss setting, and to compare it with that of

sinilar joints that had previously been tested in isolation by Morris

and ïhiensiri pipatl22l. since all four joints were incorporated into a

single tluss, the Latter was designed in such a way that the four joints

would be consecutively loaded to failure. I\,Io identical trusses, each

incorporating the four test joints, h¡ere loaded to destn¡ction. This

chapter deals with choice of test joints, details of design of the truss,

measurenent of displacenent and strain, and also a brief description of

the testing and reinforclng sequence of the joints.

3.1 Choice of Joint

It has been concluded by a nunber of investigators[6'9'10'13 '22 '28]

that overlapping H,S.S. truss joints are stronger and stiffer than sirnilar

lap joints. Morris and îhiensiripipat [22 ] for.,r,d that joint strength in-

creased by 10 to 15 percent, as web menber lap was increased fron zeÌo to

50 percent. A further increase in lap had virtually no effect on joint

strength. 'Ihus, when selecting joint configurations to be incorporated

into the test trusses, it was decided to use four joints, all with 50 per-

cent lap, representing two extrene values of the other geometric parameters

considered in the isolated joint tests. The configurations of the joints

chosen are given in Table 3.1 and íllustrated in Figure 3.1

The joint designations indicated in l'alrlc 5.1 arc tlìosc tlìat wcre
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used in the isolated joint t"rts[22]. The first character used in the

joint designation was a digit indicating the corresPonding chord thick-

ness/width ratio. The next character was a letter indicating a Particular

web dianeter/chord width ratio. lhe last two characters, two digits'

corresponded to the lap of the hreb menbers as a percentage of the web

dianeter.

3.2 Design of Truss

A Pratt truss was selected, so that the joint geometries would be

sinila¡ to those of the isolated joints tested by Morris and Thiensiri-

r221pat '

The isolated test joiûts were designed to replesent joints in a

Pratt truss with a dePth of 72 inches and a Panet length of 72 i¡?l]les '

Thejointwassupposedtof€plesentthepartofthetlussbetweenpoints

of contraflexure, which were assumed to occur at the mid-points of all

of the rnetnbels. In view of this, it was decided to test tn¡sses with a

height of compress ion nember of aPproximately 68 in. The depths of the

trusses wete 72 in. centTe to centre of chord members. The tTlrss geonetry

is shown in Figure 3.2. The top and botton truss chords were of the sane

outside dinensions, but they had different thicknesses in order to lepresent

two different types of joint at the two ends of the truss verticals.

The tlusses wele tested under sirnply supPorted end conditions;

provided by hold-down connections to a structulal floor, and the loads

were applied vertically upward at rnidspan. Although the self weight of

the tÎuss acted in the direction opposite to that of the applied load'

it was decided to neglect the self-weight effects, the weight of the
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trusses being very small. To avoid premature failure of the central

co¡npression web, it was fabricated fron a 4n x 4tt x 0.250rr H.S.S. rein-

forced with two 3-l/2tt * t-trr" x 3/4" angles, as illustrated in Figure

3.2(b). To ensure the transmission of loads to the truss without collap-

sing the chord where the loading was applied, a I in. thick plate was

welded to the chord face, as illustrated in Fugure 3.2(b), detail 1.

3,3 Materials

Round hollow structural sectious (H.S.S.) used fol the h'ebs

were hot forned, confornÍng to CSA specification G40.21 Grade 50W. The

H.S,S. 4 x 4 x 0.188 and 4 x 4 x 0.250 used as chords and webs, conforned

to specificatíon G40.21 Gr¿de 50W Class H. Tension tests conducted at

the tlniversity of M¿nitoba indicated yield strengths in the range of

47 ksi to 54 ksi, as indicated in Table 3.2.

3.4 Fabrication of TTusses

The cropping of web me¡nbers was calried out using a specially de-

signed crcpping rnachine, in the Ü¡riversity of Manitoba structures

laboratory. The cropping of web ¡nenbers is illusttated in Figure 3'5' The

cropping mach.ine consited of two V-shaped tulgsten chrornium tool steel

blades attached to alignnent guides. The cropping force was supplied by

a 600,000 lb capacity Universal Testing !'lachine. The blades were designed

for a cropping force of up to 200 kips. This force was sufficíent for

1.66 OD webs. However, for the 2.875 0D webs, it was necessar)¡ to simulate

the end-clopped geonetry by first squeezing the tube with the cropping

nachine, then cutting it at the appropriate location with a nechanical
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hack saw. This method also avoided the foflration of longitudinal cracks

at the rvelded seam of the H.S.S. Cracks are usually produceã at the searn

when hot forned H.S.S. with thick walls are conpletely flattened. The

cropped surfaces were grorurd synùnetrical for proper fitting and welding

on both sides of the webs.

The truss was tack welded in a jig, as shown in Figure 3.4. To

simrlate typical shop practice, all final welding h'as perfofmed in the

tLriversity of Manitoba structures laboratory by the same qualified welder.

3,5 Truss Supports

A detail of one of the truss supports is shown in Figure 5.5(a) and

(b). The support consisted of a tll 6 x 6 x 15.5 section welded to a 3/4 in,

thick p1ate, which was bolted to a 1å in. thick plate by eight A-325 4 in.

dia,'jleter bolts, The total assernbly was then bolted to the floor by four

high strength bo1ts. The truss was connected to the W-section by th'o

6 x 3/4 x24 lonl plates using eig}rt 3/4 in' dianeter bo]ts. Between the

plate and the truss a 3 in. x 1 in. x 10 in. long plate was welded on

either side of the truss.

Both the botton arid top chords of the truss weÌe supported later-

ally at the supports, neal rnidspari and at tlr'o other locations, to prevent

possible out-of-plane chord buckling. Photographs of the lateral support

asse¡nblies are shown in Figure 3.6. The lateral suPport for the botton

chord was provided by 2 x 2 x L angles bolted at one erld to tlìe clìoÌd

and at the other to a heavy W-section at the sarne height as the lowef

chord. For the upper chord the Lateral support angles were bolted to

stationary steel colums. 'Ihis enabled the truss chords to deflect in



Fre. 3,4 FnsRrclrroN or rng TRuss



P
L 

A
T

 E
S

W
 E

LD
E

D

2¿
"r

 6
"x

 0
 7

5"
P

L 
A

T
 E

S

E
LE

V
A

T
IO

N
-'-

f-
-.

8A
S

 E
P

L 
A

T
E

I ç 'o I 0

F
re

, 
3.

5(
u)

 ïn
us

s 
S

up
po

nr



-30-

F¡e, 3.5(¡) Tnuss SuppoRr



(a) Top Chord Support

(b) Botton Chord Support

F¡e, 3,6 L¡ren¡l Supponr AssEm¡l-v
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the vertical p1ane, but not the horizontal one.

S.6 Loading Arrãngements

The truss was loaded at nid-spari through a 200 kip hollow core

load cell, by a 200 kip capacity jack connected to a 10,000 psi Enerpac

Pressure Gauge (Model 30-f02). The loading device is shown in Figure 3.7.

3.7. The load cell was calibrated agaj-nst a 600,000 lb Universal Testing

lriachine.

3. 7 l',le¿surenent of Displacenents

Two types of displacenent neasurement were used. One involved

the neasurement of local defomation of the connected chord wall, as

this defornation was very signì-ficant. Secondly, the nid-span

ddftection of the truss and the transverse displacernents of the conpres-

sion webs were rneasured. The latter neasutenents were used to detect

out-of-plane buckling of the conpress ion web.

In order to neasure the defomation of the corinected face of the

chord, six displacenent transducers were mormted on the back of the chord

face and connected to wires which passed through the centre of the chord

and were in contact with the insíde surface of the loaded chord face, as

shown in Figures 3.8 and 3.9. The relative positions of the transducers,

as illustrated in Figure 3.10, were chosen on the basis of several criteria.

Fir¡stly, it was observed by prcvious investigators that rnaximum chord

face displacenents occurred at the extrene edges of the web nembers, on

the longitudinal centre line of the chord face. Hence, as these deflec-

tions are of irnportance, a transducer was located at each edge. Secondly,
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it was of importance to neasure the deflection of the chord face at the

intersection of the web nernbers. Thus a third transducer h',as placed at

this position. Thirdly, to obtain avera,ge displacements of the conpres-

síon web rnernbers into the chord, a transducer raras located rathele the

centre line of the conpression web intersected the chord. Lastly, the

renaining two transducers were positíoned inmediately to the left and

right of the incident web nernbers to complete the collection of data and

perrnit accurate plots of the deformation of the loaded chord face at

various lead levels. The transducers were Hewlett-Packard Seríes TDCDT,

with â stroke of t 0.250 inches. Each transducer essentially consisted

of a fe¡rite core (style nunber Bl2) sutrounded by a cylindrical coil.

The transducer body was rigidly held by a mounting block. Both ends of

the core were connected to extension rods. The top lod was attached to

a conpressíon spring, and the bottom rod to a stainless steel wire, The

other end of the r¡ire was connected to the chord wall at the location

where defor¡nation was to be neasured.

The ce¡nent used for connecting the h'ire to the chord w¿11, was

strain gauge cenent CC-154 KYoWA.

The transducer assenbly was calibrated against a depth nicroneter

with an accuracy of 0.0001 inch. The disp lacernent -vol tage curves obtained

were linear, as expected. For a stainless steel wire of 5à in. length as

used for the 4 x 4 chord section, the sensitivity of the tTarisducer ranged

fron 4.0 to 4.1 volt/inclÌ, the average value of 4 volt/inch was used for

conversion.

To neasure the out-of-plane displacement. of the nidpoint of the

compression web and to measure the centre point deflection of the truss,
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two dial gauges were used. Each

inch. The positions of the dial

3.8 l\,leasuîement of Strain

gauge neasured to an accuracy of 0.00I

gauges are shown in Figure _3.11.

Electric¿l resistance strain gauges were used for measuring strain

distribution in the vicinity of the joint in the h'eb mernbers and at the

nid-point of the cornpression web. The strain gauges r¡tere Micro-Measurenent

precision strain gauges, type EA-06-2508G-120, with a gaugc length of à in.

gauge resistance of (120.0 ! 0.3%) ohrns, and gauge factor of 2.06 ! 0.5e".

The input voltage was 4 volts. Twenty-four strain gauges r,rere used on each

tmss, four at each joint and four at the nid-point of each cornpression

web .

The gauge locations are shown in Figure 3.11' Since it was found in

earlier investigations that the strains at sone distarice fron the joint

were quite rmiform and no¡ninal[2f], *¿ that sttains close to the joint

were relatively large [1'6'10-15], the strain gauges v,ere placed close to

the weld in the plane of the truss and those at the nid-point of the con-

pression ¡¡ernber were placed two in the plane of the tÏuss and two out of

the plane.

3.9 Dâta Acquis ition

A Hewlett-Packard Data Acquisítion Systen, consisting of an HP9825A

calculator with HP9871A PÎínter and Scanner 34954, was used to acquire and

¡ecord on paper and nagnetic tape the output voltages fron tlìe transducers

and sttain gauges. A progran genelated in the Civil Engineering Departnent

of the University of l,fanitoba was used to convert the voltage readings
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fron the tape to displacenent and strain values and to print then. Figure

3.12 shor's tÌre data acquisitíon systen.

3.10 Testing and Reinforcenent Sequences

The testing progran consisted of a series of sequential tests on

each of the tv,'o identical trusses, failing each of the four test joints

in turi. Every tine a joint failed it was suitably reinfolced ând the

truss was reloaded for the next test.

A tr,iro part identification systen was used to identify each of the

tests. The first two charactels, Tl or T2, indicated the truss number'

The last character, 1,2,3 ot 4, desigrrated the specific joint undel test'

according to the foLlowing schedule:

1= 3450

2 = 4A50

3 = 3C50

4 = 4C5O

In each tluss, the cornpress ion web connecting joints 3450 and 4450 failed

plenatuÌely; a retest was done on joint 3450 aftel suj-table reinforcenent

of the web. In these cases, the designations T1.14 ard T2'lA were used

to differentiate between the initial test and the retest.

The sequence of testing and ¡einforcenent was the following:

TRUSS - 1

TEST TI .I
The loading was contTolled to fail joint 3450 first, because this

was the weakest of the four test joints. As the loading began' tlìe conì-

pression ¡nernber connecting joints 3A50 and 4450 began to bend into an S-
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shape in the pl¿ne of the t::uss, with a point of inflection near the nid-

point of the nernber. After conside¡able defornation of the lwo test

joints had occurred, the conpress ion web ne¡nbe¡ suddenly buckled out of

the plane of the truss, thus producing an abrupt drop-off in the truss

loading. During this entiÌe testing period the defomation of joints

3450 and 4450 and any out-of-plane bendíng of conpression ¡nenber were

rneasured. The buckled conp¡ession menber is shown in Figure 3.13,

TEST T1.14

The conpression nenber was next straightened and reinforced by

welding th'o 54 in. x 2 in. x k in. plates along the niddle palt of the

compression web in a plane normal to that of the truss. The reinforced

cornpression rne¡nber is shown in Figure 3.14, The loading \¡as then repeated

and the reinforced cornpression nenber again began to bend into an S-shape,

in the plane of the truss. However, again it eventually buckled out of

the plane of the truss, with a sharp kink forming at the end of the rein-

forcing plates closest to joint 3450, as shor,¡n in Figure 3.15, The de-

formations of joints 3450 and 4450 were again rneasured during the entire

test peri od.

TEST TI .2

The buckled conpression ¡nember was again straightened and furthet

leinforced with two pl¿tes of di¡nension 51 in. x 2 in. x N in. used in the

plane of thê truss and anotheÌ two plates, 17 in. x 2 in. x à in., used in

the out-of-plane direction. AII plates were welded to the conpression mernber

and extended up to the top chord of the truss, in order to reinforce joint

3450. the purpose ldas to reinforce joint 3450 while attenpting to ¡neasure

the defor¡¡ation of joint 4450 during subsequent loading. The reinforced
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conpression web is shown in Figure 3,16. As the loading was continued in

this test, due to over reinforce¡nent of the conpression web, it did not

lotate at the joint and loading was stopped at a level of one and a half

tires thãt at which joint 4A50 failed in the isolated joint test.

TEST TI.5

Âftel test T1 .2 had been completed the half of the truss contain-

ing joints 3450 and 4450 was reinforced, the conpress ion v,eb by two 3à j-n.

x 3L in. x à in. angles and the tension ¡ne¡nbers each by one angle of the

s a¡ne di¡¡ensions. The reinforced truss is shown in Figure 3.17.

The truss was then loaded until joint 3C50 failed. In this test

also, the cornpression nenber began to bend into an S-shape in the plane

of the truss. This bending continued as the loading was increased, until

joint 3C50 failed by excessive deformation of the chord face. lhís sub-

sequently caused the tension rnember to teat off near the weld at the joint.

Failed joint 3C50 ís shown in Figure 3.18.

Tl¡e de for¡nat ion of both joints 3C50 and 4C50 was neasured during

the entir€ period of loading. Since, afler the failure of joint 3C50, the

compression nenbet was greatly deformed and since adequate reinforcenent

of joint 3C50 would have been difficult, no further testi¡g of Truss-l

was perforned.

TRUSS - 2

TEST T2. T

The truss was loaded in a ¡nanner si¡nilar to that for T¡uss-I. As

the load was applied, the conpression web began to bend into a¡r S-shape

in the plane of the t¡uss. Again, after substantial deformation had

occurred, the cornpression web connecting joints 3A50 and 4450 abn¡Ptly
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buckled out-of-plane- This led to an i¡n¡nediate reduction of truss loading.

TEST 2.14

Il¡e conpression web r{'as straightened and then reinfolced by two

44 in. x ? in. x à in. plates in the plane nornal to the truss, to pre-

vent a recurrence of out-of-plane buckling of the compression web as had

occurred in test T1 .14.

IÌre reinforced conpression ¡nenber is shown in Figure 3.19. The

loading was then re-applied and the conpression web again began bending

into an S-shape in the plane of the truss' Eventually joint 3450 failed

by excessive de forrnat ion of the chold face and tearing of the tension web

near the ¡¡eld at the joint. The buckled shape of the co¡npression rne¡nber

js shown in Figure 3.20.

TEST T2 .2

Subsequent to test T2' 14, the conPression rnernber was again straigh-

tened and ioint 3450 was reinfolced withL in. thick gusset plates' as

shoun in Figure 3.21. The joint was reinforced so that loading could be

continued, to study the behaviour of joint 4450, which did not show signi-

f.icart defornation.

Ilre loading was again continued uritil the chord face at joint 4450

had experienced large de formation and the loading ram moved substantially

v,'ith a decrease in the ¡ecorded load'

TEST T2 .5

The half of the truss containing joints 3A50 ard 4450 was then

completely reinforced as was done for Truss-l.

The loading was again begun and was continued until joint 5C50
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failed, as it did in Truss-l, by excessive deformation of èhord face,

which eventually 1ed to tearing of tension web near the weld at the

joint, The joj-nt defor¡nation was measured throughout the entire range

of loading. Although joint 3C50 failed in a nannet si¡nilar to the coÏl-

esponding joint in Truss-l, this tine the conpressíon member connecting

joints 3c50 and 4c50 did not bend as nuch and joínt 4c50 r,i'as not visibly

deformed.

TEST T2.4

Joint 3C50 was next reinforced by'< in. gusset plates and 2 in. x

2 in, x % in. x 20 in. long angles, as shown in Figure 3,22(b),

The loading was then resuned until the weld of the 3\ ín. x 3\ in.

x 3/4 in. angle reinforcing the cornpression rnenb er: connecting joints 3450

and 4450 failed. At this point, the loading was stopped, the weld was

repaired and the loading was continued, The loading was continued untíl

the weld of the angle reinforcing the tension rnenber at joint 3C50 failed.

At this load, the bottom chord of the truss had deflected nore than 2 in.

fron its original position, as illustrated in Figure 3.23. As large de-

for:nation of the chord face had occurred at joint 4C50, it was decided to

terminate the loading at this point.
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CHAPTER IV

TEST RESULTS AND DISCUSSION

In this chapter, the test results are presented and discussed,

considering in turn, Load- defornation behaviour, joint strength, joint

stiffness, failure modes, chord face defornation, effect of joint deforrn-

ation on overall truss deflection and strain distribution,

4,1 Load-Defornation Behaviour

The plots of load applied to the compress ion web vs, its novenent

rel¿tive to the ehord axis at the joint, for both truss joints and corr-

esponding joints previously tested in isolation, are presented in Figure 4.1.

For the truss joints, defonnation was neasured as the average of the read-

ings of the three transducers located on the chord face under the compres-

sion web. For the isolated joints it was the average of the readings of

tv,,o tÎansducers located on the chord face at the two edges of the co¡npres-

sion web.

The significant performance criteria: ultinate load, yield load and

stiffîess, will be discussed with reference to the load-de formation plots.

Ultimate loads, load factors and stiffnesses for the test joints in

tr'usses I and 2 are presented in Tabi,es 4.1 and 4.2 respectively. Table

4.3 gives a conparison of corresponding values for trusses I and 2, The

tabulated ultinate load is that load at which the truss was incapable of

sustaining a load increase, either due to failune of the web ol fracture

of the weld at the test joint. This was indicated by substantial move-

rnent of the loading rarn without any increase in the recorded load.
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The load-factor is the ratio of the neasured ultinate load to the

design working Load for the web. Load-factors for both the-tension ând

cornpress ion webs are given because, while the tension web load factor

had been used by other investigatots, ¡nost of the failures of the joints

tested in this study involved buckling or flexural yielding of the com-

pression web. For tests 1.3 and 2,3, the conpression web load factor is

not tabulated because the joint failed before the load in the conpression

h'eb reached the design value. The design load for the compression web

¡'as based on a web length of 68 in., with an effective lengih factor of 0.7.

The translationaL stiffness was calculat.ed as the ratio of the

force in the conpression web to the dispJ.acement of its centre line, nonìal

to the chord axis, The stiffnesses of the truss joints and those of the

corresponding isol.ated joints are compared in Table 4.5.

Various ¡nodes of fail.ures are also tabulated in Tables 4,I and 4.2.

4.1. i. Joint Strength

Fron the load-deformat ion plots' it can be seen that the yield

loads for corresponding joints 3450, 3C50 and 4C50 for the two trusses are

virtually identical. Here the yield load is defined as the web force

nonnal to the chord axis when the load-defornation plot begins to deviate

flom the initial stTaight line.

The load defornation plots for joints 3c50 and 4C50, which h'ere at

opposite ends of the sane relatively stocky compression web in the truss

tests are given in Figures a.l(d) and (e).

It cari be seen that very pronounced yielding occurred at joint 3C50

in both tnrsses, while yielding was just beginning at joint 4C50, when

failure occurred. Ihis was to be expected, as the joints were identical,
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except that the chord for 4c50 was 0.250 inch thick, while that for

3C50 was only 0.188 ínch thick.

FTon the load defor¡nation plots for joints 3C50 and 4C50, it can

also be seen that the joints in the trusses yielded at lower loads than

did the corresponding isolated joints. Hl".r.""k[17] noted that because

the axial stress in the chord, arising frorn the action of the truss as a

whole, is additive to the loc¿l chord bending stress at the joint, the

larger axial stresses in the chord, the snaller the stTength of the chord

wall. This phenonenon is particularly noticeabLe h'hen the defonnation

patterrÌs of the stronger joints, e.g. joints 3C50 and 4C50, are conpared

with those of weaker joint 5450. Joints 3C50 and 4C50, which sustained

rnuch higher load than did joint 3450 also had higher axiaL stTess. Hence

the chord wall at joints 5C50 and 4C50, in the test trusses, yielded at a

¡¡uch trower load than th¿t which produced yielding in the corresponding

isolated joints. Joint 3450 failed at a relatively low load with very

little axial stress in the chold. Hence the joint yielded at alrnost the

sane tr.oad level as that ir¡ the isol.ated joint tests.

In the case of joint 4450 there was little apparent yielding. The

reasoû nas that the conPtession vreb at this joint buckled before ¡nuch

yieldi}g of the joint took place. It is interesting to note that aftel

test l.T, when the buckled conpression netnber was repaired, leinforced

ar¡d reloaded to test the deformatíon behaviou¡ of joint 4450, the compres-

sion Eeriber again buckled out of the plane of the truss. The load-defor¡n-

ation plot after reinforcenent, illustrated in Figure 4.1(c), shows tlìat thc

load-deformation behaviour was very sinilar to that before reinforce¡nent,

illustrated in Figure 4.1(b). The load-de fornation plot for isolated joint
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4450, vrhich is shown superinposed on those for the correslonding joints

in the trusses, in Figure 4.1(b), indicates some yielding. -The isolated

specinen sustained an ulti]nate Loað 20 percent higher than those which

caused buckling of the compression web in the truss tests. In both the

tn.rss tests and the isolated joint tests, failure of joint 4450 occurred

by buckling of the compress ion web with little local deformation of the

loaded chord face.

Fron Table 4.3 it can be seen that the load factors for corres-

ponding joints in trusses I and 2 are within 6.0 percent of each other.

Load-factors could not be determined for joints 4450 and 4C50 because

these joints had cornparatively weaker joints (3450 and 5C50) at the far

ends of the conpression webs. The failure of the latter joints precluded

the loading of the joints 4450 and 4C50 to their ultirnate capacity, The

load factors for joints 3450 and 5C50 were lor,rer than 1.70, which is

generally used for linit states design.

The ultinate load of joint 3A50 is 184 percent less than that of

joint. 3C50. This is because joint 3450 had weaker webs than those of

joint 3C50. Ultinate loads given in Table 4,4 are the loads in the coÍì-

pression webs at failure. These loads are presented in order to facili-

tate the comparison between the corresponding joints in the trusses and

those tested in isolation,

It can be seen frorn the tabie that the ultinate loads for the

corresponding joints in the thto trusses were 17 to 23 percent loNer tlìaIì

that of the corresponding isolated joint. It was assuned in the isolated

joint tests that, during loading, the truss nenbers tended to deforn with

points of inflection at the nid-length of each other. Hence the boundary con-
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ditions in the isolated joints did not exactly sinulate truss conditions.

In the actual truss, lotation of the chord induced noments -nr and rn¿

in the web nenbe¡s as shown in Figure 4.2, whicll caused a high stress

concenttation at the joint. As a lesult, the joints in the test trusses

failed at lowe¡ loads than did the corresponding joints tested in isola-

tion where, due to different boundary conditions, these rnonents did not

develop.

oasguptalg] foûd that ultimate loads for conventional joints

incorporated into trusses were 25 to 30 percent lower than those obtained

j.n isoLâted joint tests.

4.1.2 Jei!!_l!i!fue::
The elastic stiffness of the joint was calculated as the slope of

the initial straight line portion of the load-de fornation plot for the

joint. The stiff¡esses of the truss rest joj-nts are repeated in Table

4.5, along with those of isolated joints. It can be seen fïon this

table that the elastic stiffîesses of the corresponling joints in the two

tn¡sses are vrithin 7 percent of each other. The joints with the thicker

chord face al'e seen to be 60 to 100 percent stiffer than those with the

thinner chold face, as the former offe¡s ¡nore resistance to defomation,

The elastic stiffnesses of joints 5450 and 4450 are 20 to 60 percent

snaller than those for joints 3c50 a¡rd 4c50 resPectively. This is because

the uebs for joints 3c50 and 4c50 were stiffer than those for joints 3450

and 4450.

lhe stiffnesses of the joints incorPorated into the tn¡sses Here

0 to 8 percent gteater than those of the co¡¡esponding isolated joints'

lhe diffe¡ence in stiffüess could be due, in Palt, to slight differences

in the sizes of the welds beth,een web and chord nembers in the various
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specinens. In the truss joints lelative rotation between the h'eb nenbers

and the chord, due to overall truss deflection, would tend to diminish

the local Totational de forrnat ion of the loaded chord face. This would,

in turn, increase the joint stiffnesses.

4.1.3 Modes_9f_feilglg

The ¡nodes of failure for the test joints in the two trusses are

indicated in Tables 4.7 and 4.2.

The mechanisn of failure vi¡as consistent. lhe web member forces,

indicated as FC and F, in Figure 4.3, developed a noment at the chord

face, causing it to undergo rotation. This totation then induced moments

at the end of the web mernbers, v'rhich tended to cause then to bend into an

S-shape in the plane of the tïuss.

Joints 5A50 and 4Æ0, which involved slender webs, consistently

failed by compression web buckling. With the increase in load, the com-

pression webs at joints 3450 and 4450 begai' to bend in the plane of the

tmss. Then, as the load in the compression nember reached its critical

value, the ¡nenber f¿iled abruptLy by buckling out of the pLane of the

truss (perpendicular to the direction of clopPing) .

Joints 3C50 and 4C50, which involved large web nembers, did not

fail by buckling of the conpression web, However, yielding occurred in the

conpression web at joint 3C50 in truss ]. In both trusses, the nodes of

failure of these joints involved targe plastic defornation of the chord

face, followed by tearing of tension web, as shown in Figure 4.4.
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4.2 Load- De fornation Behaviour of Loaded Chord Face

Plots of the defonned shapes of the loaded chord face at each of

the test joints are ptesented in Figures 4.5(a) to (h). In the figule, the

locations of transducers used to neasure chord face defoûnation are

indicated by Tr, T2 etc.

the deformation of the chord wall at the location of T2 was always

greater than those at T, and T4 because the v,'all at the latter locations

was pulled up sonewhat by the tension web. .In the elastic range, the

deformation of the chord face at T2 was coÌnparable to that at Tu, in all
joints. It can be seen from the proportionality of the curves at different

load levels that the deforned shape of the chord face renained approxina-

tely constant throughout the elastic region and even up to the ultinate

load. Furthermore, the chord face renained approxinately linear over the

length of the connection to the webs, Fro¡n the deflection profiles for

all tests, it can be seen that the point wheîe deflection changed fron up-

ward to downward renained nore or less stationary at low load levels.

For the joints v,'ith relatively thin chord faces, it was noticed

that at Loads beyond the working load of the compression r{eb, the de-

flection of the chord face at location T2 was greatet than that at Ts.

This is illustrated in Figures 4,5(a) and (e). It was partly because of the

rotational defornation under the cornpression web, and also because the force

per unit length along the chord vJas greater under the conpression web than

under the tension rareb.

Comparative plots of chord face deformation for the truss joints

and the corresponding joints previously tested in isolation are shown in

Figures a.s(i) to (1,) . They correspond to a load tlìat is less than the
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yiel¿ load. It can be seen that the pattems of chord face deformation

are very similar arnong the three joints in each case. Hov,¡ever, in the

case of joints 3C50 and 4C50 the chord face deflection undel the tension

web ill the truss joints was greater than that in the isolated joints. On

the other hand, that under the cornpression web was snaLler'

Due to overall truss deflectíon, relative rotation occurred between

the web nenbeÌs a¡d the chord. This rotation was in the same direction

as the chord face rotation. Thus it tended to reduce the displacenent of

the c@apression web into the chotd face. Just the opposite phenomenon

occurred in the case of the tension web. In the isolated joints, the re-

lative rotation betì{een the chord and the web rnernbers was not present.

4.3 CûntTibution of Joint Deformation to Overall Truss Deflection

As the deflection of a truss under load ís an important criterion

in design, it was decided to investigate the relationship between joint

stiffiress and truss deflection. Using energy nethods and the nember

stif&rcsses, the nidspan tTuss deflection, due to nember defonnation only,

was first calcuLated. Then, usi.ng the joint stiffnesses in Table.4.5 for

the c@pÌession webs and the corresponding tension web displacements ob-

tained fro¡n the chord face deforrnation plots, the increase in nidspan

deflec¿ion due to the test joint deformations was calculated. The results

and perscentage increase in deflection caused by joint deforrnation are

given in Table 4,6. It can be seen that within the elastic range, the

defornation of the test joints contributed less than 3 percent to tmss

dcflection,
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4.4 Strain Readings

Strain gauge readings were used to deteûnine in-plan_e bending

monents at the ends of the web rne¡nbers at the test joints. Figures

4,6(a) to (c) show typical strain gauge locations ¿nd typicat load-stTain

plots. The rnonents at the ends of the conpression web were then used to

conpute the location of its point of inflection at various load 1eve1s.

Plots of load applied to the truss vs location of point of inflec-

tion in the web, are shown in Figure 4.7. It hras found from these plots

that the point of inflection 1ay very near the nid length of the conpres-

sion web rmtil the chord face began to yield, As the chord face deflec-

tion at the joint at one end of the nenber exceeded approxinately l per-

cent of the chord thickness, the bending rnoment of the web at that end

decreased and the point of inflection noved toward that joint. The

bending no¡nent at that end of the web decreased because, as the chord

face yielded, the h,ebs moved into it vrithout rotating. In a1l cases,

points of inflection noved upward because the top chord was thinner than

the botto¡n one and it began to yield first.

The strain gauge readings at locations I,2,3,4,9,10,11 and 12,

near the joints at the two ends of the conpression web, were used to ex-

anine the bending behaviour of the web. The in-plane deflection of the

conpression riteb v,'as consistent with the chord face defornation previously

described,

The strains at locations 1,2,9 and 10 illustrated that the conpres-

sion web bent into an S-shape with a point of inflection about the nid-

length of the web. Thj-s was confirned fron the readi-ngs of strain gauges

5,67 urd 8 which were located at the ¡nid-length of the conpression web.
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The readings for the latter four strain gauges confirned that very little
bending strain r.vas present at that location. For joint 445Q, which

had a slender h'eb but a nodeîately thick chord face, a reversal of the

local monent acting on the chord f¿ce was noticed. The reason may be that

as joint 3450, which was at the far end of the conpression web of joint

4450, began to yield, the chord fâce at joint 4450 resisted the in-

pi.ane rotation of the web and eventually the web buckled out-of-plane.

'Ihis reversal of ¡nonent was verified from the strain readings for gauge l,
as shown in Fígure 4,6(a).

The readings at the nid-lengths of the slender cornpression webs

(those connecting joints 3450 and 4A50) were used to constïuct Southwelt

plots as illustrated in Appendix I, in order to conpute elastic buckling

loads and effective length factors for out-of-plane buckling of the webs.

The buckling loads obtained frorn the Southwell plots were 18.2 kips

and 17.8 kips for the conpression webs in trusses L and 2 respectively.

The corresponding buckling loads obtained fron direct observation were

17.4 kips and 18.4 kips.

The vaLues of effective length factots obtained fron the Southrr'elJ.

plots were 0.78 for the slender webs in both trusses. This value is

approximately L0% Latget than the value of 0.7 reconnended foï a comptes-

sion web in conventional tubular trusses.[24] In a study of effective

length factors fot cropped tubular steel struts, carried out at the
t,)0l

Ilniversity of l,{anitobat'"1, end-cropped 1.66 O.D. H.S.S. strut specinens

with various degrees of end-fixity were found to have effective length

factors ranging fron 0.64 to 1.0.

The calculated buckling loads and the effcctive length factol,s

for slender webs are presented in Table 4.7.
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CHAPTER V

CONC LUS I ON

Statical load tests were perforned on two sinilar tv,,enty_four foot

span, six foot deep welded pratt trusses cornposed of square H.S.S. chords

and rormd end-cropped H.S.S. webs, The trusses each incorporated four

test joints which were siniLar to truss joint specimens tested as isolated

specimens, in ¿n earlier investigation.

The test results indicated the following:

1. the yíeld loads for three of four test joints, for both trusses, were

virtually identical. The fourth test joint showed little sign of
yielding, as its conpression web buckled before the joint capacity

was reached.

2. Load faÇtors for corresponding joints in both trusses.were within six

percent of each other.

3. The ultimate loads of the joints increased. with an increase in the

ratio of web dianeter to chord width,

4. The elastic stiffnesses of the joints (defined as the initial slope

of the load defornation plot), increased with a decrease in the ratio
of chord width to chord thickness.

5. The elastic stiffnesses of the joints increased with an increase in

the ratio of web dianeter tc chord width.

6. The elastic stiffnesses of corresponding joints in the two tïusses

were within seven percent of each other.

7. The def¡r¡ned shape of the loaded chord face at the joint renained
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approximately constant throughout the elastic range and even up to

the ultinate load. The deformation profile in each case, was approx-

inately linear over the length of the web-chord welded connectj-on.

8. The local defornation of the chord wall at the joints contributed an

increase of approxinately three percent to the nid-span deflection

of each truss.

9. The point of inflection in the conpression web connecting the test

joints was located at the nid-tength of the web throughout the elastic

rafige.

10. The joints with a slender compression web failed by buckling of the

web out of the plane of the truss (perpendicular to the direction of

cropping), r'irith an effective length factor of 0.78. The joints which

involved stocky web rnenbe¡s failed primarily due to laïge defoûnation

of chord face at the joint.

11. The isolated joint tests performed in a¡ earlier investigation sinu-

lated the conditions in the truss fairly well, The elastic stiffnes-

ses of corresponding joints in the isolated tests and the truss tests

were within eight percent of each other.

The yield load of one of the joints involving a slender conpression

web was the s a¡ne as that of the joint tested in isolation. However, the

truss joints with stocky web rnenbers yielded at lower loads than did the

corresponding isolated joints. Due to overall truss deflection, there

was reLative rotation between the web nerìbers and the chord in the truss

joint. This reduced the yield loads and the ultinate loads of the stronger

truss joints by approxinately twenty percent. The relative rotation, a¡d

hence the reduction in yield load, did not occur in the Ísolated joint

tests.
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APPENDIX

THE SOUTT{WELL PLOT MEIHOD FOR CALCULATING

ELASTIC BUCKLING LOADS
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The Southwell Plot provides a neatìs for dete¡nining the theoretical

el.astic buckling load for a reaL colurn. The inverse of the slope of the

Iine obtained by plotting the ratio of bending strain to axial load along

the abscissa, can be shown to equal the elastic buckling load for the

colur¡n . Thus

where

P = elastic buckling loadc1

P = axial load

e - P/EA = bending stTain.

An example of the Southwell Plot, that for the conpression ra'eb connecting

joints ¿nd in tTuss 1 tested in this study, is presented in Figure AI.

l{hen the elastic buckling load for a colunn has been detemined, the

effective length factor can be detennined fron the elastic buckling fornula.

^ n2 EI
cr (KL) 2

where

K = effective length factor

I = second noment of colunn cross-sectional atea

L = colunn J.ength.

(i)

(2)

P
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