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ABSTRACT

The static behaviour of 6l isol.ated cropped-web tubular truss

ioints is described. The effects of various parameters on joint strength,

flexibility and ductility are investigated and reported. A statistical

approach is used to generate empirical equations for the estimation of

the ioint strength and the joint flexibility. The ultimate strengths

of staticalìy loaded cropped-web joints are comparable to those of

similar profiled-web joints. Cropped-web joints with round chords are

less flexible than similar cropped-web joints involving square chords.

Recornmendations for design and further research are provided.
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CHAPTER I

INTRODUCTION

l. I ) General

During the past 20 years, interest has increased in the use of

hollow structural sections (HSS) in truss construction.

Hollovl structural sections possess severa'l strong advantages

compared to conventional sections. They have high resistance to

buckling and twisting. This generaììy results in weight savings in

the order of 20 per cent. They expose less surface area than do

conventional sections of similar weight and size. Thus they reduce the

maintenance or protective covering required. The'str"ength of a Flss

mêmber can be increased without changing its externa'l dimensionS, b.y

filling it with grout or by se'lecting a section with a greater wa]ì

thickness. HSS members offer relatively small resistance to wind or

wave action and, as well, they produce asthetically pìeasing structures.

A'lthough HSS are exce'llent in many respects, their primary draw-

back in trusses relates to the joints or connections. Figure l.ì
i1'lustrates several forms of tubular truss joints. Complex profiìing

and difficulties in welding or bolting may be encountered at the joint,

particularìy when circular hollow sections (CHS) are involved.

Improved welding techniques along with the advent of automatic

profiìing machines have reduced these probìems to sorne extent, but

still the fabrication costs of such joints remain high.

The use of gusset plates,as an alternative to profiling has been
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a) Profiled-web joint

c) Sawn-web gap joint

e) Flattened-web joint

Fig. l.l - Tubutar truss joints.

b) Joint with gusset plate

d) Sawn-web 1ap joint

f) Cropped-web joint



investigated by several researchers. However, gusset plates have been

found to be sorewhat less effective than direct connect'ions between

members.

An economical alternative to member profiìing is the process of
end-flattening. It results in simpìifÍed welds and does not require

additional materÍal. Generalty, this technique requires two steps for
member preparation; namely, cutting and end-flattening. However, a

more efficient form of end-flattening is end-cropping, a process of
simultaneously cutting and flattening the member in one operatíon.

Flattened member ends are particuìarly economical for joints between

round tubular webs and round tubular chords, where profiling is other-

wise unavoi dable.

Because the behaviour of trusses with end-cropped webs has not

been researched extensively, the use of such joints .has been very

timited. However, the available research indicates this type of member

end preparation to be a safe, economical alternative to profiling,
providing the loading is static.

1.2) Tubular Truss Joint Research

To date, research on tubular truss joints has covered several

conmon truss geometries involving various web-chord combinations of
circular'square,andrectangu.|arhollowstructuralsections.Both

i r-,,,, ,isolated ioint specimens and full scale trusses have been investÍgated

and reasonably consistent results have been obtained. Furthermore,

various techniques of web member end preparation have been investigated. 
,

Although the bulk of the research has been experimentaììy based
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several attempts at theoretical investigations have been partially
successful in duplÍcating the experimental resu'lts.

1.2.1) Joint Performance

To evaluate the behaviour of a joint, a measure of performance

must be established. The most frequentìy used measure of joint
performance is the ultimate strength, aìthough joint stiffness and

ductility have also been used. The latter, however, have generally

eluded a common definition and they are more difficult to quantify.

For ease of comparison, researchers usually have expressed the

ultimate strengths of tubular truss joints in non-dimensional form.

The most common forms are joint efficiency and joint load factor.

Joínt efficiency has been defined as: the ratio of the faiJure load

for the joint to (a) the ultimate strength of the tension web (Bouwkamp

1968), or (b) the yield strength of the first member to yieìd (Janun et

al. 1952, and Eastwood et al. 1970). Joint load factor has been

defined as the ratio of the failureload for the joint to the design

load of the compression or tension web (Eastwood et al. .1970).

Other parameters which have been used to express joint strength

include the fotlowing:

a) Jrltooo. , (Eastwood et al l9Z0), although it is not

di mens Í on I ess .

2
b) Jr/tooo., (Kurobane et al 1969, Togo ì969)

c) Jr/tj'toj.uoo., (Wardenier 1977)

d) Jultoboooe, (Thiensiripipat 1979).

In these expressions, J, is the ultimate load perpendicuìar to the

chord, to is the chord thickness, do(bo) is the chord diameter (width),



and ooe is the chord yield strength. These forms have been more

successful than joint efficiency or joint load factor in relating

strength to the joint geometry and material characteristics.

The stiffness of a tubular truss ioint has been defined as the 
,.,,,,

slope of the approximately straight-ìine portion of the load-deformation

diagram. Because the joint behaves non-ìinearly in many cases, the

joint stiffness tends to be sensitive to the load level at which it is :.
calculated. This tends to make it an unsatisfactory measure of ,,.rr,

performance. The joint stiffness has been used to estimate the approxi- ,,..:i.

':t,'ìtimate additional truss deflection due to joint deformation

(Thiensiripipat 1979)

Joint ductility is a measure of the load-carrying capacity of u 
,

ioint after initiaì yÍel,ding has occurred. It has been found that the ',,

favourablestressredistributioncharacteristicsoftubutartruss

ioints make them quite ductile (Anderson t96l and Eastwood et al. .1970). 
l

1 .2.2) Parameters Affecting Performance

The three most significant of the several parameters which have

been found to influence the performance of a tubular truss joint are

the chord thickness to diameter (width) ratio, toldo or tolbo, the

web diameter (width) to chord dÍameter (width), d/do or d/bo, and the

web lap, 0u=g/dr, or gap, On=g/dr. The aforementioned parameters are

illustrated in Figure 1.2.

Research has shown that joint strength and stiffness increase with

an increase in the chord thickness to diameter (width) ratio, partic,

ularly for gap joints. This is because of the increased bending and

Ì:{r;::ri iü:
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load transfer capacity of the ctrord wall. There is also a decrease in

ioint ducti'lity, since faiìure tends to occur in the members before

yielding of the chord is achieved. The resulting ìoad-deformation

curves indicate a brittle type of failure.

An increase in the web dianeter (width) to chord diameter (width)

ratio has been found to improve the toad distríbution on the chord face

and to reduce the rotatíonal deformation of the joint. This results in

an increase in strength and stiffness and a reduction in ductility. The

reason is that, when the web to chord diameter (width) is large, more load

is transferred to the side walls of the chord and thus the plastic

deformation of the joÍnt is reduced.

A web lap has been found to be more advantageous than a web gap.

The former permits a direct transfer of web forces through the web inter-
connection. This results in increased joint strength and stiffness. A

decrease in web gap or an increase in web lap usuaìly produces an

increase in strength and stiffness and a decrease in joint ductility.
Gap joints have been found to be more ductire than'lap joints.

Several investigators have used joint eccentricity, defined as the

perpendicular distance the intersection of the web axis lies from the

chord axis (see Figure t.2a)r as a joint parameter. This, however, gives

an indicatÍon of the moment in the chord at and due to the joint, rather

than a measure of the web interconnection. The tatter influences the

joint strength, stiffness, and ductility more significantìy than

eccentricity. Eastwood et al. ('1970) indicated that the chord moments

due to ioint eccentricity could be accounted for using conventional

design techniques. In addition, Jamm et al. (.l952) stated that joint
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eccentrÍcity would not be a probìem provided the weUlxes intersected

within the middìe hatf of the chord diameter.

1.2.3) Failure Modes

The failure of a tubular truss joint usualìy has been assurned to ' '":
coincide with the point of maximum load camying capacity. Eastwood et
al. (.1970), however, arbítrarily defined it as corresponding to a rate

¡t a.;. t.r' ,of deformation in the loading ram of 0.45 inches per minute without any ::,i.t::,':,:,

i ncrease i n l oad. The two def i ni ti ons p roduce comparab'le ul ti mata 
¡,;, 

,¡.;,,,,

loads, since deflectÍon usually becomes excessive immediately before the

maximum load is reached.

various failure modes have been reported; however, the genera'l

mechanism of faiìure is as follows. The chord face undergoes deform-

ation as a result of the web loadíng. This in turn subjects the webs

to end moments which usually induce compression web bucklíng or tension

web tearing in the heat affected zone near the web member inter-
connecti on .

Other failure modes whÍch have been observed Ínclude tension web 
],;r:r::,:r:.

fracture, shearing through the web interconnection, chord wall tearing, ,.,,,. ',,,.,

and buckling of the chord member. ''.'1':ii:'i.,i

1.3) Objectives and Limitations

The objective of this study tvas to measure experimentally the ¡ri',,1

static load-deformation behaviour of Pratt-type truss joints involving



round chords and round cropped webs.

This study was limited to an experimentaì investigation of 6l

isolated Pratt type joints. No anaìyticaì study was attempted. The

tension and compression webs for any given joint specimen were of the .,',,

same size. The maximum sizes of the members in the specifiEns were

limited by the capacity of the loading assembìy (AAg kN, ZOO kips)

The influence of three geometric parameters; the chord thickness to r:-:,:

irt..'t.
diameter ratio (toldo), the web diameter to chord diameter ratio (drldo) ,,"'
and the web lap (0v), on the load-deformation behaviour of the joints itlii..

was investigated. Alì other parameters were kept as near'ly constant

as possible.

There was no preload applied to the chord. Previous investigators

(Bouwkamp 1968, Mee 1969, Eastwood et al 1969) have indicated that

chord preload did not significantly affect the ultimate'loads of the
i

joints. However, recent tests of end-cropped joints which have been 
l
1

incorporated into trusses (Ghosh 1g7g) suggest that large axiaì stresses

in the chord do influence joint behaviour
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CHAPTER 2

TEST PROGRAM

In this chapter, the selection of geometry and joint parameters

for the test specimens are discussed. In addition, the fabrication

techniques, the specimen measurements, the test apparatus and the test
procedure are described.

2.ì) Specimen Design

A Pratt-type joint, shown in Figure 2.1, was chosen for the

specimen geometry. It is widely employed and, more important, it
produces the most severe case of loading on the chord face. Thus, design

criteria developed for the Pratt joint may be conservatively app'lied to.

other joint geometries. Furthermore, several investigators in the past

have used Pratt-type joints, thus facilitating comparison of results.

The specimen web and chord members were chosen to provide five

different values for each of the parameters, toldo and dr/do. In
additiotì, three values of web lap were chosen for various combinations of

toldo and d¡ldo

The ioints were designed as isolated specinens modelling a Pratt-

type truss,1.83 m (6 feet) in depth, with the tension diagonaìs

orÍented at 45 degrees (see Figure 2.1). It was assumed that a

statically loaded truss would deform with infìection points at the mid-

lengths of the members, as indicated in Figure 2.2, if out of pìane

buckling were prevented. Thus, a typical specimen,shown in Figure 2.3,
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had members extending from the joint in question harfway to the

adjacent truss panel joints. The joint we]ds were designed in accordance

with the member design loads in the prototype truss.

The specimen parareters (to/do, dt/do, and 0u), the cornpression web 
'.,,,1,,slenderness ratio (Lilrr), the joint eccentricity to chord diameter

ratio (e/do), and specified size of the web-chord fiìlet weld are indi-
cated in tabl e 2.1. Tabl e 2.2'lÍsts the specimen rnember sizes and 

j,;.,:.,;r,.;,

material properties. Several specimens embody extreme values of toldo il=i.j,
which would not be used in practice. However, these were included with :,::,.,,.,,,

the intention of assembling complete information concerning the 
rrr::"r::::

influence of the to/do ratio on joint performance.

2.2) Specimen Designation

The specimen designation was derived from the three major

parameters found to affect joint performance in tubular trusses. The

designation is as follows. The first character is a digit, ranging from

I to 6, referring to a specific toldo ratio. This is folìowed by an

atphabetic character, D, E, F, G, or H, identifying an approximate

dt/do ratio. Finalìy, the last two characters are digits, either 00,

50, or 75, which represent the lap of the web members expressed as a

percentage of the tension web diameter.

2.3) Fabri cati on i:::ì:,. ....ì:;

i,' -t tt..

The cropping, cutting, fitting, and tack we]ding of all specimens

were carried out in the Civil Engineering Laboratories at the University
t.

of Mani toba. ',"

rìi!:'::r: '_r _:.'
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TABLE 2..|

SPECIMEN PROPERTIES

Speci men tldo'o drldo Lt/rt 0
V

eldo
Weld Size

(i n. ) (nun)

I D00
'1050

I D75

2D00
2D50
2075

3D00
3D50
3D75

4D00
4D50
4D75

6D00
6D50
6D75

5D00
5D50
5D75

I E00
I E50
I E75

2E00
2850
2875

4E00
4E50
4875

5E00
5E50
5E75

6E00
6E50
6E75

3E00
3E50
3E75

l0lo
t:lolo
lo
lol0

0174
0177
0l 76

0278
0277
0279

0403
0403
040t

0395
041 9
039.|

0496
0496
0498

0681
0690
0698

0l 76
0177
0l 78

0279
0275
0276

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

0.0404
0.0404
0.0402

0.0397
0.0391
0. 0392

0. 0501
0.0501
0.0504

0.0692
0.0703
0.0701

I 0.355
I o.ssz
I o. sss

I o.ruo
I o.ssg
I o.¡sg
I o.run
I o.soo

I 
o.sse

I o. eoa

| 0.363
I 0.363

0. 364
0.364
0. 365

0.364
0. 365
0.366

0.430
0.432
0.432

0.434
0.430
0.434

0.434
0.434
0. 435

0.424
0.424
0.423

0.426
0.426
0.425

0.425
0.4?6
0.424

¡

I go.o
I so.oI go.o

I no.o
I 90.0I go.o
I

I e0.0
I 90.0I go.o

133
133
t33

133
133
133

133
133
133

75.0
75.0
75.0

75.0
75.0
75. 0

75.0
75.0
75.0

t13
It3
't l3
I't3
ì13
ìt3
tt3
il3'tt3

0
50
75

0
50
75

0
50
75

0
50
75

0
50
75

0
50
75

0
50
75

0
50
75

0
50
75

0
50
75

0
50
75

0
50
75

I 0. 149
| -o.osz| -o.tzz
I o..,on
I -o.oEz

| -o.tzz
I 0.r44
| -o.o++
| -o.ogs

0.270
0.05ì

-0. 054

0.270
0.05t

-0.054

0.256
0.044

-0.067

0.256
0.044

-0.067

0. 149
-0.032
-0.122

0. 144
-0.044
-0.098

0.t44
-0.044
-0.098

0.270
0.051

-0.054

0. 256
0.044

-0. 067

1/4
1/4
1/4

1/4
1/4
1/q

1/4
1/4
1/4

3/16
3/16
3/16

3/ta
3/1a
3/16

3/1e
3/1a
3/to
5/16
5/16
5/16

5/16
5/16
5/ta
5/rc
5/16
5/16

3/16
3/16
3/16

3/l 6
3/16
3/16

3/la
3/16
3/16

6. 35
6.35
6. 35

6. 35
6.35
6.35

6. 35
6. 35
6. 35

4.76
4.76
4.76

4.76
4.76
4.76

4.76
4.76
4.76

7.94
7 .94
7.94

7 .94
7.94
7 .94

7.94
7.94
7.94

4.76
4.76
4.76

4.76
4.76
4.76

4.76
4.76
4.76
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TABLE 2.1 (continued)

Definition of symbols.

to = chord thi ckness.

do = chord di ameter.

d, = compression web diameter.

L, = compression web length in prototype truss.
r, = radius of gyration of compression web.

0u = web lap.
s = joint eccentricity.

i.r,:::l

i :'r;.
t: -.1

Specimen tldo'o drldo Lt/r t 0
V

eld'o
hjeld Size

(in. ) (rnm)

2F50
2F75

3F50
3F75

4F00
4F50
4F75

5F50
5F75

6F50
6F75

4G00
4G50
4G75

5G50
5G75

6G50
6G75

4H00
4H50
4H75

5H50
5H75

6H50
6H75

0
0

0
0

0
0
0

0279
0279

0399
040t

0391
041 I
0417

0530
0526

0670
0667

0391
0389
0390

0531
0528

0690
0692

04ì 0
0409
041 6

0
0

0
0

0
0
0

0
0

0
0

0
0
0

0.0501
0.0495

0.0670
0.0665

0. 530
0.529

0.529
0.529

0. 525
0.526
0.529

0
0

0
0

0
0
0

529
528

527
528

636
637
635

0.637
0.640

0.639
0.639

0.78t
0.78t
0. 780

0. 78t
0.78t
0.780
0.78t

60.5
60. 5

60. 5
60. 5

90.0
90.0
90.0

90.0
90.0

90.0
90.0

75.0
75.0
75.0

75.0
75.0

75.0
75.0

60.5
60.5
60. 5

60. 5
60.5

60.5
60. 5

50
75

50
75

0
50
75

50
75

50
75

0
50
75

50
75

50
75

0
50
75

50
75

50
75

0
0

0
0

0
0
0

0
0

0
0

0
0
0

0
0

0
0

0
0
0

209
078

209
078

456
l9l
060

t9l
060

t9r
060

633
313
153

313
153

313
153

933
s44
35t

0.544
0. 351

0. 544
0.351

5/16
5/16

s/16
5/to
1/4
1/4
1/4

1/4
r/4
1/4
1/4

5/16
s/16
5/16

5/16
5/rc
5/rc
5/16

5/16
5/ta
5/ta
5/to
5/16

5/16
5/16

7 .94
7.94

7.94
7.94

6. 35
6. 35
6. 35

6. 35
6. 35

6. 35
6.35

7.94
7.94
7 .94

7 .94
7 .94

7.94
7.94

7 .94
7 .94
7 .94

7 .94
7 .94

7 .94
7.94



TABLE 2.2

MEMBER SIZES AND PROPERTIES

l6

- ..1 rl

r :.jl rt.:
r.:rl::r

:

i, : r r,r.
l: t.. :1..

Speci men Chord Compression l¡'leb Tension l^leb

ot rze ot rzu
N/mm'

to do

ffm

o6oe oe
N/mm2

dl
ftÌït

tr tt/ dt tz dz

mm

tz/ dz

t D00
I D50
I 075

2D00
2D50
2D75

5D00
5D50
5D75

3D00
3D50
3D75

4D00
4D50
4D75

6D00
6D50
6D75

I E00
1 E50
1E75

2E00
2E50
2E75

3E00
3E50
3E75

4E00
4E50
4875

5E00
5E50
5E75

2.97
3.00
3.00

4.67
4.67
4.70

6. 8t
6.78
6.77

4.55
4.83
4.50

s. 69
5.69
5.72

7.82
7.90
7.98

.00

.00

.02

.70

.67

.65

.81

.8t

.78

.57

.50

.52

.74

.74

.79

171
169
l7l
168
169.l69

169
168
t69

il5
lt5
il5
il5
lt5
il5
ll5
It5
lt4
170
169.l69

.l69

l69 '
169

il5
lt5
il5

t69
t70
ì69

l5
l5
l5

325
323
325

294
290
312

356
307
344

359
370
364

392
388
370

345
345
362

332
308
330

299
303
312

305
338
345

368
368
358

367
346
345

440
446
441

426
421
424

451
441
439

525
533
523

501
50.|
stl
558
558
547

426
413
429

433
436
443

421
442
449

507
545
5?3

5t3
493
504

3.25
3.25
3.02

3.25
3.00
3.20

3.12
3.12
3.12

2.97
3.00
3.00

3.02
3.00
3.02

2.97
2.97
3. 05

4.55
4.60
4.60

4.62
4.57
4.52

4.37
4.52
4.67

3. 0s
3.02
3.00 |

I

3.'r2 I

3.ts I

3.12 I

60.5
60. 5
60.7

60. 5
60.7
60. 5

60.7
60.t7
60.7

41.7
41.7
41.7

41.7
41.7
4l .9

41 .9
41.9
41.9

73.2
73.2
73.2

73.2
73.2
73.2

73.4
73.2
73.4

48.8
48.8
48.8

48.8
48.8
48.8

0.054
0.054
0.050

0.054
0.049
0.053

0. 05t
0.051
0.051

0.07t
0.072
0.072

0.072
0.072
0.072

0.071
0.971
0.073

0.063
0.062
0.062

0.060
0.062
0.064

0.063
0.062
0.061

0.064
0.065
0.064

0.062
0.062
0.063

3.23
3.23
3.23

3. tB
3.25
3.15

3.20
3.12
3.12

3.00
3.00
2.97

3.00
3.02
2.97

2.97
3.02
3.00

4.42
4.34
4.42

2.97
3.02
3.02

4.42
4.47
4.47

4.42
4.52
4.37

3.12
3.12
3.10

60. 5
60. 5
60. 5

60. 5
60.7
60.7

60.5
60.7
60.7

41.7
41.7
41.7

41.7
41.9
41.7

41.7
4t .9
41 .9

73.2
73.4
73.4

73.2
73.2
73.2

72.9
73.2
72.9

48.8
48.8
48.8

48.8
48.8
48.8

0. 05
0.05
0.05

0.05,
0.05:
0.05:

0.05
0. 05
0.05

0.072
0.072
0.071

0.072
0.072
0.07t

0. 071
0.072
0.072

0. 060
0.06t
0.061

0.060
0.062
0.060

0.061
0.060
0.06ì

0.06t
0.062
0.062

0.064
0.064
1.064

357
357
357

3s7
357
357

357
357
357

370
370
370

370
370
370

351
35t
351

351
351
35t

370
370
370

370
370
370

370
370
370

370
370
370

559
559
559

559
559
559

537
537
537

541
541
541

54ì
54t
541

54.|
s4t
541

525
525
525

525
525
525

559
559
559

537
537
537

537
537
537
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TABLE 2.2 (continued)

Definition of symbols.

to = chord thickness. dr = compression web diameter.
do = chord diameter. t, = tension web thickness.

ooe = chord yield strength. d, = tension web diameter.
oou = chord ultimate strength. orr2e = web yield strength.
t, = compression web thickness. or,2u_= web ultimate strength.

i.;-i

| .:-;.: : :

i"i. i::;,::. i l

Specimen Chord Compression l.leb Tension l,{eb

ot rze 01 ,zu
N/nrn2

tdo' o
mn

õooe ou
N/mm2

tr dr

¡¡¡1

tt/dt tz dz

mm

tz/ dz

6E00
6E50
6E75

2F50
2t75

3F50
3F75

4F00
4F50
4t75

5F50
5F75

6F50
6F75

4G00
4G50
4G75

5G50
5G75

6G50
6G75

4H00
4H50
4H75

5H50
5H75

6H50
6H75

7.92
8.05
8.05
4.70
4.70

4.50
4.72
4.78

6.07
6.02

7 .67
7 .65

6.73
6.76

4.50
4.47
4.50

6.10
6.05

4.70
4.70
4.78

5.74
5.66

7.70
7.62

7.90
7 .93

t68
ï69

169
t69

115
115
t15

.lì5
't l5
lt5
lt5
ì15

ll5
t15

I't5
ll5
It5
t15
It5
lts'tt5

ì15
115
lt5
il5
lt5
ll5
lts

409
380
385

300
300

371
353
353

369
369

389
389

345
345

371
371
371

369
369

383
376

353
353
353

369
369

389
385

443
443

563
546

578
548
554

420
420

541
539
539

544
s44

563
563

541
541
541

544
544

555
548

539
539
539

5il
5lt

3.84
3.84

3.84
3.81

3.18
3. 43
3.45

3. 94
3. 94

3. l0
3.18
2.97

4.32
4.27
4.32

4.47
4.47

3.91
3.94
3.94

3. 40
3.43

3. 43
3. 38

4.52
4.52

3.91
3.91

48.8
48.8
48.8

89. 5
89.6
89.6

60.6
60. 5

60.3
60. 5

89. 3
89.2

89.2
89.3

60.5
60. 5
60.6

73.1
73.3
73.2

73. I
73.3

73.2
73.2

89. 5
89. 5

89.5
89. 5

0.064
0.065
0.06ì
0.043
0.043

0.043
0.043

0.053
0.057
0.057

0.056
0.057

0.057
0.056

0.059
0.058
0.059

0.061
0.061

0. 067
0.062

0.044
0.044
0.044

0.044
0.044

0.044
0.044

3.05
3.10
3.02

3. 18
3.tB
3. l8
3. l8
4.37
4.50
4.39

4.42
4.39

3.81
3.81

3.76
3.79

3. t8
3.15
3. l8

4.27
4.27

3.79
3. 84
3.79

3.81
3.84

3.79
3. 8ì

48.8
48.8
48.8
89.4
89.4

73.4
73.4
73.4

73.2
73.4

73.2
73.2

89 17
89.7
89. 4

89.2
89.7

89.4
89.4

89.4
89.4

60.7
60.5
60.7

60. 5
60.5

60. 5
60. 5

0.063
0.064
0.062
0.043
0.043

0.042
0.042

0.052
0.052
0.052

053
053

060
061
060

0
0

0
0

0
0
0

053
053

0.060
0.060

0. 058
0.058

0.042
0.043
0.042

0.043
0.043

0.042
0.043

397
406
406

390
392

387
396

396
396

385
390
392

390
392

351
351
351

404
406

404
4Q0

354
359
358

358
358

360
358

518
528
529

535
538
538

5?3
529
528

525
525
525

537
536

537
53'l

529
529

531
529

530
534

534
534

529
528

529
520
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The web member cropping was accompt'irn.A using a ,'cropping,,

machine, illustrated in Figure 2.4, consisting of two v-shaped steel

blades which simultaneously flattened and sheared the webs. Care was

taken to position the seam of the web member at approximateìy 45 degrees

to the direction of cropping in order to minimize the incidence of

splitting aìong the seam. As a consequence, no seam splitting was

observed throughout the cropping process.

The three members forming a specimen were carefully assembled

in a jig, assuring that the chord seam h,as not on the face to which the

webs were to be welded. The assembìy was then tack welded as shown in

Figures 2.6(a) and 2.6(b). Final welding was done by a certified

wel der.

In order to minimize specimen distortion during the final we'lding

the welding sequence indicated in Figure 2.4 was employed.

2.4) Materi als

The sections used for the web members and the ll4 mm (a.5 in.)
: :: :-'-. '

i':.: . :,:,. ;t
diameter chord rembers were hot formed and conformed to CSA 

i:::::,:.:,:

Specification G40.21 Class H Grade 50tJ. The t68 mm (6.625 in.) diarneter 
,,,,,,1

chord sections were cold formed, stress relieved, conforming to CSA 'i""'i""

Speci f i cati on G40.21 Cl ass H Grade 421,1.

The chord and web yietd strengths, oe, and uìtimate strengths, o, 
: :,,:

were determined from tension,tests. The measured values are presented ffi
in tabì e 2,2.

2.5) Measurement of Strain and Deformation

Specimen measurements were accomplis-hed using electric
' ',., ,1 l
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Fi g. 2.4 - Croppj ng devi ce.

l,rleld on both sides of joint.

Fi g. 2.5 - Wel d'ing sequence.

:{
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20

1.: : -,

Fi g . 2.6(a ) - ¿.ig used 'in spec jmen fabri cati on .

Fjg. 2.6(b) - Tack welded specìmen.
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resistance strain gauges and linear voltage disptacement transducers

(LVDT).

It was decided that a minimum of eight gauges per specimen wouìd

be used, but it was also felt that additional straín information for

sixteen of the specimens was required for a more complete comparison of

the effects of the geometric parareters on joint performance. Thus,

fifteen gauges were used on each of these specimens. In addition, a

total of 22 gauges were used on specimen 4G50.

All strain gauges were type EA-06-25086-120 manufactured by

Micro-Measurements. The grid length was 6.35 rm (0.25 in.) with a

strain limit of 5 per cent.

The strain gauge locations are indicated in Figure 2.7(a) and

2.7(b). Gauges I to 4, which measured tongitudinal compression web

strains' were used to check the member load and to indicate compression

web bending. Inp'lane longitudinal compression web strains were measured

near the joint (an area of high stress concentrations) by gauges 5 and

6. Gauges 7 and 8 measured circumferentiaì chord strains at the base of

the ioint' in the crotches between the webs and the chord. For cropped-

web joints these were found to be areas of maximum stress.

The specimens with fifteen gauges had, in addition, gauge 9

located in a plane perpendicular to, and at the same cross-sectíon as,

gauges 5 and 6. It was used to neasure the longitudinal compression

web strain near the joint. Gauges 10, ll and 12 were similarly ìocated

on the tension web, to obtain information concerning the tongitudinal

tension web strain distribution in this area. Gauges ì3, 14 and 15

were located on the chord face as close to the base of the weld as



3 on far side

lz
0.457 m

(18 in)
5

7t@l 8

Specimen with eight gauges.

3 on far side

T,
0.457 m

4

(18. in)
t0

/t
5

14 ts

Specimen with fifteen

Fig. 2.7(a) - Strain gauge locations.
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possible, to measure the circumferential chord strains in this area.

specimen 4G50 employed a further six gauges to measure circum-

ferential chord strains at various locations near the joint as indÍcated

in Figure 2.7(b). A seventh additional gauge was located on the tension

web next to the web interconnection to measure the longitudinal strains

in this area.

Eleven LVDT's were used on each speciren. Seven of these

measured chord face deformation directly beneath the joint. Four

measured compression web displacement in the plane of the specimen.

Transducers were Hewlett Packard series, mode'l 7DCDT, with a stroke of

12.7 nn (0.5 in.) and an accuracy of a0.025 mm (0.001 in.).
The typica'l transducer assembly, which inc.luded a mounting frame,

is illustrated in Figure 2.8. Figure 2.9 indicates the transducer

locations. Those transducers which reasured chord face deformation

were mounted opposite the joint, as shown in Figure 2.ì0. Brass rods

connected to the stainless steel cores of the transducers passed through

the mounting bolts through the chord wal'1, and extended to the interior

of the loaded chord face. To measure the compression web displacement,

four transducers were mounted on an aluminum datum arm, The datum arm

was rigidly fixed to the ìoad frame.

To aid observation of specinen yieldirg, ô white wash was

applied to each specimen.

2.6) Testing Procedure

Al] specÍmens were tested in the toading frame shown in Figure

2.11. The chord and compression web were pin supported on cyìindricaì

ìi- i.
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.:.';..:|

i,i .. ,.¡jìfit.i::,:.

i i.irri-::

Al umi num
frame

Brass rod

Spring housing

us tmen t screw

Spring (To provide tension or
compression )

-Input-output 

wi res

Transducer body

Adjustment screw

core

rass centering and mountíng bolt

rass rod or stainless steel wire

Fig. 2,8 - Transducer assembìy.
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\
\, \S'

ua \t'D'imensions in mm

Fig. 2.9 - Transducer locations.

Fig. 2.10 - Mounted transducers.

N¡
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bearings which precluded out-of-plane bu&ting of the compression web.

Pin supports of this type simulate the in-ptane condítions in a

relatively stiff truss.

The specimens v,,ere loaded via the tension web through a pin type

connection, by a 889 kN (200 kip) capacity, manually operated hydraulic

loading jack. A 889 kN (200 kÍp) capacity load ce'tl,located between

the tension web and the jack, measured the specimen load (see Figure

2.il).
Initialìy, the load was applied in appropriate predetermined

increments. After each increment, a complete set of readings were

automatically recorded by the data acquisition system. However, after the

onset of yielding readings'were taken at frequent, manually setected

i loading increments. The loading was contínued until specimen buckling

' or fracture rendered any increase in 'load impossible.

ì

: 2.7) Data Acquisition

The data acquisition system comprised a Hewlett packard

.i,r,:r,,,ì model 98254 programmable calculator and a model 98714 printer-
'l--l-- l

olotter. Load, deflection, and strain readings were recorded, thenI.-...:'.: ,::.
''.: .: . .::'!:'':': stored on magnetic tape and later tabulated and plotted.

: :::rr: l

',':.-r:i
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CHAPTER 3

TEST RESULTS AND DISCUSSION

In this chapter, the modes of failure, joint strength, and joint
flexibility of cropped-web joints involving round chords are discussed

with reference to the joint parameters. In addition, the reasured

strains and deformations of several test specimens are compared and

di s cus sed

3.1) Modes of Failure

The failure of a test specimen uras assumed to coincide with

attainment of its ultimate 'load. Specimen failure occumed in one or

more of the following failure modes:

A) Large chord wall deformation.

B) Compression web buckling.

C) Tearing of the tension web near the crotch of the web members.

D) Shearing through the direct connection between the webs.

E) Tearing of the chord wall.

F) l,leld fracture in the crotch of the web members.

G) Tension web failure.

H) Local buckting of the compression web wall near the joint.

A close examination of the specimens indicated, however, that the

various failures can be classified into the following three general

faÍlure mode categories:

a) the joint failure, J
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b) the joint--nember failure, JM

c) the nember failure, M.

The respective failure modes are indicated in table 3.1.

The specimen failures which were localized in the joint, with no

evidence of web member failure, were considered joint failures. Shear

failure through the direct connection between the web members as shown

in Figure 3.1 or chord wall tearing as shown in Figure 3.2 were typicaì
of the ioint type failures. Joint failures usua'lìy occurred when the

chord wall was extremely flexible compared to the web members.

Joint--member failures were those in which deformation of the

chord face induced a web member failure. In these specimens, the chord

face was somewhat less flexible. The failure mechanism for these

specimens was consistent. As the chord wall deformed due to the web

loading, end moments were applied to both the compression and tension

webs at the joint. The monents continued to increase as load was

applied. Eventually, this resulted in premature compression web buck-

ling in a directíon aw4y from the tension web, as illustrated in Figure

3.3, or in a local crippìing of the compression web wall near the inter-
connection of the webs, as shown in Figure 3.4. Furthermore, the

development of high tensile stresses at the toe of the tension web

usually led to tension web tearing in the heat affected zone, as illu-
strated in Figure 3.5, or a weld fracture at the crotch of the web

members.

The third genera:l failure mode, the member faiìure, encompassed

specinnn buckling failurcs, both local and overalì, and tension web

faÍlures whÍch were not induced by joint deformation. They occurred
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TABLE 3.I

Note: B* indicates compression web buckling towards the tension web.

,::.:.t-:,::r:

i:i:r.l:J
i:.ir.:r,l

TEST RESULTS

Specimen Nru=Jr/cos45o

KN (Kips)

N2 u/N2e

(%)

Ju/Nr5 Judr /tr todooe. FaÍ I ure
Type

General
Fai I ure
Mode

I lD00I rosoI rozs

LoooI zoso

I zots
I gooo

I soso

| 3D75

4D00
4D50
4D75

6000
6D50
6D75

I E00
I E50
I E75

2E00
2E50
2875

3E00
3E50
3E75

4E00
4E50
4875

5E00
5E50
5E75

5D00
5D50
5D75

I

108.7
143.2
142.1

205.2
I 70.3
196.6

23t .8
242.5
244.8

130.3
140.2
'l48.0

158.3
153.9
ì50.5
142.7
t55.4
I 55.6

t 19.1
I 98.9
249.6

190. 4
261.0
324.8

366.0
357.0
380. B

160. 5
176.4
t76.3
212.2
t94. ì
ì 89.0

I

24.43
32.19
3t .93

46.12
38.28
44.17

52. l0
54.50
55.00

29.29
3l .50
33.25

35. 57
34.59
33. 8t

32.06
34.93
34.96
'26.77
44.69
56.09

42.78
58.65
72.99

82.25
80.23
85. 57

36.07 
l

3e.64 
l

39.6r I

I

47.69 I

ß.621
42.48 

|

52.5
69. I
68.6

.l00. 
s

81.2
96.6

112.7
t20.t
121.2

96.7
I 04.0
I 10.6

117.4
il2.5
I12.5
r 06.6
'l .l3.6

It4.6
33.8
55.6
69.7

54.0
72.4
93. I

104. I
102.9
108.3

106. 9
I 15.7
I15.6
.l34.9

123.4
121.t

I

0.84
1.12
r.l7
I .60
I .41
I .55

I .86
r .95
I .96

2.81
3.01
3. l8
3.37
3.31
3.t8
3.07
3. 33
3.29

0.43
0.71
0.89

0.67
0. 93
t.l7
I .36
1.29
I .33

2.29
2.54
2.55

2.96
2.69
2.64

I

8.67
ì.l.48
12.t5
il.69
9.83

10. 61

7 .77
9.46
8.56

6. 89
6.71
7.72

6. 85
6.65
6.20

4.03
4.41
4.47

7.99
14.46.l6.60

8.99
12.24
ls. t8
12.40
10.50
10. 7t

9. 38.l0. 
56

t 0.85

9.70
9.33
9. 09

A,E
A,C
A,B, F

A,E
A, B,C
A,B ,C

A,B
A,B
B*

A,B
B

B

B

B*
B

B

B

B*

A'E
A'D
A'D

A,E
A'C
A,B,C

A,E
A, B,C
A,B,C

A,B
A,B
B

B*
B

B

IJ
I ¡r'l
I ¡r'l
t,
I ,rN
l;lurl*
I ¿rq

lul*
lu
t,
lN
lu
lN
IM
lN

J
J
J

J
JM
JM

J
JM
JM

JM
JM
M

M

M

M
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TABLE 3.1 (continued)

Speci men Nru=Ju/cos45o

KN (Kips)

N2 u/N2e

(%)

J¡lN 1 g Judl /t1 todoooe Fai I ure
Type

General
Fai I ure
14ode

6E00
6E50
6875

2F50
2F75

3F50
3F75

4F00
4F50
4t75

5F50
5F75

6F50
6F75

4G00
4G50
4G75

5G50
5G75

6G50
6G75

4H00
4H50
4H75

5H50
5H75

6H50
6H75

196
193
176

251
282

353
395

209
227
246

284
291

290
274

268
296
318

406
430

456
464

305
323
353

371
411

464
477

,2
,9
,B

,2
,0

,3
,0

,3
,6
,8

0
0

9
3

6
7
7

2
6

6
7

0
l
7

9
2

4
0

44.08
43.58
39. 73

56.44
63.37

79.39
88.77

47.03
51 .14
55.47

63.83
65.40

65. 36
6l .64

60. 36
66.68
71.62

91.27
96.77

I 02.6t
104.42

68.54
72.61
79.49

83.58
92.41

I 04. 35
107.20

127.6
124.2
115.9

58.8
6s. 5

83.8
95.2

lQ2
113
122

141
144

143
136

71
76
84

107
108

ll8
121

9
2
0

l
5

0
2

4
7
2

I
7

9
0

73.3
75.0
82.7

87.4
94.7

t 09.5
110.8

2.77
2.66
2.58

0.69
0.77

0.97
I .09

1.67
1.68
I .80

2.11
2.15

2.17
2.05

0.99
I .08
I.l5
1.47
I .55

I .64
1.67

0.86
0. 90
0.99

I .04
I .15

I .3t
I .35

5.87
6.02
5.75

17.38
t 9.46

1 4.84
ì6.65
I 4.65
14.79
15.86

13.92
14.27

10. 58
10.20

16.73
I 8.85
19.82

18. 19
19. 55

15.06
t5.57
25.95
27.30
29.39

24.63
27.59

21.87
22.93

B

B

B

A,F,G
A, F,G

A,G,C
A,G

A,B
A,B,F
A,B,C

B

B

B

B*

A,E,F
A,G, F

A,B,F

A,B,C
A,B,C

H

H

A,E,F
A,C ,G
A,C,G

A, F,G
A,F,G

G

G

M

M

M

JM
JM

JM
JM

JM
JM
JM

M

M

M

t4

J
JM
JM

JM
JM

M

M

J
JM
JM

JM
JM

M

M

Definition of symbols. 
,,

Nzu = ultimate tension web load. t, = compression web thickness. i,,

J, = ultimate ioint load. to = chord thickness.
Nze = yield load of tension web. do = chord diameter.
Nrb = buckling load of compression web. oôe = chord yield strength.
d, = compression web diameter.
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a.l
J.)

a) Shear through the web interconnect'ion.

b) Joint cross-sectìon.

Fig. 3.1 - Joint Failure - Specìrnen 1E50.
I

i. ¡ :i'¡
::. rì r'"
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a) Chord face tearing.

b) Joint cross-sectjon.

Fjg. 3.2 - Jojnt Fa'ilure - Specìnren 2E00.

l



a) Pre-mature compressjon web bucklìng.

b) Joìnt cross-sectjon.

3.3 - Jo jnt-mentber Faì iure - Specimen ZDl5.

11.i.J

Fig
l

l: :::::
il'::|.--::-

i....
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Ìj'

3.4 - Crìppìing of compressìon web wall
failure - Specimen SH50.

ìn a jo'int-member

Fig. 3.5 - Tension web tearing ìn a jo'int-member failure -
Specimen 2E50.



37

iir

a) Compression web bucklìng.

b) Jojnt cross-section.

Fj g. 3.6 - Member Fa j I ure - Spec'imen 5D75.

' 
-.r.1.1r,t

:rirli
..,ii",i:;¡¿

'r.l;,:ir,l., ilrr:" iir

r': ii.,'' i
..i:-..'

. l;!i'r',i
. ì {lÌi

l:::ì.t i
1....r.
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a) compression web bucklìng towards the tension web - specimen 5E00.

i:r:r;iì:11::

- b) Compress ì on

F'ig. 3.7 - Typicaì

web crippìíng - Specimen 6H50.

Member Fai I ures.



when the chord waìl was extremely stiff, approximating a fixed-end

condition. The compression web did not consistentìy buckle away from

the tension web, as was observed for joint--member failures. This was

evidenced in specimens 3D75, 5D50, 6D75, 6F7s, and 5E00. Figures 3.6

and 3.7 show typicaì member faiìures.

Compression web buckting failures were characteristic of both

joint--member and member failures. Hence, it was decided arbÍtrarily
that a means of distinguishing buckting in member failures from that

in ioint--member failures was to compare the ultimate compression web

load to its factored resistance. If the ultimate compression web load

was larger than its factored resistance, a member failure was assumed.

In computing the factored resistance of the compression web, the web

was assumed to be a column fixed at one end and pin supported at the

other.

3.2) Joint Strength

ì::,:

Ideal'ly, for an accurate prediction of the strength of any tubular

truss joint, there should be a strength formula for each of the failure 1,,i,
':1t ::.:..-

modes, or in this case, each of the general failure modes. However, 
i.:,,,r,,,

for design purposes, a single strength equation which is independent ""i'l

of the failure type is more desirable. l,lith thís in mÍnd, various

dimensionless strength parameters brere investigated in an attempt to

find a parameter which best reìates the strengths of aìl of the joints i;r't,.',';

tested to a few common geometric joÍnt paraneters.

In addition, the familiar strength parareters, joint efficiency

and joint load factor, wene investigated.

39
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.'

3.2.1) Joint Strength (JudI/trtodooo.)

The dimensionless strength paraneter Jrdr/trtodoooe was found to

best fit the above-mentioned criteria. J, is the load in the

compression web at failure, d1 is the diameter of the compression web 
.:1,,.i,

t¡ is the wall thickness of the compression web, to is the chord wall ''1"';::,-

thickness, do is the chord diameter, and oo. is the yield strength of

the chord material . A stepwise multiple 'linear regression analysis, 
i ;,:: .,

described in Appendix A, was employed and the fol lowing empiri cal 
l.Ìtl,t'

eqUation WAS generated 
i,.,,,,;:,

Judr/trtodoooe = 8.96 + 40.z(dJdàz - 144(to/do) 3.1(a) :rr:::r1:

Rearranging equation 3.1(a), the fo]ìowing expression was obtained

for estimatÍng the ultimate load of a cropped-web tubular truss joint

with no gap.

J, = (r,rodooo./dJþ. ru + 40. z(dL/dù2 - 144(roldo)] 3.2(b) 
i

The variables (drldo)' and (toldo) in equation 3.1(a) accounted

for94percentofthevariationinJ,d,/t,todooo..Web1apwasinc]uded

in several variables in the regression analysis. However, because its 
,,,,. ,,,,.effect was inconsistent, it did not correlate well. Thus it was not 1:,i:.,,.r.

incorporated into the regression equation. Statisti ca'lly, the indepen- , f,,.,,
2:::

dent variables, (drldo) and (toldo), were found to be significant at

the 0.1 percent level as wene their coeffícients. The coefficient of

variation of the test results relative to equation 3.t(a) was ll.5 
i.i.,r,,.::

percent. For comparison, the coefficient of varíation for Theinsiripipat's '1:i'i;:'r'+';

(1979) strength equation for cropped-web joints with square chords was

12.6 percent.

The experimental and predicted values of Judr/trtodooo. are



illustrated in Figure 3.8. It can be seen that the test and predicted

values are in good agreement. The largest deviations from the

predicted'results invoTved those zero lap joints with toldo ratios
smal'ler than 0.045. Consequentìy, a second regression was perforred ,,1,,r.,,

on the parameter Judr/trtodogoe, employing the identical independent

variables, with the previously mentioned joints excluded. This

produced the fol ì owi ng empi ri cal equati on. 
¡ ,,,,rt, 

,,

Judr/tltodooo. = 
.l0.5 + 40.6(drldo)t - l7z(to/do) g.Z(a) i',Ì;:,,','

or i.rt,ì.-..,ar.,¡r:i :::

J, = (t,tooooo"/d)[]0.5 + 40.6(drldo), - 172(to/d)l ,.2(b)

Againtheindependentvariablesandpartialregressionco-

efficients were significant at 0.1 percent level. However, the
2

variables (d1ldo) and (toldo) this tine accounted for 9g percent of
thevariationinJ,d,/t,todoooe.Furthermore,thecoefficientof

variation for equation 3.2(a) was reduced to 7.9 percent. It can be :

seen in Figure 3.9 that the experímental and predicted results are i 
'

Ín extremely good agreement 
,,,,,,,,1.:¡:li

Equations 3.1(a) and 3.2(a) are both valid over a range of d1ldo ;.,1i,,.ì
', 

' 
,t-t, 

t ,., ,,
from 0.3 to 0.8, â range of toldo from approximateìy 0.02 to 0.07 and 

:

for trldr or t¿/dz ratios ranging from about 0.04 to 0.0g. Equation

3.t(a) is valid for web laps ranging from zero to 75 percent, whiìe
i,,rr:it1:.=i.ìisquation 3.2(a) does not account for zero lap joÍnts with toldo ratios ¡',,.i,. il.i

smaller than 0.045. The advantage of the latter is that for ìap

ioÍnts of 50 or 75 percent, the predicted ultimate lcad is higher than i

that given by equation 3.t(a) when toldo is smaller than 0.04.

41
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35

Judr/trtodooo. = 
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Fig. 3.9 - Influence of d1ldo on tloint Strength.
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For use in limit states design (LSD), equations 3.1(b) an¿ 3.2(b)

would be reduced by a capacity reduction factoî, ü, The appropriate

value of ú, determined statisticalty in appendix B, was found to be

0.9. Thus, the ioint resistance (J.) is calculated as J¡óJr. For

design purposes, this value wou'ld be compared to the factored resist-
ances of the compression and tension members. The timiting resistance

value would then govern the design.

3.2.2) .:oint Effi ciency

The joint efficiency, defined as the ratio of the ultimate

tension web'load (Nru) sustained in the specimen to the yield load

(Nr.) of that tension web, is an expression of the joint strength in
terms of the tension web capacity.

The influence of the parameter to/do on ioint efficiency is
illustrated in Figure 3.10. It can be seen that the joint efficiency
increased approximately linearly with toldo up to a toldo value of
0.05. For larger to/do values it was virtually constant. The joint
efficiencies ranged from 33 percent to 145 percent, with t00 percent

or larger values usually obtained when to/do was 0.05 or larger.

The effect of drldo on joint efficiency was somewhat inconsistent,
However, an increase in web lap usuaily red to an increase in

efficiency when toldo was 0.05 or smaller.

Bouwkamp (1968) tested profiled web joints of sizes similar to
those tested in this study. The joint effíciencies for his joints are

plotted in Figure 3.11. It can be seen that, as for the cropped-web

ioints, the efficiencies i.ncreased with an increase in toldo. The

L:Ì.:t
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100 % Joint EffÍcienc rt d l,
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Fig. 3.10 - Influence of toldo on Joint Efficiency.
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range of efficiencies,23 to t35 percent, was alro .orpu"able to that

of cropped web joints. However, an efficiency of 100 percent or more

was achieved for profiled ioints for a to/do ratio of 0.03 or larger.

The infruence of the dr/do ratio and the web rap or gap on the 
,,:,,.,,, ,

efficiencies of the profiled-web joints was inconsistent

In terms of joint efficiency, it appears that the strengths of

cropped-web ioints and profi led web ioints are simi t arly infl uenceo 
,i;:;,,,,,,:,.,;,,

by variations in the to/do and d/do ratios. However, the strengths ir:,':,,r''

of the former joints tend to be slightty smaller than those of the |,,,,-:;.r

latter, when t^/d^ is smaller than 0.05. 
:rr::ì':j i:

-o'o

3.2.3) Joint Ultimate Load Factor

The joint ultimate load factor is defined as the ratio of the

ultimate ioint force (Jr) normaì to the chord to the computed factored

resistance (NrU), or in this case, the buckling strength of the

cornp re s s i on web .

As indicated in table 3.1, several of the test specirpns exhibited

unusually large ultimate load factors. This was because the computed

buckling loads of the compression webs were based on an effective

length, for out-of-plane buckling, equal to the depth of the mode'lted

truss. However, in the test specimens, a buckling failure of this type

was precluded and the resulting ultimate buckling ìoads were relatively

I arge.

A plot of ultimate load factor versus the toldo ratio is presented

in Figure 3.12. It can be seen that the influence of the toldo ratio

on the ultimate load factor is similar to its influence on joint

47
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efficiency. It increased with an Íncrease'in toluo up to a toldo

value of approximately 0.05. Then it remaíned virtually constant for
larger to/do values and Lr,/r, ratios larger than about 7s. Futhermore,

an increase in web lap usually improved the ultimate 'load factor when

the toldo ratio was smaller than 0.05.

Because compression web buckling occurred in a larger number of

the specimens, the dr/do ratio and the compression web slenderness

ratio significantìy influenced the ultimate load factor. However,

Figure 3.12 shows that a decrease in drldo increased the ultimate load

factor, but only for specirens of the same chord diameter. An increase

in the compression web slenderness ratio, on the other hand,

consistently increased the ultimate load factor for constant toldo

values, regardless of the chord diameter. Thus, for the joint

ultimate load factor, the Lr/r, ratio is a more significant joint
parameter than drldo.

It appears that for a given toldo ratio, a compression web

slenderness exists such that when larger vaìues are used, the ultimate

ioint capacity exceeds the buckling strength of the compression web.

For example, for a toldo ratio of 0.04, the Lrlrrratio should be

approximately 75 or larger. Furthermore, the minimum allowable Lrlr,
ratio decreases for correspondingty targer to/do ratios.

3.2,4) Summary - Joint Strength

Equation 3..l(b) provides an accurate estimation of the ultimate

joint load for cropped web joints involving round chords with zero to

75 percent web laps. Equation 3.2(b) is applicable, provided a 50 to

iti:1'-i'::

::';:j¡-.::!

i::.':::.:r1:

49
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75 per cent lap is used, when the to/doratio is smaller than 0.045.

Equation 3.2(b) gives higher predicted loads than equatÍon 3.r(b),
when the to/do ratio is smaller than 0.045. Based on a statistical
procedure, the capacity reduction factor for both equations was found

to be 0.9.

Considering joint efficiency, the joint can sustain at 'least the

yield strength of the tension web providing the toldo ratio is about

0.05 or larger. To ensure failure in the compression web rather than

the joint, the Lt/rt ratio must be larger than a ìimiting Lt/rt vaìue,

which is dependent upon the toldo ratio for the ioint as indicated in

figure 3.12. Lastly, the joint strength usually increases with an

increase in web lap. This effect is increasingly significant with a

decrease in to/do and/or an increase in ü/do

3.3) Joint Flexibitity

The lack of a central web support in an HSS section tends to

resuìt in a relatively fìexib'le joint. To investigate this probìem,

ioint flexibility coefficients were developed to provide a means of

predicting additionaì truss deflections due to deformation and to

evaluate the extent of this additíonal deflection.

3.3.1 ) Joint Flexibiìity Cbefficients

In an earlier study (TheinsirÍpipat '1979), joÍnt deformation !,,as

expressed in terms of joint stiffness coefficients. For several

reasons, it was decided in this study, to emp'loy fìexibility co-

efficients rather than stiffness coefficients. They

i,.. '
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eliminate problems associated with negative or infinite values of

stiffness. A negative or infinite stiffness may result if the joint

undergoes a chord face translation, in addítion to a rotation, as was

observed in this study. Furthermore, flexibitity coefficients tend to

be ìess sensitive than stiffness coefficients to small or zero chord

deformation readings.

The ioint flexibility was computed in terms of the compression and

tension web loads and the corresponding joint deformations along their

axes. Thus, compression and tension flexÍbilities were determined.

Because the joint load--deformation behaviour r^las non-linear at

ear'ly load stages in many cases, it was decided to compute the fìexi-
bilities at a load'level equal to the estimated ultimate value, using

equation 3.1, divided by .|.7. This approximated the working load of

the joint. Furthermore, since translational deformations were found to

neutralize each other when calculating overall truss deflections, only

joint deformations due to joint rotation brere considered.

As illustrated in figure 3..l3, the joint compression fìexibility
was defined as f. = 6¡/N1. Nr is the predicted ultimate compression

web load divided by 1.7 and ôris the corresponding chord face deform-

ation a'long the compression web axis. The joint tension fìexibility is
similarly defined as f, = ôz/Nz, where N, and ô2 are, respectively, the

predicted ultimate tension web load divided by t.7 and the corresponding

chord face deformation along the axis of the tension web.

The ioint fìexibilities were expressed in terms of the dimension-

less pararpter rr.aita = fEd(dold)t, where E is the modulus of

i::.'

r:,,1;t,.
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elasticity, do is the chord diametJr, and d is the diameter of the web

for which the flexibility is being determined. The specimen flexi-

bilities and the parameters fE¿1UA are listed in tabl e 3.2.'o
Plots of f ,Ed2o/d, and f {d2o/dz versus the toldo ratio are given

in Figures 3.14 and 3.ì5 respectively. A mu'ltiple regression

anaìysis was again employed and the following empirical formulae r'Jere

generated for estimating the joint compression and tension

flexibilities.

f cldzo/dt = 34.2 + 0.278(dolto)2 - 0.t96(dolto)'0u

f[d2o/d2 = 10.3 + 0.219(dolto)2 -0.286(do/%)20v

3.3

3.4

where 0u is the web lap.

Specimens lD00 and lE00 were excluded from the flexibility
regression ana'lysis because the joints became plastic at extremely low

load levels

The independent variables and their partiaì regression co-

efficients in equations 3.3 and 3.4 are significant at the 0,.l percent

level. The independent variables (dolto)2 and (do/to)20u account for

89 and 85 percent of the variation in fcEdå/dr and frEdf/dr,

respectively. The coefficient of variation for equation 3.3 was 20.3

percent. A somewhat high coefficient of variation, equal to 63.7

percent, resulted for equation 3.4. The latter value impties

relatively large deviations of the test results from the estimated mean

va'lues. However, the actual deviations for tension flexibility were

of the same order of magnitude as those which occurred for the

compression flexi bi I i ty

The experimental resuìts and predicted values using equations 3.3

iì:,

i.

i i' ':)1j



TABLE 3.2

SPECIMEN FLEXIBILITIES
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Specimen f. x 103

r¡m/kN i n/ki p

f¿ x 103

rnm/kN i n/ki p

f cEdS/dL f *dzo/d2

t D00
I D50
1 D75

2D00
2050
2D75

I 3D00I ¡osoI sozs

2E00
2E50
2E75

3E00
3E50
3E75

4D00
4D50
4075

5D00
5D50
5D75

6D00
6D50
6D75

I EOO

ì E50
I E75

4E00
4E50
4875

5E00
5E50
5E75

4.62
3. 87
3. 53

2.49
I .95
1.77

z]s
5.77

3.70
2.62
2.36

2.19
l.:84
I .45

t .33
I .06
0.84

6.08
4.48

r0.87
3. 48
3.09

2.55
2.09
2.09

3.45
2.87
2.38

2.56
2.13
I .58

1.248
1.0t0

0.809
0.678
0.6t7
0. 436
0.34]
0.3.l0

0.647
0. 459
0.413

0.384
0.322
0. 255

0.232
0.185
0..l48

I .066
0.785

I .903
0.61 0
0.541

0.447
0. 366
0. 366

0.604
0. 502
0.417

0. 448
0.374
0.277

2.55
0.76

3.75
1.25
0. 6l
'l .95
0.66
0. 30

I .99
0. 54
0. 39

I .68
0.60
0.29

0.78
0.31
0.14

I .66
0.6
9.34
t.19
0. 45

1.79
0.68
0.27

2.43
0.98
0.48

1.75
0.67
0.36

0.446
0.134

0.657
0.219
0.107

0.342
0.1l5
0.052

0. 349
0.094
0.069

0.294
0. t05
0.050

0..l36
0.054
0.024

0.290
0.ìll
1.634
0.208
0. 079

0.31 3
0.1l9
0.046

0.426
0.171
0.084

0.306
0. il8
0. 063

638.7
536.0

413.4
35t .6
340.4

228.6
t81.5
160.7

225.4
155.7.l40.9

5t9.1
261.4
225.9

190.3
I 58.6
l5'l . 1

t 78.6
't 49. 9
I 28.8

t 32.8
112.6
87.5

I 35.8
113.2
86.6

83.8
72.9
55.0

450. I
351 .7

234.9
69.3

3l 4.8
114.7
58. t

164.0
59.5
27 .7

5l .0
19.2
8.6

1?4.8
4l .9

l3l .9
5l .7
t 8.7

88.8
34.0
t 8.8

'l34.0
27.5
22.1

100. I
36.4
t 6.4

446.1
89. l
33.5

142.3
5t .5
26.1
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TABLE 3.2 (continued)

Definition of symbols.

f. = joint compression flexibility.
f¡ = joint tension flexibility.
E = Young's modulus"of elasticity.

do = chord diameter.

d, = compression web diameter.
d, = tension web diameter.

Specimen f. x 103

run/kN i n/ki p

f¿ x i03

mm/kN inlkip

fcEdå/d I f gdï/d2,

6E00
6E50
6E75

2F50
2F75

3F50
3F75

4F00
4F50
4F75

5F50
5F75

6F50
6F75

4G00
4G50
4G75

5G50
5G75

6G50
6G75

4H00
4H50
4H75

5H50
5H75

6H50
6H75

I .48
1.20
I .10

4.22
3.43

2.74
2¿39

5.09
2. 8t
2.30

2.06
I .88

1.44
I .05

6.tt
3.06
2.90

2.17
2.02

I .34
I .35

6. 58
3.47
3. 14

3. 00
2.52

I .9r
1.67

0
0
0

0
0

0
0

0
0
0

0
0

0
0

258
210
193

739
601

480
419

892
492
404

36t
328

252
I84

1 .069
0. 537
0.508

0.380
0. 353

0
0

l
0
0

0
0

0
0

234
236

t53
607
550

526
441

335
?92

0.89
0.36
0.t7
I .65
0.77

0.88
0.42

4.01
t.lB
0.43

0.67
0.32

0.46
0.21

5. 36
l.'t9
0.52

0. 7s
0. 3l

0.47
0.17

4.07
1.24
0.62

t .03
0.46

0. 50
0.26

0. 156
0.064
0.030

0
0

0
0

0
0
0

0
0

0
0

0
0
0

0
0

0
0

0
0
0

0
0

0
0

289
134

155
073

702
207
075

117
057

08ì
036

939
208
091

l3'l
054

083
030

712
217
109

l8t
080

088
046

78.5
65.6
60. 5

264.5
215.6

165.7
I 48.5

201.7
t2l .0.l03. I
88.0
79.7

62.3
45.4

17 4.5
1A7 .7
t01.6

75.6
70.1

45.6
45.7

170,4
94. 5
90. 9

79.6
7l.t
5t .9
46.7

47 .7
19.3
8.8

106.4
49.2

56.2
27.6

I 58.0
49.7
19. 3

28. I
13.5

19.6
8.8

147.2
4l .8
t9.l

26.4
ll.1
16.4
6.5

.l08.'l

35.6
t8.l
29.4
13.5

14.8
7.2

|::i'i:.i
i;-:.::l..-¡

i:.:rt:::":::':

:: .-

f.,,;..::'t:,,1
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toldo

on the Joint Tension Fìexibility.
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and 3.4 are illustrated in Figures 3.14 and 3..l5. It can be seen that,

as with the strength formula, the largest deviation occurs when toldo

is smalì.

3.3.2) Truss Deflections

To investigate the effect of joint deformation on overa'll truss

deftection, twelve Pratt truòses were analyzed in order to determine

mid-span deflections. A cormon 
.14.6 

m (48 ft.) span, â l.g3 m (6

ft.) depth, and a common load pattern (see Chapter Z, Figure 2.1) were

chosen so as to accommodate all test joints and to facititate
comparison of results with those for similar cropped-web joints with

square chords.

using the method of virtual work, the mid-span deflection due to

member deformation (ar) was compuied. Then the experimentalty

measured ioint deformations were employed to determine the increment of

deflection due to joint deformation (Aj). The values of a, and Â, as

well as the ratio Oj/Â, are presented Ín table 3.3.

To illustrate the effect of toldo on the increase in truss

deflection due to ioint deformation, ar/A, was plotted against toldo

as shown in Figure 3.16. It can be seen that ar/a, is usuatìy less

than 20 percent but that it can become large for small toldo ratios or

for zero lap joints.

Similar results for cropped-web joints involving square chords

based on trusses of identicaì geometry, span, and load pattern

presented by Theinsiripipat (t979) are shown in Figure 3..l7. clearly,

cropped-web joints with square chords contribute two to three times as

tr-



TABLE 3.3

TRUSS DEFLECTIONS

r1:::"1":-r':-:1. :; r:
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Joint Type qt
mtl ln. ^j

mm ln.
o¡/{n

ol

1 D00
t D50
I D75

2D00
2D50
2075

3D00
3D50
3D75

4D00
4D50
4075

5D00
5D50
5D75

6D00
6D50
6D75

I E00
ì E50
t E75

2E00
2E50
2E75

3E00
3E50
3E75

4E00
4E50
4E75

5E00
5E50
5E75

24.8
24.8
24.8

20.2
20.2
20.2

17 .7
17 .7
17 .7

3't .5
3t .5
3l .5

29.0
29.0
29.0

26.2
26.2
26.2

20.0
20.0
20.0

t 5.4
I 5.4
t 5.4

12.9
12.9
12.9

28.4
28.4
?8.4

25.9
25.9
25.9

0.975
0. 975
0.975

0.795
0.795
0.795

0.695
0.695
0.695

1.24
1.24
1.24

I .14
t.l4
t.t4
't .03
I .03
I .03

0. 789
0. 789
0.789

0.608
0.608
0.608

0. 508
0.508
0.508

1.12
1.12
1.12

1.02
1.02
t .02

+lo
?.5

3.8
2.1
1.6

2.0
I.l
0.8

2.5
1.2
1.1

1.8
1.0
0.7
0.9
0.6
0.4

3.t
2.0

9.3
1.9
1.4

1.9
l.l
0.9
2.6
t.6
ì.1
t.9
l.t
0.8

0..l57
0.098

0. 150
0.083
0.063

0.079
0.042
0.032

0.097
0.049
0.042

ll
069
039
027

036
022
0t5

0.'t23
0.077

0. 365
0.076
0.054

0.076
0.045
0.035

0.104
0.062
0.044

0.076
0.045
0.030

.l6. 
t

l0.l
18.9
't0.4
7.9

t1.4
6.0
4.6

7.8
4.0
3.4

6.1
3.4
2.4

3.5
2.1.l.5

15.6
9.8

60.0
12.5
8.9

.l5.0

8.9
6.9

9.3
5.5
3.9

7.5
4.4
2.9



Definition of symbols.

^m 
= truss defìectíon

Â¡ = truss deflection

60

TABLE 3.3 (continued)

due

due

to member deformation.

to joint deformation.

i: t:

Joint Type Ât

mm in.
-J

mm 1n.
^j/^mo/

lo

6E00
6E50
6875

2F50
2t75

3F50
3F75

4F00
4F50
4t75

5F50
5F75

6F50
6t75

4G00
4G50
4G75

5G50
5G75

6G50
6G75

4H00
4H50
4H75

5H50
5H75

6H50
6H75

23.1
23.1
23.1

ls.I
t5.I
12.6
12.6

25.7
25.7
25.7

21.7
21.7

19.7
19.7

20.4
7.0.4
20.4

1 7.0
17.0

15.0
15.0

t9.I
l9.t
19.1

l7.l
t7.l
.l3.0

13.0

0.911
0.91 l
0.9.l I

0
0

0
0

I
I
I

0
0

0
0

0
0
0

0
0

0
0

0
0
0

0
0

594
594

496
496

0l
0t
0l
853
853

774
774

804
804
804

669
669

590
590

753
753
753

672
672

0.51 l
0.511

1.0
0.6
0.5

2.5
1.7

1.5'l.I

4.1
1.7
l.t
t.t
0.9

0.8
0.5

5.3.l.8

1.3

1.2
0.9
0.8
0.6

4.7
2.0
1.5

1.7
1.2

1.0
0.7

0.041
0.025
0.019

0.065
0.065

0.058
0.043

0.163
0.066
0.042

0.044
0.034

0.031
0.019

0.208
0.070
0.052

0.047
0.035

0.030
0. 023

0.185
0.077
0.058

0.066
0.046

0.038
0.029

4.5
2.7
2.1

10.9.l0.9

tt.7
8.7

t6.I
6.5
4.2

5.2
4.0

4.0
2.5

25.9
8.7
6.5

7.0
5.2

5.t
3.9

24.6
10. 2
7.7

9.8
6.8

7.4
5.7
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much to truss deflection as do cropped-web jóints with round chords.

The values of Oj/A, shown in Figure 3.'16 represent an extreme case

because of the relatively large depth-to-span ratio chosen for the truss.

If the span were increased without a change in the load pattern, the

increase in A- would be greater than the increase in A*. As a result,m ".-J
for smalìer depth-to-span ratios, th: effect of ioint deformation on

overall truss deflection would be even less significant.

3.4) Joint Deformation

3. 4. I ) General Behavi our

th: load-deformation behaviour for specimen 4E50, shown in Figure

3.18, was typical of the majority of specímens that experienced joint-

member failures. The onset of local chord wall yielding in the vicinity

of the ioint resulted in the increasingly non-linear load-deformation

behaviour indicated. Specimens which experienced joint failures

generaìly dispìayed similar load-deformation behaviour to that shown in

Figure 3.18, up to the ultimate load. However, at the ultimate load

sudden fracture and loss of capacity occumed. Member failures dispìayed

on1ythelinearportionofthetoad.deformationplotshowninFigure

3.'18.

Figure 3.19 illustrates the in-plane joint deformations for specimen

4E50 for various load levels. In conjunction with Figure 3.18, it can

be seen that, in the linear range, the chord wall deformations beneath

the compression and tension webs were approximately equal in magnitude

and oþposite in direction. In addition, the chord face exhibited a

characteristic inflection point about which the joint rotated at the base
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,of the web interconnection. This was observed for a'l'l specimens. ,

In the non-linear range, the chord wall deformations became

excessive at the base of the compression web, while beneath the tension

web they were relative'ly smalì. The inflection point tended to trans-

late toward the axis of the chord. However, the deformations beneath

the compression and tension webs relative to this point generally

continued to be approximately equal in magnitude and opposite in

direction. Joint deformations in specimens that involved extremely

thin wa'lled chords behaved non-linearly at earìy load stages. In these

cases, particular'ly for specimens 1D50,1D75, 1E50, and 1E75, the chord

wall deformations were dominated by joint translation.

As illustrated in Figure 3.20, specimens 1D00, 
.lE00, 

2D00, 2E00,

3E00, 4G00, and 4H00, displayed a load-deformation behaviour which was

somewhat different to that normally observed. The flat segments of the

load-deformation curves corresponded to longitudinal yielding of the

chord wall and toe of the tension web at the crotch between the web

members. As this area strain-hardened, the load continued to increase

until a sudden fracture occurred. This behaviour occumed in zero lap

ioints when the ftexibility of the webs was retatively small compared

to that of the chord wall. As a result, these joints tended to behave

less as a unit than did the others.

3.4.2) Influence of toldo

The effect of the toldo ratio on ioint deformation is illustrated

in Figure 3.21, which shows chord face deformation for specimens 4E50,

5E50, and 6E50. These specimens were similar except for their to/do

Ì:ì ii :: 1ì:
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ratios. Because the joint deformation is dependent upon the local

bending resistance of the chord wall, an increase in its thickness or a

decrease in the chord diameter would be expected to reduce the

deformation. It can be seen that the joint deformation did in fact

decrease as t /do increased
o'

3.4.3) Influence of d1ldo

An increase in dr/do, resulting from an increase in the web

diameter, improved the toad distribution on the chord face. It also

resulted in an increase in the moment arm between the axes of the webs

at the chord wall. This produced an increase in the joint moment.

These two factors tended to nulìify one another and to lead to smal'|,

.inconsistent variations in the maximum chord wall deformations in the

linear range, as illustrated in Fi gure 3.22. This behaviour was not

consistent with that of profiled-web joints. For them, an increase in

dt/do allowed more load to be transferred directly to the side walls of

the chord and thus reduce the chord wall deformations.

Furthermore, an increase in drldo generalìy extended the linear

range of the joint. This was due mainìy to the fact that an increase

in web diameter, and thus in the bending capacity of the webs,

resulted in a rotationally 'less flexible joint. An increase in web

diameter also resulted in a longer direct connection between the webs,

for the same percentage of web lap. This permitted more transfer of

load directly through the web Ínterconnection. Untike conventional

profiled-web ioints, the web load in a cropped-web joint is concentrated

Iongitudinalìy aìong the chord, equidistant from the chord side walls.
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This resulted in the preservation of the joint ducti'lity as drldo

was increased.

3.4.4) Influence of Compression Web Slenderness

A parameter which was found to affect joint performance, but

which was not examined explicitly in previous investigations, is the

bending resistance of the compression web. The chord watt deformation

was associated with rotation of the chord face at the joint, which was

influenced by the flexibility of the web members. The less flexíble

the web members, the smaller the chord face deformations.

The slenderness ratio of the compression web provides a reasonable

measure of the web member fìexibility. A comparison of joint

deformations for specimens 3E50 and 4E50, which were similar except for

the Lrlrr ratios of their webs, is presented in Figure 3.23. The joint

deformations can be seen to decrease with a decrease in Lilrrr. Again,

an increase in the web diameter to produce a decrease in Lr/r, resulted

in an increase ín the'length of the direct connection between the

webs.

3.4.5) Influence of Web Lap

Figure 3.24 illustrates the typical influence of web ìap on the

joint deformations, using specimens 4G00, 4G50, and 4G75, as examp'les.

The larger direct connection between the webs (for the 50 percent and

75 percent lap specimens) extended the linear load-deformation range

of the joint. Furthermore, an increase in web lap reduced the

distance between the axes of the incident web members at the chord

L'..;: r"-: l

i::;ail- i.;
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wall. This reduced the applied joint

decrease in joint deformations in the

3.5) Buckting of the Compression l,Jeb

moment and usually resulted in a

linear load-deformation range.

Compression web buckling failures were observed in 37 of the 6l

test specimens. Because of the ìarge in-plane joint moments, the

buckling consistently occurred in the plane of the specÍmen. In

addition, the specimen support conditions accommodated in-plane

buckling while they hindered out-of-plane buckìing.

The compression web buckling was inelastic in nature, as the Lrlr,
ratios for the compression webs in the specimens ranged from 30-67.

Buckling failure was characteristic of both joint--member and

member type failure modes. In joint--member failures, however, it
occumed prematurely because of large end-moments created by excessive

chord wall deformation. Consequently, the compression web typically

bent slowly away from the tension web as the ultimate load was

approached and buckìing usual'ly followed. Figure 3.25 illustrates a

buckling faiìure of this type

In a member failure in which the compression web buckled, it
behaved as a column with a pinned support at one end and fixed

support at the other, as shown in Figure 3.26(a). l,lhen the buckling

load was reached, the maximum chord face deformation at the base of the

compression web was usually smaller than one percent of the chord

diameter. As a result, the end-moment app'lied to the compression web

was small. Thus, buckling could occur in either direction in the

plane of the specimen, as u,as evídenced in specimens 3D75,5D50,6D75,
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6F75 and 5E00.

Several of the 3.50-inch diameter compression webs experienced a

local wall crippìing at the cropped-end due to stress concentrations

caused by the geometry of the cropped-end. CSA Standard 516.l states

that for circular hollow sections, local buckling should not be a

problem providing drltr is less than or equal to 2600/Fr, where dr

and tr are the compression web diameter and thickness, respectively,

and F.. is the materiaì yieìd strength. The tests suggest, however,
v

that for cropped-web members, the dt/tt ratio shou'ld be smaller than

lOOO/Fy to ensure that a local buckling failure does not occur at the

cropped end.

Post-buckling behaviour in member faílures was also characterized

by compression web crippling near the joint opposite the web inter-

connection, as shown in Figure 3.26(b).

3.6) Circumferential Chord Strains

As illustrated for specimen 4E75 in Figures 3.27 and 3.28, the

circumferential strain v',as approximate]y zero adjacent to the inter-

connection of the webs and it gradualìy increased along the base of

the joint, to a maximum at the joint extremÍties. Figure 3.27 shows

that the chord strains were proportional to the apptied load, up to

the approximate yie'ld strain of the chord material.

In the elastic range of the chord materiaì, the joint tended to

rotate as a unit, with approximateìy equal maximum circumferential

chord straíns at the joint extremities. However, as these strains

approached yield magnitude, the chord walì became unstable beneath the

compression web and large deformations resulted. - Beneath the tension

i'- :

l.:..:,:. r:1".:

i:ìr r:ì:.:.
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þ,eb, chord wall stabiìity was not a problem, and the deiormations

remained small. Furthermore, as the webs rotated at the joint, the web

loading enhanced further rotation in the compression web but it
hindered the rotation of the tension web. This behaviour caused the

circumferential chord strains to be largest adjacent to the

compression web. This is il'lustrated in Fígures 3.27 and 3,28.

The circumferential chord strain distributions at cross-sections

corresponding to the joint extremities are indicated in Figures 3.29(a)

and 3.29(b). It can be seen that the maximum circumferential strains

occurred at the loaded chord face. The strains decreased substantially

wíthin an inch of the joint, changÍng from compression to tension.

Figures 3.29(a) and 3.29(b) illustrate that inflection points occurred

at 25 to 30 degrees from the vertical. These inflection points

remained virtually stationary in the linear range.

The influence of the various joint parameters on circumferential

chord strain was simi'lar to their effect on chord deformation, since

both were related to local chord wall bending. Figures 3.30, 3.31,

3.32 and 3.33 show the typical variation in circumferential chord strain

as it was influenced by the ioint parameters, to/do, dtldo, Lt/rt, and

web lap, respectively.

In general, an increase in toldo produced the most significant

reduction in chord strains. An increase in web lap usuaììy resulted in

a small decrease in chord strain.

The effect of dr/do on the maxímum circumferential strain was

generally small and inconsistent. However, a decrease in Lr/rr usually

decreased the circumferential chord strains.

ii1,i,+r',rr,il"Ì
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Although the circumferential chord strains *.re generally more

severe than the longitudinal ones, evidence of chord wall yielding

,adjacent 
to the crotch in specimen 3E00, shown in Figure 3.34¡ suggests

the presence of ìarge longitudinal stresses in this area. This

behaviour occurred when the chord wall was relative'ly flexib'le in

comparison to the webs.

3.7) Compression Member Strain Measurements

The longitudinal strains measured at the mid-lengths of the

compression webs were usually non-uniform, indicatinþ both in- and

out-of-plane bending. The compression web mid-length load-strain

behaviour shown in Figure 3.35 for specimen 4G50, was typica'l for

specimens with toldo ratios ìarger than 0.03. It was often observed

that for these specimens, as for specimen 4G50, the out-of-plane

bending was larger than the in-p'lane bending. However, as the mid-length

longitudinal strains approached yield magnitude, in-plane bending began

to dominate and buckling followed immediateìy. In specimens with toldo

ratios smaller than 0.03, in-pìane compression web bending generalìy

dominated over the entire ìoad range.

Figure 3.36 indicates the load-strain behaviour at a compression

web section near the joint for specimen 4G50. The longitudinal strain

distribution was highly non-uniform. The straíns u,ere ìarge in the

plane of the specimen, indicating a stress concentration.

Perpendicular to this plane, the longitudina'l strain was comparativeìy

smal'1. This was typical behaviour near the cropped-end of the

compression web.
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, [n addition, large in-plane end-moments tending to bend the

compression web away from the tension web were indicated by the strain

measurements near the joint. However, the magnitude of these end-

moments was heavily infìuenced by the toldo ratio, as illustrated in
Figure 3.37. It can be seen that as the toldo ratio increased, the

difference in the in-plane'longitudina'l strains near the joint :

decreased. In specimens 3D75, 5D50, 6D75, and 5E00, in which the

compression web buckled toward the tension web, the in-plane strains

near the joint were approximately equal, indicating pure axiaì load..

It was observed, usuaìly in specimens with toldo ratios larger

than 0.03, that a moment reversal such as indicated in Figure 3.38,

occured in the compression web near the joint as buckling progressed.

The deformation of the chord face initÍally produced a compression web

end-moment. However, as buckling proceeded it was evident that the

chord wall resisted further deformation and the moment reversed. The

compression web typícally buckled in double curvature with an inflection

point near the joint as shown in Figure 3.39.

The distribution of longitudinaì compression web strain is

illustrated in Figure 3.40 for specimen 4G50, at a tension web load of

ì 33 kN (29.9 ki ps ) . The non-uni form strai n di stri buti on i s c'lear'ry

illustrated. NeverthelesS, the average comþressive mid-ìength strain

(-0.0491 percent) was found to agree very well with the computed strain

(-0.0487 percent) assuming an E value of 200,000 Mpa (30,000 ksi).

3.8) Tension l,leb Strain Measurements

Strain measurement on the tension web was limited to locations

!.: aj
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a) Compression web buckling -
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Specimen 4D00.
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b) Compression web deflection - Specimen 4D00.

Fíg. 3.39 - Illustration of compress'ion web buckling in double curvature.
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near the joint. Figure 3.4ì shows the longitudinãl tension web load-

strain behaviour near the cropped-end for specimens 4G50. As for the

compression web, the strains ín the plane of the specinen were ìarge

relative to those in the perpendicular one. Furthermore, because of

joint rotation, the in-plane longitudinaì strains were generally larger

on the side facing the compression web than on the side opposite it.
The longitudinal strain was also measured at the toe of the

tension web. îhe strain measurements indicated that the strains in

this area were approximate'ly equa'l to those circumferential chord

strains measured next to the compression web

The longitudinal strain distribution in the tension web near the

joint is illustrated in Figure 3.40 for specimen 4G50.
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CHAPTER 4

CONCLUSIONS AND RECOMMENDATIONS

4.1) Conclusions

Based on the testing of 6ì isolated Pratt-type cropped-web joints

involving circular hollow sections in which the influence of three

ioint parameters, the chord thickness/width ratio, the web diameter/

chord diameter ratia, and the web lap, was investigated, the folìowing

conclusions have been reached.

t) The ultimate strength of a cropped-web joint involvÍng a round

chord can be estimated with the following equations:

,1, = (t,todooo./d)ia.so + 40. z(dt/doJ2 - I 44(to/do)] o.t

;, =(t,todooo"/d,[10.5 + 40.6(drldo), - ]7l(to/do)l 0.,

Equation 4..l is valid over a toldo range of 0.02 to 0.07, a

ü/do range of 0.3 to 0.8, and a range of web lap from zero to

75 percent. The same applies for the second equation with the

exception that for toldo ratios smaìler than 0.045, the valid

range of web lap is restricted to 50 to 75 percent.

2) The strengths of cropped-web joints are sìight'ly smalrer than

those of profiled-web ioints when toldo is smailer than 0.05.

3) The respective joint flexibilities along the compression and

tension web axes can be estimated using the foìlowing equations:

t. = þ,zro$þ+.2 + 0.278(dro/to)' - 0.1e6(dolto)'0v] 4.3

i.. .' .1:
l:1iìI:

i;:.,.',.,'.'.J,
Ir.1rn r::, r:'- '
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r¡ =(a"/tafr[r0.3 + 0 .z1s(do/to)' - 0.286(o"Ztol,ou] 4.4

The flexibility equations are valid over a to/do range of 0.02

to 0.07, a drldo range of 0.3 to 0.8, and web laps of zero to

75 percent.

4) Cropped-web joints generaìly display more ductile behaviour than

do profiled-web joints, especially when drldo is 'large.

5) The contribution of joint deformation to truss deflection is

usual'ly 'less than 20 percent. However, it may become excessive

for zero lap joints with toldo ratios smaìler than 0.04.

6) Cropped-web joints involving round chords are onìy one-third

to one-half as flexib'le as similar square chord cropped-web

joi nts .

7) The Lt/rt ratío was found to have a significant influence on

the behaviour of a cropped-web joint.

8) In general, the performance of a cropped-web joint may be

improved by increasing the toldo ratio, the drldo ratio, and

the web lap, and by decreasing the Lt/rt ratio of the

compression web.

4.2) Design Reconrnendations

The use of cropped-web joints for staticaìly loaded"trusses

consisting of circular hollow sections should conform to the fo]lowing

recommendations.

In general, it would be good practice to design truss chord

members with toldo ratios of about 0.04 or larger. Joint performance

could be improved further by overìapping the web members, and it is

i:.'r:::.t."
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strong'ly suggested to/do be larger than 0.045. A compression web

slenderness ratio of about 75 or larger (assuming K equals 1.0) would

insure that the ultimate load capacity of the joint exceeds that of the

compression web, thus alìowing the design to be based on the capacity

of the web member.

If toldo ratios smaller than 0.045 are unavoidable, ioints with at

least 50 percent 'lap and compression webs with slenderness ratios

smaller than 90 should be employed to provide adequate strength and

stiffness. In these cases, the joint strength usualìy governs the

design.

In any case, within the specified parameter limitations, the

ultimate joint load should be estimated using equations 3.1(b) or

3.2(b) and then compared to the ultimate capacity of the incident web

members.

4.3) Recommendations for Future Research

Further research should be directed towards investigating the

influence of the compression web slenderness ratio on the performance

of cropped-web joints between circular holìow members. The ultimate

loads of several of the isolated joint specimens were determined by

compression web buckìing. Had the compression web lengths been varied,

significant differences in the ultimate ìoads would have resulted.

Web laps larger than 75 percent, and in particuìar, the lap that

corresponds to the specific case where the axes of the incident web

members intersect at the chord face, should be investígated. This

geometry would eliminate the moment produced at the chord face by the
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- webs which, in many cases, induced premature web member failure.

The effect of compression and tension web members of unequa'l diameter

and the influence of the web thickness to web díameter ratio on the

joÍnt performance require further study.

Finally, ioint geometries other than a pratt N-configuration

should be investigated.

l,:r ,;.
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APPENDIX A

STEPWISE MULTIPLE LINEAR REGRESSION ANALYSIS

Equations 3.ì(a), 3.2(a),3.3, and 3.4 were generated by means of

a stepwise multiple linear regression analysis (chebib et al. 1976)

briefly descríbed herein. The development of equation 3.r(a) is
described. A simiìar procedure was used for the other

equati ons .

Before the actual regression procedure was employed, the ultimate

ioint loads urere expressed in terrns of various dimensionless strength

parameters such as Jr/tfoo., Jr/todooo., Jrdr/trtodooo" and so on.

These were then plotted against the ioÍnt parameters (toldo) and

(drldo). From inspection of the various ptots, it could be seen which

strength pai'ameters and joint parameters correlated best. The best

correlation was found between Judl/trtodooo. and the dlldo ratio.
Thus, Judl/trtodooo. was chosen as the dependent variable in the

regression analysis.

All 6l of the test results were used in the anaìysis. A totaì of

23 independent variables, consisting of the three joint parameters,

to/do, dr/do, and 0u, including various multipìes and cross-muìtipìes

of these, were investigated. In step one of the regression program,

the dependent variable was chosen for the equation. In this case,

drldo was chosen. Table A-l shows the typical output of the regression

program, indicating the equation and pertinent information for the

analysis of variance. l^lith one independent variable entered the
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regression equation took the form

Judr/trtodooo. = 3.60 + 36.4(drld)2 A-l

The variab'le (d, /d)' accounts for 8.l.7 percent of the variation

inJd-lt-tdouI roooe

In step two of the regression program, a second independent

variable which had the highest correlation with Judr/trtodoooe, with

the condition that (drldo)2 had already been entered, was chosen.

Thus, the variable (toldo) was entered next. Table A-2 indicates the

results of this step. The regression equation with two variables now

took the form

Judr/trtodooo. = 8.96 + 40.z(dL/d)z - 144(to/do) A-z

l,lith the two independent variables entered, g4 percent of the variation

in Judr/trtodoooe ràs accounted for.

This process continued until alt of the variables were eventuaìly

entered. Howeùer, because it is desirable to use as few variables as

possible the regression equation at the end of step two was chosen. The

analysis of variance proceeded as follows.

First, the F-test was performed to test the null hypothesis that

the coefficients of the independent variab'les were zero, or in other

words, that the independent variables did not significantly influence

the dependent variable. As shown in table A-Z the calculated F-value

was 451. This u,as compared to F(À, vr, vr) obtained from statistical

tables, where \=1-s./2 is the confidence level and a is the significance

level, vr is equaì to the number of independent variables, and vz is

the degrees of freedom equal to 6l-l-vr. Thus, for a significance
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Table A-l - Results of Step-wise Muìtiple Regression Anaìyses.

STEP I

üARIABLE ENTERED.. .. .19

suM 0F SQUARES REDUCED IN THIS STEP. ....t 874.297
PROPORTION REDUCED IN THIS STEP. 0.817

CUMULATTVE SUM 0F SQUARES REDUCED ..1874.297
CUMULATIVE PROPORTION REDUCED.. 0.817 OF ?293.516

FOF ] VARIABLES ENTERED
MULTIPLE CORRILATION COEFFICIENT..... 0.904

(ADJUSTED FoR D. F. ) . . 0.904
F-VALUE FOR ANALYSIS OF VARIANCE 263.784
STANDARD ERROR OF ESTIMATE.... .. 2.666

(ADJUSTED FoR D. F. ).. 2.666

Table A-Z - Results of Step-wise Multip'le Regression Analysis.

STEP 2

VARIABLE ENTERED. . .. . .9
suM 0F SQUARES REDUCED IN THrS STEP. 280.616
PROPORTION REDUCED IN THIS STEP. 0.122

CUMULATIVE SUM 0F SQUARES REDUCED ..2154.912
CUMULATIVE PROPORTION REDUCED... 0.940 OF 2293.516

FOF 2 VARIABLES ENTERED
MULTIPLE CORRELATION COEFFICIENT. .... 0.969

(ADJUSTED FOR D.F.)............. 0.969
F-VALUE FOR ANALYSIS OF VARIAI'ICE 450.872
STAI'IDARD ERROR OF ESTIMATE........... I.546

(ADJUSTED FOR D. F. ). . I .559

VARIABLE
NUMBER

l9

VARIABLE
NUMBER

't9

9

REGRESSION STD. ERROR OF COMPUTED

COEFFICIENT REG. COEFF. T-VALUE

36.38042 2.23997 16.241

REGRESSION STD. ERROR OF COMPUTED

COEFFICIENT REG. COEFF. T-VALUE

40. 15448 I . 3449't 29.857
-144.21159 13.3081 4 -10.836

INTERCEPT .8,96263
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level of 0.1 percent, -l=99.95 percent and F(99.95; 2, 5A¡=7.78 (Dunn

,and Cìark 1974). Since this value was much less than 451, the nulì

hypothesis h,as rejected and therefore the independent variab'les are

si gni f i cant at the 0. 'l percent I evel .

The statistical significance of the coefficients can also be

determined by comparing the T-values calculated in table A-2 with the

tabulated t-value, t(À;vz). From statistical tables (Dunn and Clark

1974), t(99.95%; 58) was found to be equal to 3. 47, which is less than

both of the calculated T-values, which were 30 and ll. Therefore, the

coefficients are also significant at the 0.1 percent level.

To demonstrate the confidence with which equation 3.1(a) predicts

the ultimate loads, a 99.9 percent confÍdence belt was determined for a

constant to/do ratio of 0.04. In other words, there is 99.9 percent

confidence that the actual resu'lt will fall within the range of this

belt. The confidence beìt was calculated as follows:

CB(Judl/trtodooo.)= (Jrdr/trtodooo") predi cted

t tr -ot

where S = 1.56 (the standard deviation)

1ì = 6l (number of observations)

Xr

X,

t-
and Ç=

= ((d t/d)2 - 0.2s96)

= ((toldo) - o.o439g)

s = I - 0.999 = 0.1 percent (confidence level)
1:..::¡

i'i: :ì:il
I o.ruro

| -' .,oo

-1.940 
I 

(covariance vaìues)

74.13 j
to.oo, = 3.45 (from statistical tables)
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Figure A-l illustrates the confidence belt for a constant toldo

ratio. It can be seen that even with a 0..l percent confidence level

the confidence belt is narrow. This indicates that equation 3.1(a)

gives an excellent prediction of joint strength. Similarly, confidence

belts can be determined for other values of toldo.

Last'ly, table.A-3 lists the actual test results, the predicted

results using the regression equation, and the residuals.
li.'-:'ì.:',':.

l: ''.'i
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35

Judr/trtodooo. = g.g6 + 40.z(dLldo), - t44(to/do)

The test results indicated have telds
ratios of approximately 0.04.
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Fig. A-l - Strength prediction confidence belt for toldo = 0.04.
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Table A-3 - Values of Independent Variables Using Equation A-2.

li"::i:

t. . .:..

CASE NO. TEST VALUE ESTIMATE RESIDUAL

I
2
3
4
5
6
7
I
9

t0
lt
12
l3
l4
l5
l6
17
l8
l9
20
21
22
23
24
25
26
27
28
29
30
3t
32
33
34
35
36
37
38
39
40
4l
42
43
44
45

8.67000
'' I I .48000
12.15000
1 I .69000
9.82600

I 0. 61 000
7.77100
9. 46500
8.56300
6.88900
6. 71 000
7. 7t 800
6. 85000
6.64700
6 .201 00
4. 02600
4.40600
4.46600
7.98600

I 4.46000
I 6. 60000

8. 991 00
12.24000
I 5. I 8000
I 2. 40000
I 0. 50000
'l 0. 71000
9.37700

I 0.56000
'10.85000

9.69900
9. 33400
9.08600
5. 87300
6.01 800
s.75000

I 7.38000
I 9. 46000
I 4.84000
I 6.65000
I 4.65000
14.79000
I 5. 86000
t 3 .92000
14.27000

ì I .50735
I I .5309t
1 I .51 383
I 0. I 5098
I 0. I 6025
10.11277
8.3.l 878
8.35122
8.37347
8.5531 7
8.19471
8.60859
7.12794
7. I t99l
7.'12031
4.46054
4.37842
4.26418

I 3.83444
I 3. 90835
't 3. 8827.|
12.51802
12.42713
12.55325
10.72340
I 0. 691 28
I 0. 74906
10.45142
t 0.53600
I 0. 49573
9.02823
9.01217
8.94049
6.25001
6.12607
6.08089

'l 6.23857
l6.t84ll
| 4.44637
14.43277
I 4. 4t09t
I 4. I 4401
14.19770
t 2 . 54001
12.s8741

-2.83735
-0. 05091
0.6361 7
I .53902

-0. 33425
0.49723

-0.54778
r.ll378
0. I 8953

-1.66417
-1.48471
-0. 89059
-0.27794
-0.47291
-0.91 931
-0. 43454
0.02757
0.20182

-5.84844
0. 55t 64
2.717?8

-3.52702
-0. ì 87ì 3
2.62675
L 67660

-0.19128
-0.03906
-1.07442
0.02400
0.35427
0.67077
0.32t 83
0.14551

-0.37701
-0. I 0807
-0. 33089
1.14142
3. 27588
0. 39363
2.21723
0. 23909
0. 64599
I .66230
I .37999
I .68259
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Table A-3 - Con't.

\:.:). .\:.ij, Il
l _ i.';. i r

l:..:ì....i]
: i: 1

CASE NO. TEST VALUE ESTIMATE RES I DUAL

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
6l

l0
l0
t6
l8
l9
t8
l9
l5
l5
25
27
29
24
27
21
22

58000
20000
73000
85000
82000
I 9000
55000.
06000
57000
95000
30000
39000
63000
59000
87000
93000

t0
l0
l9
t9
t9
17
17
t5
l5
27
27
27
26
26
23
23

44.l 05
54907
54665
65868
52205
59564
80786
41687
3931 7
s4930
52213
39883
22636
321 55
71661
87192

0. I 3895
-0. 34907
-2.8.l 66s
-0.80869
0.29794
0. 5943s
1.74213

-0.3s687
0. t 768s

-l .59930
-0.22214
l.99ll7

-l .59637
1.26845

-1.84662
-0.941 93
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APPENDIX B

CAPACITY REDUCTI0N FACTOR 0

As stated in the LSD handbook, the capacity reduction factor is a

factor applied to a specific material property or the resistance of a

member, connection or structure. foi tne limjt state under

consideration, it takes into account the variability of material

properties, dimensions, workmanship, type of failure, and uncertainty

in prediction of member resistance. The LSD handbook suggests a 0

factor of 0.9 for connections. However, it has been suggested by L.

Kennedy of the University of Windsor that the Q factor should be

developed on a statistical basis from the test resutts using the

fol lowing formu'l ations :

g = lR /R 1"(-vßVp)' m' n'

where Vp

Rm

Rn

Y

ß

vm

vP

vF

mean resistance from tests .

nomina'l resistance as expressed by the design criteria

a numerical factor equal to 0.55

a safety index (equaì to 1.5 for welded connections)

coefficient of variation of the materiaì yield strength

coefficient of variation of the professional assumptions

coefficient of variation of the test/predicted results,

the fabrication, or the manufacturing.

vfr+vp+vfr
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The value of R*/Rn was calculated as the ( J, T.rt/Ju predicted)

/no. of test samples. The coefficient of variation of the material

yield strength (Vr) was computed to be 0.078, V, was assumed to be 0.05'

and for V* the coefficient of variation for the particular strength

equation u'Jas used.

Thus, for equation 3.ì(b) the capacity reduction factor was

computed as follows:

(Ju fest/Ju predicted)/6.| = 1.02

vR=

vR = o'148

-r0.55)(0.r48)(1.5) = 0.903and 4 = 1.02e \v'vwl\v'rre¡l\""t = 0.903

Similarlyo the capacity reduction factor for equation 3.2(b) is

Q = t.ole-(0.55) 
(0.122)(1.5)

O = 0.913

As both values are approximately 0.9, the capacity reduction

factor for equations 3.1(b) and 3.2(b) can be taken as 0.9.

l.::.:.

i..',.ì:l


