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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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INTERNATIONAL STANDARD ISO 14346:2013(E)

Static design procedure for welded hollow-section joints —
Recommendations

1 Scope

This International Standard gives guidelines for the design and analysis of welded uniplanar and
multf joiTts T i i ; gular (RHS)
sections, and of uniplanar joints in lattice structures composed of combinations ofholjow sections
with|open sections under static loading. This International Standard is applicable te'CHS ¢r RHS Y-, X-
-joints and their multiplanar equivalents, gusset plate to CHS or RHS joints, epen-sectjon and RHS
to CHS joints, and hollow-section to open-section joints.

ormative references

The following referenced documents are indispensable for the applic¢ation of this document. For dated
referfences, only the edition cited applies. For undated references, the latest edition of th¢ referenced
document (including any amendments) applies.

ISO 430 (all parts), Structural steels
ISO 14347, Fatigue — Design procedure for welded hollpw=section joints — Recommendations

ISO/TR 25901, Welding and related processes — Voéabulary

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 14347, ISO/TR 25p01, and the
following apply.

3.1
chord face failure

chord plastification

plastfic failure of the chord face or plastic failure of the chord cross-section

3.2
chord punching,shear
crackinitiation in a hollow-section chord wall leading to rupture of a brace member from the cHord member

3.3
chorid(side wall failure
chordweb failure
yielding, crushing or instability (crippling or buckling of the chord side wall or chord web) under the
relevant brace member

3.4

cross-section classification

identification of the extent to which the resistance (to axial compression or bending moment) and
rotation capacity of a cross-section are limited by its local buckling resistance

Note 1 to entry: For example, four classes are given in Eurocode 3 (see EN 1993-1-1) together with three limits on
diameter-to-thickness ratio for CHS or width-to-thickness ratio for RHS.

© IS0 2013 - All rights reserved 1
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joint configuration
type or layout of the joint or joints in a zone within which the axes of two or more interconnected

members or

3.6
local chord

elements intersect

member yielding

local buckling of the chord connecting face in an overlapped joint

3.7

local yielding of overlapping brace

local yieldi
local yieldi
local yieldi
crackingint

3.8
multiplana
in a lattice s

39
structural |
resistance t

3.10
uniplanar j
in a lattice s

4 Symbg
A Crosf
Ag shea
be effec
Dei effeq
bej effec

be,ov effed

,ls Uf \VAA >} :app;us p:atc

hg of brace

ng of plate

he weld or in a brace member, or local buckling of a brace member with reduced effeetive v

I joint
tructure, a joint connecting members situated in more than one plarne

properties of a joint
h forces and moments in the connected members, deformation and/or rotation capacit

[t)lflrll(fture, a joint connecting members situated in a‘single plane

)Is and abbreviated terms

-sectional area of memberi (i =0, 1,.2)

I area of a chord member

tive width of a plate or RHS:hrace member

tive width of an overlapping RHS brace member at the chord connection
tive width of an oveflapped RHS brace member at the chord connection

tive width of-an.overlapping RHS brace member at the overlapped brace connection

vidth

bep  effeqtive widthyfor punching shear

bj overall put-of-plane width of a plate or RHS or I- or H-memberi (i =0, 1, 2)

bw effectivewidthfor-the-webof atr -or H=sectiomor RHSside-watt

C1 coefficient used in the chord stress function Qfas shown in Tables 2, 4, 6, and 9
c coefficient defined in Table 13

Cs coefficient for effective shear area

de effective width of a CHS brace member

dej effec

dej effec

tive width of an overlapping CHS brace member at the chord connection

tive width of an overlapped CHS brace member at the chord connection

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=489b1ec19d1989ae105eccd0be117e12

Fax

ISO 14346:2013(E)

effective width of an overlapping CHS brace member at the overlapped brace connection
overall diameter of CHS memberi (i=0, 1, 2)
depth of the web of an I- or H-section chord member (d, = hg —2tg -2r)

noding eccentricity of a joint, shown in Figure 1 h), with a positive value of e representing an
offset from the chord centreline towards the outside of the truss

axial force in a brace member

gap,

Fgap,

.0 design value of the shear force in a chord member‘at'the gap location

| H s £, 4] L. - 1 pa 1 N ) 1 4
UTSISITTTSISTAIILT TUT LIIT dAIdT TUT LTI 4 LITUT U THTITIITUTT dU T 5dpP TULAUIULT

design value of the axial force in a chord member at the gap location

design resistance of the joint, expressed in terms of the axial force in mémber i (i = 1, 2)

design value of the axial force in memberi (i=0, 1, 2)
axial yield capacity of a chord member

design resistance for the shear force of the brace to chofd)connection in an overlapped joint

shear yield capacity of a chord member

design value of the shear force in a chord\member

gap between the brace members in a'K- or N-joint, defined in Figure 1 h)
transverse gap in KK-joints, défined in Figure 1 n)

overall in-plane depth ofaplate or RHS or I- or H-section memberi (i=0, 1, 2)

distance between the.céntres of gravity of the effective parts of the brace (beam) ag shown in
Table 12

integer subscript used to designate a member of a joint:
0 dewotes a chord member;
1,2 denote the brace members.

In joints with two brace members, 1 normally denotes the compression brace and 2 [the tension
brace. For a single brace, i = 1 whether it is subject to compression or tension. For arn| overlap

ky
L, eff.

fp,eff.

M;

ip,i

typejoint;istheintegersubscripttodesignatethe overlapping brace
integer subscript used to designate the overlapped brace member in overlap type joints
factor defined in Table 3

effective perimeter for local yielding of the (overlapping) brace

effective perimeter for chord punching shear

design value of the moment in memberi (i =0, 1, 2)

design resistance of the joint, expressed in terms of the in-plane moment in memberi (i =1, 2)

© IS0 2013 - All rights reserved 3
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Mip, i

*

M

Mop,i
Mpl,O

n

Ov

op,I

design value of the in-plane moment in member i (i = 1, 2)

design resistance of the joint, expressed in terms of the out-of-plane moment in memberi (i =1,

2)
design value of the out-of-plane moment in memberi (i =1, 2)
plastic moment capacity of a chord member

factor to account for chord stress in Q¢ function (see applicable table)

0, =1x100%

overlap ratio, expressed as a percentage P

Oy, limitoverlap limit for brace shear check

p

Qr
Qu
Qub

I'o

ti
tw
Wel,i

Wpl,i

length of the projected contact area of the overlapping brace member onto the/face of the clpord,

in the absence of the overlapped brace member, in a K- or N-joint, defined/in Figure 1 i)

chord stress function as defined in Tables 2, 4, 6, and 9
func

func

length of overlap, measured at the face of the chord, between one brace member toe and th
positiion of the other projected brace member toe, in'a\K- or N-joint, defined in Figure 1 i)

fillet{radius of an I- or H-section
external corner radius of an RHS

wall thickness

ion in the design resistance equation as defined in Tables 2,8, 4, 6, 7, and 8

ion in the design resistance equation for brace bending.as defined in Table 4

3%

wall thickness (for CHS or RHS) otflange thickness (for I- or H-section) of memberi (i =0, 1, 2)

web thickness of an I- or H-séction
elastiic section modulus®@fmemberi (i=0, 1, 2)
plastlic section moduliis of memberi (i =0, 1, 2)

factdr used inthe expression of Ag in Tables 6 and 11

ratio| of thesmean diameter or width of the brace members, to that of the chord

d d h

for T, Y- and X-joints B=— or — or —
0 by by
o _dy+d, by +b, by +by+hy+hy
for K- and N-joints B 2dg 20, b,
b
for plate to CHS p=-L
do

© ISO 2013 - All rights reserved
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b
for plate to RHS p=-—2
by
do by
ratio of the chord width or diameter to twice the chord thickness 7= 2t or 2
0 0
partial load factor on applied loading
partial safety factor on joint resistance
hy hy
ratio of the brace member depth to the chord diameter or width 1 =d_ or 3.
0 0

included angle between brace member i and the chord (i = 1, 2)
slenderness

multiplanar factor defined in Tables 5 and 10

design stress for chord side wall failure

ultimate tensile stress

yield stress

yield stress of memberi (i=0, 1, 2)

angle between the planes in a multiplanar joint defined in Figures 1 j) to o), or resistance factor
reduction factor for (column) buckling
circular hollow section

rectangular hollow section

square hollow section

Requirements
followingreonditions are requirements for hollow-section joints.

$tee] grades shall be according to Clause 6.

Hollow-section joint types shall be according to Clause 7.

The nominal wall thickness of hollow sections shall be limited to a minimum of 1,5 mm.

For hollow-section chords with a wall thickness greater than 25 mm, the steel shall meet adequate
through thickness properties as specified in ISO 630.

The ends of members that meet at a joint shall be prepared in such a way that their cross-
sectional shape is not modified. Flattened end joints and cropped end joints are not covered in this
International Standard.

Where brace members are welded to a chord member, the included angle between brace and chord
(6) should be at least 30°. This is to ensure that proper welds can be made. For angles less than 30°,
confirmation that sound welds can be made should be obtained from the fabricator.

© IS0 2013 - All rights reserved 5
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— Ingap-typejoints, to ensure that there is adequate clearance to form satisfactory welds, the gap between
adjacent brace members shall not be less than the sum of the brace member thicknesses (t1 + t2).

— In overlap-type joints, the overlap shall be large enough to ensure that the interconnection of the
brace members is sufficient for adequate shear transfer from one brace to the other. In any case, the

overlap

ratio (defined in Clause 4) shall be at least 25 %.

— Where overlapping brace members are of different widths, the narrower member shall overlap the

wider.

— Where overlapping brace members with the same width have different thicknesses and/or different

strengt

— Ingapa
bending

— Ingapa
and i).
eccentr
account
previouy|
into acd
cases, t]
and bra

— For join
extendgd
acappl

h grzdpc the member with the lowest f_~n'! ;=value shall nvnrlzp the other member

hd overlap K-joints, the noding eccentricity, e, shown in Figure 1 h) and i), produces-a pri
moment which requires consideration when designing truss members.

nary

hd overlap K-joints, restrictions are placed on the noding eccentricity, e, showi in Figurg 1 h)

Within the specified limits (e < 0,25dg or e < 0,25hg), the bending montent due tq this

city is taken into account, for its effect on joint resistance, in the @f term (a functi

ount by distributing part of the total eccentricity moment to the brace members. (In

re bending moment.)

hte with a thickness of at least 1,5¢¢ or 10 mm.

40

e
[

Fy
Iy

N N ————.,

—

by

bn to

for chord stress at the connection face). If the noding eccentricty, e;exeeeds the limits in the
s sentence, the effect of the resulting bending moment on the joint'¥€sistance shall be taken

such

e joint resistance shall then be determined by checking theinteraction of brace axial load

ts with one (or both) chord end(s) not connected ¢te>other members, the chord shdll be
d from the centre of the joint over a length of 3,5dg/r 3,5b¢ or the end(s) shall be welded to

a) T-joint

© ISO 2013 - All rights reserved
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c) X-joint

© IS0 2013 - All rights reserved 7
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b,'\r

f) Y-joint (RHS chord) with brace in-plane bending

8 © IS0 2013 - All rights reserved
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i) overlap K-joint
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k) RHS TT-joint

10 © IS0 2013 - All rights reserved
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1) CHS XX-joint

Fy

© IS0 2013 - All rights reserved
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o) RHS gap KK-joint

Key

0 chord

1  compreskion brace
2 tension hrace

~=

overlapping’brace

j overlap edBrace

Figure 1 — Joints between hollow sections

6 Materials

This International Standard is valid for both hot-finished (hot-formed) and cold-formed steel hollow
sections. The manufactured hollow sections shall comply with the applicable national manufacturing
specification for structural hollow sections. The nominal yield stress of hot-finished hollow sections and
the nominal yield stress of the cold-formed hollow sections shall not exceed 460 N/mm?2 (MPa). Further
criteria are given in 11.3. These nominal yield stresses pertain to the finished product, at the stipulated
test locations.

12 © IS0 2013 - All rights reserved
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7 Joint types
The joints covered in this International Standard consist of:

— CHS or RHS as used in uniplanar trusses or girders, such as Y- (with T- a special case thereof), X-
and K- (with N- a special case thereof) joints (examples of which are given in Figure 1) and their
multiplanar equivalents;

— gusset plate to CHS or RHS joints (examples of which are given in Figure 2);

— open-section and RHS to CHS joints (examples of which are given in Figure 3);

— hollow-section to open-section joints (examples of which are given in Figure 4).

Geometric parameters for various joints are defined in Figures 1 to 4. Recommended-weld details for
hollgw-section joints are given in Annex B.

Fy

a
u
N
|
B
|
|
||
SR,

Fy

b) X-joint — transverse plate to CHS

© IS0 2013 - All rights reserved 13
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h 1 tl

________ eSS —— o
----------------- {1 ©
c) T-joint — longitudinal plate to CHS
Fy
hy ty

| I

| |
S I I t
-_-_-_-_} --------- ,.BO @

Fy

d) X-joint — lengitudinal plate to CHS

Fy

e) T-joint — transverse plate to RHS

14 © IS0 2013 - All rights reserved
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g)\T-joint — longitudinal plate to RHS

Fy

hy ty

© IS0 2013 - All rights reserved
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\
7

/
A\~

I

by

i) T-joint — longitudinal through plate to RHS

Figure 2 — Joints between gusset plates and CHS or RHS.chords

a) T-joint

|

|

|
1

|

|

|

|
dy

b) X-joint

16 © IS0 2013 - All rights reserved
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| Il o

c) T-joint

d) X-joint

Figure 3 — Joints between open section or RHS braces and CHS chords

© IS0 2013 - All rights reserved 17
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a) Y-joint

b) gap K-joint

c) overlap K-joint

18 © IS0 2013 - All rights reserved
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Key

j

8 }

Holld
conti
K- (W
joint

a) \

q

q

b)

q

q

\

q

c)

Exan

|
__._I\i\]____
| | 0 1
A
L o
(I 7
| Y
|
|
I

d) T-joint subject to in-plane bending

- or H-section chord
RHS brace (beam)

Figure 4 — Joints between CHS or RHS braces and open-section chords

oint classification

w-section planar truss joints consist of one or, more brace members that are directly|
nuous chord that passes through the joint. The classification of hollow-section truss-t}
thich includes N-), Y- (which includes T-) or\X-joints is based on the method of force tr{
not on the physical appearance of thejéint. The joint types can be defined as follows.

(Vhen the force component normalitg-the chord in a brace member (F;xsin) is equilibr

ghear in the chord member, the joint is classified as a T-joint when the brace is perpend|

hord, otherwise it is classified as a Y-joint.

[Vhen the force componentnormaltothe chord inabrace member (F;xsinf) is essentially
within 20 %) by loads.inrother brace member(s) on the same side of the joint, the joint

3s a K-joint. The relevant gap is, in principle, between the primary brace members

bquilibrate. An Nejoint is to be considered as a type of K-joint with one brace at 90°.

(Vhen the force-component normal to the chord (Faxsin8) is transmitted through the ch
ind is equilibrated by brace member(s) on the opposite side, the joint is classified as an

pleswfsuch classification are shown in Figure 5.

Whe

welded to a
ype joints as
insfer in the

ed by beam
icular to the

quilibrated
is classified
whose loads

prd member
X-joint.

h ‘hrace members transmit part of their load as K-joints and part of their load as T-, Y4

, or X-joints,

the adequacy of each brace needs to be determined by linear interaction of the proportion of the brace
load involved in each type of load transfer. One K-joint, in Figure 5 b), illustrates that the brace force
components normal to the chord member may differ by as much as 20 % and still be deemed to exhibit
K-joint behaviour. This is to accommodate slight variations in brace member forces along a typical truss,
caused by a series of panel point loads. The N-joint in Figure 5 c), however, has a ratio of brace force
components normal to the chord member of 2:1. That particular joint needs to be analysed as both a
“pure” K-joint (with balanced brace forces) and an X-joint (because the remainder of the diagonal brace

© ISO

2013 - All rights reserved
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load is being transferred through the joint), as shown in Figure 6. For the diagonal tension brace in that
particular joint, one would need to check that:

05Fs O
Fy Fy
where
Jo is the resistance of a K-joint;
K

*

Fy

20

isthe resistance of an Y-jninf

0,2F,, sinf

b)

© ISO 2013 - All rights reserved
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100% 0 100%
F,, K K F,,
o
X L 2
N\ Y | 7 5
NP2
? \50\ I|| /44/ @
NN\
_______ Nl
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0,5F,, cosf

Figure 6 — Checking of an N-joint with unbalanced brace member loads

9 Limit states design

The design methodology used herein is a limit states design (LSD) procedure, also called a load and
resistance factor design (LRFD) procedure. All loads are considered to be factored loads and the factored
load effect must not exceed the design resistance, where the design resistance is based on an ultimate

© IS0 2013 - All rights reserved 23


https://standardsiso.com/api/?name=489b1ec19d1989ae105eccd0be117e12

ISO 14346:2013(E)

limit state (or states) corresponding to the maximum load carrying capacity or the load at a maximum
deformation limit.

NOTE Inthe analyses for the determination of the design strengths, the assumed mean values and coefficients
of variation for the dimensional, geometric and mechanical properties are listed in Table 1.

Table 1 — Mean values and coefficients of variation for the dimensional, geometric and
mechanical properties

Parameter (actual measured/specified nominal ratio) Mean value Co‘fzfiiigit?g;of Effect
CHS or RHS thhickness, t; 1,0 0,05 Important
CHS diametdr, d;, or RHS width, b;, or depth, h; 1,0 0,005 Negligible
Angle, 6; 1,0 1° Négligible
Relative gap)g’ = g/to 1,0 0,06 Important
Relative chord stress parameter, n 1,0 0,05 Important
Yield stress, joy 1,18 0,075 Important

Mean values ¢r tolerances considerably deviating from these values can affect the resulting design value.

10 Partial load and safety factors for loads and resistances

10.1 The partial load factors for applied loading, for the ultimate (yr) limit state, shall be taken from the
relevant building code or specification being used.

10.2 Partial safety factors (ym) or resistance factors (@) for hollow-section joints have already [been
incorporatedl into the design resistance formulae given in Clauses 14 to 22. For informational purposes,
the partial spfety factors used in the various joint resistance formulae are given in Table C.1.

11 Static design procedures

11.1 Genefal

The static design procedures canbe summarized as the following three steps:
a) Step ong: determine theydesign member forces in the brace(s) and chord;
b) Step twp: determinethe design resistance of the joint;

c) Step thijee: apply design criteria to assess if the joint resistance is sufficient.

. I IIICITITOCT TUTTCCTY

The design member forces shall be determined using Clause 12.

11.3 Design resistance

The design resistance for various types of joints is given in Clauses 14 to 22, where the partial safety
factors listed in Table C.1 have already been incorporated. For material with a nominal yield stress (ay)
exceeding 355 N/mm?Z, the joint resistances specified in this International Standard shall be multiplied
by 0,9. In addition, if the nominal yield stress exceeds 0,8 of the nominal ultimate stress (oy) then the
design yield stress shall be taken as 0,80y,.
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11.4 Design criteria

The design member forces determined in 11.2 shall not exceed the design resistance given in 11.3 as
appropriate. The design criteria are given in Clause 13.

12 Design member forces

12.1 Analysis methods

12.1.1 For welded hollow-section structures, design member forces require determination by analysis

of th
into

12.1
a)
b)
]
1
\
12.1

12.1

ecceItricities e <0,25dy or e < 0,25h¢ for gap and overlap K-joints; these are as follows.

e complete structure, in which nodal eccentricity of the member centrelines at the joint is taken

hccount.

2 Simplified analysis methods are acceptable for triangulated trusses orclattice girders with

in-jointed analysis. Moments due to eccentricity need to be taken into aecount for the desi

on of chords.

[ontinuous chords with pin-ended braces. Axial forces and bendihg‘’moments in the members can

‘igure 7). This produces axial forces in the braces, and bothéxial forces and bending
he chord. This modelling assumption is particularly apppopriate for loads on the cho
vhich are away from the node points or panel points.

3 Rigid frame analysis shall be used for two- or thre€e-dimensional Vierendeel girders.

4 Other rational analysis procedures consistent with the joint stiffnesses may be used.

a b d

b C

Ibe determined using a structural analysis assuming a continuots'chord and pin-ended braces (see

moments in
rd members

Key

Q0 o o

© ISO

noding condition for most overlap connections
extremely stiff members

noding condition for most gap connections

pin

Figure 7 — Possible frame modelling assumption
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12.2 Design member forces

The following design member forces can be determined from 12.1:

Fi design axial force in the chord (i = 0) or in the brace (i = 1, 2);

Fso  design shear force in the chord;

Mip,;  design in-plane moment in the brace (i = 1, 2);

Mop,i design out-of-plane moment in the brace (i = 1, 2);

My desig

n moment in the chord.

13 Design criteria

13.1 Failu
Thedesignr
a) chord f3

re modes
bsistance of joints mentioned in 11.3 shall be based on the followingfailure modes as applig

ce failure or chord plastification;

b) chord side wall failure (or chord web failure);

c) chord s}
i) chordp
j) local yig
f) local ch
g) brace s}

These failun
shall be avo

13.2 Unip])

13.2.1 Gen
For joint typ

a) Forjoin

hear;
inching shear;

lding of (overlapping) brace (or plate);
prd member yielding;

jear.

e mode descriptions are usediin Tables 2 to 15, which list design resistances. Weld fa
ded.

anar joints

eral

swithintherange of validity givenin Tables 2 to 15, only failure modeslisted in the resist

tables

able:

ilure

ance

e€d, to be considered. The design resistance of a joint shall be taken as the minimum

ralue

for thesecriteria:

b) For joints outside the range of validity mentioned in a), all criteria given in 13.1 shall be considered.

c) Injoints with the brace member(s) subject only to axial forces, the design axial force F; shall not exceed
the design axial resistance of the welded joint F,-* , expressed as an axial force in the brace member.

13.2.2 Uniplanar joints with CHS chord

The following design criteria apply:

a) forover

lap joints, see 13.3;

b) for special uniplanar joints with braces on both sides of the chord, see 13.4;

26
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c) Injointswiththebrace member(s) subjected to combined bendingand axial forces, apply the following:

2
F. M. . M .
Fi | Do | Toni g
Fi | My, Mgy, i
where
Fi, Mip i, and Mop i are member forces determined in Clause 12;
F', My, and M, are design resistances determined in Clauses 14 and 15.

13.2}{3 Uniplanar joints with RHS chord

The following design criteria apply:

b) flor special uniplanar joints with braces on both sides of the chord, see 13.4;
c) for welded T-, Y-, X-, and gap K-joints between SHS or CHS brace members and SHS chofd members
nly, where the geometry of the joints is within the rangé of validity given in Tabl¢ 6 and also
gatisfies the additional conditions given in Table 8, the ®nly consideration is chord plastification;

a) Jor overlap joints, seel3.3;

d) ﬂn joints with the brace member(s) subjected to-&combination of bending and axia| forces, the
ollowing design criterion applies:

i D, op,I
Trt—+t—=—-<10
B My Mgy,
where
ki, Mip i, and Mop i are meémber forces determined in Clause 12;
| * * * are’design resistances determined in Clauses 17 and 18.
I, Mip,i and Mop’l-

13.2}4 Uniplanatjeints with CHS or RHS brace to I- or H-section chord

The following.design criteria apply:

a) foreverlap joints, see 13.3;

b) axial forces,
the following applies:
i+h <1,0
Fi Mg,
where
Fiand Mjp are member forces determined in Clause 12;
Fi* and Mi*p,i are design resistances determined in Clause 21.
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13.3 Uniplanar overlap joints with a CHS, RHS, I- or H-section chord

Requirements are:

a) the design axial forces in overlap joints shall not exceed the design axial resistances given in
Tables 13 and 14;

b) thelocalyielding of the overlapping brace criterion and the local chord yielding criterion in Table 13
always apply;

c) the brace shear criterion in Table 14 should only be checked if Oy > Oy Jimit:

Ov,l
Ov,l

For overlap

28

mit = 60 %if the hidden seam of the overlapped brace is not welded,
mit = 80 %if the hidden seam of the overlapped brace is welded.

oints with h; < bjand/or h; < bj, the brace shear criterion shall always be chécked.

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=489b1ec19d1989ae105eccd0be117e12

ISO 14346:2013(E)

13.4 Special uniplanar joints

The design resistance of several types of special uniplanar joints shown in Figure 8 a) to d), which are
not dealt with in 13.2 and 13.3, can be directly related to that of the basic types (i.e. X and K).

Figure 8 — Special types of uniplanar joints

The following criteria apply:

a) inthejointin Figure 8 a), F; < Fl*, in which Fl* is the design resistance of an X-joint given in Table 2
or Table 6;
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X-joint given in Table 2 or Table 6, where Fi* sin@; is the larger of Fl* sin@; and FZ* sin@,;

in the joint in Figure 8 ¢), Fy

K-joint, given in Table 2 or Table 6 — the force in the chord is the total chord force;

d)

in the joint in Figure 8 d), F;

SFl* and F, <

K-joint, given in Table 2 or Table 6.

Further, the

For CHS gap|

F, gap,0

following chord shear criteria apply at section 1-1 in Figure 8 d)
joints:

F, s,gap,0

Fpl,O

|

in which Fgg
force in the

and Fs'pl‘o 1S

For gap join

2
Fs,gap,O
Fs,gap,O g FS,pl,O = 0, 58O-y0AS and Fgap,o gap, 0~ (AO —-A )O- 0 +A Gyo 1- F—
s,pl,0
in which Ag |s given in Table 6 for RHS chord joints, and\Table 11 for I- or H-section chord joints.

13.5 Multiplanar joints

13.5.1 Mul
For multiplg

In each reld

satisfied using the design resistance with the multiplanar factors given in Table 5.

13.5.2 Mul
For multiplg

In each reld

F, s,pl,0

2 2
+[ J <1,0

b,0 is the design value of the axial force in the chord, Fsgap,o0 is the désign value of the §

thord, both at the gap location. Fy,o is the axial yield capacity of the¢hord, i.e. F, o =4
24
the shear yield capacity of the chord, i.e. Fs p10=0, 586 2
T

's with an RHS chord or an I- or H-section chord:

fiplanar joints with CHS cherd
nar joints with CHS chord, ds described in Clause 16, the following design criteria app

vant plane of a multiplanar joint, the design criteria given in 13.2.1 and 13.2.2 sha

fiplanar joints with RHS chord
nar jointswith RHS chord, as described in Clause 20, the following design criteria app

vaht.plane of a multiplanar joint, the design criteria given in 13.2.1 and 13.2.3 sha

satisfied usingthe design resistance with the multiplanar factors givenin Table 10. |

14 Design resistance of uniplanar CHS braces to CHS chord joints

14.1 Design axial resistance

The design axial resistance of uniplanar CHS to CHS joints shall be determined using Table 2.

30

in the joint in Figure 8 b), F; sin@; +F, sin6, SFi* sin@;, in which Fi* is the design resistance of an
SFl* and F, SFZ*, in which Fl* and FZ* are the design resistances of a

* * *
F,,in which F; and F, are the design resistances of a

hear

GyO'

y.
1l be

y.
11 be
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Table 2 — Design axial resistance of uniplanar CHS braces to CHS chord joints

Limit state

Axially loaded joints with CHS braces and chord

. . * Gyotg
Chord plastification F; =Q,0¢
sin6;
Chord punching shear x 1+sin6;
(for dISdO_ZtO) Fi _0'580-}’01[: ditoz sin29'
1

Function Q,

T- anjd Y-joints _ 2\ 0.2
See Higure 1 a) and Figure 1 b) Oy _2’6(1+6’8ﬁ )J/
X-jointsa 1+
X 0,15
See | 1 =2,6| — = [V
ee [igure 1 ¢) Qy (1 0,75 ]7
Gap K-joints 1
See Higure 1 h) Oy :1,65(1+8[31'6)}/0’3 It ————3
1,2+(g /o)™
Function Qs
Fy My .
Qs =[1—|n|)61 n=——-—+ in connecting face
Foo Mpio
Chord compression stress (n < 0) Chord tension stress (n = ()
T-, Yi and
- C1=0,45-0,25
X-joints B C1=0,20
Gap K-joints C1=0,25
Range of validity
Geng¢ral
912300 GyiSO'yo andO'ySO,SGu

Compression class 1 or 2bandd/ty <50 (for X-joints: dy /ty <40)
CHS ichord

Tension do/to <50 (forX-joints: dy/tq<40)

Compression class 1 or 2 and di /ti <50
CHS praces

Tension d; /T, <50

a  For X-joints with cos 91 > [3 , the chord should also be checked for shear failure.

b

Examples of cross-section classification can be found in Eurocode 3 (see EN 1993-1-1:2005,[4] 5.5).

14.2 Design moment resistance

The design moment resistance of uniplanar CHS to CHS joints shall be determined using Table 3.
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Table 3 — Design moment resistance of uniplanar CHS braces to CHS chord joints

Limit state

Joints with CHS braces and chord

2

e e * Oyoto
Chord plastification M, =Q,Q¢ dq
sinfy
* k
sinf
Chord punching shear

Brace in-plane bending

Brace out-of-plane bending

(for dq <dy =2tg)

_ 1+3sin6;
4sinf,

_ 3+sin0,
4sinf,

Function Q,

Brace in-plane bending
See Figure 1 f)

Brace out-of:plane bendinig
See Figure 1 g)

T-, Y-, X- and gap K-joints

Qy =4'3ﬂy0'5

Qu=1'3[ 1+5 jyo;s

1-0,78

Function Qs

Same as in Table 2

Range of validity

Same as in Table 2

15 Design resistance of uniplanar gusset plates;}- or H-section braces or RHS
braces to [CHS chord joints

The design resistance of uniplanar gusset plate to CHS joints shall be determined using Table 4.

Table 4 —|Design resistance of uniplanar-gusset plates, I- or H-section braces or RHS braces to

CHS chord joints

Iimit state

Brace axial load

Brace bending moment

Chord plastjfication

2

Chord punching shear
[for b1 Sdo _zto)

t O ot
* y0*0 * y0*0
Fy =Q,Q¢ My =QuQs ———h

in6y sinf
[-section with 1 < 2 (axial loading i_,_ Mip, + Mop,1 <0580 Lo
and out-of-plane bending) and RHS | 4, Wel,ip,1 Wel,op,1 ’ y0 t;
F; Mip 1 Mop 1 to
All other cases —+ —+ —<1,160 0| —
A] Wel ip.1 Wel op,1 Y tl

Function Q,

Function Qy in terms of Q

CHS chord with Brace axial load Brace in-plane Brace out-of-
bending plane bending
Transverse plateab b
=2,2(1+6,88%)y"? =0 =0,5Q,
See Figure 2 a) Qu ( B )}’ Qub Qub Qu hy
1+ b
See Figure 2 b) Qu=22 1+B yO1° Qup, =0 Qup =0,5Q, —+
1-0,78 hy

32
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Table 4 (continued)
Longitudinal plateb
See Figure 2 ¢) | Qu =5(1+0,4n) Qup =0,8Q, Qu =0
See Figure 2 d) X
I-section or RHS2 Q b
=2,2(1+6,88%)(1+0,4n)y%? ———<u__ =0,5Q, —+

See Figure 3 a) or Figure 3 c) T| Qu ( +6.8p )( " 77)7/ Qub (1+0,4n) Qup Qu hy

. . 1+p 0,15 Q by
See Figure 3 b) or Figure3d) | X | @y = Z'Z(W )(1+0,411)}/ Qub :W Qup =0,5Q, E

Function Q¢
Fy My .
Qs =(1 _|n|)C1 n=———+ in cennécting face

F pl,0 pL0

Brace axial load/Brace in-plane bending and out-of-plane bendjing

Chord compression stress (n < 0)

Chord.tension stress (n = ()

All joints C1=0,25 C1=0,20
Range of validity
Geng¢ral Same as in Table 2 withadditional limits given below
Compression class1or 2 and by /t~<40and hy/t; <40
RHS|braces
Compression class 1 or 2
I-sedtion braces -
Tension none
Transverse plate byjdy=0,4
Longitudinal plate 1<h;/dy<4
a The chord should also bechecked for shear failure for:

X-joi
X-joi

b For transverseand longitudinal plates, 61 is the angle of the force acting on the plate.

hts with transverse platessand angles 01 < 90°;

hts with RHS or I-secfion’ brace members and cos 61 > hy/d).

16 Designtesistance of multiplanar joints with CHS chord

The

esigniresistance for each relevant plane of a multiplanar joint shall be determined by
apprppriate multiplanar factor y given in Table 5 to the resistance of the corresponding un

calculated according to Table Z, taking account of the actual chord force in the multiplanar joint.
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Table 5 — Multiplanar factors for multiplanar CHS joints

Multiplanar factor

are always in tension

Type of joint U
TT-joints
See Figure 1j) u=1,0
Member 1 may be either in tension or compression
F
XX-joints H= 1+0'3SE
See Figure 1) , NOTE  Take account of the sign of F and F with
Members 1 and 2 can be either in compression or ten- T AN .o 3 .
. * |['1| = |FZ|, ['Z/['l IS lngdLlVU TI CITE IIIEIIIpers 11 one
sion plane are in tension and in the other plane in com;l)res-
sion
u=1,0
Further, in a gap joint, the cross-sectiowin the gaplhas
to be checked for shear failure
KK-joints 2 2
See Figure 1 n) Fgapo " Fs gap,0 <1.0
Members 1 are always in compression and members 2 Fpl 0 Fq pl0 -

2A
with Fpl,O = Aoo-yo and FS,pl,O = 0’580-}70 TO

17 Design resistance of uniplanar RHS braceées or CHS braces to RHS chord joints

17.1 Design axial resistance

The design
using Table p.

Table ¢ — Design resistance of uniplanar RHS braces or CHS braces to RHS chord joints

hxial resistance of uniplanar RHS or CHS braces to RHS chord joints shall be determined

Limif state Axially loaded uniplanar joints with RHS chord
Chord pldstification
2
(generaI.c leck.for gap i o 40t0
K-jqints; F, =0,0¢
for T-, Y- and X-joints, if sinog;
B<0,85)
Local yielding of brace F = Oyi ti Lpeff,
Chord punching shear « 0,580t
(fOF bl < bo —Zto ) Fi = sin@; p.eff.
1

34
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Table 6 (continued)
B o 0,580 94
Chord shear 7" sing,
1
(general check for gap
K-joints; 5
for X-joints, if . 5.8ap,0
cos 61 > h1/hg) Foap,0=(4o —As)ayo +A500,[1- F—
s,pl,0
Chord side wall failure « Oyt
(only for T-, Y- and X-joints F = b, 0¢
with = 1,0) Sinb;
Function Qy
T-, Y- and X-joints 2n 4
Spe Hgure 1.2), Fig- Qu:(l—ﬂ)SinO ¥ 1
ure 1 b), and Figure 1 c) 1 -B
Gap K-joints _ 0,3
See Figure 1 h) Qu =14By
Function Qs
Q¢ =(1 |n|)C1 n= i + My in connecfing face
f Foo Mpo
Chord compression stress (n.< 0) Chord tension stress (7 = 0)
T-, Y- and X-joints C1=0,6-0,58
C1=0,10
Gap K-joints C1=0,5-0,58but0,10
Factors
Cp,efr. and £, o Dl L eff
. 2hy
T-, Y- and X-joints Cbofe = (2hy +2be —4t4) Cpeff. =| ———+2bg
sin@,
P 2h;
Gap K-joints Kb,eff. = (Zhl + bi + be —4t; ) fp,eff. = Sind + bi + be p
i
Oyt
b, =| 20| Z¥0°0 b <, bep = 10 b but b,
by/ty ) Oyiti by /tg
Agand Fspl0 Fs,pl,O = 0'580-y0As
T-, Y- and X-joints Ag =2hyt
RHS braces CHS braces
Gap K-joints
1
S P NN =0
1+(497)/(8tp)
bw =10 0,85<8<1,0
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Table 6 (continued)
oh Use linear interpolation between the resist-
_— _ 1 ance for chord plastification at f# = 0,85 and
-, Y- - = +1
T-, Y- and X-joints bu [sin 01 Ot ] the resistance for chord side wall failure at
p=1,0
Gap K-joints N/A
Ok Brace tension Brace compression

T- and Y-joints X-joints

Oy =X0 0, =0,850,45in6;
L =0 where y is the reduction factor for-coliumn
k y0 buckling according to e.g. Eurocode’3, uping
the relevant buckling curve and a’slendgr-
h
ness A=3,46| - — _1
to sing,
T-, Y-, X-, andl gap For CHS braces, multiply the above resistances by m/4 (except for the chord shepr
K-joints with CHS brace |criterion) and replace b;and h;by d; (i =1, 2)
Range of validity
T-, Y- or X-joints | Gap K-joints
RHS braces bi /by 20,1+0;01bq /t( but 20,25
Brace-to-chord
ratie CHSbraces  |d;/by>0,1+0,01by /ty@nd 0,25<d, /by <0,80
Compression |class 1 or 2and b /g’ <40 and hy /ty <40
RHS chprd
Tension by/ty<40and hy/ty <40
Compression |class 1lory2and b; /t; <40 and h; /t; <40
RHS braces
Tension b;/t; <40 and h; /t; <40
Compression class 1 or 2and d; /t; <50
CHS br3ces
Tension dj/ti <50
G 0,51~ B)< g/by <1,5(1- ]
2R and g=tq +t,
Eccentricity e<0,25h,
Aspect ratio 0,5<h;/b;<2,0
Brace angle 0, >230°

Yield stress

<oy and 0y, <080,

a For g/by>1,5(1- ), check the joint also as two separate T- or Y-joints.

17.2 Design moment resistance

The design moment resistance of uniplanar RHS braces to RHS chord joints shall be determined using Table 7.

36

© ISO 2013 - All rights reserved


https://standardsiso.com/api/?name=489b1ec19d1989ae105eccd0be117e12

ISO 14346:2013(E)

Table 7 — Design moment resistance of uniplanar RHS braces to RHS chord joints

T- and X-joints (61 = 90°)a

Limit state

Brace in-plane bending

Brace out-of-plane bendingb

See Figure 1 f)

See Figure 1 g)

Chord plastification
(for 8 <0,85)

*
My, =

2
QquO-yOtO hy

*
2
M1 =QuQs0 oty by

Local yielding of brace
(for 0,85 <B<1,0)

* b
Mip 1 =031 [Wpi1 —(1—b—e) by (hy —tq1)tq]
1

*

Mop,l = O-yl [Wp

11— 0,5t (by —be)z]

Chofd side wall failure
(for p=1,09)

* 2
Mip,l :O,SO'ktO (hl +5t0) Qf

| +5t0) Qf

Function Qy

Brace in-plane bending

Brace out-of-plane bending

1
Qu _[Z-’_

2 +L}
1-p 1-B

0 :lhlmm+ 2(@}
4 L2p(1-8) \ B(-A)

Function Qs

Same as in Table'6

10 O ot
be b, = Y90 b, but<b,
bo/ty )| ogiti
Ok Brace in-plane bending Brace out-of-plane bending
T- and Y-joints X-joints T- and Y-joints X{joints
O‘k :O‘yo O'k =0,8%O'y0 O'k :Zo'yo O'k =0,8ZO-y0
where y is the reductionfactor for column buckling according to e.g. Eurpcode 3 (see
EN 1993-1-1[4]), usingthe relevant buckling curve and a slenderness
h
A=3,46| -0 -2
to
Range of validity Same as in Table 6, but 81 = 90° (see footnote a)

he equations are conservatiyve'for 1 < 90°.

for c

ord side wall failureat’f = 1,0.

T

b (hord distortion to be prevented for brace out-of-plane bending.
H
Iy

or 0,85 < < 1,0, use linear interpolation between the resistance for chord plastification at f = 0,85 and

the resistance

18 Designtesistance of uniplanar SHS or CHS braces to SHS chord joints

18.1| Design axial resistance

The design axial resistance of uniplanar SHS or CHS to SHS chord joints shall be determined using
Table 8. These equations can be viewed as special cases of those presented in Table 6.
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Table 8 — Design resistance of uniplanar SHS or CHS braces to SHS chord joints

Limit state

Axially loaded uniplanar joints with SHS chord

Chord plastification

2
* 9yoto

Function Q,

T-, Y- and X-joints
See Figure 1 a), Figure 1 b),
and Figure 1 c)

2n 4
= +
(1-B)sin6q \/1—ﬁ

Qu

Gap|K-joints
See Fiigure 1 h)

Qu= 14ﬁ70'3

Function Q¢

Same as in Table 6

T-, Y-, X-, and gap K-joints

For CHS braces, multiply the above resistances by /4 and reptacé b; and h;

Dy dj

with CHS brace (i=1,2)
Range of validity
General Same as in Table 6 with additional limits given below
T-, Y- and X-joints by, /by <0,85
SHS braces
Gap K-joints 0,6<(by +b;)/(2b;)<1,3 by/ty =215
CHS braces Gap K-joints 0,6<(dq +d>)/(2d;)<1,3 by/ty 215

18.2 Design moment resistance

The design moment resistance of uniplanar SHS br@ce to SHS chord joints shall be determined fising
Table 7 with hij = bj and hg = by.

19 Design resistance of uniplanar'gusset plate to RHS joints

The design axial resistance of uniplanar gusset plate to RHS joints shall be determined using Tablg 9

Table 9 — Designiaxial resistance of uniplanar gusset plate to RHS joints

O

Type of joint Limit state
T- and X-jofnts — tramnsverse Chord plastification (for 0,4 <5< 0,85)
plate * 2+2,8p
. . F, =0 tz —’Q
See Figure P e) and-Figure 2 f) 1 y0~0 1-0,98 f

Tocal ylelding of piate (for ait 5)

*
Fi =0y ty b,

Chord punching shear (for 0,85b¢ < b1 < bg - 2t¢)
Fy =0,580 gt (2t1 +2b,, )

Chord side wall failure (for g~ 1,03)

Fl* =O'y0t0 (Ztl +10t0) Qf

38
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Type of joint

Limit state

T- and X-joints — longitudinal
plate

See Figure 2 g) and Figure 2 h)

Chord plastification

* t
F{ =20 ot2|n+2 [1--L
1 y0 0[77 ,/ b, JQf

T-joints — longitudinal
through plate

See Figure 2 i)

Chord plastification

* t
Fy =404t} {n +2\I/1—b—1 )op

o)

Function Q¢

Q¢ =(1-|np“

Fo | M

+

F, pl0

in conpecting face
Mpl,O

Chord compression stress (n < 0)

Chord tension stregs (n 2 0)

Transverse plate

C1=0,03y but 20,10

Longitudinal plate

€1=0,20

C1=0,10

Factors

oot
b, = 22 YO0 1 but< by
bo/ty )| Oyitq

10
b.,= b; But<h
P [bo/toj ! !

Plate angle

be and be
Range of validity
Compression |[class 1 or2and by/t, <40 and hy/t; <40
RHS chord Tension by/ty <40 and hy /ty <40

Aspect ratio 0,5<hg /by <2,0
Transverse plate by/bg=0,4
Longitudinal plate 1<hy/by<4

6, =90°

Yield'stress

0y1 <0y and o0, <080,

a

For’0,85 < 8 < 1,0, use linear interpolation between the resistance for chord plastification g
and theresistance for chord side wall failure at = 1,0.

tf=0,85

20 Design resistance of multiplanar joints with RHS chord

The design resistance for each relevant plane of a multiplanar joint shall be determined by applying the
appropriate multiplanar factor u given in Table 10 to the resistance of the corresponding uniplanar joint
calculated according to Table 6, taking account of the actual chord force in the multiplanar joint.
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Table 10 — Multiplanar factors for multiplanar RHS joints

Multiplanar factor

Member 1 may be either in tension or compression.

Type of joint B
TT-joints
See Figure 1 k) u=1,0

XX-joints
See Figure 1 m)

F

u:1+035;%s1ﬁ for < 0,85
1

Take account of the sign of F1 and F, with

Members 1 and 2 con hao aitharin corracciny ok o
pHe—CaH-Be-erere - compressioh-or+en

sion.

[F1] 2 |F2]|; F2/F1 1s negative 1f the members in.ohe
plane are in tension and in the other plane in ¢com

res-
sion.

KK-joints
See Figure 1 0)

are always in tension

Members 1 are always in compression and members 2

'pl’o = 0,580-},0 (O,SAO )

u=1,0

Further, in a gap joint, the cross-segtion in the gag has

to be checked for shear failure.

2 2
F 0,71E,
gap,0 " s,gap,0 <1,0
F pLO F, s,pl,0

with

Fo10 =400y

for an SHS chord

Range of validity

Same as in Table 6

$=90°

21 Design resistance of uniplanar CHS or*RHS braces to I- or H-section chord jojnts

21.1 Design axial resistance

The design jaxial resistance of uniplanar CHS or RHS braces to I- or H-section chord joints shgll be

determined|using Table 11.

Table 11 —[Design axial resistance of uniplanar CHS or RHS braces to I- or H-section chord joints

Limit state T-, Y-, X-, and gap K-joints
See Figure 4 a) and Figure 4 b)

Local yielding of
brace

Fi* =26y1 tl be

Chord web failure

F_* _ O-yotw bW
sin6;

40
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Table 11 (continued)
P o 0,580 94
! sin;
Chord shear
F 2
* s,gap,0
Fgap,O =(AO _As )O'yo +Aso-y0 1_(1:—]
s,pl,0
Factors
RHS braces CHS braces
o 30
beztw+2r+7toi0 but be=tw+2r+7t0—y ut
be <b; +h; —2t; be <0,57 (d;>t;)
b, = +5(to+r) but e +5(tg +r) bt
" sing; 0 " sing;
bw
b, <—i +10(tg +r) b, < 2t +10(tg +r)
"' sing; W7 sin 0; 0
1
Y PR T Iy =0
1+(497)/(3tg)
Fs,pl,O Fs,pl,O = 0,580'yOAS
Range of validity
X joints T- and Y-joints |Gap K-joints
Flange class 1 or2
I-|or H-section |Compression class 1 and
chord Web dyy < 400 mm class 1 or 2 and dy} < 400 mm
Tension none
Compression class 1
CHS braces
Tension d;/t; <50
Compression class 1
HS braces Tension bi/ti <40 and hi/ti <4p
Aspect ratio 0,5<h;/b; <2,0
Gap N/A gty +t,
Eccentricity N/A e<0,25h,
Brace angle 0, 230°
Yield stress 0y <0y and o, <0,80,
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21.2 Design moment resistance

The design moment resistance of uniplanar RHS braces (beams) to I- or H-section chord joints shall be
determined using Table 12.

Table 12 — Design moment resistance of uniplanar RHS braces (beams)
to I- or H-section chord joints

T-joints

Limit state See Figure 4 d)

*
ﬁ“’lp,l — 0 y1 L1 be ;IZ
where hy is the distance between the centres df. gravity
of the effective parts of the RHS brace/{beam)

Local yielding of brace

Chord web failure Mi*p,l =0,50 gty by, (hy 5839
Factors
be bW
Oy0
b, =t} +2r+7ty —— but<b; +h; -2t by, =hy +5(ty4r)but <2t +10(ty +r)
o
yl
Range of validity Sanieas in Table 11, but 61 = 90°

22 Design resistance of uniplanar overlap jointswith a CHS, RHS, I- or H-sectign
chord

The design axial resistance of uniplanar overlap jeints with a CHS, RHS, I- or H-section chord shgll be
determined(using Table 13 and Table 14. Effective-width factors (bei, bej, be,ov and dei, dej, de,ov) usgd in
Tables 13 and 14 are given in Table 15.

Table 13 — Design axial resistance of uniplanar overlap joints
with.a CHS, RHS, I- or H-section chord

Limit state Axially loaded overlap joints
Local yielding of overlappin *
y bgace PP Fi =0yt; lpefr
v . F, ‘ M, ¢=1,7 for CHS chord
Local chord membervyielding — | +——<1,0 )
Foi0 M0 ¢ = 1,0 for RHS or I-section chojrd
Brpcesheara %
F;COSO; FF;COSU; ST, _(See Labie 1%)
(for Oy,Jimit < Oy < 100 %)
O eff.
CHS braces | RHS braces
See Figure 4 ¢)
OV
25% < 0y <50 % x Cbett. =| 5 [Phi +Dei De,oy —4t;
? b,eff. = Z(Zdi + dei + de,ov —4t; )
50 % < Oy < 100 % Cpeft. = 2 +bej +be oy —4t;
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