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INTERNATIONAL STANDARD

ISO 14347:2008(E)

Fatigue — Design procedure for welded hollow-section joints —

Re

1.1

This

This

f)
9)

1.2

commendations
$cope
General
nternational Standard gives recommendations for the design and analysis of unstiffened, welded, nodal
jointg in braced structures composed of hollow sections of circular or squaré shape (with or without
rectahgular chord) under fatigue loading.
nternational Standard applies to structures:
fulfilling quality requirements for hollow sections (see Annex A);
¢omplying with recommended weld details (see Annex B);
employing permitted steel grades (see 1.2);
aving hollow section joints (see 1.3);
Iaving either
1) square or rectangular hollow sections with a thickness between 4 mm and 16 mm, or
2) circular hollow sections with a thickness between 4 mm and 50 mm;
aving as stress range the nrange of “hot-spot” stress;
Iaving identical brace (branch) members.
Materials
Internationat~Standard applies to both hot-finished and cold-formed steel structural hollow sections,

This
com
(see

1.3

Alying with, the applicable national manufacturing specification, that fulfil specified quality
Annex.A).

requirements

T f ioi

This International Standard applies to joints consisting of circular hollow sections (CHS) or rectangular hollow
sections (RHS) as used in uniplanar or multiplanar trusses or girders, such as T-, Y-, X-, K-, XX-, and

KK-j

2

oints (see Figure 1 and Figure 2).

Normative references

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

ISO

630:1995, Structural steels — Plates, wide flats, bars, sections and profiles

© 1SO 2008 — All rights reserved
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0 2 5 a2

a) CHS T+joints b) CHS Y-joints c) CHS X-joints d) CHS K-joints
with gap
e) RH$ T-joints f) RHS X-joints d) RHS K-joints h) RHS K-jointg
with gap with overlap
NOTE RHS are assumed to be square, although this International Standard is likely) to be applicable to rectapgular

chord membefs, welded to square branch members.

Figure 1 — Types of uniplanar joints covered by this)International Standard

. N\
! 1z

a) CHS XX-joints b) CHS KK-joints with gap c) RHS KK-joints with gap

NOTE RHS are assumed to be square, although this International Standard is likely to be applicable to rectapgular
chord membets, welded{o)square branch members.

Eigure 2 — Types of multiplanar joints covered by this International Standard

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
31

brace

branch

(welded hollow section joints) cut and welded member

See Figure 3.
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dad applied in the branch
cfown point
bfanch

saddle point
weld
chord

a) Joint nomenclature

|

hord wall
ress increase/due to weld geometry
Face hot-spet stress

Kttapolation of geometric stress distribution to weld toe

c
s

b

weld toe
e

stress in branch
nominal stress

increase in stress due to overall joint geometry
branch wall

0 weld

b) Stress distribution in branch

Figure 3 — Hot-spot stress definition in nodal joints
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Key
chord wal

chord hot{
weld toe
extrapolat]
stress in @
nominal s
increase i

© 00 N O O b WON =

branch wa

3.2
constant am
(welded hollg
or greater

3.3

cut-off limit
stress range
assessment

34
fatigue
deterioration

3.5
fatigue life
endurance

stress incfease due to weld geometry

spot stress

on of geometric stress distribution to weld toe
hord

ress

h stress due to overall joint geometry

I

c) Stress distribution in chord

Figure 3 (continued)

plitude fatigue limit
w section joints) stress range for a specifie’ AS-N curve when the number of cycles, N, is 5n

for a specific AS-N curve.when the number of cycles, N, is 100 million or greater, used i
pf fatigue under variable amplitude loading

of a componént'due to the initiation and growth of cracks under fluctuating loads

hillion

n the

Nt

number of applied cycles to achieve a defined failure criterion

[ISO 1099:2006, 3.14]

NOTE In

3.6
gap length
g

this International Standard, crack growth through the wall thickness is considered as failure.

distance measured along the length of the connecting face of the chord between the toes of the adjacent
brace members

See Figure 4

© 1SO 2008 — All rights reserved
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N 7
\\QC\\ / 4
N\
2 \ o 1
A
N}
q |
—1B ¢
‘p;

Key
1 member (overlapping in the lower diagram)
2 optionally overlapped member

NOTH For variable definitions, see'€lause 4.

Figure 4 — Definition of gap g and overlap ¢

3.7
hot-gpot stress

(welded hollow-s€ction joints) point along the weld vicinity where the extrapolated primary s
maximum valueA(i.e. the maximum geometric stress)

NOT This definition differs from the more general definition of hot-spot stress as the structural stress &

fress has its

t the weld toe.

The extrapolation is carried out from the region outside the influence of the effect on the stress of geometric

discontinuities

due to the joint configuration, but close enough to fall inside the zone of the stress gradient caused

by the global

geometrical effects of the connection. The extrapolation is carried out on the branch or brace (cut and welded member)
side and the chord (continuous member) side of each weld (see Figure 3). The hot-spot stress can be determined by
considering the stress perpendicular to the weld toe for the chord and the stress parallel to the brace axis for the brace.

3.8
nominal stress

(welded hollow section joints) maximum stress in a cross-section calculated on the actual cross-section by
simple elastic theory without taking into account the effect of geometrical discontinuities due to the joint

configuration on the stress

© 1SO 2008 — All rights reserved
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3.9
overlap
)

\'
ratio of the overlap length, g, to the projected connecting length to chord of overlapping brace, p

NOTE

The overlap is expressed as a percentage.

See Figure 4, where b, = hy = h,, t, = t,, and 6, = 6,. See Clause 4 for the variable definitions.

3.10
AS-N curve
curve giving

NOTE1 C

ne relation between the stress range and the numper of cycles 10 Tallure

nventionally, the range of stress is plotted on the vertical axis and the number of cycles on the)hori

axis using logarithmic scales for both axes.

e AS-N curves given in this International Standard have been derived from a statistical analysis of re
ata and represent lives that are less than the mean life by two standard deviations ofig V.

stress concentration factor

NOTE2  TH
experimental ¢
3.11

SCF

Ky

(welded holl

member due

bw section joints) ratio between the hot-spot stress at thejoint and the nominal stress i
to a basic member load that causes this hot-spot stress

zontal

evant

h the

'S are

h hot-

NOTE In]joints with more than one branch, each branch is considered. Generally, stress concentration factog
calculated for the chord and branch.
3.12
stress rang
A3 1
arithmetic difference between the maximum and minimum stress
AS = Sdx = Smin
NOTE 1 Adapted from ISO 1099:2006,(3.10.
NOTE 2  THe nominal stress range-is based on the nominal stresses while the hot-spot stress range is based o
spot stresses.
See Figure §.
S A
R >0
WY R=0 .
<y i o
YA\AN[E
<
VV U =y
-SY
Key
S  tensile stress

—S compressive stress

Figure 5 — Stress range, AS, and stress ratio, R
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stres
R
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s ratio

algebraic ratio of the minimum and maximum stress of a cycle:

R = Smin/Smax
[1ISO 11782-1:1998, 3.6]
NOTE Tension is taken as positive and compression as negative.
See FFigure5:
3.14
strugtural stress
geometric stress
(welded hollow section joints) linearly distributed stress across the section thickness that arises
loadg and the corresponding reaction of the particular structural part, taking~account of al
discontinuities but excluding the notch effects of local structural discontinuities((e.g. weld toe)

Symbols and abbreviated terms
cross-sectional area of a member
throat thickness

RHS chord width

width of brace i

chord-end fixity factor

cumulative fatigue damageindex
CHS chord diameter

diameter of brace i (CHS)

joint eccentricity

axialforce

force in chord

force in carry-over brace

fmc

©I1SO

function in determining SCF (see D.1.2, D.2.2)
force of reference brace

correction factor

magnification factor

multiplanar correction factor (see Tables 4 and 5)

gap length

2008 — All rights reserved
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Kt.0,b,ax
Kt,O,b4,cov
Ky 0,b,, ref
Kt,O,ch,ax
Kt,O,chz,cov
Kt,O,chz,ref
Kt,ax,b
Kt,ax,c
Kt,ax,cov-b
Kt,ax,ref—b

Kt,b,ax

Kt,ba,cov,ax
Kt,b4,cov,ax
Kt,ba,cov,ipb
Kt,b4,cov,ipb
Kt,b3,cov,opb
Kt,b4,cov,opb
Kt,b,cr,ax
Kt,b,cr,ipb
Kt,b,cr,opb

Kt,b3,ref,ax

ratio of the gap length to the chord wall thickness, g/t

RHS chord depth

depth of brace i

stress concentration factor

reference SCF for brace under basic balanced axial loading

carry-over SCF for brace at location 4 (see D.4.2.1.2.2)

reference SCF for brace at location 4 (see D.4.2.1.1.2)

reference SCF for chord under basic balanced axial loading

carry-over SCF for chord at location 2 (see D.4.2.1.2.1)

reference SCF for chord at location 2 (see D.4.2.1.1.1)

SCF for load condition “axial force in brace”

SCF for load condition “axial force in chord”

SCF for load condition “axial force in carry-over brace”

SCF for load condition “axial force in reference bracg®

SCF for brace under basic balanced axial loadihg

SCF for brace under chord loading

SCF for brace along line A under basic balanced axial loading (see E.1.2.1.2)

SCF for brace along line E under'basic balanced axial loading (see E.1.2.1.2)

SCF for brace along linelAyunder in-plane bending on the brace (see See E.1.2.2.2)
SCF for brace alongline E under in-plane bending on the brace (see See E.1.2.2.2)
SCF for brace at’location 3 under axial loading in carry-over brace (see D.4.2.1.2.2)
SCF forbrace at location 4 under axial loading in carry-over brace (see D.4.2.1.2.2)

SCF for brace at location 3 under in-plane bending in carry-over brace (see D.4.2.2.2.2)

SCF for brace at location 4 under in-plane bending in carry-over brace (see D.4.2.2.2.2)
SCF for brace at location 3 under out-of-plane bending in carry-over brace (see D.4.2.3.2.2)
SCF for brace at location 4 under out-of-plane bending in carry-over brace (see D.4.2.3.2.2)
SCF for brace crown under axial loading

SCF for brace crown under in-plane bending

SCF for brace crown under out-of-plane bending

SCF for brace at location 3 under axial loading in reference brace (see D.4.2.1.1.2)

© 1SO 2008 — All rights reserved
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Kip,retax ~ SCF for brace at location 4 under axial loading in reference brace (see D.4.2.1.1.2)

Kby retipp  SCF for brace at location 3 under in-plane bending in reference brace (see D.4.2.2.1.2)
Kip,retipp ~ SCF for brace at location 4 under in-plane bending in reference brace (see D.4.2.2.1.2)

Ki by refopp  SCF for brace at location 3 under out-of-plane bending in reference brace (see D.4.2.3.1.2)

Ki b, refopp  SCF for brace at location 4 under out-of-plane bending in reference brace (see D.4.2.3.1.2)

Kib.s,ax SCF for brace saddle under axial loading

Kt b slopb SCF for brace saddle under out-of-plane bending

K b slipb SCF for brace saddle under in-plane bending

K ch bx SCF for chord under basic balanced axial loading

K chth SCF for chord under chord loading

Ky chdax SCF for chord along line B under axial loading in the brace (See E.1.2.1.1)

Ky chdax SCF for chord along line C under axial loading in the_ brace (see E.1.2.1.1)

Ky chdax SCF for chord along line D under axial loading in the brace (see E.1.2.1.1)

Ky cheipb SCF for chord along line B under in-plane bénding in the brace (see E.1.2.2.1)
Ky chd,ipb SCF for chord along line C under in-plane bending in the brace (see E.1.2.2.1)
Ky chd,ipb SCF for chord along line D underin‘plane bending in the brace (see E.1.2.2.1)

Kichfcov,ax SCF for chord at location #-under axial loading in carry-over brace (see D.4.2.1.2.1)
Ky chfcov,ax  SCF for chord at location 2 under axial loading in carry-over brace (see D.4.2.1.2.1)
Ky chjcov,ipp  SCF for chord atilocation 1 under in-plane bending in carry-over brace (see D.4.2.212.1)
Ky chjcovipp  SCF for chord at location 2 under in-plane bending in carry-over brace (see D.4.2.212.1)

Ky chfcov,opb  SCFforehord at location 1 under out-of-plane bending in carry-over brace (see D.4{2.3.2.1)

K4 chy}cov,opb_SGF for chord at location 2 under out-of-plane bending in carry-over brace (see D.4{2.3.2.1)

br ax SCF for chord crown under axial loading

Kicheripp  SCF for chord crown under in-plane bending

K cheropp  SCF for chord crown under out-of-plane bending

Kich,refax ~ SCF for chord at location 1 under axial loading in reference brace (see D.4.2.1.1.1)

Ki chyref,ax ~ SCF for chord at location 2 under axial loading in reference brace (see D.4.2.1.1.1)

Ki ch,refipp  SCF for chord at location 1 under in-plane bending in reference brace (see D.4.2.2.1.1)
Ki chyref,ipp  SCF for chord at location 2 under in-plane bending in reference brace (see D.4.2.2.1.1)

Ki ch, ref,opp  SCF for chord at location 1 under out-of-plane bending in reference brace (see D.4.2.3.1.1)

© 1SO 2008 — All rights reserved 9
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Ki ch,,ref,opp  SCF for chord at location 2 under out-of-plane bending in reference brace (see D.4.2.3.1.1)
K ch s ax SCF for chord saddle under axial loading

Kt ch,s,ipb SCF for chord saddle under in-plane bending

Kichsopp ~ SCF for chord saddle under out-of-plane bending

Kt ipb b SCF for load condition “in-plane bending in brace”

Kt ipb,ch SCF for load condition “in-plane bending in chord”

Kijpbretp | SCF for load condition “in-plane bending in reference brace”

Kik SCF for uniplanar K-joints

Ki kk SCF for multiplanar KK-joints

Kt SCF for uniplanar CHS T-joints subjected to in-plane bending
Kt opb,b SCF for load condition “out-of-plane bending in brace”

K opb,cov-b | SCF for load condition “out-of-plane bending in carry-over brace”

Ki opbrefb | SCF for load condition “out-of-plane bending in reference brace”

Ki g SCF for acute angle between brace and chord axes

L chord length between simple support or contraflexure points (see Figure D.1)
M, bending moment in chord member

Moy, bending moment in carry-over brace

Mg, in-plane bending moment (see Figure D.2)

Mopp out-of-plane bending moment (see Figure D.2)

Mot moment of reference brace

m ratio of the brace axial load in the carry-over plane to that in the reference plane (see Figurg 8)
N numberef cycles

N number of cycles to failure

n; number of cycles of stress range, AS;

o, overlap, (¢/p) x 100

R stress ratio

P projected connecting length to chord of overlapping brace

q overlap length

SCF stress concentration factor

S maximum stress

max

10 © 1SO 2008 — All rights reserved
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Semin minimum stress

T, terms used to simplify the writing of SCF equations for T-joints (see D.1.2)
t thickness of member subjected to fatigue-cracking test

fo chord wall thickness

t thickness of brace wall i

Wiob elastic section modulus of a member for in-plane bending

Wopb elastic section modulus of a member for out-of-plane bending

X; terms used to simplify the writing of SCF equations for X-joints (see D.2.2)
o relative chord length, 2L/dy or 2 L/b,

B diameter or width ratio, d/dy or b,/bg

/4 chord slenderness, dy/2¢y or by/2ty

y/= partial safety factor for fatigue loading

Wi partial safety factor for fatigue strength

AS stress range

AS axial stress range

ASax b stress range for load condition “axial force in brace”

ASax th stress range for load condition“axial force in chord”

ASaxbov-b  Stress range for load.condition “axial force in carry-over brace”

ASax tef-b stress range for load condition “axial force in reference brace”

ASs hot-spot stress range

ASipblo stressyrange for load condition “in-plane bending in brace”

ASipb|ch stress range for load condition “in-plane bending in chord”

ASipplrefb™. * stress range for load condition “in-plane bending in reference brace”
ASopb,b stress range for load condition “out-of-plane bending in brace”
ASopb,cov-b  Stress range for load condition “out-of-plane bending in carry-over brace’
ASopbrefb  Stress range for load condition “out-of-plane bending in reference brace”
o acute angles between brace and chord axes (in Y-, X- and K-joints)

T wall thickness ratio, t,/t,

) angle between planes with braces in multiplanar joints (see Figure D.9)
v circumferential gap parameter, ¢ — 2 arcsin 8

© 1SO 2008 — All rights reserved

11


https://standardsiso.com/api/?name=c212ff2973104ddb796eb4beea622375

ISO 14347:2008(E)

5 Cumul

ative fatigue damage

5.1 For constant amplitude loading, it is assumed that there is no fatigue damage when the stress range is
below the constant amplitude fatigue limit defined in 3.2.

5.2 For variable amplitude loading, the stress ranges below the cut-off limit defined in 3.3 do not contribute
to fatigue damage.

5.3 When the stress ranges for a constant amplitude loaded structure, or when the maximum stress ranges
for a variable amplitude loaded structure, are above the constant amplitude fatigue limit, the cumulative
fatigue damage index, D, can be assessed using the Palmgren-Miner linear rule, for each potential crack

location; i.e.

D= {L

where
n; isth
N s th
54 The a

generally tak
partial safety

6 Partial

6.1 The p{

6.2 The p{

e number of cycles of a particular stress range, AS;;

e number of cycles to failure for that particular stress range.

factors.

safety factor

rtial safety factor for fatigue loading, j;, is'taken as 1,0.

rtial safety factor for fatigue strength) i, is given in Table 1.

Table 1 — Partial safety factor for fatigue strength on hot-spot stress ranges

lowable cumulative fatigue damage index for structures 4D ‘& non-aggressive environment is
en as 1,0, if the effect of fatigue cracks and the possibility for inspection are taken into accot

nt by

. Fail-safe (redundant) Non fail-safe (statically determipate)
Inspection and access
component component
Periodic inspgction and maintenance 10 125
(Accessible jqint detail) ’ ’
Periodic inspgction and maintenance 115 135
(Poor accessipility detail) ’ ’

7 Fatigue design procedures

7.1 Hot-spot stress method

The hot-spot stress (also called geometric stress) method relates the fatigue life of a joint to the hot-spot
stress at the weld toe rather than the nominal stress. It takes the uneven stress distribution around the
perimeter of the joint into account directly.

12
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7.2.2
7.23

7.24

ISO 14347:2008(E)

Design procedures

Determine the axial force ranges and bending moment ranges in the chord and braces using a
structural analysis as described in 8.1.

Determine the nominal stress ranges, AS, as specified in 8.2.
Determine the stress concentration factors (SCFs) as specified in 8.3.

Determine the hot-spot stress ranges, AS, ¢, as specfied in 8.4.

7.2.5
locat

NOTE

8 1|

8.1

8.1.1
com
as lo
8.1.4

8.1.2
are u

8.1.3
Axial
conti
axial
movi

8.1.4

Determine the permissible number of cycles for a given hot-spot stress range at.a
on from a fatigue strength curve given in 8.5.

A fatigue assessment procedure is given in Annex C.

-atigue strength

Member forces

General. For welded hollow section structures, member forges shall be obtained by ar
lete structure, in which noding eccentricity of the member,_centrelines at the joint (see Figu
cal joint flexibility, is taken into account. This can be achieved by one of the methods specifi

Sophisticated three dimensional finite element modelling, where plate, shell, and s
sed at the joints (appropriate for experienced analysts).

forces and bending moments in the members can be determined using a structural analysi
nuous chord and pin-ended braces\(see Figure 6). This produces axial forces in the brac
forces and bending moments in‘the chord. This modelling assumption is particularly ag
g loads along the chord members in structures such as cranes and bridges.

Rigid frame analysis(fortwo or three dimensional Vierendeel girders.

specific joint

alysis of the
re 6), as well
bed in 8.1.2 to

plid elements

Simplified structural analysis using frame analysis for triangulated trusses or lattice girders.

5 assuming a
es, and both
propriate for

A WO N -

©I1SO

noding condition for most overlap connections
extremely stiff members

pin

noding condition for most gap connections

Figure 6 — Frame modelling assumptions

2008 — All rights reserved
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8.2 Nominal stress ranges

8.2.1 The determination of nominal stress ranges depends on the method used to determine member
forces.
8.2.2 For analysis undertaken using the approach in 8.1.2, the nominal range of stresses due to axial, AS,,,

in-plane bending, AS

Equations (1

), (2), and IFS), respectively:

, and out-of-plane bending, ASopbs in any member can be determined by

F,
AS 4y = :X (1)
M iop
ASipb = Wi (2)
ipb
Mopb
ASopb T Wopb (3)

See Clause 4 for the variable definitions.

8.2.3 For analysis undertaken using the approach in 8.1.3, the nominal stré€ss range in any member can be
determined Hy Equation (2) or Equation (4):
F
AS,, = Jf LB (4)
A
where the magnification factor, f,, is given in Table 2.
8.2.4 For analysis undertaken using the approach in(8.1.4, the nominal stress range in any member can be

determined 4

y Equations (1), (2), and (3).

Tablel 2 — Magnification factor, f;,, to account for secondary bending moments in K-joints

Type of K-jaint

Chord member

Brace member

CHS-gap 1,5 1,3
RHS gap 1,5 1,5
RHS overlap 1,5 1,3

8.3 SCF

alculations

8.3.1 If thg analysis has been undertaken using the approach in 8.1.2, the SCFs can be calculated from the
analysis or using Clause 9 (for CHS joints) or Clause 10 (for RHS joints).

8.3.2 If the analysis has been undertaken using the approach in 8.1.3, the SCFs can be calculated using
Clause 9 (for CHS joints) or Clause 10 (for RHS joints).

8.3.3 If the analysis has been undertaken using the approach in 8.1.4, the SCFs can be calculated using
Clause 9 (for CHS joints) or Clause 10 (for RHS joints).

8.4 Hot-spot stress ranges
8.4.1 For analysis undertaken using the approach in 8.1.2, the hot-spot stress ranges can be obtained

directly from the analysis for each load combination. In all other cases, the following procedures should be
used to determine the hot-spot stress ranges.

14 © 1SO 2008 — All rights reserved
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8.4.2 The hot-spot stress range at one location under one load case is the product of the nominal stress
range and the corresponding stress concentration factor (SCF).

8.4.3 Superposition of the hot-spot stress ranges at the same location can be used for combined load cases.

8.4.4

mem

8.4.5

If the position of the maximum hot-spot stress in a member, for the relevant loading condition, cannot
be determined, then the maximum SCF values shall be applied to all points around the periphery of the

ber at a joint.

Hot-spot stress ranges shall be calculated for both the chord member and brace members.

8.4.6 Under general loading conditions, the hot-spot stress range at any location, in the chord member, is

given by the equations in 8.4.6.1 and 8.4.6.2.

8.4.6

8.4.6

For K-joints, AS,, -, refers to the additional stress range determined from Figures D.5 b), E.3 b),

8.4.7

given by the equations in 8.4.7.1 and 8.4.7.2.

8.4.7

8.4.7

8.5
8.5.1
8.5.2

for 103 <qVg< 5 x 108

or

for 5

©I1SO

1 For CHS XX-joints

AShs = Kt,ax,ref-b ASax,ref—b +Kt,ipb,ref—b ASipb,ref—b +Kt,opb,ref-b ASopb,ref—b +Kt,ax,ch ASax,ch i

Kt,ax,cov-b ASalx,cov-b + Kt,opb,cov-b ASobp,cov-b
2 For all other joints

AShs = Ktax,b ASaxb T Ktipb,b ASipb,b + Ktopbb ASopb,b + Ktaxioh ASax.ch + Kt,ipb,ch ASipb,

Under general loading conditions, the hot-spot stress'range at any location, in the brac

1 For CHS XX-joints

AShs = Kt,ax,ref-b ASax,ref—b + Kt,ipb,ref—b ASipb,ref-b + Kt,opb,ref—b ASopb,ref—b + Kt,ax,cov-b ASax,c
Kt,opb,cov-b ASopb,cov-b

2 For all other joints

AShs = Ktax,b ASaxb T Kfipbb ASipbb + Kt.opb,b ASopb,b

Fatigue strength eurves
The fatiguegistrength curves (ASy,s—N;) are shown in Figure 7.

The equations for the fatigue strength curves (ASj,—N;) are:

-+

h

rE.12 b).

ovb T

lg ASpq = %(12,476 _lg N¢)+0,061g N Ig(%)

oy, _12476-31g ASp
9N = 01819 (16/1)

x 108 < N; < 108 (variable amplitude only)

Ig ASys = %(1 6,327 -Ig N¢)+0,4021g (?)

2008 — All rights reserved
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or

Ilg Ny =16,327 —51g AS},s +2,01 Ig(176) ®)

In Equations (5) to (8), ¢ is the thickness of applicable member being checked for fatigue cracking: for CHS
joints — 4 mm < ¢ < 50 mm; for RHS joints — 4 mm < ¢ < 16 mm.

8.5.3 The constant amplitude fatigue limit and cut-off limit in Figure 7 are listed in Table 3.
ASy ¥
1 000 \
NN
NN
NN
N
NN \\.\
NN
N N
\\ \: \\\\\t:\
\\ \\\\\ N
T T T T T TTTH §i§§\\ ifﬁ””iifﬁm T T T
N NN
\\:\ \\\\t\\
\ \:\\ \ \\:\.
AN N U \
100 AN SUIANN
\\ N "\ N N I
N ™ N t=4mm
\\\\\‘ ™ \\\ h t=5mm
N
\\\\ \\\\\ h t=8mm
NS TR NN _
N \ N t=12mm
N \\\\ ; = ; g mm
N =25 nm
\\\ t=32nm
N
t =50 mm
10 =
10° 104 10° 10° 107 108 10°  Ni
Key

ASys hot-spot stress range, MPa

Nt
¢

16

number of cycles to failure

thickness of applicable member being checked for fatigue cracking:
a) for CHS joints: 4 mm < ¢ < 50 mm

b) for RHS joints: 4 mm < ¢ < 16 mm

Figure 7 — Fatigue strength curves
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Table 3 — Constant amplitude fatigue limit and cut-off limit in Figure 7

¢
\

9

9.1
9.1.1

9.1.2
cond

9.1.3
0,5.1

9.1.4
redud

9.1.5
9.1.6

diam

chord

02<p<10

15.£2y <64

Thickness Constant amplitude fatigue limit Cut-off limit
Section type
mm MPa MPa
4 147 81
CHS 5 134 74
and 8 111 61
RHS
12 95 52
16 84 46
25 71 39
CHS 32 64 35
50 53 29

BCF calculations for CHS joints

Uniplanar CHS T- and Y-joints
Hot-spot locations are given in Figure D.1.

Detailed SCF equations for uniplanar CHS T- and Y-jeints are given in D.1.2.1 to D.1.2 4
tions defined in Figure D.2.

The factor C corresponds to the chord-end dixity. In the case of fully fixed chord ends,
[ the chord ends are pinned, C is taken as 1,0.\A typical value for C'is 0,7.

When the relative chord length, ¢, islless than 12, a correction factor is needed to take 4
ed deformation and stresses in short:chords, as shown in D.1.2.

In the case of a diameter ortwidth ratio £ > 0,95, use SCFs for f=0,95.
The validity conditions(forthe graphs and equations are:

pter or width ratio

slenderhess

L for the load

[ is taken as

ccount of the

wall t

hickness ratio

relative chord length

4 <a<40

acute angle between brace and chord axes

30° < < 90°

©I1SO

2008 — All rights reserved

17


https://standardsiso.com/api/?name=c212ff2973104ddb796eb4beea622375

ISO 14347:

2008(E)

9.2 Uniplanar CHS X-joints

9.2.1 Hot-spot locations are given in Figure D.3.

9.2.2 Detailed SCF equations for uniplanar CHS X-joints are given in D.2.2 for the load conditions defined
in Figure D 4.

9.2.3 Inthe case of § > 0,95, use SCFs for = 0,95.

9.2.4 The validity ranges are as specified in 9.1.6.

9.3 Uniplanar CHS K-joints with gap

9.31 SCF
9.3.11
9.3.1.2

9.3.2 The §
can be calcu

Kt,ch,ax
where K; g ¢

9.3.3 The
can be calcu

Kt,b,ax

where Kt,o,b,
are 2,64 for

9.3.4 The
bending) are

9.3.5 The

K p.ch» @re nggligible and it can be“assumed that:

Kt p,ch =
9.3.6 The

eccentricity

T/ Kt,O,b,ax

5 for uniplanar CHS K-joints with gap are given for two load conditions.
_oad condition 1: basic balanced axial load as defined in Figure D.5 a).
L oad condition 2: chord loading (axial and bending) as defined in Figure D.5\b).

bCF's for the chord of uniplanar CHS K-joints with gap under basic balanced axial loading, X,
ated using:

=fc Kt,O,ch,ax

ax and the corresponding correction factor, £;, are given¢in\Figure D.6.

SCFs for the brace of uniplanar CHS K-joints with gap under basic balanced axial loading, K
ated using:

L and the corresponding correction factor, f, are given in Figure D.7. Minimum values of |
= 30°; 2,30 for #=45°; and 2,12 for,6= 60°.

given in Figure D.8.

SCFs for the brace of{uniplanar CHS K-joints with gap under chord loading (axial and ben

0

validity conditions for the graphs are:

ch,ax

t,b,ax

(t,b,ax

SCFs for the chord of uniplanar CHS K-joints with gap, K; o, ¢n, under chord loading (axigl and

iing),

none
braces

equal

diameter or width ratio

03<p<06

chord slende

24 <2y

18

rness

< 60
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wall thickness ratio
025<7<1,0
acute angle between brace and chord axes

30° < < 60°

9.4 Multiplanar CHS XX-joints

9.4.1__ Hot-spot locations are given in Figure D.9

9.4.2( SCFs for multiplanar CHS XX-joints are given for the load conditions in 914)2. to 9.4.2.4
(see Figure D.10).

9.4.2(1 Load condition 1: axial balanced brace loading. The SCFs are given inD4.2.1
9.4.2|2 Load condition 2: balanced in-plane bending of braces. The SCEs.aré given in D.4.2.2.
9.4.2|3 Load condition 3: balanced out-of-plane bending of braces. The SCFs are given in D.4.2.3.
9.4.2|4 Load condition 4: axial balanced chord loading. The SCESs are given in D.4.2.4.
9.4.3 Effects of reference brace (Figf, M,f) and carry-over brace (F,,,, M.,) shall be combineq.
9.4.4| The validity conditions are:
eccentricity

ngne
bracgs
equal
diameter or width ratio
0,3< /<06
chord slenderness

15 < 2y <64

wall thickness ratio

G:25=<T=<46

acute angle between brace and chord axes
6=90°

angle between planes with braces in multiplanar joints
¢=90°

circumferential gap parameter

v> 16,2°

© 1SO 2008 — All rights reserved 19


https://standardsiso.com/api/?name=c212ff2973104ddb796eb4beea622375

ISO 14347:2008(E)

9.5 Multiplanar CHS KK-joints with gap

9.5.1  The SCFs for multiplanar CHS KK-joints with gap, X; k. can be calculated from Equation (9):
Kikk = fme Kix 9)
where

Kik is the SCF for uniplanar CHS K-joints with gap given in 9.3;

Jme I8 the multiplanar correction factor accounting for the effects of geometry and loading

9.5.2 The palues of 1, for an angle between planes with braces in multiplanar joints, ¢ = 180°,are 10 for
all values of|the ratio of the brace axial load in the carry-over plane to that in the reference plane, m (see
Figure 8). The values of 1, for ¢ < 90° are given in Table 4. Interpolation is allowed for values’of m betwgen 0
and -1, and for values of ¢ between 90° and 180°.

Table[4 — Multiplanar correction factors, /., on SCFs for CHS KK-joints with gap (¢ < 90°)

Chord Brace
Load case
m=+1 m=0 m=-1 m =41 m=0 m=-1
Axjial balanced brace loading 1,0 1,0 1,25 1,0 1,0 1,25
Chord loading 1,0 1,0 1,0 1,0 1,0 1,0

9.5.3 The yalidity conditions are:
eccentricity
none
braces
equal
diameter or width ratio
0,3< fKcos b
chord slendefness

24 < 27k 48

wall thickness ratio
025<7<1,0
acute angle between brace and chord axes
30° < < 60°
angle between planes with braces in multiplanar joints

60° < ¢ < 180°

20 © 1SO 2008 — All rights reserved
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9.6 Minimum SCF values

9.6.1 Uniplanar CHS joints

A minimum SCF value of 2,0 is recommended unless otherwise specified such as “negligible” or “no minimum
SCF values required.”

9.6.2 Multiplanar CHS joints

When using 9.5.1, the calculated SCF for uniplanar CHS K-joints should be adopted even if it is less than 2,0.
A minimum K, . value of 2.0 is recommended after applying /o to K, .

N eSS

%
a
Y

—

.
N
i___\\ &,

Key
1 reference plane
2 carry-over plane
F Idad
m  rdtio of the brace axial load in the carry-over plang)to that in the reference plane
Value of m Referred to as
1 symmetrical loading
0 reference-plane loading
-1 anti-symmetrical loading

Figure 8= Axial balanced loading condition in multiplanar CHS KK-joints

10 $CF calculations for RHS joints

10.1| Uniplanar RHS T- and X-joints

10.1.1 Hot-spot locations (lines A to E) are given in Figure E.1.

10.1.2 Detailed SCF equations for uniplanar RHS T- and X-joints are given in E.1.2 for the load conditions
defined in Figure E.2.

10.1.3 For fillet-welded connections, multiply SCFs for the brace by 1,4.
10.1.4 For 6=90° RHS T- and X-joints, the validity conditions are:
diameter or width ratio

035< /<10

© 1SO 2008 — All rights reserved 21


https://standardsiso.com/api/?name=c212ff2973104ddb796eb4beea622375

ISO 14347:2008(E)

chord slende

rness

12,5 < 2y< 25,0

wall thickness ratio

025«

<1,0

10.1.5 For RHS X-joints with 40° < < 80°, SCFs can be determined using SCFs for 8= 90° RHS X-joints
with correction factors:

a) for chorg
Kt‘g = 1,
b)

Kig=1

locations

2 K p-go- SN2 6

for bracg locations

2 Kt g-go° SINO

10.2 Uniplanar RHS K-joints with gap

10.2.1 SCF
10.2.1.1
10.2.1.2

10.2.2 The
calculated frq

Kt,ch,ax

where

Kt,O,ch,ax
Je

Interpolation
length to the

10.2.3 The
be calculated

5 for uniplanar RHS K-joints with gap are given for the followingoad conditions.
| oad condition 1: basic balanced axial load as defined‘in-Figure E.3 a).
| oad condition 2: chord loading (axial and bending)-as defined in Figure E.3 b).

SCFs for the chord of a uniplanar RHS K-joint\with gap under basic balanced axial loading ¢
m Equation (10):

=fc Kt,O,ch,ax

is the reference SCF fofr chord under basic balanced axial loading (see Figures E.4 to E.7
is the correspondihg)correction factor (see Figure E.8).

is allowed between the lines for other angles and between the graphs for other ratios of th
chord wall thickness, g', and 2yvalues.

SCFs forthe braces of a uniplanar RHS K-joint with gap under basic balanced axial loadin
from ‘\Equation (11):

N be

(10)

P gap

) can

Kt,b,ax =

where

Kt 0,b,ax
fe

Interpolation

22

fc Kt,O,b,ax

is the reference SCF for brace under basic balanced axial loading (see Figure E.9);
is the corresponding correction factor (see Figure E.10).

is allowed between the lines for other angles and between the graphs for other 2y values.

(11)
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10.2.4 The SCFs for the chord of a uniplanar RHS K-joint with gap under chord loading, K; ¢y, ¢, are given in
Figure E.11. Interpolation is allowed between the lines for other g’ values.

10.2.5 The SCFs for the braces of a uniplanar RHS K-joint with gap under chord loading, K} ., are
negligible, and it can be assumed that:

Kipen =0 (12)
10.2.6 The validity conditions are:

braces
lqual

diameter or width ratio

0,35 < A<1,0
chord slenderness
10 <2y< 35
wall thickness ratio
0,25 < 7<1,0
2r< g
acutg angle between brace and chord axes
30° < 6<60°

ratio pf joint eccentricity to RHS chord-depth

10,55 < elhy < 0,25

10.3| Uniplanar RHS K-joints with overlap

10.3.1 SCFs for ufiplanar RHS K-joints with overlap are given for the load conditions in [10.3.1.1 and
10.3.11.2.

10.3.01.1 Load condition 1: basic balanced axial load as defined in Figure E.12 a).

10.3.12 Load condition 2: chord loading (axial and bending) as defined in Figure E.12 b).

10.3.2 The SCFs for the chord of a uniplanar RHS K-joint with overlap under basic balanced axial loading
can be calculated from Equation (10) where

Kiochax s the reference SCF for chord under basic balanced axial loading (see Figures E.13 to E.15);
Je is the corresponding correction factor (see Figure E.16).

Interpolation is allowed between the lines for other angles and between the graphs for other overlap
percentages, O,,, and 2yvalues.
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10.3.3 The SCFs for the braces of a uniplanar RHS K-joint with overlap under basic balanced axial loading
can be calculated from Equation (11) where

Kiopax Iisthe reference SCF for brace under basic balanced axial loading (see Figures E.17 to E.19);
Je is the corresponding correction factor (see Figure E.20).

Interpolation is allowed between the lines for other angles and between the graphs for other overlap
percentages, O,, and 2yvalues.

10.3.4 The SCFs for the chord of a uniplanar RHS K-joint with overlap under chord loading, X; o, are
given in Figupe £24-

10.3.5 The |SCFs for the braces of a uniplanar RHS K-joint with overlap under chord loading, (X, .
negligible, and it can be assumed that Equation (12) applies.

are

10.3.6 The fange of validity is as follows:
braces
equal
diameter or width ratio
035< <10
chord slendefness
10 < 2y 35
wall thicknes ratio
0,25 <7<1,0
acute angle between brace and chord axes
30° < #K 60°
percentage dverlap

50 < 0,|< 100

\"

ratio of joint @ccentricity to RHS chord depth

—0,55 <|elhy < 0,25

10.4 Multiplanar RHS KK-joints with gap

10.4.1 The SCF for multiplanar RHS KK-joints with gap, X; k, can be calculated from Equation (9) where
K;k is the SCF for uniplanar RHS K-joints with gap (see 10.2);
Jme I8 the multiplanar correction factor accounting for the effects of geometry and loading.

10.4.2 The values of f,. for ¢=180° are 1,0 for all ratios of the brace axial load in the carry-over plane to

that in the reference plane, m. (see Figure 8). The values of f,. for ¢ < 90° are given in Table 5. Interpolation
is allowed for m between 0 and —1, and for ¢ between 90° and 180°.
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10.4.3 The validity conditions are:

braces
equal

diameter or width ratio
0,25 < £#<0,60

chord slenderness

ISO 14347:2008(E)

12,5 < 2y< 25,0

wall thickness ratio

acutg angle between brace and chord axes

30° < < 60°

ratio pf joint eccentricity to RHS chord depth

10,55 < elhy < 0,25

anglg between planes with braces in multiplanar joints

60° < ¢ < 180°

Table 5 — Multiplanar correction factors, /., on SCFs for RHS KK-joints with gap (¢ < 90°)
Chord Brace
Lgad case Ratio)of the brace axial load in the carry-over plane to that in the reference plane
mEH m=0 m=-1 m=+1 m=0 m=-1
Axial balan_ced 1.0 1.0 1,25 1,0 1,0 1,25
brage loading
Choyd loading 1,0 1,0 1,0 1,0 1,0 1,0

10.5 Minimum SCF values

10.5.1 Uniplanar RHS joints

A minimum SCF value of 2,0 is recommended unless otherwise specified such as “negligible” or “no minimum

SCF values required”.

10.5.2 Multiplanar RHS joints

When using 10.4.1, the calculated SCF for uniplanar RHS K-joints should be adopted even if it is less than 2,0.
A minimum K; ki value of 2,0 is recommended after applying /. to K k.

© 1SO 2008 — All rights reserved
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Annex A
(normative)

Quality requirements for hollow sections

A.1  The grade and quality of steel chosen shall meet static strength and toughness requirements, taking
into account weldability, thickness, environmental conditions, rate of loading, and the consequence of failure.

A.2 For square and rectangular hollow sections made by cold-forming, the distance between the
longitudinal 4eam and the tangent to the inner radius should be at least twice the wall thickness.

A.3 Welding is permitted in the zones of cold forming if the minimum conditions of interndl\corner rpdius
given in Table A.1 are fulfilled.

Table A.1 — Minimum conditions of internal corner radius

Steel desidnation to | Minimum yield stress | Tensile strength t rit
1ISO 630:1995, Table 1 MPa MPa &
Fe 360 at legst quality C 235 360 to 460 12<t< 16 =>3,0
Fe 430 at legst quality C 275 430 to 530 8<r<12 >2,0
6<r<8 >1,5
Fe 510 at legst quality D 355 490 to 630
t<6 >1,0
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B.1

ISO 143

Annex B
(normative)

Weld details

47:2008(E)

In welded joints, the connection should be established over the entire perimeter of the hollow section by
means of a full penetration weld, a partial penetration weld, a fillet weld, or a combination.

B.2
stand
the u

B.3
used

a)

wher

[
1
b) |

B.4
provi

B.5

are recommended.

B.6
conc

e of weld-toe improvement techniques.

ards, without further weld treatment. It is recognized that better fatigue performance can'be

Fillet welds are not generally recommended for wall thicknesses greater than.8*mm. If fil
they should satisfy the following conditions:

A\%

Y%

is the throat thickness of the fillet weld,
is the wall thickness of the hollow section to be ‘connected;
bcal dihedral angle at the toe of the brace does-not exceed 120°.

When fillet welds are not feasible at the saddle regions, partial or full penetration welq
ed there, while fillet welds may be used at the crown toe and crown heel regions.

For connections of brace members with wall thickness larger than 8 mm, partial or full pens

Weld start/stop positions” for non-continuous welds should not be located at points o
pntration. Some recammended locations for these weld start/stop positions are shown in Fig

Recommendations advocated in this specification are for welds produced to normal strugtural welding

achieved by

et welds are

s should be

tration welds

high stress
ire B.1.
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\_/O \_/O
1 2
o | = =N
1
2
R [

Key
1,2,3,4 recompmended weld start/stop-positions

Figure B.1 — Recommended weld start/stop positions
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Annex C
(informative)

A fatigue assessment procedure

An illustration of the fatigue assessment procedure is given in Figure C.1.

f_Aé =\1 %ﬂ" FZT/\ /\ /\
V

FBT / AN

{
Key
F; Idads
t time

1 Igcation of structural detail for design
a) Loading sequence

YAVAN

\VAR'
Key
S sfress
t time
b) Stress range history at X - X
\ A S; S, S, /\
NEIVAAVA VAR .
i
Y \/ t
Key
S; stresses

t  time (reservoir method)
c) Cycle counting

Figure C.1 — lllustration of fatigue assessment procedure
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S A
S
Sy
S, S,
n
P I71;‘I72“I73;‘I74;
Key
n; number of cycles
S; stresses
d) Stress spectrum
s A
1
81 \
Sy \
S; —
84 \ o
N, NSN3N, N
Key
N; number of cycles
S; stresses
1 AS-Nline for location of structural detail for design
e) Cycles to failure
NOTE Damage summation according to the Palmgren-Miner rule is given by
D= Z_r:;:ﬂ+n_2+n_3+n_4
Ni Ny Nop 3 Ny
Figure C.1 (continued)

30
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Annex D
(normative)

SCF equations and graphs for CHS joints

D.1 Uniplanar CHS T- and Y-joints

D.1.1 General

See figures D.1 and D.2

<
A Iy
S
1Y
Y
_—1° L -
Key
1 cfown toe
2 saddle
3 cfown heel
NOTH For variable definitions, see Clause 4.

Figure D.1 — Locations of interest
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TFax TFax

.

N
00000
a)l Load condition 1: axial load b) Load condition 2: axial load‘wjth
with chord ends fixed general chord fixity

—
/-\1 Mipb opb

2 A

c¢) Logad condition 3: in-plane bending d) Load condition 4: out-of-plane bending

NOTE Fqr variable definitions, see Clause 4.

Figure D.2 — Load conditions

D.1.2 SCFjs for uniplanar CHS T- and Y-joints

D.1.2.1 Lopd condition{1:-Axial load with chord ends fixed

D.1.21.1 hord (saddle and crown)

Kt,ch,s,a =11 Fy

Kt,ch,cr,ax =T

D.1.2.1.2 Brace (saddle and crown)

Kt,b,s,ax =T3 Fy

Kt,b,cr,ax =Ty

32 © 1SO 2008 — All rights reserved
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D.1.2.1.3 Source equations

If o

T, = e " [111-3(8-0,52)%]sin 0 6
T, = y%27{2,65 + 5(3 - 0,65)%] + 78(0,25¢c — 3)sin &
T3 =13+ yr9%20:%1[0,187 - 1,25 8™ (8- 0,96)]sin (27-001@) g

T, =3+7"2[0,12¢ 748 +0,01182 - 0,045] + B7(0,1r —1,2)

ISO 14347:2008(E)

12

Ij»] = 1,0

If a<{12

-116 2,5
7, =1-(0,83-0,56 3% —0,02)y 223,021 "«

D.1.2.2 Load condition 2: axial load with general chord fixity

D.1.2.2.1 Chord (saddle and crown)

Kt,ch,s,ax =Ts Fy

Kt,ch,cr,ax =Tg

D.1.2.2.2 Brace (saddle and crown)

Kt,b,s,ax =T3 Fy

Kt,b,cr,ax =T7

D.1.2.2.3 Source equations

[o = 7927{2,65 +5(8 - 0,65)?]+ 78(C o0 — 3)sin 6

[+=3+y"2(0,12¢*” +0,01142 - 0,045) + fr(C3 —1,2)

[s = yr " [111=8(8~-0,52)%]sin "8 6+ C4(0,8cr - 6)78%(1- #2)*° sin? 26

Cy=2(C-0,5)
C
Co==
27
C
Ca=—=
375

where the instances of C are chord end fixity factors (see 9.1.3).

©I1SO

2008 — All rights reserved
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Ifax=12
F2=1,0

If <12

-138 25
Fy=1-(1,438-0,97 % —0,03)y004, 071y e

D.1.2.3 Load condition 3: in-plane bending

D.1.2.3.1 Chord (saddle and crown)
Kt,ch,s,i[b =0

Kt,ch,cr,iob =Ty

D.1.2.3.2 race (saddle and crown)

Kt,b,s,ip =0

Kiberipp =To
D.1.2.3.3 ource equations

Ty = 1,4 47085, (1-0.88) 5in 07

Tg =1+ 0,65 5704 (109-0778) gipy (0067-116) g
D.1.2.4 Lopd condition 4: out-of-plane bending
D.1.2.41 Chord (saddle and crown)

Ky chs,opb =T10 F3

Kt,ch,cr, pb = 0

D.1.2.4.2 race (saddle and crown)

Kips,0pb= 11 F3

Kt,b,cr,opb =0
D.1.2.4.3 Source equations

Tyo = yiB8(17-1,05433)sin"8 ¢

Ty1 = 729794 517 -10553)(0,99-0,475+0,0834)sin "8 ¢

34
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Ifa>12
F3=1,0

If <12

-0,89 ,18
Fa =1—0,55ﬂ1’870’166_0’49}/ o

D.2 Uniplanar CHS X-joints

D.2.1 General

See Figures D.3 and D 4.

A
S
S
Y
1 L -
Key
1 cfown toe
2 saddle
3 cfown heel
NOT Eorvariable dnfinifinnc, see Clause 4
godi o _do _n o, 2L
do 2t0 ) do

Figure D.3 — Locations of interest
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A Fax

==

Y Fax

a) Load condition 1: balanced axial load with chord end pinned

ipb

o}

—

Mopb

c) Load condition 3: out-of-plane bending

a8  Alternatives.

NOTE For variable definitions, see Clause 4.

Figure D.4 — Load conditions
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D.2.2 SCFs for uniplanar CHS X-joints
D.2.2.1 Load condition 1: balanced axial load with chord ends pinned

D.2.2.1.1 Chord (saddle and crown)

Kt,ch,s,ax =Xy F

Kt,ch,cr,ax =Xy

D.2.2.1.2 Brace (saddle and crown)

Ktbsax = X3 2

Kibcrax = X4

D.2.2.1.3 Source equations

¥, =3,87776(1,10- 8®8)sin? 6

¥ 5, = 7%27[2,65 + 5(8 - 0,65)2] - 378sin6

5 =1+1,97%°5%9(1,09- g )sin?% ¢

¥, =3+7%2(0,12¢7*# +0,01152 - 0,045)

If o4 12

Fr=10

If ¢<]12

F, =1- (1435 -0,9742)-0,03)y 0040717 *a®®
D.2.2.2 Load condition 2: in-plane bending

SCF¢ are the same as those for uniplanar T-joints subjected to in-plane bending, as given in D.1.R.3.

D.2.2.3 ALoad condition 3: out-of-plane bending

D.2.2.3.1 Chord (saddle and crown)
Kt ch,s,opb = X5 F3
K cheropp =0

D.2.2.3.2 Brace (saddle and crown)

Kipsopb = X6 £3

Kt,b,cr,opb =0
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D.2.2.3.3 Source equations

X5 = y18(1,56-1,345%)sin*® 9

Xg = 729704 5(1,56 -1,3434)(0,99-0,475 +0,085%)sin'C ¢
If > 12

F3=1,0

If a< 12

-0,89 ,18
F3 — 1_ 0,55ﬂ1’870’166_0’497 o

D.3 Uniplanar CHS K-joints with gap

See Figures D.5 to D.8.

\\Fax /::(/
M i

F axcos@ é}k }(g

a) Load condition 1:basic balanced axial loading

Mch Mch

b) Load condition 2: chord loading (axial and bending)

NOTE Forvariable r'lﬂfir\ifinnc’ see Clause 4

Figure D.5 — Load conditions for uniplanar CHS K-joints
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Kt,O,ch,ax A fc :
4,0 | 3,0 F=—————
— | —— 2y =55 /]
3,5 : ~. | =——-——2¥=45 b
= T~ . 25 [ =—— 2; =35 7 -'/
— ~L_ 6 =60 [ _ r'/ /
30 F <= — [ 2y=25 ytdy
[ [ — b 9 T 45 [ './ / /
25 F 0 =30° 20 A
) — /,//
| 4
2,0 15 /,.,;’, .z
— Y
A o E Y’ /it
2y =24 e E
10 =05 0.5 [ //
0,5 ) 7
0,0 > 0,0 >
0,00,10,20,30405060,70,8091,0/ 0,00,10,2030405060,7080910 T
Key
1 correction factor
KiocHax reference SCF for chord under basic balanced axial loading
p diameter or width ratio
V4 chord slenderness
[ acute angle between brace and chord axes
T wall thickness ratio
Figure D.6 — Values of X, , , 5, and corresponding correction factor, /, for the chprd
(load condition 1: basic balanced axial loading)
Khobax § fo &
4,0 — T I 3,0 — T T T 2 T 5.5
- || 2y =24 = A
3,5 : 4 | —— 27 =45
- T=0,5 25 H 29 =35
3,0 |E | ———2y=25
25 F 20 1 ]
— N~ — /’/ L
2,0 E ~a ™~ 9 =60° 15 & //’/
YV E N | | S L L
[ \\ 0 = 450 — -1 ~ //
15 E - LT
E \\ |° 1,0 [ ;/’
1.0 — 0 =30 - //
0,5 |-
0,5
0,0 > 0,0 >
0,00,10,20,30,40,5060,70,8091,0 /3 0,00,10,20,30405060,7080910 T
Key
1 correction factor
Kiopax reference SCF for brace under basic balanced axial loading
B diameter or width ratio
/4 chord slenderness
0 acute angle between brace and chord axes
T wall thickness ratio

Figure D.7 — Values of X, ; ,, 5 and corresponding correction factor, /;, for the brace
(load condition 1: basic balanced axial loading)
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Kichen b

3,00
2,75 =
2,50 = — —
225 L - ————0=30
2,00 < s

1,75
1,50
1.25

1,00 =
02 03 04 05 06 07 08 09 10T

— - —_— 0 =35°
—_—— 0 = 40°
0 = 45°

Key
Kichen SCF for chord under chord loading

6 acute|angle between brace and chord axes
T wall thickness ratio

Figure D.8 — Values of X, ., ., for the chord (load condition 2:chord loading)

D.4 Multiplanar CHS XX-joints

D.4.1 Geneéral

See Figures P.9 and D.10.

L |
i

~N O

Key

1,2,3,4 locations

5 reference brace

6 chord

7 carry-over brace

NOTE For variable definitions, see Clause 4.

Figure D.9 — Hot-spot locations
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?Fref

Mref
-
FCOV MCOV
T
FCOV MCOV
¢ — N
I ref WIref
a) Load condition 1: axial balanced b) Load condition 2: balahced infplane
brace loading bending on braces
Mref
M;V FCh/(
MCOV
Fch
A‘M/ref
d) Load condition 3: balanced out-of;plane d) Load condition 4: axial balapced
bending on braces chord loading
Figure D.10)— Load conditions for multiplanar CHS XX-joints
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D.4.2 SCFs for multiplanar CHS XX-joints
D.4.2.1 Load condition 1: axial balanced brace loading

D.4.2.1.1 Axial load in reference braces, F,

See Figure D.11.

Kt,o A
10
r=12
5 _| T 0,
0 - Kt,O,ch2,ref
t,O,b4,ref
-5
-10 -
0,3 0,4 0,5 06 /3
Key
Kio refdrence SCF

Kt’oychzyref refdrence SCF for chord at location 2
Ktyoybwref refgrence SCF for brace at location 4

s diafneter or width ratio
¥ chord slenderness
T wal| thickness ratio

Figure D.11 — Axial load in reference braces, F,

D.4.2.1.1.1 [Chord (locations 1 and 2)

y 0,4
Kt,ch1,ref,ax=5(ﬁj (1=4)

¥ 11 . 115
Kt,chz,ref,ax:(ﬁj (Ej Kt,O,chz,ref

D.4.2.1.1.2 Braceftocations3-and4)

Kt,b3,ref,ax =20

05 ( 7 0T
Kt,b4,ref,ax=(ﬁj (ﬁj Kt0,by ref

42
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D.4.2.1.2 Axial load in carry-over braces, F’

cov
See Figure D.12.
Kt,O A
10
y=12
5 T=0,
K
0 T0b,,C0V
=~ K
5 =~ N~ — \‘\\ £,0,ch,cov
-10 >
0,3 0,4 0,5 06 3
Key
Kio reference SCF

Kt,O,chz,cov carry-over SCF for chord at location 2
Kt,O,b4 cov carry-over SCF for brace at location 4

B diameter or width ratio
V4 chord slenderness
T wall thickness ratio

Figure D.12 — Axial load in carry-over braces, F g,

D.4.2.1.2.1 Chord (locations 1 and 2)

Kt,ch1,cov,ax =0

y 11 y 145
Kt,chz,cov,ax:(ﬁj (Ej Kt,O,ch2,cov

No mfinimum value for&{ ., cov,ax IS required.

D.4.2.1.2.2 Brace (locations 3 and 4)

Kt,b3,cov,ax =0

y 0,5 . 0,75
Kt,b4,cov,ax:(ﬁj (ﬁj Kt,O,b4,cov

No minimum value for K}, .oy ax IS required.
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D.4.2.2 Load condition 2: balanced in-plane bending in braces
D.4.2.21 In-plane bending in reference braces, M,

D.4.2.2.1.1 Chord (locations 1 and 2)

J\O8( £ 08
Kt,ch1,ref,ipb:[ﬁj (ﬁj Kyt

where K; 1 is the SCF for uniplanar CHS T-joints subjected to in-plane bending (K; o o jpp @S given in D.1.2.3).

Kt,chz,ref,ipb =0
D.4.2.2.1.2 PBrace (locations 3 and 4)
Kb, reffipp = 2:0
Kt,b4,ref ipb = 0
D.4.2.2.2 In-plane bending in carry-over braces, M,
D.4.2.2.2.1 [Chord (locations 1 and 2)
Kt,ch1,cc v,ipb = Kt,chz,cov,ipb =0
D.4.2.2.2.2 PBrace (locations 3 and 4)
Kt,b3,co Jipb = Kt,b4,cov,ipb =0
D.4.2.3 Lopd condition 3: balanced out-of-plane bending of braces

D.4.2.3.1 Out-of-plane bending in‘reference braces, M,

See Figure 0J.13.

44
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Key
Kio
K 0,ch
Ktop,|

D.4.2

D.4.2

D.4.2

D

t,0

5

4 — — =12

3 ,// T ’

2 bp—r—"T"

1 Kt,O,ch2,ref
0 t,0,b,,ref
-1

-2

-3

0,3 0,4 0,5 06 f3

reference SCF
ref reference SCF for chord at location 2
ref reference SCF for brace at location 4
diameter or width ratio
chord slenderness
wall thickness ratio

Figure D.13 — Out-of-plane bending in.reference braces, M,

.3.1.1 Chord (locations 1 and 2)

Kt,ch1,ref,opb =0

¥ 125 r 105
Kt,ch2,ref,opb = (EJ (Ej Kt,O,chz,ref

.3.1.2 Brace (locations 3(and 4)

Kt,b3,ref,opb =20

DNO8 (07
Kt,b4,ref,opb:[aj (ﬁj K't0,bg.ref

.3.2 \(Out-of-plane bending in carry-over braces, M,

See

©I1SO

[|=H n
Igure -

2008 — All rights reserved
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Kt’0 A
5
4 7=12
3 T 5
2
1 Kt,O,b4,cov
0 - — t,O,ch2,cov
-1 == ~T—
) ———
-3 >
0,3 0,4 0,5 0,6 /3
Key
Kio refgrence SCF

Kt,O,b4,cov SCF for carry-over brace at location 4
Kt’oichzyref SCF for carry-over chord at location 2

s diafneter or width ratio
¥ chord slenderness
T wal| thickness ratio

Figure D.14 — Out-of-plane bending in carry-oveb braces, M,

D.4.2.3.2.1 [Chord (locations 1 and 2)

Kt,ch1,cc v,opb = 0

y 1,25 r 1,05
Kt,chz,c v,opb = (Ej [Ej Kt,O,chz,cov

No minimumjvalue for K ¢, cov,0pb IS required.
D.4.2.3.2.2 PBrace (locations 3 and 4)

Kt,b3,co ,opb = 0

¥ 0,5 ' 0,75
Kt,b4,co ,0pb :(Ej (ﬁj Kt,O,b4,cov

No minimum|valueforKyp,, .oy opp iS required.

D.4.2.4 Lopd.ccondition 4: axial balanced chord loading

D.4.2.41 Chord (locations 1 and 2)

Kt,ch1,c =20
Kt,chz,c =0

D.4.2.4.2 Brace (locations 3 and 4)

Kt,bs,c =0

Kt,b4,C = O
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SCF equations and graphs for RHS joints

Annex E
(normative)

E.1 Uniplanar RHS T and X-joints

ISO 14347:2008(E)

E.1.1

See |

Key

A,B,G

NOTH

General

Figures E.1 and E.2.

brace
chord
,D,E hot spot lines

A\

A
1
| |
D~ -
e
7 N e
N B

For variable definitions, see Clause 4.

Figure E.1 — Hot-spot locations
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NOTE

E.1.2 SCFs for uniplanar RHS T- and X-joints

E.1.2.1

E.1.2.11

B
A X

a) Load condition 1: axial force on the brace

ST M,

A X

b) Load condition 2: in-plane bending on the brace

c) Load condition 3: chord loading (axial and bending)

Fqr variable definitionssée Clause 4.

Figure E.2 — Load conditions for uniplanar RHS T- and X-joints

Load condition 1: axial force on the brace

Chord (lines B, C, and D)

2
Kt,chB,ax — (0’143 _ 01204ﬂ + 0, 064ﬁ2 )(2}/)(1,377+1,715ﬁ—1,1 034 )10,75

2
Kichgax = [0,077 ~0,1294+0,06132 — o,0003(2y)}(27)“‘565”87”—1‘028'3 )70.75

2
Kichg.ax = (0,208—0,387+ 0,20982)(25)(0.925+2:389/-18815%) 075

48
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For X-joints with #=1,0:
Ki che,ax 18 multiplied by a factor of 0,65;

Ki chp,ax 18 multiplied by a factor of 0,50.

E.1.2.1.2 Brace (lines A and E)

2
Kippax = Kipgax =(0,013+0,6935-0,2783%)(2y)(0790+1898/-210957)

for jojnts with fillet welds:
Kt,bAaX is multiplied by a factor of 1,40;

Kibeax I8 multiplied by a factor of 1,40.
E.1.22 Load condition 2: in-plane bending on the brace

E.1.22.1 Chord (lines B, C, and D)

2
K 1 ohg ipb = (~0,011+0,0853 - 0,07332)(2y)(1722+11515-0,69757), 075
2
K t chs,ipb = [0,952 —3,0628+2,38282 + O,0228(27)}(27)(‘0'690+5'817'3_4'685'3 ) 7075

2
Kt chgipb = (_0,054+0,332ﬂ_0,258ﬂ2)(27)(2,084—1,062,B+0,527,B ) £0.75
E.1.2.2.2 Brace (lines A and E)

_ = 2
Kt 5ipb = Ktbgipb = (0,390 ~ 10548+ 111552 )(2y)(70154+4555/73809/%)

for jo|nts with fillet welds:

Kib,ipb i multiplied-by a factor of 1,40;
Kibeipp i multiplied by a factor of 1,40.
E.1.2.3 Load condition 3: chord loading

E.1.2.3.1" 'Chord (lines B, C, and D)

Kt,ChB,C = O
Kiohg,c = 0.725(2y) %2487 7019
Kiohpc = 1373(2y) 02000 7024

E.1.2.3.2 Brace (lines A and E)

Kibpc =Kibgec =0
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E.2 Uniplanar RHS K-joints with gap

NS

Fch
Faxcos® Faxcos@
—_— e
Mch
a) LUoad condition 1: basic balanced b) Load condition 2: chord loading
axial loading (axial and bending)
Figure E.3 — Load conditions for uniplanar RHS K-joints with gap
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Figure E.4 — The reference value, K| ; -, 55 for the chord of RHS K-joints with gap
(¢’ =1,0; load condition 1: basic balanced axial loading)
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Figure E.5 — The reference value, X ; o, o« for the chord of RHS K-joints with gap
(¢’ = 2,0; load/condition 1: basic balanced axial loading)
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Aigure E.6 —The reference value, K, g ¢, 5 for the chord of RHS K-joints with gap
(g’ =4,0; load condition-1: basic balanced axial loading)
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Figure E.7 — The reference value, X ; o, 55 for the chord of RHS K-joints with gap
(¢’ = 8,0; load(condition 1: basic balanced axial loading)
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