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Articles

DOI: 10.1002/stco.201610039Jaap Wardenier*
Jeffrey Packer
Ram Puthli
Frans Bijlaard

This paper deals with a proposal to revise the effective width 
terms in the brace shear criterion for overlap joints in rectangular 
hollow sections (RHS). The background to the design equations in 
ISO 14346 for the failure modes, brace effective width, chord M-N 
interaction and brace shear are described first. That is followed 
by the relation between overlap joints in circular hollow sections 
and those in rectangular hollow sections and those with an I- or 
H-section chord. Finally, it is shown that the effective width terms 
in the brace shear criterion can – in the case of 100 % overlap 
joints – be better related to the thickness of the overlapped 
brace. In the case of smaller overlaps, lov,limit ≤ lov ≤ 100 %, the 
effective width should also be related to the thickness of the 
overlapping brace, where lov,limit depends on whether the hidden 
seam at the toe of the overlapped brace has been welded.

1  Introduction

This paper deals with the failure modes of overlap joints 
between rectangular hollow sections (RHS). Fig. 1 shows 
an overlap joint with the symbols for the dimensions and 
the definition of the overlap. Within the scope of the up-
date to EN 1993-1-8 [1] “Design of joints”, the brace shear 
criterion needs to be included for overlap joints between 
hollow sections and therefore re-evaluated. There is no 
equation in the current version of EN 1993-1-8 and design-
ers often use the brace shear equation included in ISO 
14346 [2], which is also adopted in CIDECT Design 
Guides 1 and 3 [3], [4]. This brace shear equation for RHS 
overlap joints is based on the work of Chen et al. [5], [6], 
[7], [8]. This paper re-evaluates that shear criterion and pro-
poses a more simplified, logical approach.

A numerical investigation was carried out in [5] to 
determine the strength of multi-planar KK-joints between 
rectangular hollow sections. In that investigation it was 
observed that for overlap joints, a chord face local buck-
ling failure could still occur due to the localized brace 
shear force transfer to the chord. This failure mode was 
thus at that time not sufficiently covered by the resistance 
criteria in the codes and recommendations or excluded by 
the b0/t0 limits in the validity range. Therefore, it was de-
cided to investigate 100 % overlap K- and KK-joints in 

more detail in [6] (i.e. joints where the heel of the overlap-
ping brace meets the toe of the overlapped brace).

2  Background to the EN 1993-1-8 recommendations

Up until 2011 the design recommendations for RHS over-
lap joints in EN 1993-1-8 [1] only specified that the brace 
effective width criterion be checked for the overlapping 
brace (failure mode 1 in Fig. 4). Further, the efficiency of 
the overlapped brace (i.e. the joint resistance divided by 
the brace squash load) should not exceed that of the over-
lapping brace. These recommendations were based on the 
IIW recommendation of 1989 [9] and the 1st edition of 
CIDECT Design Guide No. 3 [4].

At the time of drafting those rules, it was known that 
chord face local buckling failure could occur. This was ob-
served, for example, in the overlap joints in the Pisa girder 
tests [10], the isolated joint tests in Corby [11] and the Delft 
tests [12]. Wardenier and de Koning [13] had indicated in 
1976 that brace shear failure at the connection with the 
chord face could also be a possible failure mode, especially 
when hj < bj. Packer and Davies [14] and Davies et al. [15] 
investigated various local buckling failure modes analyti-
cally, e.g. using yield line models.

At that time, in all the experimental tests carried out 
on uni-planar joints, chord face local buckling failure was 
only observed for overlap joints with chords for b0/t0 > 40. 
To avoid this failure mode, this limit of 40, or sometimes 
35, was included in the codes and recommendations. Ini-
tially, only a brace effective width criterion based on [16] 
was used to cover the strength of RHS overlap joints, since 
the moments due to eccentricity would be accounted for 
in the member check.

3 � Investigation in CIDECT programme 5BN and additional 
investigations

3.1  RHS 100 % overlap joints

Chen et al. [6], [7] investigated 100 % RHS overlap K- and 
KK-joints in CIDECT programme 5BN, whereas Liu et al. 
[8] additionally investigated 50 % RHS uni-planar and mul-
ti-planar overlap joints. In the basic numerical investiga-
tion with 100  % RHS overlap joints, K- and KK-joints 
were  investigated with the parameters θ = 45°, β = 0.6, 
2γ = 31.75, τ = 0.79, S355 steel and an artificial steel S860. 
Additional investigations [7] were conducted for the pa-
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rameters 2γ = 15 and 35, b = 0.4 and 0.8, t = 0.55 and 1.0. 
Fig. 2 shows the boundary conditions and Fig. 3 shows the 
element mesh used in [6], [7].

All numerical calculations were performed with the 
Marc 2003 program with 8-node iso-parametric thick shell 
elements, which were also used for previous investigations 
[5]. The Marc input requires true stress–true strain input 
for the material properties. The three basic failure modes 
are shown in Fig. 4; the fourth failure mode, strut buckling, 
is not shown. The capacities of the joints were determined 
by the maximum load capacity because this appeared be-
fore the deformation limit of a 3 % b0 indentation in the 
chord face.

In the analyses, the chord at the toe and the heel loca-
tions of the overlapped brace have been checked for the 
interaction between axial load and bending moment. It 
should be noted that due to induced deformations rather 
than induced forces, the resulting bending moments in the 
chords are somewhat larger than the moments due to the 
resulting brace shear force multiplied by the eccentricity 
0.5h0 and distributed over both chord ends.

The analysis numbers (u for uniplanar, m for multipla-
nar), boundary conditions, dimensions, yield stresses and 
failure modes together with the member efficiencies and 

the checks for failure modes 1 to 3 are listed in Table 1. 
Failure modes 1 to 4 (see Fig. 4) in this paper are differ-
ently numbered from those in [6]–[8]. Currently, only mode 
1 is sufficiently covered in EN 1993-1-8.

Failure mode 1
The brace effective width criterion for failure mode 1, in-
cluded in [1]–[4] and based on [12], [16], for 100 % RHS 
overlap joints is given by

Ni,Rd = fyi ti (2hi + bi + be,ov – 4ti)� (1)

Fig. 1.  RHS overlap joint where cross-sections (1), (2) and (3) have to be checked

Fig. 2.  Boundary conditions used [6], [7]

Fig. 3.  FE meshes used for overlap joints



J. Wardenier/J. Packer/R. Puthli/F. Bijlaard · Re-evaluation of the shear criterion for RHS overlap joints

341Steel Construction 9 (2016), No. 4

where b 10
b /t

f t

f t
b but be,ov

j j

yj j

yi i
i i=



















 ≤ � (1a)

Failure mode 2
Owing to a possible shear lag influence, the RHS chord 
was checked for the interaction between axial load and 
bending moment. In [14] it is shown that for failure mode 
2, a linear interaction (Eq. (2) gives the best fit for the test 
results:

� (2)

Failure mode 3
As indicated in Table 1, most K-joints with the chord in 
compression failed by a combination of failure modes. 
In some cases, at maximum load on the K-joints and 
large shear stresses in the overlapped brace (failure 
mode 3), even the failure criteria for brace effective 
width (mode 1) and chord M-N interaction (mode 2) can 
be reached. This may explain why, in the experimental 
tests, brace shear was initially not reported as a failure 
mode.

In [6] the brace shear resistance at the chord connect-
ing face was initially based on an effective shear area con-

R
N

N
M

M
1.0N M

0

0,Rd

0

0,Rd
0 0

= + ≤−

sisting of the two overlapped brace sides hj/sinθj and the 
brace cross-wall bj at the connection with the overlapping 
brace i. Initially, no effective part bej was assumed for the 
cross-wall at the heel, which is less effective for shear, 
therefore bej = 0.

Assuming, conservatively, fuj/√3 as the ultimate shear 
stress, the general equation for the ultimate limit shear re-
sistance is given by

� (3a)

The actual-to-predicted brace shear capacity checks Vu
* 

and Vu
** in Table 1 [5], [6] are given by Eq. (3b):

� (3b)

As shown in Table 1, the unity check Vu
* for bej = 0 gave 

conservative results for those cases where mode 3 is ab-
solutely critical (tests U6 and M3 to M9), i.e. high unity 
checks Vu

* (1.17–1.33). After further analyses and dis
cussions it was decided to include an effective width 

N
f

3

(2h b b ) t

sinS,Rd
uj j j ej j

j
=

+ +
θ

V
N cos N cos

f

3

(2h b b ) t

sin

u
i i j j

uj j j ej j

j

=
θ + θ

+ +
θ

Fig. 4.  Failure modes (mode 4 not shown)
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bej at the heel of the overlapped brace. For simplicity, bej 
was taken to be similar to that given in Eq. (1a) for the 
brace effective width be,ov but now related to the connec-
tion between overlapped brace j and chord 0, giving 
Eq. (3c):

� (3c)

Now, for the tests where failure mode 3 is absolutely criti-
cal (tests U6 and M3 to M9), the unity checks Vu** with 
bej according to Eq. (3c) are reduced from 1.23–1.33 to 
1.04–1.15. Chen et al. [7] also carried out additional nu-
merical calculations for uni-planar K-joints with β ratios of 
0.4 and 0.8, with lower 2γ ratios of 16 and 25 and varying 
τ ratios; however, these all failed either by brace member 
failure (mode 4) or by chord M-N interaction (mode 2).

3.2 � Additional analyses for 50 % uni-planar and multi-planar 
overlap joints

Liu et al. [8] analysed K- and KK-type overlap joints with φ 
= 90° and 50 % overlap, as shown in Fig. 5. That investiga-
tion covers chord slendernesses b0/t0 of 15, 25 and 35 and 
brace-to-chord width ratios β = 0.4, 0.6 and 0.8. Additional 
tests were carried out with different steel grades for chord 
and braces as well as analyses with different chord 
preloads. In the analyses, a similar approach was used as 
for the 100 % overlap joints.

Eq. (1b), which is already included in [1], was used for 
the brace effective width criterion (failure mode 1):

Ni,Rd = fyi ti (2hi + beff + be,ov – 4ti)� (1b)

where b 10
b /t

f t

f t
b but beff

0 0

y0 0

yi i
i i=















 ≤ � (1c)

For failure mode 2, Eq. (2) applies as used for 100 % over-
lap joints.

For failure mode 3, besides the sides of the overlapped 
brace, parts of the sides of overlapping brace i are now also 
effective for shear. Also effective are bei at the heel of the 
overlapping brace and, for the overlapped brace, bej at the 
heel and for the hidden seam at the toe of the overlapped 
brace j if this seam is welded, resulting in Eq. (3d) [8]:

b 10
b /t

f t

f t
b but bej

0 0

y0 0

yj j
j j=















 ≤

N
f

3

100
100

2h b t

sin

f

3

(2h c b ) t

sin

S,Rd
ui

ov
i ei i

i

uj j s ej j

j

=

− λ





+













θ

+
+

θ

� (3d)

with b 10
b /t

f t

f t
b but bei

0 0

y0 0

yi i
i i=















 ≤ � (3e)

If the hidden seam is welded, cs = 2 in Eq. (3d), and if the 
hidden seam is not welded, cs = 1. Fig. 6 shows the model 
representing the effective parts used in Eqs. (3a) and (3d) 
for the brace shear criterion.

However, for the 50 % overlap joints, all numerical 
tests failed either by brace effective width (mode 1), 
chord M-N interaction (mode 2), member yield or buck-
ling failure (mode 4). This is partly due to the different 
boundary conditions, shown in Fig. 7, which resulted in 
larger bending moments in the chord compared with 
those that occur with the boundary conditions of Fig. 2, 
so mode 2 governs in most cases for the multi-planar 
joints with 50 % overlap. The results are not discussed 
here, as the details can be obtained from [8]. Later anal-
yses of overlap joints between circular hollow sections 
[17] showed that mode 3 only governs for larger over-
laps.

4  Overlap joints between circular hollow sections

For CHS overlap joints, [17] and [18] follow the same prin-
ciples as for RHS joints and the criteria are directly related 
to those of RHS joints. For the effective width criterion of 
the overlapping brace, the equations for overlap joints with 
RHS braces are used with all b and h dimensions in the 
formulae replaced by d and the equation is multiplied by 
π/4, which is the ratio of the cross-sectional areas of thin-
walled CHS and RHS braces with d = b = h and the same 
thickness t.

Since the local stiffness of CHS-to-CHS connections 
is more uniform than that of RHS-to-RHS connections, the 
constant in the effective width terms of Eqs. (1a), (3c) and 
(3e) for brace effective width and brace shear is increased 
by 20 %, i.e. changes from 10 to 12. This increase is also 
found when comparing the efficiency of CHS X-joints with 

Fig. 5.  Numerical models of uni-planar K- and multi-planar KK-joint with 50 % overlap [8]
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that of RHS X-joints. Adopting these modifications in Eqs. 
(3a) and (3d) results in the functions given in [2]. Numeri-
cal data [17], [18] showed that owing to the more uniform 
stiffness distribution in CHS overlap joints, a single expres-
sion, related to the expression for RHS joints with 50 % ≤ 
lov < 100 %, can be used to describe the brace effective 
width criterion of CHS joints with overlaps 25 % ≤ lov < 
100 %.

Further, [17] and [18] determined when brace shear 
may become critical compared with the criteria for brace 
effective width or chord M-N interaction, resulting in the 
following limits:
lov,limit ≥ 60  % when the hidden toe of the overlapped 
brace is not welded.
lov,limit ≥ 80  % when the hidden toe of the overlapped 
brace is welded.

The local chord yield interaction criterion for CHS chords 
in [2] for CHS overlap joints is based on [19].

5 � Overlap joints between CHS or RHS braces and I- or H-sec-
tion chords

The criteria for brace effective width (failure mode 1) is 
already included in EN 1993-1-8. For the interaction be-
tween N and M in the chord (failure mode 2) and brace 
shear (failure mode 3), in principle, similar equations can 

be used as for overlap joints with an RHS chord, i.e. Eqs. 
(2), (3a) and (3d).

6  Evaluation for inclusion in EN 1993-1-8

Eq. (1) with (1a) for the brace effective width criterion is 
commonly accepted and already included in [1]. The ma-
terial reduction factor included in EN 1993-1-8 for criteria 
based on deformation or fracture for steels with a yield 
stress exceeding 355 N/mm2 has been taken into account 
for brace failure by a factor Cf. Eq. (2) for the chord M-N 
interaction is also logical, although for tension chords it 
is more restrictive than the current rule in [1]. Consider-
ing the stiffness, the effective width term bej in the brace 
shear criterion Eq. (3a) for 100 % overlap joints should, 
physically and logically, only be a function of the over-
lapped brace thickness tj and should not be a function of 
the parameters used in Eq. (3c). Therefore, Table 1 also 
gives the shear capacity checks for two alternative cases, 
i.e. for bej = 6tj and for bej = 10tj. The value bej = 6tj is 
based on an RHS inner corner radius ri = tj and a 1:2.5 
spread on both sides, and bej = 10tj seems too optimistic 
theoretically but gives about the same correlation as the 
current equation Eq. (3b) with bej as in Eq. (3c). It is al-
ready included in ISO 14346 [2] and in CIDECT Design 
Guides 1 and 3 [3], [4].

In fact, for bej = 6tj, the mean is 1.18, and for bej = 10tj 
it is 1.12, whereas for both cases COV = 2.7 % applies. 
Since bej = 6tj agrees better with the mathematical model 
and may be more appropriate for overlap joints with the 
overlapped brace at 90°, this value is preferred. The char-
acteristic value of the numerical results for RHS joints 
with a mean of 1.18 and CoV = 2.7 % results in – using bej 
= 6tj in Eq. (3b) – a reserve > 1.1.

In [1] it is common practice to use γM = 1.0 for yield 
and γM = 1.25 if based on ultimate stresses. However, local 
strain hardening occurs here in a part of the joint with 
small deformations, not resulting in fracture in the end but 
in a chord local buckling failure. Thus, if according to [1] 
γM2 = 1.25 should be used, it would be far too conservative 
and therefore it has to be compensated for by a model 
factor of 1.25 effectively restoring the gM to 1.0. However, 
to be in line with the presentation of other equations in 

Fig. 6.  Effective shear areas for RHS joints with 50 % (no hidden weld) and 100 % overlap

Fig. 7.  Boundary conditions used in [8]
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7  Recommendations and relevance

The recommended resistance equations for hollow sec-
tion overlapped joints for next editions of EN 1993-1-8 
and ISO 14346 are given in Tables 2a to 2d with the 
effective perimeter ℓb,eff for the brace effective width 
criterion in Table 2b. The recommendations (if not the 
presentation) in Tables 2a and 2b are consistent with 

EN 1993-1-8, it was decided to present the equations in 
Table 2c based on the yield stress fy with a factor Cu = fu/
fy (for the steel grade used), in combination with γM5 = 1.0, 
which gives the same result. Based on the above consider-
ations, the bei and bej terms in the proposed brace shear 
equations for all overlap joints in Table 2 are proposed to 
be modified to bei = 6ti and bej = 6tj, and to dei = 7.2ti and 
dej = 7.2tj for CHS brace and chord members.

Table 2a.  Design axial resistance of welded uni-planar overlap joints with CHS, RHS, I or H section chord

Type of joint Design axial resistance

Axially loaded overlap joints Overlapping brace failure Overlapped brace failure

= γN C f t /i,Rd f yi i b,eff. M5  (1,2)

(for b,eff., see Table 2b)
N N

A f

A fj,Rd i,Rd
j yj

i yi

=










Chord member failure

N

N

M

M
1.00,Ed

0,Rd

c

0,Ed

0,Rd









 + ≤

c = 1.7 for CHS chord

c = 1.0 for RHS, I  or H section chord

Brace shear failure (check for λov,limit    < λov ≤ 100 %) (3) 
λov,limit  = 60 % when hidden toe of the overlapped brace is not welded.

λov,limit   = 80 % when hidden toe of the overlapped brace is welded.

N cos N cos Ni,Ed i j,Ed j S,Rdθ + θ ≤  (for NS,Rd, see Table 2c)

(1) � γM5 = 1.0
(2) � Cf is a material factor, being 1.0 for fy0 ≤ 355 N/mm2; 0.9 for 355 N/mm2 < fy0 ≤ 460 N/mm2 and 0.8 for 460 N/mm2 < fy0 ≤ 700 N/mm2.
(3) � If the braces are rectangular sections with hi < bi  and/or hj < bj,  the connection between the braces and chord face has always to be 

checked for shear.

Table 2b.  Effective perimeter length ℓb,eff. for overlapping brace failure

CHS braces RHS braces

25 % ≤ λov < 50 %

4
(2d d d 4t )b,eff. i eff e,ov i = π + + −

(
50

)2h b b 4tb,eff.
ov

i eff e,ov i =
λ

+ + −

50 % ≤ λov < 100 % 2h b b 4tb,eff. i eff e,ov i = + + −

λov = 100 %
4

(2d 2d 4t )b,eff. i e,ov i = π + − 2h b b 4tb,eff. i i e,ov i = + + −

Factors for CHS braces

Overlapping CHS brace to CHS chord

d 12
d /t

f t

f t
d but deff

0 0

y0 0

yi i
i i=















 ≤

Overlapping CHS brace to overlapped CHS brace 

d 12
d /t

f t

f t
d but de,ov

j j

yj j

yi i
i i=



















 ≤

Overlapping CHS brace to RHS chord

d 10
b /t

f t

f t
d but deff

0 0

y0 0

yi i
i i=















 ≤

Overlapping CHS brace to I-section chord

d t 2r 7t
f

f
but deff w 0

y0

yi
i= + + ≤

r = web-to-flange fillet radius of I-section

Factors for RHS braces

Overlapping RHS brace to RHS chord

b 10
b /t

f t

f t
b but beff

0 0

y0 0

yi i
i i=















 ≤

=














 ≤b

10
b /t

f t

f t
b but be,ov

j j

yj j

yi i
i i

Overlapping RHS brace to I section chord

= + + ≤b t 2r 7t
f

f
but beff w 0

y0

yi
i

r = web-to-flange fillet radius of I-section



J. Wardenier/J. Packer/R. Puthli/F. Bijlaard · Re-evaluation of the shear criterion for RHS overlap joints

346 Steel Construction 9 (2016), No. 4

those in [2], [3] and [4]. The resistance equations for brace 
shear are given in Table 2c and the proposed validity 
ranges in Table 2d.

The current RHS chord and brace slenderness limits 
used in EN 1993-1-8 [1] are still recorded in Table 2d al-
though the general limit of 35 differs from that in ISO 
14436 [2] and in the CIDECT Recommendations [4] which 
are updated to 40.

The proposed effective width terms bei = 6ti, bej = 6tj, 
dei = 7.2ti and dej = 7.2tj for brace shear are now directly 
included in the equations in Table 2c.

This paper has demonstrated that the limit state of 
brace shear is a viable controlling failure mode for over-

lapped hollow section joints. To illustrate the relevance of 
the brace shear check, consider a uniplanar 90 % overlap 
RHS-to-RHS K-joint, with braces at 40o, having 100×50×​
4.0  mm braces (b×h×t) welded to a 150×150×10.0 mm 
chord.  The hidden toe is left unwelded and all members 
are fabricated from EN10210 S355J2H steel. The K-joint is 
subjected to brace axial loads of 300 kN (one in compres-
sion, one in tension) resulting in an equilibrating compres-
sion force of 459.6 kN in the chord. It can be shown that 
the joint resistance for the limit state of local yielding of 
the overlapping (and overlapped) brace is adequate, per 
Tables 2a and 2b. Similarly, the check for chord member 
local yielding in Table 2a is satisfied. However, the brace 

Table 2c.  Design brace shear resistance of uni-planar overlap joints with CHS, RHS, I or H section chord

Ns,Rd for brace shear criterion (1,2) (check for λov,limit  < λov ≤ 100 % and for hi/bi and/or hj/bj < 1.0)

CHS braces

λov,limit  < λov < 100 % = π

− λ





+













θ
+

+
θ





















γN
4

[0.58C f t

100
100

2d 7.2t

sin
0.58C f t

(2d c d )

sin
] /S,Rd ui yi i

ov
i i

i
uj yj j

j s ej

j
M5

λov = 100 % = π +
θ

γN 0.58C f t
4

(3d 7.2t )

sin
/S,Rd uj yj j

j j

j
M5

RHS braces

λov,limit  < λov < 100 % =

− λ





+













θ
+

+
θ





















γN 0.58C f t

100
100

2h 6t

sin
0.58C f t

(2h c b )

sin
/S,Rd ui yi 1

ov
i i

i
uj yj j

j s ej

j
M5

λov = 100 % =
+ +

θ












γN 0.58C f t
(2h b 6t )

sin
/S,Rd uj yj j

j j j

j
M5

(1) � Cui, Cuj = fu/fy for the steel grade used:  fui/fyi for the overlapping member;  fuj/fyj for the overlapped member
(2) � cs =1 when hidden toe of the overlapped brace is not welded, and cs = 2 when hidden toe of the overlapped brace is welded

Table 2d.  Validity range for the design axial resistance of welded uniplanar overlap joints with CHS, RHS, I or H section 
chord

Range of validity

General
di/d0 and dj/d0 ≥ 0.20
bi/b0 and bj/b0 ≥ 0.25
di/b0 and dj/b0 ≥ 0.25

di/dj ≥ 0.75
bi/bj ≥ 0.75

ti and tj ≤ t0
ti ≤ tj

θi and θj ≥ 30°
fyi and fyj ≤ fy0

Ov ≥ 25 %

Chord

CHS
Compression class 1 or 2 and d0/t0 ≤ 50

Tension d0/t0 ≤ 50

RHS

Compression class 1 or 2 and b0/t0 ≤ 35 and h0/t0 ≤ 35

Tension b0/t0 ≤ 35 and h0/t0 ≤ 35

Aspect ratio 0.5 ≤ h0/b0 ≤ 2.0

I or H 
section

Compression
Flange class 1 or 2

Web class 1 or 2 and hw ≤ 400 mm

Tension none

CHS, RHS and I or H section chord

Braces

CHS
Compression class 1 or 2 and di/ti and dj/tj ≤ 50

Tension di/ti and dj/tj ≤ 50

RHS

Compression class 1 or 2 and bi/ti, hi/ti, bj/tj and hj/ti ≤ 35

Tension bi/ti, hi/ti, bj/tj and hj/tj ≤ 35

Aspect ratio 0.5 ≤ hi/bi ≤ 2.0 and 0.5 ≤ hj/bj ≤ 2.0
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shear resistance (Tables 2a and 2c) is exceeded by 72 %, 
which illustrates the importance of inclusion of this limit 
state in future design codes.

Notation

A0	 cross-sectional area of chord
Ai	 cross-sectional area of overlapping brace
Aj	 cross-sectional area of overlapped brace
Cf	 material factor
Cu	 ratio ultimate tensile strength to yield strength 

fu/fy
M	 moment (general)
M0	 moment in chord (general)
M0,Ed	 design value of bending moment in chord
M0,Rd	 design moment resistance of a chord 

cross-section
N	 axial force (general)
Ni	 load in overlapping brace (general)
N0	 load in chord (general)
N0,Ed	 design value of chord axial load
N0,Rd	 design value of chord axial load resistance
Ni,eff.width	 resistance in brace i based on effective width 

criterion
Ni,Ed	 design value of applied axial load in overlap-

ping brace
Ni,Rd	 design axial load resistance of a joint based on 

load in overlapping brace i
Nj	 load in overlapped brace (general)
Nj,Ed	 design value of applied axial load in over-

lapped brace
Nj,Rd	 design axial load resistance of a joint based on 

load in overlapped brace j
NS,Rd	 axial shear resistance between braces and 

chord
RN0-M0	 interaction equation between chord axial load 

N0 and chord bending moment M0
Vu*, Vu**	 unity checks for shear criterion
be	 effective width (general)
beff	 effective width of overlapping RHS brace 

member for effective width criterion
bei	 effective width of overlapping RHS brace 

member for shear at chord connection
bej	 effective width of overlapped RHS brace 

member for shear at chord connection
be,ov	 effective width of overlapping RHS brace 

member at connection to overlapped brace
b0	 external width of chord
bi	 external width of overlapping brace i
bj	 external width of overlapped brace j
c	 constant in chord M-N interaction equation
cs	 factor considering the condition (welded or 

unwelded) at hidden toe of overlapped brace
d0	 external diameter of chord
di	 external diameter of overlapping brace i
dj	 external diameter of overlapped brace j
deff	 effective width term of overlapping CHS 

brace member for effective width criterion
dei	 effective width term of overlapping CHS 

brace member for shear at chord connection
dej	 effective width term of overlapped CHS brace 

member for shear at chord connection

de,ov	 effective width term of overlapping CHS 
brace member at connection to overlapped 
brace

e	 eccentricity
fy	 yield stress (general)
fui	 ultimate tensile strength of overlapping brace i
fuj	 ultimate tensile strength of overlapped brace j
fy0	 design yield strength of chord
fyi	 design yield strength of overlapping brace i
fyj	 design yield strength of overlapped brace j
h0	 external depth of chord
hi	 external depth of overlapping RHS brace i
hj	 external depth of overlapped RHS brace j
hw	 depth of web between flanges of I- or H-sec-

tion
ℓb,eff.	 effective perimeter for local brace failure
p	 length of contact area of overlapping brace 

projected onto face of chord, without the pres-
ence of the overlapped brace

q	 projected length of overlap between braces at 
chord face

r	 inside corner radius of rectangular or square 
hollow section, radius of I- or H-section

t0	 wall thickness of CHS or RHS chord or flange 
thickness of H-section chord

ti	 wall thickness of overlapping brace i
tj	 wall thickness of overlapped brace j
tw	 thickness of H-section web
i	 integer, used for overlapping brace
j	 integer, used for overlapped brace
β	 average width or diameter ratio between 

braces and chord of a K-joint
	 (bi + bj)/2b0 or (di + dj)/2b0 or (di + dj)/2d0
φ	 angle between two planes in a multi-planar 

joint
γ	 half chord width or half chord diame-

ter-to-thickness ratio, 2γ = b0/t0 or d0/t0
γM	 partial factor (general)
τ	 thickness ratio, τi = ti/t0, τj = tj/t0
θi	 acute angle between overlapping brace i and 

chord 0
θj	 acute angle between overlapped brace j and 

chord 0
lov	 overlap, lov = q/p × 100 %
lov,limit	 limit for overlap, critical for brace shear check

Abbreviations

CIDECT	 Comité International pour le Développement et 
l’Etude de la Construction Tubulaire

IIW	 International Institute of Welding
ISO	 International Organization for Standardization
CHS	 circular hollow section
RHS	 rectangular hollow section

References

[1]  EN 1993-1-8, Eurocode 3: Design of steel structures − Part 
1-8: Design of joints. European Committee for Standardiza-
tion, Brussels, 2005.



J. Wardenier/J. Packer/R. Puthli/F. Bijlaard · Re-evaluation of the shear criterion for RHS overlap joints

348 Steel Construction 9 (2016), No. 4

[2]  ISO 14346: Static design procedure for welded hollow-sec-
tion joints – Recommendations. International Organization 
for Standardization, 2013.

[3]  Wardenier, J.; Kurobane, Y.; Packer, J. A.; Vegte, G. J. van 
der, Zhao, X.-L: Design guide for circular hollow section 
(CHS) joints under predominantly static loading, 2nd ed., 
CIDECT series, Construction with hollow sections, No. 1, 
CIDECT, Geneva, 2008.

[4]  Packer, J. A.; Wardenier, J.; Zhao, X.-L.; Vegte, G. J. van der, 
Kurobane, Y.: Design guide for rectangular hollow section 
(RHS) joints under predominantly static loading, 2nd ed., 
CIDECT series, Construction with hollow sections, No. 3, 
CIDECT, Geneva, 2009.

[5]  Liu, D. K.; Wardenier, J.: Multi-planar overlap KK-joint of 
square hollow sections. CIDECT report 5BJ-4/01, Faculty of 
Civil Engineering & Geosciences, Delft University of Technol-
ogy, 2001.

[6]  Chen, Y. Q.; Liu, D. K.; Wardenier, J.: Modified design equa-
tions for RHS K-Joints with 100% overlap. CIDECT report 
5BN-3/04, Faculty of Civil Engineering & Geosciences, Delft 
University of Technology, 2004.

[7]  Chen, Y. Q.; Liu, D. K.; Wardenier, J.: Design recommenda-
tions for RHS K-Joints with 100% overlap. Proc. of 15th Intl. 
Offshore & Polar Engineering Conference, Seoul, 2005.

[8]  Liu, D. K.; Chen, Y. Q.; Wardenier J.: Design recommenda-
tions for RHS K-Joints with 50% overlap. Proc. of 15th Intl. 
Offshore & Polar Engineering Conference, Seoul, 2005.

[9]  IIW-XV-E: Static design procedure for welded hollow sec-
tion joints – Recommendations, 2nd ed., Intl. Institute of 
Welding, Commission XV, IIW Doc. XV-1281r1-08, 1989.

[10]  British Steel Corporation: The behaviour of welded joints 
in complete lattice girders with RHS chords, CIDECT report 
5FC-77/31, 1977.

[11]  British Steel Corporation: Tests on isolated joints, Report 
CE 73/96/D, Corby, 1977.

[12]  Wardenier, J.: Hollow section joints, Delft University Press, 
Delft, 1982.

[13]  Wardenier, J.; de Koning, C.H.M.: Investigation into the 
static strength of welded lattice girder joints in structural hol-
low sections – Part 1: Rectangular hollow sections. Stevin 
report 6-76-4, Delft University of Technology, 1976.

[14]    Packer, J. A.; Davies, G.: Ultimate strength of overlapped 
joints in rectangular hollow section trusses. Proc. of Institu-
tion of Civil Engineers, Part 2, 73, June 1982, pp. 329–350.

[15]  Davies, G.; Kelly, R.; Crockett, P.: Effect of angle on the 
strength of overlapped RHS K- and X-joints. Tubular Struc-
tures VII, Farkas & Járma (eds.), Balkema, Rotterdam, 1996.

[16]  Wardenier, J.; Davies, G.; Stolle, P.: The effective width of 
branch plate to RHS chord connections in cross joints. Stevin 
report 6-81-6, Delft University of Technology, 1981.

[17]  Wardenier, J.: A uniform effective width approach for the 
design of CHS overlap joints. Proc. of 5th Intl. Conf. on Ad-
vances in Steel Structures, Singapore, 2007, vol. II, pp. 155–
165.

[18]  Qian, X. D.; Wardenier, J.; Choo, Y. S.: A uniform approach 
for the design of 100% CHS overlap joints. Proc. of 5th Intl. 
Conf. on Advances in Steel Structures, Singapore, 2007, vol. 
II, pp. 172–182.

[19]  Roik, K.; Wagenknecht, G.: Traglastdiagramme zur Bemes-
sung von Druckstäben mit doppelsymmetrischem Querschnitt 
aus Baustahl. Technisch Wissenschaftliche Mitteilungen, Insti-
tut für Konstruktiven Ingenieurbau, No. 27, Ruhr-Universität 
Bochum, 1977.

Keywords:  overlap joints; hollow section joints; RHS; CHS; 
failure modes; brace shear; effective width; design recommenda-
tions

Authors
Prof. dr. ir. Jaap Wardenier
Faculty of Civil Engineering & Geosciences
Delft University of Technology
P.O. Box 5048, 2600GA Delft, The Netherlands
also:
Department of Civil & Environmental Engineering
National University of Singapore
#E1A-07-03, 1 Engineering Drive 2, Kent Ridge, Singapore 117576

Prof. dr. Jeffrey Packer
Department of Civil Engineering
University of Toronto
35 St. George Street, Toronto
Ontario M5S 1A4, Canada
jeffrey.packer@utoronto.ca

Prof. dr-ing. Ram Puthli,
Karlsruhe Institute of Technology (KIT)
Steel & Lightweight Structures
Research Centre for Steel, Timber & Masonry
Otto-Ammann-Platz 1
76131 Karlsruhe, Germany
puthli@kit.edu

Prof. ir. Frans Bijlaard
Faculty of Civil Engineering & Geosciences
Delft University of Technology
P.O. Box 5048, 2600GA Delft, The Netherlands
F.S.K.Bijlaard@tudelft.nl


