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Abstract: The use of hollow section structures has received considerable attention in recent years.
Since the first publication of CIDECT (International Committee for the Development and Study of
Tubular Structures), additional research results became available, especially concerning the design of
welds between members of trusses joints. To assess the capacity of welded joints of trusses between
braces made of hollow sections and I-beam chords, the effective lengths of the welds should be
estimated and their location around the braces and the forces acting on individual weld’s sections.
The objective of this paper is to present the most up-to-date information to designers, teachers,
and researchers according to the design of welds for certain K and N overlapped joints between
rectangular hollow section (RHS) braces and I- or H-section chord.

Keywords: steel trusses; semi-rigid joints; RHS braces; H-section chords; overlapped joints; resistance
of welds

1. Introduction

The structural elements made of circular or rectangular (square) hollow sections are usually
used for lattice structures (roof trusses and lattice frames) and less often to Vierendeel beams. Welds
between such elements (e.g., between brace members and chords) are designed as butt welds or fillet
welds. Tubular steel structures are characterized by numerous advantages, among which the most
important are low weight, favorable aerodynamic shape, aesthetic appearance, and very good strength
properties [1,2].

The current European standards concerning the design of steel construction contain many of the
principles and recommendations referring to the design of welded connections in nominally pinned or
rigid joints. However, in the range of semi-rigid joints, made of hollow sections, principles are general
and recommendations too simplistic [3,4].

In the case of truss structures, the general principle is to design welds of such thickness that their
resistance is not less than the resistance of joining member walls [5]. This principle is satisfied by full
butt welds, which cannot be performed in all cases, or the thick fillet weld, without specifying what
their thickness must be taken. As a specific recommendation it is indicated that we can take welds
of thickness less than mentioned in general rule, but without any information on how to determine
their value.

Nowadays, there are basic recommendations for assessing the effective lengths of fillet welds
in K-type gap joints made of rectangular hollow sections [6,7]. These recommendations were also
extended to the T-type of joints [8].

According to the general rule, we should always use thick welds in all design situations, even
when it is totally unnecessary. The use of thick fillet welds is often a reason for the introduction of large
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welding stresses, preventing proper execution of construction and increasing labor costs. However, the
use of butt welds is often not advisable, because it requires chamfering the edges of joining members.

The shaping of overlapped joints of trusses has been widely discussed in [9,10]. The basis for
calculating their capacity provides European codes and other standardization documents [11,12].

In the European standards, rules to determine the fillet weld strength in welded joints made of
hollow sections have been presented in a general way without giving detailed design recommendations.

The Canadian publication written by Packer and Henderson [9] presents information on
determining effective lengths only for K joints with a spacing between the braces, whereas in the case of
K-type overlapped joints no design recommendations have been presented so far. An uncomplicated
procedure of assessing effective lengths has been presented in [IW recommendations [13] and in
publications [2,14], as well as repeated in the ISO standard [12].

In this paper, the authors based on the cited references, suggest an estimated assessment of the
resistance of the weld of K-type overlapped joints with rectangular hollow section (RHS) braces and the
chords made of I- or H-section, thereby extending the use of the calculation method shown in [15-17].
The method of evaluating both design cases is the same, but there are some differences in determining
effective widths of the welds, resulting from different flexibility of the chord walls. These differences
will be presented further and their impact on the strength of effective lengths of welds will be discussed.

2. Method of Determining the Resistance of Fillet Welds

Welded joints made of hollow sections should be made using fillet or butt welds, or combination
of the two, laid on the perimeter of the profile. In overlapped joints, the covered part of the member
need not be welded, when the components of axial forces in the brace members perpendicular to the
chord axis do not differ by more than 20% [18].

According to Dexter and Lee [19], the resistance of the overlapped CHS joints with the hidden
part welded was about 10% higher.

To simplify the calculation of the welds in hollow section structures European standard
recommends the design of the welds in such a way, that the weld resistance per unit length of
the member perimeter should not be less than the resistance of that member also calculated per unit
length of perimeter. This condition is met when butt or fillet welds which are used have such thickness,
that their resistance is equal to the resistance of connected members. Methods of estimating the
thickness of fillet welds that meet this requirement are given in [16].

The European standard [20] suggests, in cases where the design of a full butt weld or the adequate
fillet weld is not required, that the thickness of the weld may be reduced, on condition that the resistance
of such weld and its rotation capacity are checked, considering only the weld effective lengths.

In Figure 1, using the IIW guidance [13] the layout of fillet welds in the K-type overlapped joint
between the RHS braces and the H chord is shown. An assumption was made that the value of the
component force perpendicular to the chord transferred directly through the welds connecting the
brace members is equal to (Figure 1a):

AK; = aK;sin 6; when 25% < Ay < 80%, 1)
AK; = K;sin 6; when Ay, > 100%,

where a = g/p and 0.25 < a < 0.80, A,y = (¢/p) - 100% in %, g—the overlapping surface of braces
projected on the face of the chord, p—length of contact area between the overlapping brace and the
chord (the procedure of assessment of welds resistance in K-type joints made of hollow section is
presented in [21]).
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Figure 1. The connection of hollow section brace members to I- or H-section chords: (a) The standard

joint: (b) The layout of fillet welds joining the rectangular hollow section (RHS) braces to the H chords
when 25% < Ayp < 80% and the hidden part of the connection is welded; (c) the layout of fillet welds
joining the RHS braces to the H chords when 25% < Ay, < 80% and the hidden part of the connection
does not have to be welded; (d) layout of fillet welds joining the RHS braces to the H chords when

Aov > 100%.

The remaining part of the load component perpendicular to the chord is

redAK]- = K;sin0; — aK;sin 6; when 25% < Aoy < 80%,
redAK; = K;sin 0; — K; sin 6; when Aoy > 100%, (2)
redAK; = 0 in the case of no external load applied to the joint.

The values of effective lengths of welds are determined as follows (Figure 2):
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Figure 2. Effective lengths of welds: (a) the layout of fillet welds joining the RHS braces to the H chords
when 25% < Ay < 80% and the hidden part of the connection is welded; (b) the layout of fillet welds
joining the RHS braces to the H chords when 25% < Ay, < 80% and the hidden part of the connection
is not welded; (c) the layout of fillet welds joining the RHS braces to the H chords when A, > 100%;
(d) welds between the braces in the case of the partial overlap; (e) welds between the braces in the case
of the full overlap.

1. In connections of braces with the flange of the chord (Figure 2a—c):
Zl = h]/ sin 9]', bj,red = b] —2ay,
lp = Pjeff = tw+2r +7tsfyo/ fyj, butp.er < bj,

l3 = hi,red/ sin 0; = (1 - a)hi/ sin 0;,
Iy = Pieff = tw + 2r + 7tffy0/fyir but Pieff < b;.

2. In the direct connection between braces (Figure 2d,e):

®)
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e In the case of the partial overlap:

Is = 1 , g =b; @)

1+1tg0;/tg0;)cos0;
J )

e  In the case of the complete overlap:
Iy = hi/sin (0; + 0)),ls = b; (5)

where 6;, 0;—inclination angles of the overlapping and overlapped braces in relation to the
chord, f,0 —the yield strength of the chord, b;, hj—respectively, the width and the height of the
section of the overlapping brace, bj, hj—respectively, the width and the height of the section of the
overlapped brace, t,—the wall thickness of the overlapping brace, t/—the wall thickness of the
overlapped brace, tf—the flange thickness of the I-section, t,—the web thickness of I-section, r—
the radius of the I-section.

Areas of cross-sections of effective lengths of welds are (Figure 1): A1 = hay1, Ay = hayp,
Az = l3ays, Ay = lyawa, Ajred = bjredtwn, As = I5aus5,A6 = ledws, A7 = l70u7, where a1, awn, A3, s
Ay, A5, Awe—thicknesses of welds.

In the case of 25% < Ay < 80% design situation, all welds are made (also in hidden part) in the
place of the splice of braces with the chord. The sections of fillet welds are loaded by the component
forces in braces parallel to the chord (Figure 3a).

a)
P1l - Pav
P, Py Py
p.r
P1| _ 3 -
b)
p n
P," X ’
" N P4||
p3'l

Figure 3. Component loads in the welds of braces: (a) parallel to the chord; (b) perpendicular to
the chord.

Loads for individual effective lengths are

Py’ = (Kjcos 0+ Kicos 0;)A1/ Y | A, (62)
Py’ = (Kjcos 0+ Kicos 6;)A2/ Y | A, (6b)
Py’ = (Kjcos 0; + Kicos 0)As/ ) | A, (6¢)
Py = (Kjcos 60, + Kicos 0;)As/ Y A, (6d)
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P, = (Kj cos 0; + K; cos Qi)A jred/ Z A, (6e)

where K; and K; are the designed axial loads acting respectively in overlapped and overlapping
braces and
ZA = 2A1 + Ay + 243 + Ay + Aj . @)

In the same design situation, the fillet weld sections are loaded by load components in braces
perpendicular to the chord, as shown in Figure 3b. Forces loading effective lengths can be calculated
based on equations:

Py =0, (8a)

P} = redAK; - Ay /(A2 + Ajyeq), (8b)
P, = (1-a)AK;- A3/ (243 + Ag), (8¢)
P} = (1-a)AK;-As/ (245 + As), (8d)
P! = redAK; - Ajyeq /(A2 + Ajpea), (8e)

Components of loads in welds directly between the braces, in the case of the partial overlap are
determined from equations (Figure 2d):

e Loads parallel to the overlapped brace axis:
Pé = AK; - As Sinej/(2A5 —|—A6), 9)
Pé = AK; - Ag sinGj/(2A5 +A6) (10)
e Loads perpendicular to the overlapped brace axis:
Pg = AK; - Ascos 9]/(2145 +A6), (11)
Pg = AK;j - Ag cos 9]/(2145 +A6> (12)

Components of loads in welds directly between the braces, in the case of the full overlap are
determined from equations (Figure 2e):

e Loads parallel to the overlapped brace axis:
Py = AK;- Agsin 0/ (246 + 247), (13)
P, = AK;- A7sin0;/(2As + 247). (14)
e Loads perpendicular to the overlapped brace axis:
P, = AK;-Agcos 0;/(2A¢ + 2A7) (15)

P, = AK;-A7cos 0;/(2A6 + 2A7). (16)

Stresses in welds caused by the force parallel to the chord at the partial overlap of 25% < Ao, < 80%:
1. In longitudinal welds (Figure 4a):

e In the case of welds placed by the overlapped brace’s walls:

o' =0,0, =1, =0, 7, =P}/(aw - h). (17)
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e In the case of welds placed by the overlapping brace’s walls:

0o/ =0,0, =1 =0, 1, =P}/ (a3 -13) (18)
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Figure 4. Stresses in welds caused by the load parallel to the chord: (a) in longitudinal welds; (b) on the
not fully cooperating overlapped brace’s transverse length; (c) on the fully cooperating transverse length
of the overlapped brace; (d) on the not fully cooperating transverse length of the overlapping brace.

2. On the not fully cooperating overlapped brace’s transverse length (Figure 4b):
o' =P,/ (awl), 0, =0 sin(Gj/Z), v, =0 cos(Gj/Z), 7, = 0. (19)
3. On the fully cooperating transverse length of the overlapped brace (Figure 4c):
or = P;j/(awbbj,,ed), o, =d Cos(Hj/Z), T, =d sin(Gj/Z), 7y, = 0. (20)
4. On the not fully cooperating overlapping brace ‘s transverse length (Figure 4d):
or = P}/ (awmly), 0, = o’ sin(0;/2),7", = 0’ cos(0;/2), 1}; = 0. (21)

Stresses in welds of load perpendicular to the chord at the partial overlap of 25% < Ay, < 80%:
1. In longitudinal welds (Figure 5a):

e In the case of welds placed by the walls of the overlapped brace:

P o g’
! s O-J_” = —F=/T1L = __,TH” =0. (22)

" il V2 V2

77
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e Ithe case of welds placed by the walls of the overlapping brace:

P o g’
=2 o= = —, 1" =0 (23)
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Figure 5. Stresses in welds of the load perpendicular to the chord: (a) in longitudinal welds; (b) on the
not fully cooperating the overlapped brace’s transverse weld; (c) on the fully cooperating the overlapped
brace’s transverse weld; (d) On the not fully cooperating the overlapping brace’s transverse weld.

2. On the not fully cooperating the overlapped brace’s transverse weld (Figure 5b):

P, =] . 9:
2, 5," =—0" cos %,u” = 0" sin ?], T’ = 0. (24)

’”

awoly
3. On the fully cooperating the overlapped brace’s transverse weld (Figure 5c):

P 0. ) 0.
b 5,” =0" cos E]’ T,” = —0" sin E]’ T’ = 0. (25)

"o

O' = —,——
awhb jred

4. On the not fully cooperating the overlapping brace’s transverse weld (Figure 5d):

Py 0; . 0;
=_— 4l , 0" =—0" cos EZ'TL” = 0" sin El' 11" = 0. (26)
witd

’”

Stresses in the welds made directly between the brace members at the partial overlap of 25% < Ay
< 80% from the force parallel to the overlapped brace axis:
1. In longitudinal welds (Figure 6a):

0'=0,0, =7 =01 = (27)
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Figure 6. Stresses in welds between the brace members from the force parallel to the overlapped brace:
(a) in longitudinal welds; (b) in the fully cooperating transverse weld.

2. In the fully cooperating transverse weld (Figure 6b):

P/ 6; + 0 0i+ 0,
o = —6, 0, =—-0"cos ! ],n’ — ' sin — ], T =0. (28)
llw6l6 2 2

Stresses in welds placed between the brace members at the partial overlap of 25% < A, < 80%
from the force perpendicular to the overlapped brace:
1. In longitudinal welds (Figure 7a):

PS// g’ o”
N= 0 =——,1," = —, 7" =0. (29)
ausls’ N Y
a) b)
- - A
. 4 %

A
e
"l
INE
E
]
M

Figure 7. Stresses in welds between the brace members from the force perpendicular to the overlapped
brace: (a) in longitudinal welds; (b) in the fully cooperating transverse weld.

2. In the fully cooperating transverse weld (Figure 7b):

P6,, ” ’" 6] —"_ 91 " ’" . 6] + Ql
0,” = 0" cos ,T."” = —0"sin

"o__

- 7
Awels

i’ = 0. (30)

The procedure of checking of a design situation with the full overlap of braces Ay, = 100% is
analogous. In that case, the stresses in the transverse weld located near the connection of the overlapped
brace with the chord should be examined (Figure 8), using the loads expressed by the Equations (24)
and (25). The components of stress are:
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Figure 8. Stresses in the transverse weld with full overlap: (a) in the transverse weld from the
force parallel to the overlapped brace; (b) in the transverse weld from the force perpendicular to the
overlapped brace.

1. In the transverse weld from the force parallel to the overlapped brace (Figure 8a):

’r_ P6, r , . 6]+81 , ., 9]+61
0, = -0’ sin T, = —0" cos

- _° " =0. 1
P ;T =0 (31)

2. In the transverse weld from the force perpendicular to the overlapped brace (Figure 8b):

Pé” , , 9] + 61' . o 9] + 61‘
= ———, 01 = —0 COS ,T1 =0 Ssimn
awele 2

’”

’ TH” =0. (32)
The component stresses occurring in cross-section of the welds should be added using the formulas:
T =T+ TpoL =0+t =1 41T, (33)

Standardized formulas for checking the safety of fully or partially cooperating transverse and
longitudinal welds are:

[02 +3(c3 +73)| < fu/ (Buya), (34)
o, < 0~9fu/VM2/ (35)

where: f,,—the correlation coefficient, f,—the tensile strength of steel, yp, = 1.25—the safety factor.

3. Conclusions

RHS joints are generally semi-rigid, mainly because of the preferred technologies for their
production, i.e., the direct welding of members. It implements a significant load from braces to the
relatively slender front walls of the chord. The basic information for calculating joint resistance is
given in many standards and references, but European standards contain a general recommendation
on the calculation of capacity of welded joints and do not provide detailed design guidelines. The
information contained is random and concerns only Y, X, K, and N joints with the gap. Additionally, in
the case of the K and N types of joints with partially overlapped brace members, there is no indication
of how to calculate the capacity of welds between the members.

This paper presents the method of assessment of the welded K and N type overlapped joints
between RHS brace members and I or H section chords. This method comprises determining the stress
components in welds in different load cases based on their effective lengths.

Design Example:

Check the resistance of welds of an overlap K joint with a chord made of HEB 120 and SHS braces
(Figure 9). Steel grade of S355H, f, = 355 N/mm?, fu =490 N/mm?. Chord: Ky = 120 mm, bf =120 mm,
tw = 6.5 mm, t = 11.0 mm, r = 12.0 mm, Ag = 34.0 cm?, Wy, o = 165.2 cm®, Ny = —159.9 kN. Brace
loaded with compressive force: hy = 80 mm, by = 60 mm, f; =4 mm; Np gz = —136.1 kN. Brace loaded
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with tension force: hy = 60 mm, b; = 50 mm, #; = 3 mm, Ny gz = + 103.2 kN. The angles: 1 = 50.34° >
30°, 6, = 40.02° > 30° (sin 61 = 0.7698, cos 61 = 0.6382, sin 6, = 0.6431, cos 6, = 0.7658, sin (07 + 6;)=

1.0). The overlapped transverse weld is done —cs = 2.

g=-30mm

/| HE1208B

_ A0.6 MM
q=408™%

- _
N gq = -159,9 kN

' 0,=50,34°

NO,Ed =-121 ’6 kN 92 =40.02 = ] 60x50x3
80x60x4 7 O
- , @\I:de =-103,2 kN

Ngq = -136,1 kN /

Figure 9. The overlap joint made of H-section chord and SHS braces.

A. An Overlap Value.
e =—-30 mm,

_ hy \ sin(01+03) hy hy
q= (e+ 7>sin61sin92 T 2sinB;  2sinf,
1

120 0 60 80 _
(_30 + T)0.7698~0.6431 ~ 307698 ~ 206051 — —40.6 mm,

p = hy/ sin 01= 60/0.7698 = 77.9 mm,

Aoo = (9/p) - 100%= (40.6/77.9) -100%= 52.1 % < Agylim = 80%.

B. The Design Conditions.

’ﬂ:@zzo,o<35,b—1:@:16.7<35,h—2:@:20.0<35,
tl 3 tl 3 tz 4
ba _ 60 _ 150 < 35,
tp 4
hi 60 hy 80
— = —=12>10 == —=1. 1.0.
by 50 g O’bz 6o~ 710

C. The Design Resistance of the Joint.
In the case of 50% < Ag,= 52.1% < 80%:

Preff = tw +2r+7tsfyo/ fy,= 65+2-12+7-11-355/355 = 107.5 mm> b; = 50 mm
Adopted p1f = 50 mm.

10 fyjtj 10 355-4
oo = = 50 = 444 mm < b; =50 mm.
0=t futi - 60/4355-3 s = on
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The brace failure.

Nirs = fylh(l?l,eff + beoo + h1 — 2t1)/VM5 =
355-3(50 4 44.4+60-2-3)/1.0 = 158000 N = 158.0 kN,

sin 01 158 0.7698

NZ,Rd = Nl'RdSin 0, = .0- m = 189.1 kN.
Checking the braces resistance.
103.2 136.1

The brace bending and the axial force resistance.
My = +0.5(No2.es — No1.pa)e = +0.5 (=159.9 + 121.6) - 30 = £574.5 KNmm,

Moy = Wpio - fy/yam = 165.2-10% - 355/1.0 = 586.5-10> kNmm,
Nopi = Ao fy/ym1 = 34.0-10%-355/1.0 = 1207 -10° N = 1207 kN,

No | My _ 1599 , 5745 _
Nopi T My, — 1207 + g5 = 0.14 < 1.0.

D. The Shear Resistance of Thin Fillet Welds.
Effective parts of welds, (o = g = 0.521):

Iy = hy/ sin 6, =80/0.6431 = 124.4 mm,
Iy = paeff = tw +2r + Ttefyo/ fra= 6.5 +2-12+7-11-355/355 = 107.5 mm> b, = 60 mm

Assumed I, = 60 mm.

bjred = by —2a, =60—2-3 = 54 mm,
I3 = hjyeq/ sin 0; = (1 —a)h;/ sin ;= (1-0.521)60/0.7698 = 37.3 mm,
ly = Prefr = tw +2r + 7tsfyo/ fp==107.5 mm > b; =50 mm.

Assumed I4 = 50 mm.

_ q _ 406 _
Is = GFnts/en0)cos0; — (1508397/1.2062)07658 — S1-3 mm,

l¢ = by =50 mm.

Cross-section areas of effective lengths of welds.
Assumed the thickness of welds a;,1 =0 =043 =0p =0wa=0y5=0we= 3.0 mm,

Ay = lay, =124.4-3 = 3732 mm?, Ay = hayy =60-3 = 180.0 mm?,
Az = 13043-37.3-3 = 111.9 mm?, Ay ;oq = by reqttp—54 -3 = 162.0 mm?,
Ay = lyagy =50-3 = 150.0 mm?, As = Isays =31.3-3 = 93.9 mm?,
Ag = lgape—50 -3 = 150.0 mm?,
Z A =2A1 + Ay +2A3 + Aj g + Ay =2-3732+ 180+ 2-111.9 + 162 + 150 = 1462.2 mm”.

Forces acting on individual weld’s sections (K; = Ny g4 ; Ko = Nogg):

AK; = aKj sin 87 =0.521-103.2-0.7698 = 41.4 kN,
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redAK,; = K sin 0 — aKj sin 61 =136.1-0.6431 —0.521 - 103.2 - 0.7698 = 46.1 kN.

Loads in effective lengths parallel to the chord.

Py’ = (Ky cos 0 + Ky cos 61) A /Z A =(136.1-0.7658 + 103.2 - 0.6382)373.2/1462.2 = 43.4 kN,

Py’ = (K cos 6, + Kj cos 01) A, /Z A =(136.1-0.7658 + 103.2 - 0.6382)180.0/1462.2 = 20.9 kN,
Py’ = (K cos 6, + Ky cos 07)As3 /Z A =(136.1-0.7658 + 103.2- 0.6382)111.9/1462.2 = 13.0 kN,
Py = (K cos 6, + Ky cos 07) Ay /Z A =(136.1-0.7658 + 103.2 - 0.6382)150.0/1462.2 = 17.4 kN,

Py’ = (Kp 08 0 + K 08 01) A e /Z A =(136.1-0.7658 + 103.2 - 0.6382)162/1462.2 = 18.8 kN,
P, = AK; - As -sin 02/ (245 + Ag) = 41.4-93.9-0.6431/(2-93.9 +150) = 7.4 kN,
P, = AK; - Ag - sin 02/ (245 + Ag) = 41.4-150 - 0.6431/(2-93.9 + 150) = 11.8 kN.

Loads in effective lengths perpendicular to the chord.

P} =0,

P; = redAKy - Ay /(Az + Agpe) = 46.1-180/ (180 + 162) = 24.3 kN,
7
P} = (1-a)AK; - As/ (245 + Ay) =(1-0.521) -41.4-150/(2- 111.9 + 150) = 8.0 kN,

= (1-a)AK;-As/ (243 + Ay) =(1-0521)-41.4-111.9/(2- 111.9 + 150) = 5.9 kN,

P! = redAKy - Ap e/ (A2 + A reg) =46.1-162/ (180 + 162) = 21.8 kN,
P! = AK; - A5 cos 62/ (245 + Ag) = 41.4-93.9-0.7658/ (2 93.9 + 150) =8.8 kN,
P! = AKj - Agcos 62/ (245 + Ag) = 41.4-150-0.7658/ (2 - 93.9 + 150) = 14.1 kN.
Stresses on the throat section of a fillet welds from the force component parallel to the chord:

- longitudinal welds between the lower (overlapped) brace and the chord:

o =0,

R
o, =1, =0,

Pl 43410
agly  3.0-1244

T = = 116.3 MPa,
- the not fully effective transverse weld between the lower brace and the chord:

, Py 209.10°
" agl,  3.0-60

o = 116.1 MPa,

o, =0d’sin % =116.1-0.3422 = 39.7 MPa,

¢}
T, =0’ cos 72 =116.1-0.9396 = 109.1 MPa,
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longitudinal welds between the upper (overlapping) brace and the chord:
o =0,

/. ’
o, =1, =0,

, Py 130.10°

_ _ —116.2 MPa,
T sl 30-373 a

the fully effective transverse weld between the lower brace and the chord:

, P, 188-10°

o= = = 116.0 MPa,
awbbj.red 3.0-54

o', =o' cos % =116.0-0.9396 = 109.0 MPa,

0
T’ = ¢’sin 72 =116.0-0.3422 = 39.7 MPa,

T =0,
the not fully effective transverse weld between the upper brace and the chord:

, P 174108

_ _ — 116.0 MP
O T amals  3.0-50 &

o, =0’ sin % =116.0-0.3849 = 44.6 MPa,
T = ¢’ cos % =116.0-0.9050 = 105.0 MPa,
T =0,
longitudinal welds between the upper (overlapping) brace and the lower (overlapped) brace:
o =0,
o =1, =0,

o Py 74.10°
I g.5ls  3.0-31.3

= 78.8 MPa,

the transverse weld between the upper brace and the lower brace:

,  Pe 118-10°

- — — 78.7 MPa,
O T awels  3.0-50 a

o', = -0’ cos w =-78.7-0.7049 = —55.5 MPa,
78.8-0.7093 = 55.9 MPa,

A
;=0

Stresses on the throat section of a fillet welds from the force component perpendicular to the chord:
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longitudinal welds between the lower (overlapped) brace and the chord:

P} =0,

o) =1, =0,
7 =0
the not fully effective transverse weld between the lower brace and the chord:

, Py 243.103

_ _ — 135.0 MP
toal, 30600  1>>0MPa,

o

o = —0" cos % =-135.0-0.9396 = —126.8 MPa,

€1
" . 0
T, = 0" sin > =135.0-0.3422 = 46.2 MPa,
T =0

longitudinal welds between the upper (overlapping) brace and the chord:

P 5.9-103
3 .
y _ = 52.7 MPa,
R I VA :
) " 2.7
o = _0_\& = 27 _ 375 Mpa,
. o' 527
=2 =220 _ 370 MPa,
TNz V2
T =0

the fully effective transverse weld between the lower brace and the chord:

, P 21808

- - — 134.6 MPa,
7 T tutbiea 3054 a

o] = 0" cos % =134.6-0.9396 = 126.4 MPa,

7] = 0" sin % =134.6-0.3422 = 46.1 MPa,
=0
the not fully effective transverse weld between the upper brace and the chord:

P, 80-10°

-4 _ — 533 MP
ioils 3050  o>3MPa,

77

’” 6
o = —a" cos 71 —-53.3-0.9050 = —48.3 MPa,

" . 9
T, = 0" sin ?1 =53.3-0.3849 = 20.5 MPa,

"
T = 0,
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- longitudinal welds between the upper brace and the lower brace:

P, 88-10°
5 .
" - — 93.7 MPa,
O T usls 30313 a
, " 93.7
o =-2 =227 663 MPa,
V2 2
, o 937
=2 =22 _ 663 MPa,
V2 V2
G =0,

- the transverse weld between the upper brace and the lower brace:

P, 141-10°
6 .
"= - — 94.0 MPa,
O T aels  3.0-50 a
’ 9
o = o cos 192 9407049 — 66.3 MPa,
v = o7 sin 592 _ 9407093 = —66.7 MPa,

2
;=0

The normal and shear stresses in welds.
- longitudinal welds between the lower brace and the chord:
T = Tl’l + T|'|' =116.34+0 = 116.3 MPa,

0, =0, +0] =0+0=0MPa,

7, =7, +17, =0-0=0MPa,

- the not fully effective transverse weld between the lower brace and the chord:

’

T :T|,|+"C”/ :O—I-O:O,
0L =0 +0| =39.7-126.8 = —87.1 MPa,
1, =1, +17] =109.1 +46.2 = 155.3 MPa,
- longitudinal welds between the upper brace and the chord:
T = Tl’l + T|'|' =116.240 = 116.2 MPa,
0L =0 +0| =0-372 = -372MPa,
1. =1, 47, =0+372=2372MPa,
- the fully effective transverse weld between the lower brace and the chord:

Tll:Tﬂ+T|/|l :O—I-O:O,

o, = Gj_ + O,J’_ =109.0 + 126.4 = 235.4 MPa,
T, =1, +17, =39.7+46.1 = 858 MPa,

16 of 19
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the not fully effective transverse weld between the upper brace and the chord:
T :Tl'l—i-’cl'l' =0+4+0=0MPa,
0, =0 +0| =44.6-48.3 = -3.7 MPa,
1, =7 +1, =105.0+20.5 = 125.5 MPa,
longitudinal welds between the upper brace and the lower brace:
T =1+ Tl'l' =78.8+0=78.8MPa,
oL =0 +0| =0-663 =-66.3 MPa,
T, =1, +17, =0+66.3 =663 MPa,
the transverse weld between the upper brace and the lower brace:
7| :Tl'l—i-’cl'l' =04+0=0MPa,
0, =0 +0| =-555+66.3 =121.8 MPa,

1, =7 +1, =55.9-66.7 = -10.8 MPa.

E. The design resistance of the fillet welds.

longitudinal welds between the lower brace and the chord:

[02 +3(e2 + )] = [02 +3(02 + 116.32)] " = 201.4 MPa <L = (490 — 435.6 MPa,

0.9-490

0, =0MPa < 135

= 352.8 MPa,
the not fully effective transverse weld between the lower brace and the chord:
05 05
[03 +3(2 +22)| " =[(-87.1)* +3(155.32 + 0?)] " = 282.7 MPa <zL— = 480 — 4356 MPa,

0.9-490

o, =87.1MPa < 135

= 352.8 MPa,

longitudinal welds between the upper brace and the chord:

[02 +3(2 + Tﬁ)]o's — [(-37.2)2 +3(37.22 + 116.22)]" = 247.6 MPa < sh = 5320 = 435.6 MPa,

0.9-490
1.25

0, =-721MPa < = 352.8 MPa,

the fully effective transverse weld between the lower brace and the chord:

[02 +3(c2 + 22)]"” = [235.42 1 3(85.82 4 0)]” =2784 MPa < gl = (80— 4356 MPa,

0. =2354MPa < 22420 — 352 8 MPa,

the not fully effective transverse weld between the upper brace and the chord:

[02 +3(e2 + )] = [(-37)* +3(1255 + 02)]" = 217.4 MPa <z = (80— 4356 MPa,
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0.9-490

o, = —3.7MPa <W

= 352.8 MPa,

- longitudinal welds between the upper brace and the lower brace:

[02 +3(c2 + )] = [(~66.3)% +3(66.3% + 78.8%)]” = 190.3 MPa <t — (80— 4356 MPa,
0.9 490

0, = —66.3 MPa <W

= 352.8 MPa,

- the transverse weld between the upper brace and the lower brace:

[02 +3(e2 +2)]"" = [121.82 + 3((-10.8)% + 02)]"” = 1232 MPa <z fi = 40 — 4356 MPa,
0.9 490

o, = 121.8 MPa <W

= 352.8 MPa.
;i ; . 435.6—282.7 o/ __ o
The safety coefficient is equal: =22=22=% - 100% = 35.1%.
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