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ABSTRACT

The finite element method was used to model the behavior of
welded connections in trusses. All truss members and
connections details were idealized to include their interaction
behavior and to know how the truss would behave in the
context of welded connections. Solid isoparametric brick
elements were used. Welded connections provide rotational
stiffness. This is due to welds elastic straining action that is
limited by the weld ability to resist the produced stresses.
The results obtained were used to discuss the pinned
connection assumption, commonly used for the analysis of
trusses considering welds design and factor of safety
consistency.

Keywords: Trusses, welded connections, pined connections

INTRODUCTION
Studies carried out about the design of
steel structures for economy concluded
" the following: “To obtain optimum price of
steel structure, save labour and do not

worry about the amount of material” [T]: -

This is affected to a significant degree by
~connections design and details. Connections
must be simple and cheap to fabricate. Fillet
weld is seen to be easy and economic to
fabricate for almost all manner of
connections. Fillet weld does not need
special preparations. In trusses fillet weld is
used to connect members to gusset plates at
the different joints. This is seen to be easy
and cheap, in most cases, in comparison to
bolting. In design terms, connections in
trusses are assumed to be frictionless
hinges and the members are subjected to
axial loads. These conditions are not
satisfied due to connections details. The
literature is full of studies concerning the
behavior of rivets, bolts and welds as a
joining material such as References 2 to 6
and others. Other studies presented in the
literature are concerned with the stresses in
gusset plates and their design [7- 9]. In
these cases part of the truss was modeled
and the interaction behavior of the different
elements of the truss was not included in
the analysis.
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Design methods of connections should
be based on the understanding of
connections real behavior and not on broad
simplifications. Attention has not been paid
to the real behavior of connections except in
the 1980°s [10, 11]. Most of this effortis

ki .‘éoncemed with moment connections. This

study invéstigates the behavior of welded
connections in trusse¥: “The truss members,

gusset plates and welds,; ” were bdeled
using the finite element method to include -

their interaction behavior in the ‘analysis -

and to know how the truss would behave in
the context of welded connections. Welds
restraining action of the members is
discussed: : Stresses in the welds are
compared to the allowable and yielding
stress values of -weld material specified in
the “Egyptian code of practice of steel
structures and bridges [12]. The truss
considered in this study is of the Pratt type
as shown in Figure 1. This was chosen to
keep the number of members and joints to
minimum. Thec study is concerned mainly
with connection C that is not a support as
joints A and B and not a directly loaded
joint as E. Each member is named after the
two connections joining them. The trussis
subjected to vertical downward load at joint
E equal to 100 kN.

C115



ABDELFATTAH

=
]
! i
| |
F l
1
W |
300 |
i
| |
; Ay [ B !
i i ¥
-~ 2700 ———efe—— 2000 ——
D mmens }:, ns T .
Figure 1 :Dimensions of considered truss
direction, X-Y plane. This was applied

_FINITE ELEMENT MODELING

The geometrical properties of the truss
mesh were defined by the truss members,
welds and gusset plate a) details, b)
dimensions and c¢) positions. A three
dimensional finite element mesh was
developed, (see Figure 2). Due to symmetry
about the X-Y plane, only half of the truss
was modeled. Solid isoparametric brick
elements with eight nodes, one at each
corner were used. There are three degrees of
freedom at each mnode, displacements,
defined with respect to the global cartesian
coordinate system X , Y and Z. The members
were made to consist of two angles back to
back. Angle cross section was modeled
using three elements, as seen in Figure 2.
This group of elements was repeated a
number of times, taken as eighteen in
Figure 2, to model the member in its length
direction. Each member is fillet welded to
gusset plate at two positions, I and II. Weld
cross section was modeled in the Y-Z plane
using one brick element. Four elements
were used to model the weld in its length
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similarly for the welds at positions I and II.

The maximum dimension of weld leg size
was limited to the member angle leg
thickness. The gusset plate details depend
on the number of members meeting at the
joint considered (Figure 2). The dimensions
were proportioned so that no overlap
between member elements was allowed. Due
to symmetry, only half the thickness of the
gusset plate was modeled using one brick
element, in the Y-Z plane and restrained at
its back in the Z-direction. The gusset plates
at joints A and B are assumed to be welded
to fixed supports. This was modeled by fully
restraining the back of the gusset plates at
these joint.

The material of the members, welds and
gusset plates was idealized as linear elastic
having modulus of elasticity of 205000
N/mm and Poisson ratio of 0.3. The applied
load was idealized as four point loads so that
their resultant apply at the center of joint E
gusset plate.

Alexandria Engineering Journal, Vol. 37, No. 5, September 1998



Numerical Analysis of Welded Connections in Trusses

. —ia
3 I
! \.
e ol
banm E KiS| ] &\1‘ l i
bk - / i
Ei’};\\ *H §>K ‘:usjet | :
= }\ rate__ ‘ |
M N |
<N\,
i N |
] N 2SN -
N H \\ .41.._____ sms e W
AN - \ i S
N . =
\ ] - member, weld and gusset plate
£ LEHA E cross section
L — L T N LT N . N _
X
/’ g
Figure 2 Finite elemernit mesh

Data management

It is worth mentioning that the author
developed a computer program using Basic
computing language to prepare the input
data for the finite element program. By
defining the a) the dimensions of the
members, welds and gusset plate cross
sections; b) the number of elements in the
length direction of the members and welds;
¢) members start and end coordinates and d)
the coordinates of each joint and the
members meeting at that joint, the program
produces the coordinates of each node in
the mesh in addition to the formation of all
the elements in the mesh. This output data
was used as input data for the finite element
program. This made it easy to consider
different variables in the study. The main
advantage; however is to know the position
of each node and element in the mesh, even
when the mesh is changed-for instance
refined. This program may be used for
different truss patterns with any number of
members and joints. Another program was
developed to read and make summation of
the forces, at certain nodes of defined
elements, from the finite element program
results. This facilitated knowing easily the

forces in the truss members and overcomes
the problem of limited memory available in
comparison to the memory required to read
the output data files using the conventional
programs.

GENERAL BEHAVIOR

Figure 3 shows the displacements of the
different elements of the truss. The
members were made to consist of two angles
back to back of size 75 X 75 X 7. The gusset
plate thickness was taken equal to 14 mm.
The members were assumed to be welded at
two positions [ and II from both sides of the
gusset plates. The weld length was taken as
200 mm at each position for all the members
[13]. The weld was made to have equal legs
having a size of 5 mm. The displacements at
the center of gusset plates at the different
joints were obtained. Their values are found
to be larger within a range of 5-10 % than
those of a similar truss but with frictionless
hinges at the different joints. In the latter
case, the members rotate freely about the
hinges, assumed at the joints. This is not
the case when considering the actual
behavior of the members. Member CE links
between joints C and E. These two joints
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displaced in the negative direction of the X
and Y axes. The member should displace
from its both sides with the joints producing
a straight member between them. This
would be the case when the joints work as
hinges. Member CE, however displaced in a
different mode, as seen in Figure 4. The
welded portion of the member to the gusset
plate displaced nearly in a linear manner.
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Figure 3

Deformations of member CE

Figure 4

Figure 5 shows the deformation and
displacements of member CD. Joints C and
D displaced in the negative direction of the Y
axis. The difference between their
displacement values refers mainly to the
changes in member CD length. Joint D
displaced in the positive direction of the X
axis while joint C displaced in the opposite

This is limited by gusset plate displacements
and deformations in addition to welds elastic
strain. The rest of the member rotates about
the Z axis linking between the member's
ends. The weld in this case restrains the
member at its both ends against rotation
and the member deforms as shown in Figure
4. The undeformed member is drawn in
dotted lines.

Displacements of truss elements

direction. Again the member displaced in a
mode similar to that of member C E. Similar
behavior is observed for all the members.

This type of restraining at member's
ends is expected to reduce the buckling
length of compression members and hence
increases the factor of safety value against
buckling. Generally, a joint in the truss may
be modeled using three springs, one having
rotational stiffness to model weld restraining
action. The other two springs have
transitional stiffness to model members
axial stiffness and truss stiffness against
displacements.

The values of the axial forces in the truss
members were obtained from the results.
They are different than those calculated for
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a similar truss but with pure hinges at the
different joints. In design terms, the
magnitudes of these differences are
relatively small as shown in Table 1 and
would not affect the factor of safety to a
significant degree. Shear forces are
produced. Due to the nature of the element
used in the finite element analysis, eight
node brick element, moments values were
not calculated. Their effect was included in
the analysis as will be seen later. Moments
are produced due to the induced shear
forces and the eccentricity of the axial forces
in the members and distributed according to
the rotational stiffness of the joints at the
ends of each member .

Figure 5 Deformations of member CD

PARAMETRIC STUDY

This study was carried out to know the
effect of changing the dimensions of the
truss details on the induced forces in the
members. The results obtained are
presented in Table 1. The percentage of the
change in axial forces values N % in
comparison to axial forces obtained of a
similar truss but with hinges at the joints
are presented for all the members. Shear
force value induced in a member is

presented as a percentage V % of the axial
force induced 1in ' that member when
considering hinges at the joints. The trusses
considered in cases 1, 2, 3 and 4 of Table 1
have the same details but different gusset
plate thickness t . The maximum changes in
the ratios N % andV % are 4.4 % and 2.8
%, respectively. The comparison between
the results of cases 3, 5 and 6 would
indicate the effect of gusset plate
dimensions R. The effect of weld size Sis
considered in cases 3, 7 and 8. The change
of weld length L is considered in the trusses
of cases 3, 9, 10 and 11. The truss
considered in case 12 is similar to that of
case 3. In case 12, however, the members
were made to consist of two angles back to
back of size 150 X 150 X 15. The results
generally show that the changes in the axial
forces values induced in the members are
marginal except in case 12 at which these
changes exceeded 10 %. Member CD is the
most affected member with these changes.
The maximum shear force value did not
exceed 5 % except at case 12.

LOAD TRANSMISSION

The member, weld and gusset plate
share the same node at the weld root in the
finite element mesh described above. The
values obtained for the forces in the weld
are hence the resultant values and not the
actual values. A substructure was developed
for the member and fillet weld details as
shown in Figure 6 to obtain the forces
values transmitted by the weld at positions I
and II. Again the axial force is distributed
between the welds at positions 1 and II
according to their positions from the
member cross section center of area. The
calculated values were found to be different
to those obtained from the finite element
analysis. The differences at positions I and II
are equal but with different signs. These
differences are the components of the
moments at member ends, produced due to
shear forces and the eccentricity of axial
forces in members. Generally, forces are
transmitted from gusset plate to member or
vice versa through the weld subjecting it to
shear forces.

 Alexandria Engineering Journal, Vol. 37, No.5, September 1998 Cl119



01 D

Table 1 The percentage of the changes in axial in axial forces values and shearing forces in truss members

Cases Gusset Plate Weld Lower Chord members Upper Chord Diagonal Members Vertical
-NO.
Thick | Size | Length | Length AC CE BD cB ED CD
t mm S mm L mm L mm
N% V% N% V% N% V% N% V% N% V% N% V%
1 6 440 200 1.19 0.8 0.48 2.54 1.81 1.65 -1.36 1.92 -1.04 1.51 -4.2 1.33
2 10 440 200 1.23 0.7 0.38 2.67 1.62 1.6 -1.1 1.72 -1.15 | 1.54 -4,28 1.23
3 14 440 5 200 1.27 0.64 0.36 2,73 1.54 1.59 -0.95 1.94 -1.19 | 1.55 -4.32 1.18
4 30 440 5 200 1.31 0.55 0.3 2.83 1.4 1.56 -0.72 1.95 -1.28 1.56 -4.4 1.09
5 14 560 5 200 1.24 0.66 0.73 2.49 2.13 2,22 -1.6 1.95 -0.89 1.61 -4.72 1.4
6 14 680 5 200 1.12 0.74 0.72 2.77 2,49 2,78 -2.26 2.02 -1.04 1.74 -5.57 1.77
7 14 440 3 200 1.04 0.59 -0.26 3.1 0.75 1.4 -0.64 1.95 -1.7 1.43 -4.5 1.0
8 14 440 7 200 1.48 0.67 0.87 2.4 2.17 1,71 -1.14 1,91 -0.78 1.6 -4.14 1.29
Q 14 440 5 100 1.13 0.65 0.58 2.41 1.5 1.3 -0.7 1.9 -0.92 1.5 -3.72 0.9
10 14 440 5 300 1.07 0.8 0.26 2.95 2.0 2,16 -1.8 1.95 -1.34 1.61 -5.11 1.74
11 14 440 5 400 0.69 1.12 0.18 3.2 3.12 3.16 -3.43 1.97 -1.51 1.69 -6.33 2.63
12¢ 14 440 5 200 0.59 2.0 1.1 5.56 7.19 7.17 -9.5 3.48 -2.23 | 3.34 -12.74 6.1
Notes

*member are constructed of two angles back to back of size 75x75X7 except casc 12 as the angles size is 150x150x15.
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t = gusset plate thickness

R = gusset plate length in the x axis direction
S = weld leg size

L = weld length at each position (I and Il)

N % = The percentage of the changes in axial forces values in comparison to axial forces obtained of a similar truss but with hinges at the joints.
V% = The percentage of shear force value induced in a member to the axial force induced in that member.
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weld detail at position II

L=~ weld detail at position I

Figure 6 Substructure for member and fillet weld details

The maximum distortion energy theory
[14] was wused as a criterion for the yielding
at the weld root along the weld length. The
principal stresses are obtained from the
finite element results and used to calculate
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the equivalent stress. Connection C of the
truss considered in case 3 of Table 1 is
considered. The equivalent stresses values
are presented in Figures 7 and 8 for the
welds at positions I and II, respectively, as a
ratio to the yield stress of the weld material
244 N/mm?2, (12). Welding is assumed to
start at the member end at center of the
joint and goes outwards. This position is
named here as weld start while the end of
the welding run is named as weld end.
Figure 7 shows the ratio of equivalent stress
to the yield stress along the weld root at
position I. When considering member AC,
two regions of stress concentrations are
found. The first is at weld start where the
equivalent stress exceeded the yield stress
value. The stress then reduced in a
relatively gradual manner. The second
region is at weld end where the equivalent
stress value increased dramatically.
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Figure 7

This is explained as follows. The
transmission of forces from the gusset plate
to the weld and then from the weld to the
member, or vice versa, produces shear
stresses in the weld. The member and
gusset plate are strained relative to each
other in proportion to their stiffness and the
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Ratijo of the equivalent stress to yield stress at the root of the weld at position I

induced forces. The gusset plate is strained
maximum at the weld start where the
transmission of load to or from the gusset
plate starts. This depends on stress
distribution at that area and limited by the
maximum shear strain in the weld and
yielding of weld and/or the plate material.
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The axial and shear forces in the member
are maximum at weld end. These forcesin
addition to the component of the produced
moment at the joint cause the maximium
strain in the member in an opposite
direction to that of the gusset plate. Again,
this is limited by the maximum shear strain
in the weld and yielding of the weld and/or

1 ]

the member material. This result was found
for all the welds at position I in all the joints
of the truss but with different magnitude,
except the weld of member CD at joint C
where slight difference is observed. The ratio
of the equivalent stress to the yield stress at
the root of the weld along position II is
presented in Figure 8.

528 0.38 0.17 0.08
T —r——

A /“»,

/\

Figure 8

Two regions of stress concentrations are
found. The first is at weld start similar to the
weld at position I but with smaller
magnitude. The second region is before the
weld end. The strain is expected to be
reduced or increased due to the component
of the induced moment by the weld at that
region.

The increase of weld length as in case 11 of
Table 1 showed the same results but with
different magnitude. The equivalent stress
value at weld start reduced nearly by 10 %
but increased significantly at weld end. This
may refer to the reduction in member
flexibility due to the reduction in its
unrestrained length. The weld leg size was
increased from 5 mm in case 3 to 7 mm in
case 8 of Table 1. The equivalent stress
values showed significant reductions of the
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Ratio of the equivalent stress to vield stress at the root of the weld at position II

order of 75 % in comparison to those of case
3, discussed before. The increase of weld leg
size in case 8 would increase the weld
allowable strength by 40 % [12] but the
volume of the weld metal is increased by 96
%. Generally, the use of excessively large
welds is not recommended in codes of
practice as the weld may crack due to the
high contraction stresses induced. A
common practice is to make the welding
around the member to resist corrosion. The
amount of weld and continuity in this case
would reduce stress concentrations at weld
start. This is not the case at weld end as the
space between the two angles which is equal
to gusset plate thickness does not allow
welding around the member.

The results in general show that the
stresses values at the weld root exceeded

Alexandria Engineering Journal, Vol. 37, No. 5, September 1998



Numerical Analysis of Welded Connections in Trusses

the allowable stress value specified in codes
of practice [12] and even exceeded the yield
stress of the weld material in some cases.
Yielding at weld root would cause
distributing of the stresses along the weld
length. In design terms, slight local yielding
at weld root and limited area of the gusset
plate may be considered of minimal
significance when failure criterion is initial
ductile yielding. However, when this
condition is combined with impact and/or
repeated loading cracks are expected to
initiate at weld root; propagate and finally
causing fracture.

CONCLUSIONS

Welded connections in trusses provide
rotational stiffness at ‘the joints. This is
limited by the welds maximum shear strain
and yielding of the weld and/or the gusset
plate and the member material. The welds
restrains the members against rotation. This
produces axial and shear forces in the
members in addition to moments. The
assumption commonly used for the analysis
of trusses ’frictionless hinges at truss
joints” is found to predict the axial forces in
the members within a range of 10 %. The
shear forces and moments produced is
expected to change the factor of safety of
members design not to a significant degree.
Two regions of stress concentrations was
found at the start and end of the weld. The
stresses exceeded the allowable stress
values and even the yield stress at the weld
root in some cases. This would reduce the
factor of safety of the welds design. The use
of large weld leg size is found to reduce the
stresses at the weld root to a significant
degree.
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