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ABSTRACT

In this research was to study ways to connect the trusses by simulating analytical model
representing with Finite Element Method by using the computer program Solidwork 2013.
Three models were studied to connect the trusses The first model is the link by welding the
second model is linked by bolts and model the third link by bolts and welding . It was the end of
the installation of one of the parties and to shed load axial strain amount (30KN). Used Pin / bolt
Check feature and advantage Weld Check plot to learn the proper diameter bolt which
(M20*2.5) and the thickness of welding required (10mm).

It was calculated stresses and displacements of the three models and compare them turned out to
be less stress and displacement when the method of connecting trusses by welding (20MP,
3.62*10”mm) and the highest value when linked by bolts (293MP, 4.91*10*mm) either in the
case of connecting bolt and welding the values (187MP, 4.04 * 10 mm). Note that in addition to
the welding area connectivity bolts led to lower stress on linking the region as well as to
increase the force of Friction bolts, leading to an increase in the strength of the installation area
connectivity.

It was also a study represented the welding area as ((Beam using weldment-Fillet Bead feature
and calculate the axial and bending as affected by the presence of the bolts holes where the value
(11.4MP) when he was linked by welding only either when it became linked welding stresses
Axial and bending to (20.2MP).

In the end determine how either of them would be the best of the link to be performed? What
distinguishes the metal structures are easily jaw and installation when needed and this happens
only when the installation and bolts increased value by bolts and screws so that if used welding
facility metal and you know that you will need to move you know a big mistake because you
need to break the iron, but with nails, screws may just disassemble and move the metal bridges
and columns to the new place after its processing rules and the composition.
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But if you will commends the permanent establishment and you know it welding course is
considered stronger than the bolts in strength and assume moments so that makes moments and
forces acting pass from a member to another member like a member of one of these is an
advantage welding. It is determined best as if it intended to transfer mineral facility must be used
screws and nails in all joints but if the facility will be built to get lost and transported only a
matter of constructional design so if you see a clip requires a lot number of the screws is better
done welding to ensure no perforation member of bolts are many holes and that lead to a
weakening of the entire user interfaces in the area.

Keywords: trusses, simulating analytical model, axial tensile strenght, finite element method

INTRODUCTION

There are three types of mineral associations
with links to some of them.

1. rivets Rivets rivets used to bind iron
sectors together. And the type of rivet
common use is the same stalk and head ball
(Snap Head).

2. fastening bolt and Nuts Bolts made of
black wrought iron (Mild steel Black Bolts)
is used in linking iron sectors of thesite.

3. Welding seams are considered more roads
uses to connect with each iron facilities at
the present time. And using the terms and
conditions especially like wused in the
specification American Welding Authority
(American Welding Society).[1]

What distinguishes the metal structures are
easily jaw and installation when needed and
this happens only when the installation by
bolts and screws so that if used welding
facility metal and you know that you will
need to move you work a mistake big
because you need to break the iron, but with
nails, screws can only disassemble and

transport metal bridges and columns to the
new place after its processing rules and the
installation But if you will commends the
permanent establishment and you know it
weld course is considered stronger than the
bolts in strength and assume moments so
that makes moments and forces acting pass
from a member to another member like a
member of one of these is an advantage
Welding.

He also notes that he is using this method in
the case of connecting parts of different
metals or non-metallic parts of the non-
welding or parts do not bear temperature
welding [2]

Welding method is the most widely used
and most effective way of metal
constructions and their advantages:

e Ensure continuity in the metal
sectors

e Give a resistance equal to or greater
than the resistance in the metal
sectors

e Good resistance to temperature
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changes and climatic conditions

While The bolts way it gives ease of
installation and jaw in the workplace
(cruise).

In the latter method is the rivet of the first
roads that were used in the connections
between the metal segments and now is
lighthearted limited use in some countries

3]
THEORETICAL FRAMEWORK
Trusses: Method of Joints.

In some cases we find that tensile members
in the trusses identical about assembly
panels and be the tensile stresses are evenly
distributed on section.

To design tensile members.
1- In the Case of Joints by Weld [4]

e Determine pregnancy, letit T
e Calculate the Sectional Area

f
A req — f—
pt
Fillet weld 10 mm /'/,
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Whereas:

fpt :Tensile Stress Allowed
T:Tensile strength

Areg: Sectional Area

e Select the member from table based
on Sectional Area (Areg).

e See the real stresses (fact)

T
B — ok F

2-In the Case of joint by Bolt [4]

Determine pregnancy ,letit T

e Calculate the Sectional Area

e Select the member from table based
on Sectional Area (Agross)

e See the real stresses (fact)

g )
Agross = .
0.85 -/pf

Where:

Anet: Net Sectional Area which area after
discount bolts holes space

Ancl =0.85 A

gross

Agross: Net Sectional Area

Can be written the Net Sectional Area as
follows
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A pet :Agmss - A
A=A -d.t

gross

P

Where

d: bolt diameter, t: thickness plate

fact = fpt
¥ X
£, = -
Anet P

Simulation Truss model and Result

1-Using Feature Weld Check plot in

Solidwork

Initially choose weld size (10mm) the least
from weld size the required in one side
(8.5mm) and other side (9.5mm), (8.3mm),
the program will be tested from weld check
plot where they appear weld joint failed to
make sure from the reliability of the
program Use Code D1.1 of the American

Welding community (AWS).show figure (1)
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Weld Sizing
(@ American Standard

2
(") European Standard 4’;
o
L~
g

Electrode Modlel name: new truss chack weld
Study name: weld check bolt
'J Plot type: Static Edge Weld Results

ES0

Weld strength
[Edge Weld Connector-1: [OK

273,03238881 N/mm*2 (MPa) v Calculated weld size:  [3.522mm

10 mm

Estimated weld size:

Safety Factor:
(@ American National Standard for Automotive Lifts
Weld Check Plot =]

- Needs attention (0]
50K [4)
- Edge Weld Connector-1
- Edge Weld Connector-2
- Edge Weld Connector-4 [Edae Weld Cannector-1: [OK
- Edge Weld Connector-5 Calculated weld size:  [8.51223 mm
Estimated weld size: 10 mm

Edge Weld Connector-2: |OK
Calculated weld size:  |8.31349 mm
Estimated weld size: 10 mm

Details ... ] [ Help ...

Figure (1): weld check plot

2- Using Feature Pin/bolt Check in Solidwork

Using Bolt M20*2.5

Courterbore with Mut-3: [OK
Moclel name: newy truss bolt Calculated FOE: 5.24418

Study name: connect by bot Desired FOS:
Plat type: Static Bolt & Pin Results .

Pin/Bolt Check =]

=2 0K [12] -
T Counterbore with Mut-1 L
‘F Counterbore with Hut-2
‘F Counterbore with Mut-3
‘T Counterbore with Hut-4
‘F Counterbore with Hut-5 ] =
‘F Counterbore with Mut-6

‘T Counterbore with Hut-7 + . .

‘F Counterbore with Hut-8 ]

- "F Counterbore with Mut-9
L BB Cowinberhore itk Mik10

mn
L4

[ .Delalls... ] [ Help ..

el

Figure (2): Pin/bolt Check
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After making sure of the design weld size
and bolt diameter we rely on these values in

simulation

Truss model by weld

----- Q Front Plane
----- %> Top Plane

..... % Right Plane

L Origin

----- Weldment

[ @ Boss-Extrudel
[ @ Boss-Bxtrude?
[ @ Boss-Extrude3
..... [, Fillet Beadl

----- Fillet Bead3
----- Fillet Bead4
..... [, Fillet Beads

----- Fillet Beadt

\m’v

Ct*& connect by weld (-Default<4s Machined »-)
= % new truss wveld

E—]ﬁ; Connections

Bg:f Fixtures
¥ Fixed-1

EI@ External Loads

]--@ SolidBody 1{Boss-Extrude2) (-&lloy Steel-)
]% SolidBody 2Fillet Bead3) {-&lloy Steel-)
]% SolidBody 3(Fillet Bead5) {-Alloy Steel-)
]--@ SolidBody 4{Boss-Extrudel) (-&lloy Steel-)
J% SolidBody S(Fillet Bead1) (-Alloy Steel-)
]% SolidBody 6(Fillet Bead2) {-Alloy Steel-)
]--@ SolidBody T{Boss-Extrude3) (-&lloy Steel-)
J% SolidBody S(Fillet Beadf) (-Alloy Steel-)
]% SolidBody 9(Fillet Bead4) {-&lloy Steel-)
Jnint group

BQ Contact Sets

ﬂ Contact Set-1 {-Bonded <new truss weld:
TE Cantact Set-2 (-Banded <new truss weld
B--& Cornponent Contacts

ol Global Cantact (-Borded-)

I
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welding has been put around the sides plate
of a thickness (10mm) this values is
calculated from feature Weld Check plot and
Tensile strength (30kN) , figure (3) it
illustrates the stage simulation

m

Figure 3: Stages simulation model by weld

Truss model by bolts

It was placed 6 bolt diameters M20 and
pitch 2.5 Grad8.8 and introduced of all the

information about bolt according to standard
specifications and Tensile strength (30kN)
shown in figure 4
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E"a Boss-Extruded]

- Tap Drill for M20 Tal
U |

<« 1

T~

B @ new truss bolt
[+ E SolidBody 1(Tap Drill for M20 Tap1[1

=5 ﬁ Fixtures

oll i fSolidBody 5(Tap Drillfor h20 Tap3(3]
] E SolidBody 6(Tap Drill for M20 Tapl[Zj‘
=5 ﬁi Connections
=-T3 Connectors
-~ ? Counterbore with Nut-1
- ? Counterbore with Nut-2
T Counterbore with Nut-3
- ? Counterbore with Nut-4
? Counterbore with Nut-5
- ? Counterbore with Nut-6
? Counterbore with Nut-7
- ? Counterbore with Nut-8
? Counterbore with Nut-9
-~ ? Counterbore with Nut-10
? Counterbore with Nut-11
- ? Counterbore with Nut-12
@ a Contact Sets
r]--g Component Contacts

38 Fixed-2

=1LF1 Fternal | nads

-

[
Force-1
Value: -30000 N

aaaf

m

Counterbore with Nut-9
Type:Standard or Counterbore with
Nut

| Nominal Shank Diameter: 20 mm
Material : Alloy Steel

v
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'Head Diameter (mm):
MNominal Shank Diameter (mm):
Torgue (N-m):

Figure 4: Stages simulation model by bolts

Truss model by bolts and weld

Friction Factor(K):

_/ Fixed-2 )
& Fixed Geometry '

It has been linked trusses of use bolts and welding then simulation model shown in figure 5

-

¥
t* connect bolt wweld (-Default<As Machined -}

a% hiew truss boltweld

@ SolidBody 1(Tap Drill for M20 Tap1[1]) (-Alloy Stee
@ SolidBody 5(Tap Drill for M20 Tapl[3]) {-Alloy Stee
@ SolidBody 6(Tap Drill for M20 Tapl[2]) (-Alloy Stee
ﬁ SolidBody F(Fillet Bead1[2]) {-Alloy Steel-)

q SolidBody B(Fillet Bead1[1]) {-Alloy Steel-)

q SolidBody 9(Fillet Bead2) {-Alloy Steel-)

% SolidBody 10(Fillet Bead3[1]) (-2lloy Steel-)

% SolidBody 11(Fillet Bead3[2]) (-2lloy Steel-)

% SolidBody 12(Fillet Bead®) (-Alloy Steel-)

g]omt group

= ﬁg Connections

EIT; Connectors

? Counterbare with Mut-1

? Counterbore with Mut-2

? Counterbore with Mut-3

? Counterbore with Mut-4

? Counterbore with MNut-5

»

? Counterbore with Nut-6
? Counterbore with Mut-7
? Counterbore with Mut-8
? Counterbare with Mut-9
? Counterbare with Mut-10
? Counterbare with Mut-11
? Counterbare with Mut-12

Ee ‘Q Contact Sets
Bl = .

[T

Figure 5: Stages simulation model by bolts and weld
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Note in figure 6 (a,b,c), stresses values maximum value (293.6MP) and in case of
generated in the truss in the case of use use bolts and weld it was maximum value
welding it was maximum value (20MP) (187MP).

while in the case of use bolts it was

Model name: new truss weld
Study name: connect by weld
Plot type: Static nodal stress Stress1

von Mises (Nmm*2 (MPa))

200

l 183

- 167

a-Use weld

. 150
- 134
L 117

104
- EX

|
- 68

: .54
¢ 35
- 18
01
— Yield strength: 620.4

o Mises (Namm*2 (MPa));
|

2936

Model name: new truss bot

Study name: cenrect by bolt

Flod type: Static nodlal stre ss Stress1
Detornsticn scale: 1

2692

. 2447

b-Use bolts

e . 2203

L

“> »
' ®

. 1958

— Vield strength: 620.4
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Model name: new truss bolt& weld
C'Use Weld & Study name: connect bolt & weld

Plot type: Static nodal stress Stress1
bolts

ISSN: 2456-1851

Volume:02, Issue:01

von Mises (NAnm*2 (MPa))

182.4

l 167.2

1520

. 1368
- 1218
- 106.4
1mﬁ, 912
. 760
. 608

. 457

305
153
01

— Yield strength: 620.4

Figure 6 (a,b,c): show Von Mises in all cases

we note that the concentration of stresses the
largest in the region that contains the holes
bolts because these holes lead to a
weakening region shown figure 6-b.

To reduce stress concentration has been
added welding to the sides shown figure 6-c

&% Edge Plot eS|
File Options Help
Study name: connect by weld Study name: connect by bolt
Plot type: Static nodal stress Siress|1 c nodal stress Stress1
20.00 60.007--

= —=50.00

% 15.00 g

b =

E = 40.007-

E E

= 1000 =

8 2 3000

= =

§ 500 g

. * 20.00

0.00 : : : : ; 0.00 : : ; ;
0.0 02 04 0.6 08 10 0o 02 04 06 0.8 10
Parametric Distance Parametric Distance
von Mises (N/mm™2 (MPa)) von Mises (N/mm”2 (MPa))
0.0 0.0
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O Edge Plot
File Options Help

(=)o =

wvon Mises (Mmm*2 [MPa|

Study name: connect bolt & weld
Plot type: Static nodal stress Stress1

00 02 04

Parametric Distance

0.6 0.8 1.0

—— von Misss (N/mm™2 (MPa))

0334311, 4 42478

Figure (7): stress concentration along edge the connectivity area in each case

Note that lowest value of displacement in
case connect by weld shown figure (8-a )
while highest value in case connect by bolts
shown figure (8-b ) and less displacement
value when you add welding them where

URES (mm)
Model name: new truss weld
Study name: connect by weld
Plot type: Static displacement Displacement1

3.626e-002
3.324e-002
| 3.021e-002
. 2.719e-002
. 2.417e-002
[ Max:[3.626e-002] 2 115e-002
1.813e-002
1.511e-002
1.2092-002

. 9.064e-003

figure (8-a ):connect by weld

6.043e-003

3.021e-003

1.000e-030

welding works to strengthen the region as
well as transmission and distribution of load
on a regular basis shown figure (8-c ) and
figure (9-c).

URES (mm)
[Max:[4.907e-002]

Model name: new truss bolt
Study name: connect by bolt
Plot type: Static displacement Displacement1

4.907e-002
l 4.498e-002
. 4.088e-002
. 3.681e-002
. 3.272e-002
. 2.863e-002
2.454e-002
2.045e-002
1.636e-002

. 1.227e-002
8.178e-003
4.088e-003

1.000e-030

figure (8-b ):connect by bolts
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Model name: newy truss bolt& weld 22
Study name: connect bolt & weld
Plot type: Static displacement Displacement1

URES (mm)

4.089e-002
l 3.681e-002
- 3.272e-002

- 2.863e-002

- 2.454e-002
- 2.045e-002
1.636e-002
1.227e-002

8.179e-003

- 4124e-003

4.089-003

1.000e-030

1.000e-030

figure (8-c ):connect by weld & bolts
%4 Edge Plot sl | &g Edge Piot =3 §oB 5
File Options Help File Options Help
Study name: connect by weld Study name: connect by bolit
Plot type: Static displ Displ 1 Plot type: Static displ t Displ it
¥ 31 e VS mem e
o N — DA
00367 - ij
_____ e s
) N _ 0035}
z S £ '
: : Eo Tt
0.026 + b + ¢ 0033 + + +
0.000 0200 0400 0.600 0.800 1.000 0.000 0.200 0400 0.600 0.800 1.000
Parametric Distance Parametnc Distance
——  URES jmm) —«—  URES mm)
0.58806. 0.026708 0620896, 0.0355487
figure (9-a ): connect by weld figure (9-b ): connect by bolts
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= e >

%Edgeplot
File Options Help

Study name: connect bolt & weld
Plot type: Static displacement Displacementl

0.033

0.032

URES [mm|

0.031 + + + +
0.000 0.200 0.400 0.600 0.800 1.000

Parametric Distance

—— URES {(mm)

0.0

figure (9-c ): connect by weld & bolts

figure (9 ):the distribution of displacement along edge for all cases

(20.2MP) shown in figure (10-b) because
) ) there are holes bolts lead to weakness of the
Not the value of Axial and bending region and the transmission of load to
(11.4MP) shown in figure (10-a) while welding area.

increasing the value of Axial and bending

e Study welding area as Beam
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Model name: new truss weld Axial and bending (NAnm*2 (MPa
Study name: connect by weld /
Plot type: Axial and bending Stress3 // > 114

= >k |
/\ r<e I-w [
/

79
// 95

figure (10-a): the value of Axial and bending on welding area

Model name: new truss bolt& weld
Study name: connect bolt & weld
Plot type: Axial and bending Stress3

-

. 85
128
/ -16.1

-19.4

figure (10-b):Effect of the holes bolts on the value of Axial and bending in welding area
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The addition of welding to area connectivity force of the bolt shown in figure (11-a),(11-
.in add to the bolt lead to an increase friction b) ,this leads to an increase forces to install
the bolt.

FY: |9.78e+003 N
FRes: |9.78e+003 N

FY: |9.61e+003 N
FRes: |9.61e+003 N

FRes: [1.01e+004 N

FY: |9.87e+003 N
FRes: |9.57e+003 N

1.01e+004 N
: |1.01e+004 N

figure (11-a): friction force of the bolt

R SR B AR R CIREE N REL R

FY:
FRes

FYy:
FRes:

1.01e+004 N
1.01e+004 N
!

[
if
/c ( nj..

FY: 1e+004 N ]
FRes: |1e+004 N i
B
)
‘ R
/ ‘ c

FY: |1.02e+004 N
FRes: |1.02e+004 N
4 F

<1, FUIFY:  [1e+004 N
FRes: |[1e+004 N

S “

FY: .01e+004 N
FRes: |1.01e+004 N

<+

/

figure (11-b): friction force of the bolt with welding
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CONCLUSION

1. The stresses generated on truss in
connecting area in the case using welding
less than The stresses generated in the case
using bolts.

2. The addition of welding to the
connectivity area which contains on bolts
lead to Decreasing the stress on the truss, as
well as the addition of welding lead to
Increase the frictional force of the bolt and
this leads to increased installed linking area.

3. welding is considered stronger than the
bolts in strength and assume moments so
that makes moments and forces acting pass
from a member to another member like a
member of one of these is an advantage
welding. It is determined best as if it
intended to transfer mineral facility must be
used screws and nails in all joints but if the
facility will be built to get lost and
transported only a matter of constructional
design so if you see a clip requires a lot
number of the bolt is better done welding to
ensure no perforation member of bolts are
many holes and that lead to a weakening of
the entire user interfaces in the area.
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4. Welded of construction generally lighter
constructions and bolted the economic side,
the materials used due to the lack of need for
assembly plates or other materials arrived
Unlike bolted joints where there are
perforated holes reduce the effective size of
the space, while at the welding takes full
sectional area
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