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Connecting Rod CF ..

A steel connection has to be checked. For this purpose, we can perform
several analysis types: Linear and Non-linear static analysis with node
merging between the connection components and Linear static and
Non-Linear analysis with contact between elements in the connection.
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Connecting Rod Description

P The connection consists of a box
Beam 100x100x4 #{;.‘; .
beam section connected to a

rod with an applied horizontal
load of 15 kN.

J "__,,_..-——— Plates t=8mm

| |
> Plates t=8mm
\
.

Fixed ends

The beam ends are fixed.

~ \ Applied concentrated load of 15kN
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Connecting Rod Description

= All elements are modeled as shell

Default group - Pr:pert'res - :
Name Type .| B structural elements with different
‘&Screw Beam Name | :;O . .

@85 1 chell T thicknesses except a single beam
Fes2 shell g O element used to model the bolt
£ Refl Shell Offset 0 mm . .
rer2 Shell where the load is applied.
&P Ref2 - RefH shell = _ .
21 shell aetbe | Abvarcing .The material used is Fe510
«?TM Shell Edges size _ "25 mm @ .
& Shell |00 according Eurocode 3.

g *

The material used is i
Fe510 according : = ==

b3 71
§h

d
Eurocode 3 S —r—
.
1x
. Unit type Coordinate syst.. | Formula Value Unit
TO d Efl n e t h e S h e | | H Real number Length 100 mm

D1 Real number Length 750 mm

thickness and mesh size, i

Real number Length 4 mm

€B Real number Length 8 mm

Some pa ra mete rS have miubo Real number Length 25 mm
mBiel Real number Length 25 mm

been CreatEd ° mRef Real number Length 25 mm
eRef Real number Length 4 mm

eRefH Real number Length 5 mm

-i- Add xRemove | Mave up | Mave down [%Orderalphabet\cally
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Connecting Rod Description

To define t
Conditions, the displacements

at the end nodes of the beam

are restrained.

Properties

HE

MName

Name

Boundary cond. T...
Coord. System
Constrain mov. X
Constrain mov. ¥
Constrain mov. Z
Constrain rot. X
Constrain rot. ¥
Constrain rot. Z

Name

Boundary cond. T...
Coord. System
Constrain mowv. X
Constrain mov. ¥
Constrain mov. Z
Constrain rot. ¥
Constrain rot. Y
Constrain rot. 2

24

=

BC

TR

Boundary condition of
Global Cartesian

v

v

v

TL

he

Boundary

Boundary condition on nodes

Global Cartesian
v
v
v
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Properties

B

Name
Type

p
Structural loads

Convert to mass

=
=]

Name P

Load type Load on a point
Structural element  Screw

Coord. System Global Cartesian
Point (0, 50, -950) mm
Direction [1,0,0]

Load

CivVIIFEM

A punctual load of 15 kN

is defined on the bolt,
modeled as a beam

element.
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Linear Analysis

Contac: the connection between the
beam and the rod is defined by a
touching contact. The mesh is more
dense in this analysis.

Properties nx
Default group = 2 =
u Name | Type | T
r | Touching contact Name c1
&2 Touching contact Contacted T
Boundary description Top faces and ignoring thic...
Contacting B5_1
Boundary description Top faces and ignoring thic...
Two passes
B |Interaction Properties|
Type Touching contact
Tolerance 0 mm
Bias factor 0

Contact properties

Merged Nodes: The nodes 7

shared between the beam
and the rod have been

merged for the first
analysis.
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Linear Analysis: Results

CF In the merged model, the

von Mises equivalent stress [[N/mm?]]

94 maximum Von Mises stress values
are uniformly distributed on the
N beam. In the area between the

plates, the stress is negligible.
Tensions are concentrated in areas
close to the hole.

von Mises equivalent stress [[N/mm?]] % : ¢

194.9
179.2
163.5
147.9

. ‘ CivilFEM
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Linear Analysis: Results

. . von Mises equivalent stress [[N/mm?]] @
In the contacted joint, the

maximum Von Mises stress values
are concentrated at the corners.

von Mises equivalent stress [[N/mm?]] von Mises equivalent stress [[N/mm?]]

3969 CivIiIFEM 444.1 CivilFEM
357.2 400.5

317.6 356.9

277.9 313.3

238.2 269.7

198.5 2261

158.9 182.5

119.2 138.9

79.5

95.24
39.82

0.1475

£
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Non Linear Analysis
-

Properties

I a—

L X

Add Remove

nalysis

Design Design
Constitutive law

Analysis o-g diagram

A bilinear material

Linear

B X

[=]

Linear

Bilinear

behavio

for steel is activated.

ur

Properties

2=

Global solution controls

Type of solver Direct
| Large deflections |
Improved bending
Init. step fraction 001
Min. step fraction 0.0001
Max. step fraction 0.01
Max. Increments looo
Tot. Increments 9999
Min. lterations 1
Max. Iterations S0
Check u convergence
Check B convergence =1
Check F convergence
Check M convergence =
Tolerance u 0.005
Tolerance 8 o1
Tolerance F 0.05
Tolerance M 0.1
Absolute stress
Initial contact detection
Slip threshold o in
Friction force tolerance 0.05

Create modal results

Create incremental results

Control application
Penalty method

Behaviour of constructio. .
Mon positive definite mat...

2
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=200 —@—  63mm
2
-400 -
Dimensionless

Solution Controls:

Step fractions and convergence options must be set
in order to obtain correct results.

The total Load will be divided into steps depending
on the Initial/Min/Max fraction values.

Large Deflections option indicates that a nonlinear
structural problem will be performed when either the
displacements and/or the strains are large.

Incremental Results will help monitoring partial
results.

CivilFEM



Non Linear Analysis: Results

The applied load is ten times bigger than the load corresponding to the
linear analysis in order to provoke the collapse.

von Mises equivalent stress [[N/mm?]] ¢ von Mises equivalent stress [[N/mm?]] ¢
: 284.3 =

4E Y \v' \
von Mises equivalent stress [[N/mm?]] ¢ von Mises equivalent stress [[N/mm?]] ¢
284.3

f<v \,;?‘.‘_‘; LV % e“%
In the last step of the merged model all beams have reached the yielding
limit, except at the area around the rod.
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Non Linear Analysis: Results
von Mises equivalent stress [[N/mm?]] ¢ von Mises equivalent stress [[N/mm?]] ¢

355.3 IIIIIII M 355‘3 IIIIIII M
s s
.3 3
248.8 248.8
2134 2134
177.9 177.9
1424 142.4
8 i
71. 7
35.92 35.92
0.428 0.428

Equivalent plastic strain Equivalent plastic strain @ Equivalent plastic strain « Equivalent plastic strain a o
1 5.8220-005 S 1 56 b
08 5240-005 8829
06 45 7
04

0000981 e 0.014:

0.000 00131

00007848 % 001165 =
00006867 B 001019
0.0005886 i 0.0087: S557%
0. i1 00072 g
0 s 0.005823

0. 3 i 0.

0.0001 P 0002912

9.81 .

0 0

In these four steps we can see how plastic behavior starts in the middle of
the beam and at the beam ends and increases along the entire beam.

22,
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Results

1S

In the cntacted model

von Mises equivalent stress [[N/mm?]]

Non Linear Analys

CivIIFEM

ing

yieldi

’

behavior is reached at the corners of

the hole first.

ises equivalent stress [[N/mm?]]

von M

gn Mises equivalent stress [[N/mm?]]

CiIVIIFEM

CiVIIFEM

CivilFEM
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Non Linear Analysis: Results

Equivalent plastic strain
1

von Mises equivalent stress [[N/mm?]]

355.2
H 319.7
284.2

248.6
213.1
177.6
142.1
106.6

71.06
. 35.54
0.02781

CiviiIFEM

Equivalent plastic strain
1

0004561

Contact status

o
©

CivilFEM allows the user to see if the
contact has been correctly detected.

CO0o0000s:
privprere=tt=

~/INGECIBER, sa. cwnrewMarc cviTrem



Steel Bonding (Type 1)

A steel connection needs to be analyzed. For this purpose, we have
performed a nonlinear static analysis using contacts and the tying utility
between the elements of the joint.

Twisting moment applied at ¢

the end of beam 2

e 7
ol ; \v
o

>k

Fixed end o
beam 1 : o
\ g : . Beam 2

INGECIBER, s.A.



Steel Bondmg Description (Type 1)

Default group

MName Type
& igs 2 shell
& Vigal shell
4 Placa Sup Shell
& Placa Inf Shell
B TRP2 Beam
BTRPL Beam
B TRe Beam
TR Beam
BTRa Beam
BTR Beam
BTR2 Beam
BTR1 Beam

The material

according Eurocode 3. A bilinear

P m’]
G 69.2 [N/mm?]
° s 1.2e-05 [1/AK]
iIs Fe510 . o
Deact. time 36500 day
Non itic

All the elements are modeled as shell

structural elements

with different
thicknesses except the screws that
beam

have been modeled

elements connecting to the shell by

means of the tying utility.

Properties
ame Fe510
Type Structural
210000 | il
03
7 85e-09 [ 1
80769.2 | ]

Steel type

material behaviour is activated.

To define the shell thickness and

the size of the mesh, some | ramee |roome

eplaca Real num...
parameters have been created. mplaca  Resl num.
mviga Real num...
evigal Real num...
eviga2 Real num...
INGECIBER, s.a. awrevMare

Parameter list

as

| Name » | Type
ol TR1_P1 Tying
» (@ TR1_PS Tying
@ TR2_PI Tying
il TR2_PS Tying
ol TR3_P1 Tying
& TRz_Ps Tying
@l TRa_PI Tying
@l TR4_PS Tying
& TRs_PI Tying
&l TR5_PS Tying
W TrRe_PI Tying
&l TRE_PS Tying
& TRP1_P1 Tying
2l TRP1_PS Tying
2l TRP1_v2 Tying
ol TRP1_V2(2) Tying
& TRP2_P1 Tying
2l TRP2_PS Tying
2l TRP2_v1 Tying
2 TRP2_v1(2) Tying
‘ Tying Tying

E
E e
‘i w5,
- -
imensionless
.. | Unit type Coordina... | Formula Value Unit

Length 0.006 m

Length 0.01 m

Length 0.01 m

Length 0.002 m

Length 0.002 m

CivilFEM



Steel Bonding Description (Type 1)

To define the Boundary
Condition, all degrees of
freedom at the end nodes of
beam 1 are restrained.

Properties o x

I
|
jin
e
|i,HMI

Name BCG

Mame Boundary condition on nod...
Boundary cond. T.. Boundary condition on nodes
Coord. System Global Cartesian

Constrain mov. X ¥

<
<
«
«
«
<
2 4
<
«

Constrain mov. ¥ ¥ ®
Constrainmov.Z2 ¥
Constrain rot. X v
Constrain rot. ¥ I
Constrain rot. Z I

f«vvv«.,,

A punctual moment is applied at
the central point of beam 2. We use
the tying connection to distribute
the point moment to the beam end
nodes.

INGECIBER, S.A. CivVIiIFEM
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Analysis Results (Type 1

In the figures below we can see how the punctual moment affects the
joint.

von Mises equivalent stress [MPa]
von Mises equivalent stress [MPa] von Mises equivalent stress [MPa] von Mises equivalent stress [MPa]

We can see how the tension is much lower in the junction. The maximum
stresses are located at the beam corners.

von Mises equivalent stress(MPa) U, ~

uivalent stress [MPa]

0ty
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Analysis Results (Type 1)

With CivilFEM we can check if the contact has been correctly detected.

Contact status CIVIIEEM

1

0.9167

0.8333
0.75
0.6667

0.5833

0.25
0.1667
0.08333

0

£,
27
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Steel Bonding (Type 2)

In this study, CivilFEM powered by Marc is used to calculate the
connection between the glass curtain wall and the slab.

We need to check that the steel strength is not exceeded anywhere in the
metallic bond. In order to check this, we perform a static analysis using
contacts and the tying utility between the elements of the union.

We have to model the plates, screws and welding present in the steel

connection.
%NGECIBER, SA. cemrenMarc CIVITE € M



Steel Bonding Description (Type 2)

Entities of the model Default group -
=sowsx@sws Plates are modeled as shell structural elements jocestoes _____-
MName |Tvpe . . . B
Central Spri
T with different thicknesses. The screws have | Sgm s
F [P 150x260  shell \ L1 Spring
Default grou - H .\}_LZ Spring
e been modeled as beam elements connecting |, _
fEPernoB Beam | w}' L3 Spring
| | &caress Beam . ° o W, L4 Spring
E with the shell by the tying utility. In order to [ . -
f@PernoA Beam —w}' pring
. |@carzas Beam . o . . || B, L6 Spring
b Bos s simulate the welding we use springs with a [ ..
o . _'\}.LS Spring
— -| stiffness of K=2.1-10>° MPa in the three | aw sprine
%, R2 Spring
Name |Tvpe . . 1 ™
P @riacaia e directions X, Y and Z. e spring
_'\}_Rril Spring
Properties o = || -‘}. RS Spring
Angular < | B % RE Spring
Name | Type 5275 ..~ R
s R7 Spring
028 Shell Name 5275 e 8 e
<7138 Shell Structural stee ‘}. R8 Spring
gt;: i:::: ;VF"E ztmcr;o [N.n":nmzl P.. | Parameter type Unit type C. | Formula Value Unit | * _‘ carga 1 Tying
v 03 5... Real number Length 0.003 m | .
e JETY Shell . 7 852-08 [tn/mm?] _‘ carga 2 Tying
gﬁi i:z:: G 80769.2 [M/mm?] sl Real number Length sP1/1.3333.. 000225 m @ carga 3 Tying
» &P Lan Shell ;'Eth_me ;zc:ﬁ [r/nk] ... Real number Length 0.012 m :‘ carga 4 Tying
Deact. time 36500 day e.. Real number Length 0.008 m _‘ Pl Tying
EETI,::;ESS o T;;n Bustenie s... Real number Length eP1*54eT1% . 0.004 m - _‘ Pl Tying
MName |TVDE |' Design o- diagram A X " " N N .T. B . —‘Tl Tving
> et shell E| Code,_,mpem-es - Add Remove | Mowve up | Move down | 7 Order alphabetically _‘Tz Tying
b | P rea shell - Damping

The material used is Fe275 according Eurocode 3.

To define the shell thickness and the size of the mesh, some parameters have
been created.

9{/] ﬂ i FEM
%NGECIBER, SA. comrewMarc T



Steel Bonding Description (Type 2)

To define the Boundary Conditions, all
displacements and rotations around the
Z axis are restrained along the contact [22™™™ e
El [Boundaryc.. [d (4)

lines between the plates and the floor | ==
beams.

Boundary c... Boundary conditio...
ructur.. 03 L2A
ord.5.. [ Global Cartesian

w

rain m...
nstrain m...

st
st
nstrain m...
st
st
st

C O 000000
5 0 00 oo gao
m 3 3 3 3
tEOOEEE

M.
[w] urve (75)

Punctual forces are applied at the
beam node simulating the screws. We
use a Tying connection to distribute
the punctual forces among the nodes
plate hole nodes.

We also use the Tying connection to
simulate the screws connecting the
plates.

. CivilFEM
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Analysis Results (Type 2)

In the figures below we can see the Von Mises equivalent stress on the
deformed shape.

von Mises equivalent stress [MPa]

238.6
B 2187

198.9

179
159.1
139.2
119.3
99.43
79.54
59.66

39.77
19.89
9.391e-007

*x
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Analysis Results (Type 2) e Mare

We can plot Von Mises stress in each plate separately

von Mises equivalent stress [MPa] CivIIEE M von Mises equivalent stress [MPa] civitEenm
— 2415
gsg /A eaas P Zng
s B : s
104.2 28 161
92.59 e 140.9
81,02 T 120.7
69.45 100.6
57.89 80.49
60.37
3475 prp
- 20.12
28 5.567¢-006
0.05236

i

von Mises equivalent stress [MPa

CivilFEM CivilFEM

0.04637

2

< /INGECIBER, sa.
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Analysis Results (Type 2)

With CivilFEM, we can check the In the picture below, vertical
contact status between surfaces. displacement at the joint is
Plate to plate contact is shown. shown.
Contact status ViTEE M Z-component of displacement [mm] CivIIFEM

11).91 67 f)0.06234

0.8333 -0.1247

0.75 -0.187

0.6667 -0.2493

0.5833 _ -0.3117

0.5 -0.374

0.4167 i -0.4364

0.3333 -0.4987

0.25 -0.561

0.1667 -0.6234

0.08333 -0.6857

g e by v s

L i
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Analysis Results (Type 2)

The list below shows springs forces. Stresses on the welding can be derived

from these results.

T e T

Spring

Central
L1
Lz
L3
L4
LS
L&
L7
L8
R1
R2
R3
R4
RS
RE
R7

R8

Node 1

10421
10420
10419
10418
10417
10416
10415
10414
10413
10972
10973
10974
10975
10976
10977
10978
10979

Node 2

44524
44525
44926
44527
44928
445925
44930
445351
445353
449323
44523
44521
44920
44919
44918
44917
44916

Fx

M

0.002
-57.669
-60.718
-53.659
-43.841
-32.056
-18.199
-0.880
20766
57 676
60.730
53.677
43 870
32.092
18.247
0933
-20.710

Fy
M
1693324
1191.625
383785
649153
462 637
336.822
262 308
237 768
237 829
1191521
383 547
648707
451.765
335300
260.155
234981
234 632

Fz

M

960.178
813.182
745507
714084
701682
708341
735.254
791481
884.861
813 286
749714
7143577
702.099
708.872
735.889
792 280
885.844

It is interesting to obtain the axial force and transverse shear force in the
screws to check their resistance.

-5914
-596.8
-602.1
-607.5
-612.8

2
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4591
4590
4589
4588
4587
4585
4584

4581
4580

Transverse shear force in the local Y-direction [N]

CivilFEM



