SAF]

>> September 21-23, Moscow

AlumForum 2021

International Forum «Aluminum in Architecture and Construction»

Rachik ElImaraghy, Ph.D., M.A.Sc. P.Eng.,FCSCE
Founder & CEO
SAFI Canada — Est. 1986



RN
SAFI Products Philosophy — Seamless Fully Integrated SAFI

ENGINEERING CALCULATORS

Steel Calculator™
Concrete Calculator™
Footing Calculator
Connection Calculator
Fatigue Calculator

Level |

SAEI 3D
VIRTUAL A.E.C. TECHNOLOGIES Engine

Engineering
Manufacturing

. ENGINEERING APPLICATIONS
Fabrication Level Il | Intuitive Modeling
Construction Advanced Analysis

International Design Codes
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Engineering Calculators — Level I

Steel Calculator

Welding Concrete
Calculator Calculator

Fatigue
Calculator Foundations

Level | Calculator

Help.

File

Edit Commands Options

Material Propeties Opération [ Matgiax |
Yield Stress [Fy): 350 MFa Foisson Ratio: |0.27 T venty - Preview Conception - Charges
Uliimate Strength (Fu): | 450 MPa Waluminal Mass: | 7850 ka/m.3 Ty optimize [ Neme _
Moment fléchissant )= 0 kN
Elastic Modulus (E} | 200000 MPa Thermal Expansion: | 1.17E-005 | 1/0 Ty veryal | [y Report — = fom =0(0) =
Steel Code; | CAN/CSAS1601 v Model Parameters Member 1 Forme -
Beam bl Wa360x51 . @ TIE istoicue damatres: Canaaemne =
Section Shapss — _—
i : = Couverture de béton: 40 mm Tension:
Library: | CISC (2007) v # = @ . = -
. ] @] Cowesin
Section Name: | W360:51 v | v L [ Tpedechame  Cortle des fissures: Elément mérieur (=0 4nm) - Dimensions —————
1" ailculator P b0 ned
Member 1 ok Ré=0 %
Beam Length (L} 6000 mm Mass: 303795 kg M= 0 kNam
Cprem(ET) 0453 Amatures de tension Armatures de compression
| it} Load Parameters H T Design Parameters ” X Geometric Limits ‘ Bending (Mf/Mi): 0.530 Uiiser le centroide des bares
= C Bending 0.950 E db= o di= mm
&\;‘Mm N N ne Tension Bending: 0530
wu | 1e [TTTIT111 F:‘"'wqr—rj-ﬂ“ Shear [ViA) 0121
Deflection: 0.319 L/240
Column
Ready NUM < 1\ Nouvear
Prét NUM

© SAFI QUALITY SOFTWARE, INCORPORATED. ALL RIGHTS RESERVED.




.

Integrated Structural Design Applications — Level II SAFI
Steel Concrete Wood Aluminum
Buildings
T?:,?:,’gg | Structures
Transmission : Steel-Wood
Towers 7_! —'

—— Towers WACIR Bridges
Substations —_—
towers Pre-tension

Tubular towers Petroleum & Gas & Water Highway sign
structures

Onshore Derrick & Offshore
structures Masts ] structures
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A.E.C. Virtual Technologies — Level III SAFI

Seamless Integration / Engineering / Connections /
Detailing / Manufacturing & Fabrication

VSB
Virtual Steel Buildings

.

VPS

Virtual Petrol Struct vCB
| IRED e e A Virtual Concrete BuiIdings]

B\

Level lll |
)

\ARS

Virtual Tower Structures

VAS

Virtual Aluminum Structures

VBS
. Virtual Bridge Structures
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SAFI Structural Engineering Solutions — Aluminum capabilities

D

GSE Software BSE Software TSE Software PSE Software
GENERAL STRUCTURAL BRIDGE STRUCTURAL TOWER STRUCTURAL PETROLEUM STRUCTURAL
ENGINEERING ENGINEERING ENGINEERING ENGINEERINGe
Steel, Concrete, Wood Steel, Concrete, Electrical substations, Offshore and Onshore

and Aluminum Composite and transmission towers and drilling structures for oil,
structures of all types. Aluminum bridges. telecom towers. gas and water drilling.
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SAFI Structural Engineering Solutions — Aluminum capabilities

Aluminum in Transport and Road Infrastructure

@

HSE Software

HIGHWAY SIGN STRUCTURAL
ENGINEERING

HSE SOFTWARE - Steel & Aluminum Standards

The program supports the required specifications of the:

« AASHTO LTS-13 ASD (6t edition)

« AASHTO LTS-15 LRFD (1st edition)

Overhead structural sign
support, traffic signal .
« Canadian CSA S6

supports and high-mast

lighting towers.
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HSE SOFTWARE - Applications

The HSE software is a versatile program allowing users to design various structures for overhead
signage for highway, roadway or traffic applications.

Overhead sign structures « Overhead sign structures

The HSE software allows users to design highway overhead structural sign
supports with various road sign panels such as simple panel, reinforced panel,
variable message sign (VMS), walkway or secondary panel.

« Cantilever sign structures
e Gantry structures

Traffic lights « Traffic lights

The HSE software allows users to design various types of traffic

: . « Traffic signal mast arms
light supports and signal mast arm structures.

« Street lighting poles

High-mast lighting towers (HMLT) - Luminaire support structures

The HSE software allows users to design various types of

lighting solutions such as street lighting poles, high-mast lighting . High-mast |ighting towers
towers and lamp posts.

© SAFI QUALITY SOFTWARE, INCORPORATED. ALL RIGHTS RESERVED.




HSE SOFTWARE — Highlighted technical features

BBBBBBBB

« The HSE Software is a technology built on powerful user-friendly interface

« Allows to generate Standard and Non-Standard structures related to the bridge sign industry.

« HSE covers the Analysis, Design and Fatigue of overhead structural sign support, traffic signal
supports and high-mast lighting towers.

« Linear, non-Linear, seismic and dynamic analysis are available.

* Non-Linear Catenary cable may be included in general HSE models.

« Automatically determines the wind and ice loads acting on the elements of the model.

« Generate the equivalent fatigue loads such as galloping, natural wind gust and truck-induced gust to
compute the fatigue limit states.

« The highway sign wizard also calculates the various design parameters required such as buckling

parameters, aluminum weld parameters and fatigue parameters.

© SAFI QUALITY SOFTWARE, INCORPORATED. ALL RIGHTS RESERVED.




HSE SOFTWARE - Overhead sign structures

Highway and roadway sign structures

The software allows users to design highway overhead structural
sign supports with various road sign panels such as:
Simple panel, reinforced panel, variable message sign
(VMS), walkway or secondary panel.
Wind, ice, and gravity loads are automatically calculated by the
program.

The fatigue limit states are also computed by the software.

© SAFI QUALITY SOFTWARE, INCORPORATED. ALL RIGHTS RESERVED.



HSE SOFTWARE - Traffic lights

Traffic signal support structures

« The software allows users to design various types of traffic light

supports and signal mast arm structures.

« The program takes into consideration truck-induced gust loads

caused by the passage of trucks under traffic structures as well as
the galloping force based on the frontal projected area of each

traffic signal including all other devices attached to the arm masts.

11
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HSE SOFTWARE - Street lighting

Street lighting poles and
High-mast lighting towers (HMLT)

« The software allows users to design various types of lighting
solutions such as street lighting poles, high-mast lighting towers

and lamp posts.

« The program takes into consideration natural wind gusts that may

induce cyclic loads in lighting structures.

0 fiog-

© SAFI QUALITY SOFTWARE, INCORPORATED. ALL RIGHTS RESERVED.



HSE SOFTWARE - Design Specifications

e Structure design for Computation of
compression, tension, bending, base plates
shear, torsion and warping,
slenderness, deflection and The HSE software
fatigue allows users to

compute the

« Anchor rods verification resistance and the

thickness of base

e Base p|ate design and plates with levelling
verification nuts.

13
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HSE SOFTWARE - Loading features

« Automated self-weight
 Automated wind and ice loads
 Concentrated and distributed loads

« Automated fatigue (Galioping, Natural
Wind Gust, Truck-Induced Gust)

 Thermal gradient loads
« Seismic analysis capabilities

 Automated load combinations

BY SAFI™

Highway Sign Load Wizard

Load Parameters for AASHTO LTS-15 (LRFD)
Region =  Cook - Ilinois - Etats-Unis (ASCE 7-10)
Wind Mean Recurrence Interval = | 700 Years ~
Directionality Coeff - Poles (Kd) =  0.85
Directionality Coeff - Others (Kd) = 0.85
wind Velocity (Mo Ice) = | 115 mph
wind Velodty (Ice) = 40 mph
wind velodty (Service) = 78 mph
Gust Factor (Cgor G) = | 1.14
Wind Calculation Approach = | Windward and leeward faces (0.5 Cd per face) w
O Custom Exposure Factors {Kz) = Define Regional Data
Ice Thickness =  0.75 - -
=~ Tlinois
Generation of Basic Loads and Load Combinations B Adams
Generate Loads and Combinations = % Q'e":”der
B Bon
Wind Direction = | Default (£Wz or £ or 0. 75(£Wz2 [ Boone
Generate Fatigue Load Combinations = B Brown
- [B Bureau
Fatigue Loads B cahoun
Structure Type = | Traffic Signal ~B carrol
B Cass
Fatigue Importance Factor (Ig) = | II - Other than Category I and III B Champaign
. ) B Christi
Wind Velocity (Yearly Mean) = 12,9 % C|arI'I: an
Enable Galloping = B Clay
Enable Natural Wind Gust = B dinton
B Coles
Enable Truck-Induced Gust = B
Truck Data B crawford
B Cumberland
Truck Speed = 45 -[B DeKalb
¥ Position of Lane 1 (Start) = | 36 B De witt
. -~ Douglas
X Position of Lane 1 (End) = 495 B DuPage
X Position of Lane 2 (Start) = 0 B Edgar
” B Edwards
¥ Position of Lane 2(End) = 0 B Effingham
-~[B Fayette
B Ford
[ Franklin
[ Fulton
B Galatn
B Greene

Country: United-States (ASCE 7-10)
State: Ilinois
County: Cook

Snow Data

Snow Pressure (5): Ibjft.2

Rain Data

Rainfall Intensity {1:5): | 6.5 infh

Rainfall Intensity (1:25): | 8.48 infh

Wind Data

Wind Speed (1:300): mph

Wind Speed (1:700): mph
Wind Speed (1:1700): El mph
Wind Speed (Service): Cl mph

Seismic Data

Accel, Short Period (Ss): _0.].33 g
Accel, Long Period (51): | 0.062 g

Transition Period (Ty): s

—
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HSE SOFTWARE - Fatigue

» Fatigue verification according to chapter 11 of AASHTO LTS-13 (ASD) and
AASHTO LTS-15 (LRFD).

» Verification of stresses according to the Constant Amplitude Fatigue Threshold
(CAFT).

« The AASHTO LTS standards provides fatigue calculation for the three
following types of structures: signs, traffic lights and luminaires.

« This choice has an influence on the displayed fatigue options.

« The HSE software also allows to run the fatigue calculations for the HMLT
(High-Mast Lighting Towers) by using the approach defined in the AASHTO
LTS.

© SAFI QUALITY SOFTWARE, INCORPORATED.
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HSE SOFTWARE - LUMINAIRES, TRAFFIC LIGHTS AND

OTHER ATTACHMENTS

 The HSE Software Attachments command allows to Er—
create a list of traffic signals, luminaires and other e | o
accessories attached to the structure. e I

« These accessories can later be attached to the i v
structure with the Add Luminaire/Traffic Signal - © o j_b
command. = 'b z

. . . . . o \d | Az

» |tis also possible to validate the wind and ice loads N

automatically generated on the attachments. z =
| Signal 1 [ Sonal2 | Sinal 3 =
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HSE SOFTWARE - LUMINAIRES, TRAFFIC LIGHTS AND

OTHER ATTACHMENTS

© SAFI QUALITY SOFTWARE, INCORPORATED. ALL RIGHTS RESERVED.



HSE SOFTWARE - PANELSIN XY AND YZ PLANES

 The HSE software allows to create structures like a
traffic signal pole with two arms at 90 degrees with
attach panels and attachments in XY and YZ planes.

 For the AASHTO LTS-13 (ASD) and S6, the Wind
Direction option in the Highway sign load wizard
allows to compute the wind for these structures.

 The wind is applied on all possible directions .,
according to the selected option available.

18
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HSE SOFTWARE - POWERFUL BEAM GENERATION

Y SAFI™

« Many features for the generation of beams are available to HSE users. For example, it is possible
to select different panel models (Warren, Pony Warren or Pratt) for the beam diagonals.

[FAVAVAYE

* These panel models can be reverted with the Discontinuous diagonals option.

NN

* When the invert opposite face option is unchecked, it is possible to align the arrangement of the
diagonals on the opposite face of the beam.

WWAVANN/AVAVAN

19
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HSE SOFTWARE - POWERFUL COLUMN GENERATION

BY SAFI™

Form00
« The HSE software allows to seamlessly edit variable
Inertia columns after the model generation.
» Regular or Variable inertia sections. Iy

.
D o enposed = 16.2"

 For example, a column can be divided at any
position and the variable inertia section properties
will automatically be adjusted.

140"0"

52.90'

/Ser.e1 =345"
./D;_hm =23.6"
\DB wp_exposed = 23.0"

32.10°
=<

20
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HSE SOFTWARE - Polygonal sections

Y SAFI™

In addition to all existing section shapes (circular, rectangular, I, L, 2L, T, and more),
the HSE Highway Sign Structural Engineering software allows the use of tubular

polygonal sections.

+Ys +Ys +Ys AYs AYs
T Q r Q r Q r Q r Q
L EN. IO . YL =)
l_ P Z l_ P Z l_ P Z l_ P Z l_ PZs
T T T T T

6-sided tube 8-sided tube 12-sided tube 16-sided tube 18-sided tube
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HSE SOFTWARE - Sections properties

 In Library of standard Sections (CISC, AISC, European and Indian)

* Non-standard ﬁ* =
« Tapered sections (variable inertia) j

« Library of cable sections T e
. Built-up sections /4

* Plate and Shells (finite elements)

« Custom sections T o kT




HSE Software - Automated models

BY SAFI™

=Y

VAW A WP d

Pole column with 4-sided latticed beam

TN
I

Pole column with 3-sided latticed beam Pole column with flat latticed beam Manually made models
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HSE Software - Highway Sign Wizard Input Data

Highway Sign Wizard - 5tep 2 - Beam Definition

Model: | Custom ~

Mb. Panels = | 6
Vertical Panels
Panel Model = | Warren - W\
Invert Opposite Face =
Discontinuous Diag. = D
Horizontal Panels
Panel Model = | Same as Vertical

Interior Diagonals

Invert diagonals = O
Atends only = ]
Offset= 0
Dimensions
L= &000
Ei= 150
Ej= 150

Dzl = Dz (350)
Dz2 = | Dz (950)

Dz = 550
Offset at connections
Method = gc
gc= 0
Sections

mm

mm
mm
mm
mm
mm
mm

£

{
v v

| Segment-1 | Segment-2

X o [ om
L L |
I 1
[ ]
D)"
[ ]
lele——] —l —slol
E D, D, 0y

Vertical Panels

Horizontal Panels

< Prewv,

Cancel

Help

Highway Sign Wizard - Step 3 - Column Definition

Model = | Custom ~
Panels
Panel Model = Pany Warren - |\|/I\/] w
Invert Diagonals = O
Dimensions

H= 7100 mm
Ti= 1000 mm
T2 = 1000 mm
E= 300 mm
= 0 mm
Sv= 1123 mm
Sleeve (t) = 6,35 mm
Sleeve (L) = 300 mm
Cantilever (C) = 180 mm

Offset at connections
Method = gc w
gc= |0 mm

Sections

[PEREREEN « - Hss 152¢6.35 “|»
[ NER EmBY = 3 - Hss 2034635 ~|»
| Diagenals (sd) = 5 -Hss 50.3x5.54 al
Support Beam (Sb) = 5-W 152x152x7.9 ~ | b

? X
T I D
h
L
3By
Sv
H
Sv
Sv
T1 L
by LT B
/o N
< Prev.,
— -
R | N | AV AVAWAN
Cancel
Help
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HSE Software - Highway Sign Wizard Input Data

L1 L2

5]
|
=2 2= o

A

|
e Lo 12 ‘
|

/
N\

~ ]
_A[_BT Sm Sm Dy
‘ Sy / \ l l
H ~y
0 -y
A
H2 Sv
_v
— A
T T Sv
T1 L ‘ _v
| , vilbe 11 ¢8
. oo /-_- J'F‘-,"-:.-::F:J'F‘-\

] oy o
O 60 N O~

-
>
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HSE Software - Anchor Rods and Base Plate Input

Anchor Rods and Base Plates

Type =
MNumber of Rods =
Bolting Cirde {CB) =

Rod Diameter (d) =

Thread Pitch {p) =

Distance to Nut (h) =

Rods Yield Stress (Fy) =

Rods Ultimate Strength (Fu) =
Fatigue Threshold Stress (AF) Ty =

(O)In contact with concrete
(@ with leveling nuts

4
304.8

Anchor Rods Properties

254
3,175
26
350
430

i}

Base Plate Properties

Caleulation Method = 8?;2;\:& Width without stiffeners
Plate Thickness (t) =  Automatic
Plate Yield Stress (Fyp) = 0
Concrete Properties
Concrete Resistance (fc) = 35

mm
mm
mm
MPa | P
MPa
MPa

mm

MPa |7

MPa

Cancel

Help

BY SAFI™
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HSE Software - Generated Wind, Ice and Fatigue Loads

BY SAFI™

Load Visibility ? * 0.75 in
0,-1.0,00)

() Combinations with load factors
() Combinations without load factors

Show loads intensity
[ show loads description

O/

1 - Dead 37.3 Ibift.2
2-WindZ

[13-windx

[] 4-wind Z (ice)

[] 5 - wind X {ice)

6-Ice

[] 7 - wind Z {service)

[] 8 - wind X {service)

[] 11 - Galloping 2 {GYW)

[] 12 - Galloping ¥ {GYW)

[] 13 - Matural Wind Gust Z (NWG)
[] 14 - Natural Wind Gust X (NWG)
[J 17 - Truck-Induced Gust (Tr&) 1
[] 1# - Truck-Induced Gust {Tr&) 2
[1 19 - Truck-Induced Gust {TrG) 3
[J 20 - Truck-Induced Gust (TrE) 4
21 - Truck-Induced Gust {TriE) 5

3
[ ]

35.588 Ib/ft.2

Ibift.2 33.497 Ib/ft.2

ANNEARAES

Ny

=y
w

7 Ib/ft.2

[——__[33.329 Ib/ft.2

9 Ib/ft.2

E F ——— (33329 Ibift2

9 Ib/ft.2
~—__33.329 Ib/ft.2

329 Ibift.2

FANAEARNRANRE
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HSE Software - Generated Basic Loads and Combinations

BY SAFI™
Basic Loads O *
il Basic Load MName Load Type ‘ =
300 E|
1iDead |(D} Dead Load -
2|Wind Z (W) Wind Load -
3|Wind X (W) Wind Load -
4|Wind Z (ice) (W) Wind Load -
5 |Wind X (ice) (W) Wind Load -
6|lce (I} Ice Load - Load Combinations O bt
7 |wind Z (service) (W) Wind Load - Table Commands View
EWmdx{seerE} (W) Wind Load : Qe |:...g 2 | o | =) |éﬁ a5 |wn o | L | & =
0 hd 5% C"”‘"Iigaﬁ"” C"”l:}’ai;aeﬁ"” Enabled C"”‘T';i;:ﬁ"” Deflection Criterion N"ﬁ"L”:a';:hE'a' 1-Dead | 2-Wind Z | 3 - Wind X | 4 - Wind Z (ice) | 5 - Wind X (ice) | 6 - Ice | T—
11|Galloping Z {GVW) (W) Wind Load -
12| Galloping ¥ (GVW) (W) Wind Load - 1| Strength I, DLmax ¥ s - Disabled - 1.250
13| Natural Wind Gust Z (NWG) (W) Wind Load - 2 |Extreme I, DLmin+Wz ULs - Disabled - 0,900 1.000
14| Natural Wind Gust X (NWG) (W) Wind Load - 3 Extreme I, DLmax+Wz uLs - Disabled - 1.100 1.000 |
15 - 4 Extreme I, DLmin-Wz ULs - Disabled - 0,900 -1.000 3
= - 5 Extreme I, DLmax-Wz ULs - Disabled - 1.100 -1.000
17| Truck-Induced Gust {TrG) 1 () Wind Load - 6 Extreme I, DLmin-+Wx ULs - Disabled - 0,500 1.000
18| Truck-Induced Gust {TrG) 2 (W) Wind Load - 7 Extreme I, DLmax+Wx ULs - Disabled - 1.100 1.000
18| Truck-Induced Gust {TrG) 3 (W) Wind Load - [ 8 Extreme I, DLmin-Wx ULs - Disabled - 0,900 -1.000 L
20 Truck-Induced Gust {TrG) 4 (W) Wind Load - 9 Extreme I, DLmax-Wx uLs - Disabled - 1.100 -1.000
21| Truck-Induced Gust (TrG) 5 W) Wind Load - R 10 Extreme I, DLmin-+0, 75(Wz+Wx) ULs hd Disabled - 0,900 0.750 0.750
11 Extreme I, DLmax -+, 75{Wz+Wx) ULs - Disabled - 1.100 0.750 0.750
12 Extreme I, DLmin+. 75(Wz-Wx) ULs hd Disabled - 0,900 0.750 -0.750
13 Extreme I, DLmax+0. 75{Wz-Wx) ULs - Disabled - 1.100 0.750 -0.750
14 Extreme I, DLmin+0, 75(-Wz+Wx) ULs hd Disabled - 0,900 -0.750 0.750
15 Extreme I, DLmax+0. 75(-Wz+Wx) ULs hd Disabled - 1.100 -0.750 0.750
16 Extreme I, DLmin-+0, 75(-Wx-Wz) ULs hd Disabled - 0,900 -0.750 -0.750
17 Extreme I, DLmax-+0, 75(-Wx-Wz) ULs hd Disabled - 1.100 -0.750 -0.750
22 Extreme I, DLmax+lce+Wz ULs - Disabled - 1.100 1.000 1.000
23 Extreme I, DLmax+ce-Wz ULs - Disabled - 1.100 -1.000 1.000
24 Extreme I, DLmax +lce+Wx ULs - Disabled - 1.100 1.000 1.000
25 Extreme I, DLmax-+Ice-Wix LS - Disabled | w| 1.100 1000 1000 ¥ ==
1 [ | 3 Help

© SAFI QUALITY SOFTWARE, INCORPORATED. ALL RIGHTS RESERVED.




HSE Software — Other possible load types

BY SAFI™

F ™ F N F N Y
Joint Loads @lﬂ Member Loads m Member Loads m Member Loads m

. Baszic Load: Area I Thermal I “Wind | Wave | Corcentrated I U rifarm I ‘Yariable Coticentrated I Urifarm | Y ariable
O J O I n t S I O ad S 2 - Horizontal Concentrated I Urifarmm | Wariable Ares | Thermal | Wind | Wave Area I Themnal | Wind | W ave
Basic: Load: ) B asic Load: Basic Load:
[ J Concentrated Force Pr: 15 kM "I-ge vl "I-ge vl [2-Hg[i20n[al -]
Force Py 0 kM
Foree FZ: 0 L Force F1: 0 kM /m Gradient along awis i; ENRE: Wind Profile:
igment e 0 K Force F2: 10 kM Gradient along axisy: 0 T [1 -5 83 vl
O M e m b e r S I O a.d S Hement kit 0 khim Gradient along axis Z2; 0 T Calculation Approach:
tdoment MZ: 0 kM-m = [Velocit_l,l component 'l
Pazition H1: 1000 il
M C O n Ce n t rate d Desctiptior: Pasition H2: W T Force Coefficient [CH):
: [aSCE 7409 ~|&l
« Uniform P e
‘ Orientation: [X Az v]
° Vari ab I e Coordinate Spsten: [Global v] Shielding Factor (Kshl: 1
Description: Description:
e Thermal e[ Krorore [ 500w @)

ATy

« Wind

ATz

Gk add | X Remove | show ] Gk add | X Remove | show ] |4k add | X Remove |4 show ]
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HSE Software - Simple and Secondary Panels

BY SAFI™

\
/
\
/
\
g
/

e it 97 (=]
T BE
Wooel Accuracy = Detaded (Port Loods) v
pusten +
Horzontal €)= 5500 ) —
) =5 | .
Orensions | |
Wadth (L) = 8500 (> | | x
et 0= 250 - i i
Edension s Top ()= 1100 ) -
Extension at Bctiom (b) = 50 . el Il _LI
Etensionon Suss (Le) = 275 .... &
Thckness ()= 1000 m +—
w
£
w
)

(A
[HEHAT
i
o
e
3 &
.l—-ﬁﬁ\
i

= =
%13 (IR
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HSE Software - Variable Message Sign (VMS) and Walkway




Advanced Structural Analysis

Finite Element Analysis

.. D . .
Seismic and Dynamic Analysis Buckling Analysis

Natural Frequency Analysis

Catenary Cable Analysis
Torsion and Warping

Linear and Nonlinear Analysis

Nonlinear Arc-Length Control

P-Delta Analysis




SAFI 3D: Analysis Results

Q

Q

Q

a

SAF|

Displacements

Reactions

Forces and Moments

Stresses

ZS ;2\;.?;1"‘"’-:“
e e APV = e
REEANC N
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SAFI 3D: Advanced Section Stress Analysis i

r = ————— = =
Advanced Section Stress Analysis (Member [D=371) ) ] -

o Calculated stresses

Load Combination = | 2 - Compehi+
Position = | 1,836
Dispiay Options

|

EJENEN

Display Axes = | Principal Axes [+]
. Show in 3
Hogs - | Color patenes =
D X I a S re S S e S Color Method = | Regular [=] Von-Mises
applied Forces. (MPa)

Al Force (Fx) = | - M271 @ 1836 m

Comb. 2

sa78
8255
7832
7008
6385
5762
ERES)

4518
Display Stresses. 3893

") Axial siresses (d,) P
Stress Category = | () Shear stresses (1) 2848
@ Von-Hises stresses

0 Shear stresses

0 Bending stresses

Bi-loment (Bw) =

Hinimum = 1Pa

Highlighted Valuz
x NodalZ= | 0 mm
Stress distribution envelope for EIementMlB(Princ\'paleesl Nodal Y - |0 mm
. Nodal Valuz = | 0 1Pa

Measures

a Torsion stresses e — -
0 m
Ddinate: o Mises - . o

° 0 Position | G, Fx Min | Ox Fic Max | Gx iy Min 8y Max | Ox iz Min | Gy uz Max | Ox 8o
D a r I n S re S S e S 11 mm WP WPa WFa MPa WPa MPa WP
00000 -48318 00392 00000 00000 00000 00 — -
730.0000 -4.8818 00392 0. 00000 23236 23236 0.0000 00000 68504 23390  -0.0i
14600000 -4.8818 00392 00000 -41308 41308 0.0000 00000 -B5640 41462 -0.0|
2190.0000 -4.8318  0.0392 00000 54217 54217 0.0000 00000 97165 54371  -0.0|
. 26200000 -48318 00392 00000 -51952  B1%62 00000 00000 -104081 62118  -0.0f
D O I l - I S e S S re S S e S 36500000 48818 00392 00000 -6.4543  6.4543  0.0000 00000 -106386  6.4898 0.0
4380.0000 -4.8818  0.0392 00000 192 6192 0.0000 00000 -10.4081 62116 02
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SAFI 3D: Torsion and Warping

—
Warping Conditions
Z é }\\_\ Torgue Location [Concentrated at ends v]
( {5'7’7' Felzase B Release Bw )
T [Automatic V] [Automatic V]
Ow=0 Cwm=0
Em# 0 Em# 0
Finned [Free] Pirred [Free]
ik Cwm# 0 Gg = 0 [ ox ]
= Em= Em =
\ \ 57"‘ w=0 w=0 LCancel
e— Fived [Flestrained] Fined (Restrained) Help

Axial stress (o, ) due to warping

/

5 T Bending in flanges Shear stress (t,) due to pure torsion

SAFI




SAFI 3D: Buckling Analysis

The buckling analysis can be used to get
elastic buckling load associated with the
following instabilities:

0 Beam elements

o Column compression buckling
o Overall buckling of structure
o Get the effective length “kL”

0 Finite elements

o Flange or web local buckling (FLB, WLB)
o Beam Lateral Torsional Buckling (LTB)
o Flexural-Torsional Buckling (FTB)

o —_—
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SAFI

SAFI 3D: Partial Releases

Partial bending releases

End Releazes

6 l Releaze in Fx [Nnne v]
| Releaze in Fy [Nnne 'r]
Releaze in Fz [Nnne '-']

Releaze in Mx [Nnne '-']

\ N P e e —

[7] My (1) |Partial [Ratio) | 0.9

There is a direct relation between rotational rigidity (k) ViMz() [Hinged  ~|
. 7] My 1) | Hinged -
and the ratio of transferred moment (). @Mz i) [Hinged 7
_3-El vy
L 1-y
where El Elastic modulus times the inertia of the member.
L Length of the member.
y Ratio of transferred moments between 0 and 1
k Rotational rigidity (in units of moment per radian)

o -

.

e
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SAFI 3D: Catenary Cables

Cable sections library (ASTM, CSA)
Custom sections
Define the catenary cable using different parameters

Nonlinear analysis

Frame=6421 (25.0 %)

Cable Parameters

Member ID = 11617

Chord Length (L) =  4481.01 in
Seli-Weight (W) = 0 00158045 Kipsift
Specifications
() Linear

Type of cable = @ Catenary (Non-Linear}

Catenary Cable Parameters
() Undeformed Length (LO)
() Undeformed Relative Length (LO/Lc)
@) Tension at End | (Ti)
() Tension at End J (T))
() Horizontal Tension Component (Th)
() Low-Point Vertical Sag (3)
() Maximum Vertical Sag (Smax)
() Minimum Tension at Ends.
Undeformed Cable
Undeformed Length (L0} = 4 -
Relative Undeformed Length (LO/Lc) = 1.002%2

Calculation of undeformed length =

Deformed Cable
1 kips
Tension atEnd J (T = 1.45511 kips
Horizontal Tension Component (Th) = 0762819 kips

Low-Point Vertical Sag (S) =
Maximum Vertical Sag (Smax) = 27
Deformed Length (L) =
Relative Deformed Length (L/Lc) =
Optional Parameters.
Addtional Weight (w)= 0 kipsift
Number of Divisions = | 20

CITTEITTEITTEITT Tk

Vertical (in)

Cable béf-zalm-efer-s.

A\\\\&\\ "l/,.
SARI

0.0, -1.2, 0.0}

454 kM/m.2

392 kN/m.2

312 kN/m.2

203 kN/m.2

223 kN/m.2
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SAFI 3D: P-Delta Analysis Z\i\%

Second-Order Effects: (AISC 360-16) LT
A-The second order effects can be separated 1 —F
in two components: P-A (P-"big"-Delta)
and P-§ (P-"little"-delta). "
' Qﬁ%::;h+Pa ;

The first-order analysis results should be amplified with equation:

M, =B;M.4+B,M, . AISC 360-16 eq. A-8-1

The multiplier By = C,,,/(1 — aP./P,;) =1 ; (AISC360-16 eq. A-8-3) can be
used to account for the P-6.

The multiplier B,; (AISC 360-16 eq. A-8-6) is used to account for the P-A effects.
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SAFI 3D: Seismic analysis SAEI

o Static Equivalent seismic analysis

0 Response Spectrum seismic analysis

i
UK

*._l,llllf

o Time-History seismic analysis

il

N7

National Building Code of Canada NBCC & Minimum

Seismic |

Code:
Stucture Categary:

Structhure Location:

Canada - NECC-2010

Structure with Storeys (B uilding) -

Québec [Juébec) - Quebec - Canada

Site Parameters

Site Class:| & - Hard Frock

v

a02-0% s w100 s
w0902 s seo-im s

Model Data

Seismic Force Resisting System (SFRS)
Importance Factor (le) = 1.5

E|

Steel structure
Type of SFRS =

Moderately ductile concertrically »
braced frame (Tension only)

Lateral Resisting System
Ductility Factor (Rd)= 5
Owerstrength Factor (Ro)= 1.3

Seismnic Force Distribution
W Coordinate of the Ground = 0

Seismic Weight (V) = 1 - Poids sismigue ()

Restriction =  Height limited to 20000 mm

i

v[a)

Regional Data u E‘g‘

=] Quebec A

Country: Canada

LaTuque Fiegion: Quebes

t::h”u'fega""c City: Maniréal (Montréal)

B Lennowvile Elevation: | 20000 mm

Lény

B Lorettevile Snow Data

;Z“g'z‘;"'”a Snaw Pressure (35) - [1:50) KNim.2

Malattic Flain Prassure (G - (1:50) kN/m.2

B Maniwaki )

o Wind Data

B Matane Wind Pressure (1:10] IN/m.2

Montlol

Montmagny Seismic Dala

Bl Mantial Beacansiic

Montréal [Dersal 5a(0.2) 64 %g

B Manteal [Laval .

= Y Sa[0.5) (31 #g

B Mantal MantiéalEs Sap1.m 14 %g

B Montréal (Qutremont)
B Mnntréal (Piemafands =

‘ ;

Design Loads for Buildings and Other Structures (ASCE 7).

Spectrum Data.

Response Spectrum (g)

NBCG-2010 spectrum (5% damp.)

sz 28 35
Period T (s)

Period T
s

Response:
Spectrum (6)
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SAFI 3D: FEA SAF|
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SAFI 3D: Automated and Custom Design Parameters SAE]

Member Attributes ? -

Fatigue Threshold Stress (AF);,

General Offsets Deflections  Steel  Aluminum

[ ] E—
- Bending Unbraced length on: | T . =
]
Bdﬂ Fatigue Parameters
Bending
°
- Compression “K” and “L”
Top Flange  |Member e Ch= E
T 1 t Bot. Flange |Member o Ch= El
- lension ne
[J1gnore Bending on the Weak Axis
|:| Ignore Torsion
Compression
[]1gnore B1 multiplier for 2nd order analysis (subdivided members only)
Unsupported Length
[+ Asds % Custom value bl Kx=| 2.1 |Lx=| 204 | in Cm,x= IZI
[+ axis ¥ Custom value w K}'=| 2.1 |Ly=| 204 | in Cm,y= II'
Torsion Min. strong and wea ~ | Ki=
Built-Up Sections ks=[0 |is=[0 Jin

Change Limit Slenderness in Compression I:I

Tension

-

Change Gross Area in Tension (Ratio of Section)

Change Met Area in Tension (Ratio of Section) 1

Change Limit Slenderness in Tension I:l




Member Attributes ? >

General Offsets Deflections S5teel  Aluminum Conaete Wood Tower/Telecom

o[ es=[0s  Jr )
MName: | Loinys = 32.1 ft I.x

Fatigue Parameters
Fatigue Parameters 4 X
Member Start
M Verify stress range for = Bx+Mx+HMy w
Maximum threshold stress (AF)ty = 7 ksi
Member End
] Verify stress range for =  Mone W

Kr<3.0:10.0
3.0~ Kr<4.0: 7.0
4.0~ Kr<o0.5:4.5

Cancel
Help

-



SAFI 3D: Calculation of KL using Buckling Analysis

K3 Semi-Automated Buckling Factors Calculator (K)

X

Confroling Mode Shape = |Mode #1 , MfA , Fact= 7.198 et Assign to Selection
Buckling Axis = | Strong (Kx, Lx) and Weak (Ky, Ly)  ~ Display Option = | Show Calculated Values w
Modal Threshold =
0 |Physical [, | Cf | hoCf ‘ Lx ‘ Ly | Pex ‘ Pey ‘ Kx ‘ Ky | Kx Lx ‘ Ky Ly ‘ -
30  |Member kips kips ft ft kips kips ft ft ft ft
1 1/ 14,2380 102.4351 140.0000 140.0000 400.6389 400.6339 1.9800 1.9300 277.2000 2772000
1 20 13,7360 99,2317 140,0000 140,0000 3585.2196 3585.2196 1.9700 1.9700 2758000 275.8000
1 3/ 12,9396 93,1395 140.0000 140.0000 357.0228 357.0228 1.95000 1.9600 274.4000 274.4000
1 4 12,0713 86,3893 140.0000 140.0000 323.8651 328.8651 1.9500 1.,9500 273.0000 273.0000
1 5/ 11,2268 80,8102 140.0000 140.0000 3022283 3022283 1.9300 1.,9300 270.2000 270,2000
1 o) 10,4060 74,9023 140,0000 140,0000 277.0701 277.0701 1.9200 1.,9200 263.58000 268.8000
1 F9.68090 69,1656 140.0000 140.0000 253.3483 253.3483 1.9100 1.9100 267.4000 267.4000
1 8| 9.0551 65,1787 1400000 140,0000 237.3545 237.3545 1.9100 1.9100 267.4000 2&7.4000
2 9 8.7519 ©£2.9959 140.0000 140.0000 157.1104 157.1104 1.5300 1.5300 221.2000 221.2000
2 10 3.3711 60,2550 140.0000 140.0000 146.0966 146.0966 1.5000 1.5600 218.4000 213.4000
2 11 7.9008 56.8099 140.0000 140.0000 1329093 1329093 1.5300 1.5300 214.2000 214, 2000
7 120 7.4453 535915 140.0000  140.0000 0 120. 5405 120. 5405 1.5000 1.5000 0 210.0000 0 210. 0000 g

140 REN18
£0.18
«0.18
.0.18
.0.18
<0.18
<0.18
~0.18
<0.18
018
~0.18
.0.18
J0.18
;018
J0.18
J0.18
J0.18
10.18
J0.18
0.8
Jo.18

5218518
0182
.0.18

70.18
70.18

R
e

85 ft

-2.4 Kips
-2.56 Kips
-2.73 Kips
-2.81 Kips
3.1 kips
3.31 kips
3.52 kips
-3.75 Kips
-3.98 Kips
-4.24 Kips
-4.5 Kips
-1.84 kips
5.2 Kips
-5.58 kips
5.97 Kips
6.37 Kips
.79 kips

85 ft

-10 kips
-10.81 Kips
-11.64 kips
-12.5 Kips
-13.38 Kkips

6 1428 kips

Compression limit states

Compression forces
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SAFI 3D: Members and Base Plates Design Results g;§

Steel Results ? X

Limit States

Maxirnum

Compression

Tension

Bending

Compression-Bending

Tension-Bending

Shear

Torsion

Warping

Deflection

Slenderness

Fatigue

Anchor Rods
Display Options
Minimum limit state to display = 0
Display results at divisions = ]
[]

Display values =

]

[ ]

- 0,75

-

[ ] oK
==
[ ] Help




Virtual Technologies — Level II1 AF'
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Virtual Technologies SAE]

Seamless integration
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Virtual Technologies é\’ﬁl

Connection design

Connections Schemas ? X
m: 3 3| Table
Bolts Parameters - | [t
Bolt = | 2-A394Type 1&33/4 ~| iy —
(O Threads Induded Beam - Column Connections ? >
Bolts Class = (@ Threads Excluded
Connection Parameters Connection 1D: Generate Contour Members Fabrication Parameters
Opirect [Diagonals) Beam or Column: | 1-101 v Beam A: | 1001 -p1 o [ | o
(C)splice (single shear)
Type of connection = (®)5plice (double shear) Beam B: | Mone ~
O overlap spiice (slave inside) Beam C: |Mane ~
(C)overlap splice (slave outside) o [ "
Interior connectors = OPlabes @Angle Bottom Frame Prototype: Top Frame Prototype:
Exterior connectors =  @Plates (Oangle P — <[] [1-connec1 @
Bolts Layout
Number of bolts columns = | ®) 1 Row (O 2Rows Pan-2 Pan-2 —8
Step position = | (®)None (Owieb (OFlange @
Dimensions (Members) @
End Distance (g) = 35 mm
Pitch (p) = &0 mm
—
Edge Distance (Et) = | 25 mm Eh
Gauge (@) = | Automatic mm Gap{(E) = 150 mm
Gauge (g1) = &0 mm Edge Distance (Eh) = 72 mm
Intermediate distance (g2) = | Automatic mm End Distance (Ev) = | 35 mm
Gap(A)= & mm End Distance (e} = |43 mm
Dimensions (Connectors) End Distance (&) = |32 om
End Distance (Ev) = | 35 o Plate Thidm.ess = 79 mm
Edge Distance (Eh) = | 63 m Rigid Connection Layout Nb. Bolts on Extension (N) = 4
Mb. Bolts on Gusset (Ng) = 4
Angle Connectors ® ! l Main Legs Extension
Interior Section =  4-1127%127x7.9 (STEEL 300MPa) |~ W _—I Extension (Top) = 0 mm
Plate Connectors 7%‘%# Extension (Bottom) = |0 mm
Exterior Thickness (tg) = 10 mm g Et i.n
Heel Grinding __|
Width (w) = | Automatic mm i ‘
Cancel
telp

direct A4594 374 | splice | splice beam splice segl1 splice bent bottom splice bent top |

© SAFI QUALITY SOFTWARE, INCORPORATED. ALL RIGHTS RESERVED.
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ate General Arrangement Drawings ]

CUSTOM Seat - M113

M111
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© SAFI QUALITY SOFTWARE, INCORPORATED. ALL RIGHTS RESERVED.
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Electrical tower

© SAFI QUALITY SOFTWARE, INCORPORATED. ALL RIGHTS RESERVED.



Bill of Material -

When the piece marks are generated, the program also generates the Bill of
material for the entire model.

This table contains the list of all different pieces with their length, weight, and paint
surface.

Bill of material O *
Teble Commands View
L |=~m2R|=F FE AN S REH EERED
508 Mark | Count UnitnI:I;ngm Unitmsr:llr;aoe Unit\?‘geight Tota!_rll_:lngm Totar!_lglL:lrzfaoe Toialk\g'eight Grade | Description
Bl 2 3636.3123 1.0947E+06 33.4154 72726245 2.1893E+06 66,8307 300W L76x76x7.9 2
B2 2 3636.3123 1.0947E+06 33.4154 72726245 2.1893E+06 66,8307 300W L76x76x7.9
B3 1 3836.3123 8.4978E+05 33,4153  35636.3123 8.4978E+05 33.4153 300W L76x76x7.9
B4 1 3836.3123 1.0947E+06 33,4153 35836.3123 1.0947E+06 33.4153 300W L76x76x7.9
BS 1 3836.3123 8.4978E+05 33,4153  35636.3123 8.4978E+05 33.4153 300W L76x76x7.9
B& 1 3836.3123 1.0947E+06 33,4153 35836.3123 1.0947E+06 33.4153 300W L76x76x7.9
ED1 2 824.0173 1.4651E+05 26482 1648.0356 2.9302E+05 5.2964 300W L44x44x4.8
ED10 2 840.4065 1.3767E+HOS 2,7037 1680.8130 2.7535E+05 5.4074 300W L44x44x4.8
BD11 2 840.4062 1.3301E+05 2,7037 15680.8125 2.6602E+05 5.4074 300W L44x44x4.8
BD12 1 986.6725 L7413E+05 3.1723 986.6725 1.7413E+05 3.1723 300W  L44x44x4.8
BED13 1 649.7520 1.0479E+05 2.0779 649.7520 1.0479E+05 2.0779 300W L44x44x4.8
BD14 1 710.2519 1.2488E+05 22,2885 710.2819 1.2488E+05 2,2695 300W L44x4ax4.8
BED15 1 710.2520 1.0314E+05 2.28596 710,2820 1.0314E+05 2,2696 300W L4x49x4.8
BD15 1 649.7621 1.1442E+05 2.0779 649.7621 1.1442E+05 2.0779 300W L44x44x4.8 =
RN17 1 RAG.GAA4 1.4N3TF+05 2.8302 RAGR.GAA4 1.ANRTFHIS FRIN ANOW | 4wSdwd B E Help

© SAFI QUALITY SOFTWARE, INCORPORATED. ALL RIGHTS RESERVED.
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Engineering and Fabrication Drawings ‘ = b o i
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Conclusion

AlumForum 2021

Aluminum in Transport and Road Infrastructure

BY SAFI™

The HSE Software advanced technology Levels [, Il and IlI,
allows users to achieve specialized analyses, design and
manufacturing of crucial projects related to the bridge sign
industry.

SAFI welcomes National and International Collaboration
towards the use of the HSE Software as a seamless fully
integrated Software for the Analysis, Design, Detailing and
Manufacturing of the HSE Highway Sign Structures for the
Bridge sign industry at large.



HSE Highway Sign Structural Engineering

Contact

BY SAFI™

SAFI Corporate Office International: +1 (418) 654-9454 www.safi.com
Canada USA&CAN: 1 (800) 810-9454 info@safi.com



