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Longueuil Downtown TOD: An Innovative Urban Center Evolution of Structures: Steel Castings in the Eye of the Design Team

COURSE DESCRIPTION

This presentation will explore the design and engineering of the Longueuil Downtown Lot 2 project, which is part of a multi-
million-dollar real estate development for the city’s transit-oriented development (TOD) initiative — an upcoming urban
centre in the Greater Montreal region. This project is made up of two 33-storey residential towers, each located on either
side of the Longueuil-Université-de-Sherbrooke metro terminal tunnel. Its podium feature allows the towers above to
overhang the infrastructures of the tunnels and platforms of the metro station while providing access for STM (Société de
transport de Montréal) transit users to the station below. To provide commercial space and a food court in the podium
feature, the design includes impressive “tree-shaped” steel structures which span the tunnels and platforms of the metro
station below.

In this presentation, learn about the design and engineering of this project, along with the challenges of building over an
existing transit line. Learn how the design team incorporated flexible design practices to account for existing yet imprecise
infrastructure. Explore the architectural programming and how the architecturally exposed structural steel (AESS) trees
complete with custom-designed cast steel nodes enabled large free-spans and architecture for commercial space and
access for transit users to the metro tunnels and platform.




Longueuil Downtown TOD: An Innovative Urban Center Evolution of Structures: Steel Castings in the Eye of the Design Team

__
LEARNING OBJECTIVES

1. Understand how the design and construction of the towers and podiums met the architectural
and structural goals set by the project stakeholders: the city, the metro, and the developer.

2. Explore the flexible design methods the engineer of record used to adapt for the on-site
Imprecise or unknown geometry of existing infrastructure.

3. Quantify the effects of laying new foundations from existing metro installations from complex
geotechnical and geomechanical studies.

4. Investigate how the architecturally exposed structural steel (AESS) trees with cast steel nodes
support free-space architecture in the podium, enabling long spans for the food court and
commercial area.




. SUMMARY

* Location: Longueuil, Canada

* Years:2018 - On going

e Developmentvalue: $500 million

e Scale: total area of 1.2 million square feet

1,200 housing units

 Nearly 60 000 square feet of commercial/public space

e Development sits on top of a STM subway station s
* Neighbours ARTM public transit terminal ;;'
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PROJECT CONTEXT, SITE AND HISTORY
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. EVOLUTION OF THE PROJECT
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. EVOLUTION OF THE P
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. EVOLUTION OF THE PROJECT
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STRUCTURAL DESIGN




. STRUCTURAL MODELING
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DESIGN ACCORDING TO CNBC/CCQ 2010 & 2015 -

STRUCTURAL MODELING DIVISION B PART 4

Province: | QC-Quebec - s.(0.2) S.(05) S.(10) S.(2.0) Lateral Fundamental Period
City: | Brossard - 0640 | 0,310g | 0,149 | 00470
Select "Custom site® at the end of the oties list to customize the speciral
acceleration. See note (3} to obtain custom canadian spectral acceleration, Tyiow oF bulldie: I Steel moment frames _u
Site dass: e m Spectral acceleration at I dl)
NBC 2010-4.1.8.9 et L 1,000 1,000 fundamental period: m Empiric formula used: Yy ’ T 3 08<'.‘.H l
= U, Voo
Spectral Design Response Acceleration NBC 2010 -4.1.8.4 4) NBC 2010 -4.1.8.11 3) a)b)etc) m 2 1 .
= o -
0,7 ‘1
0 » K P
T<0.2s 3 " \ ¥ Mechanical method Taméica. G N: 1.96 sec
= Py NBC 2010-4.1.811 3) d) S <En :
T=05s v Wi, < Enter the period
T=10s ; 0,3 1
T=20s g 0,2
0,1 —
T>40s | ~—— Ta= m NEC 2010-4,1.8.11 3
CNSC 2005 -4.1.5.4 6] 0.0 " 4 .
0 ! 2 3 4 5 The fundmental period is limited to 1,5x the fundamental period
k. Period, T (s) » determimed with the NBC 2010 empincal formula.
Force Modification Factors Design Lateral Earthquake Force at the Base

CSA standard used: ! Steel Structures — Stardard CSA-S16 =
MCX0-4189 - H H VST M IeW/(ReRo) = [EEECLN

Vain = 5(2.0) My(2.0) Te W/ (Rq Ro) =
Vinax = (2/3) 5(0.2) Te W/ (Rg Ro) =

SFRS: [ Conventional construction of moment-resisting frames, bracedframes o plates walls - Assembly occupancies

Building Parameters Higher Mode Effects

Rekaategoy: | torst -] H Type of seismic force ressting system:

Min. lateral seismic force: v

| Moment-resisting frames v n
NBC 2010-4.1.8.11 2) m

Ha Humber of
e i 13,647 1,000 0,950 Check the restrictions of page 3

NBC 2010 -4.1.8.5
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DETAILED DESIGN

W00 43 SCADES PLENE

[ K 3 /I-ENE‘.Hn TIoN SOUS LA PLAOLE
e RAIMSSELUR 2502505 0mm EP.
P

/EN'RE CH OARCRAGE TYP

TROUS POUR INJECTION DL
COULs LA PLADLUE,
WOIR COUPE C SUR 54530

ARERE: BRANCHES

-ARERE: CONNEXION

ARERE: TRONC
/ I

T

107 Ii\ﬂl H

N
I, ‘

oA DE BETON IAI- ot PLAGUE 1950mm DIA. x 50mm EP. 345 MPa
H AL E1AGH =
" i yi ‘ 24 x 44mm DIA, ENF, 1150mm + 2-W310x143
NOVEE DANS LA DALLE | ANCRAGES 250mm LG.
ELEVATION DESSOUS
PLAQUE DE BASE a0
L 5 TOUTES PLAQUES 345 MPa S1.C.

ANCRAGES TYPE F3125-150 AVEC Fie = 1040 MPa

ARMATURE, VI FLAN———=d

PILASTRE, YOI PLAY——4=

PILASTRE DE BETCH

Anchor patterns:
24 x 44mm dia (1,75in)

VUE 3D DES ARBRES ET CONNEXIONS DEPLOYEES
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. DETAILED DESIGN Warren Truss : 2400mm deep (8ft), max span 57,5m (189ft)
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DETAILED DESIGN
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. DETAILED DESIGN
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. DETAILED DESIGN ®

EL.:24 040

WWF 1100mm to 2200mm (43-87in);
Webs : 19mm-25mm; Flanges : 28mm-44mm
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. CONTRACT DOCUMENTS
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. EQUILIBRATED FORCES

Colonne ~

C13
C18
c21
Cc22
C35
C5

Ca

c7

Cl3
Ccis
c21
c22
C35

Cc6

c7

Ci3
Cc18
Cc21
c22
C35

(o]

c7

Cl3
C18
c21
Cc22
C35

Ce

Cas de ch

=

1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L
1.250+1.255D+1.5L

(VS IVSL RS, S, I IS BESL IFST, [P0 [FTE IFT0 BT, (PO, [P0, 0, BN B I IO I, I I [ [, [, (P P, O B, [, [ |

-

Step Typ ~

kN
-6178
-6181
-6549
-6572
-2207
-10094
-10144
-2208
-6109
-6113
-6466
-6492
-2183
-10093
-10146
-2187
-6178
-6181
-6543
-6572
-2207
-10085
-10143
-2209
-6109
-6112
-6466
-6491
-2184
-10094
-10145

kN

-724
703
-803
770
358
-7511
7357
-349
-910
881
-1010
961
422
-7507
7569
-405
-724
704
-803
770
359
-7331
7375
-349
-909
882
-1008
964
423
-7331
7385

V3
kN

-

-63

kN-m

69

69

-136
-118

-1296
-1102

-123
-111

-1353
-1181

-135
-119

-1279
-1111

i

=

20-0332- PCL2

Exemple de I'équilibre des nceuds

Exemple1:
Data 1.250+1.255D+L.5L Modéle 2
P1 V2 V3 T1
D54 Bl -1891 -64 -36 150
D56 B2 -980 138 17 -37
c3s c 2133 -422 53 -96
Résidu  |Pourcentage

SFX 0,9 0%

SFY 13,1 1%

SFZ 0,0 0%

SMX 1,4 6%

SMY 0,2 0%

SMZ -4,0 0%

EFFORT DES MEMOR
L TREMITE DF LEX

FOUAMIES A
i RIGINE

LONGUEUR EXTENSION ANGIDE POUR PETIT
MRBRE - Bilmm

LONGUEUR EXTENSION AIGIDE POUR PETIT
MRBRAE - TO00mir

MEMBALIRES
AL JOmMT

2022-05-24
Olivier B.
Félix B.

M2
-81
77

e nega

DIRECTION DES AXES

LOCAUX

o meminns
WGUE 96 | comarassion p '}
2 |5 axes OCaLY pout les alfans Iouimis
SFX
M3 P1 vz V3 T1 M2 M3
-465 12016 -49,4 0,0 0,0 0,0 0,0
685 -622,7 -106,6 0,0 0,0 0,0 0,0
1255 0,0 -422,0 0,0 0,0 0,0 0,0
Résidu 0,9
Pourcentage 0%




. DESIGN OF CAST STEEL NODES
HSS

Preliminary sectional analysis:

e Doestheincoming HSS
member rely on the concrete
. : o
inside to resist the load” YES

b A Casting 4

e (Canthe custom casting be
designed to carry the
loads alone without considering
concrete? YES

e How can we develop an analysis
model to find a possible load
path that allows loads carried
by the concrete filled HSS to be
transferred into the casting?
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. DESIGN OF CAST STEEL NODES

5t

P“" +o- =10 Assume:
Q' 3 i e The HSS member takes
R P — the full applied bending

AN with additional axial loads
until its utilization factor
reaches 1.0.

* Theremaining axial load
will be carried by the

E concrete and transfer to

esten- T the casting through the

internal “step” without
crushing the concrete.

Figure 9. Established load path from concrete filled H3S to casting body
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DESIGN OF CAST STEEL NODES

CASTCONNEX

Fraject: Project Mo, Ma.

Edyfic Place Charles-Lemaoyne p21-111 11of19
Design: Drawn: Checaed: Dabe: WP Ho Srale

Fuv Fiv MGG July 06, 2022 N.T.S.
Saibiject: Riofeniren;

Cast Steel Nodes for Edyfic Place Charles-Lemoyne — Engineering Report

Table 2: Geometry properties and factored resistance of attached HSS members

Node Type Member Diameter Design Thickness Pr = dAFy Mr = dMp
{mm) {mm) (kM) {(kN*m)
EPCL-01 B1 (branch) 250.5 31.75 25369 6618
(Tree-Node) T1 (column) 1079.5 50.8 50975 16705
EPCL-02 B2 (branch} 596.9 25.4 14159 2577
{¥-Node) T2 {column) 876.3 25.4 21082 5711

4.2.1 Example Calculation of Utilization Factor

To demonstrate the calculation of utilization factors, Table 3 lists one set of loading information at the interface
between column member C5 and node EPCL-01. Evaluating this set of loads against the factored resistance of
member “T1" included in Table 2, it is demonstrated that member “T1" will not be over-utilized in this particular

case.
Table 3: Processed loading information at the interface between member C5 and EPCL-01
Member | Load Combination Mode P F2 F3 T M2 M3
{(kN) {kN) {kN) (kW*m) | (kN*m) | (kN*m)
C5 1.25D0+1.2550+1.55 1 9919 6937 -38 -40 -449.4 | -9151.1

Veilization Factor < L4 Mo _ 9919 NAO@IOSIE
thzation Factor =54 4~ = 50975 16705 shes L

ELEVM\ cCAsST




. DESIGN OF CAST STEEL NODES : TREE NODES

Von Mises stress contours (MPa) Plastic strain contours (mm/mm)
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. DESIGN OF CAST STEEL NODES : Y-NODES

Section A-A Section B-B

Figure 14. von Mises stress distribution of the EPCL-02 node {1.25D+1.255D+1.5L) [MPa]
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. UPPER & LOWER BOUND REVIEW

Simplified Concrete Bearing Elastic "Concrete" Filling
Von Mises stress contours (MPa) Von Mises stress contours (MPa)
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. CASTING SHOP DRAWINGS

g 7 8 5 4 3 2 1
NOTES:
$900.9 TYP. 1. REFER TO 30-MODEL "EPCL-01C-20220622 STEP"
NOM. MACHINED §850.5) 2. REFER TO EPCL_01M FOR MACHINING REQUIREMENTS
{ 3.  CENTERLINE DATUMS ARE ESTABLISHED FROM
—} WORKPOINT GEOMETRY. WORKPOINTS RELATE TO THE
i 727 TYP FINISHED-MACHINED CONFIGURATION OF THE NODE
. L f—ﬂi Ai (w3.wd} o
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725
c c
61,8 ALL ARDUND
RIOTYE. ,_.
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E H
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—4—|—1 (mm)
100 A
£t J 1041 Wl 0 0 0 = =
e * wi -779.57 | 857.52 | 589.01 | wO-wl | 1300.00
RIDTYP. o] 45¢ w2 779.57 | B57.52 | 589.01 | wO-w2 | 1300.00
A L #F ) NOZZLE DETAIL (w5) w3 815.08 | BO96.59 | 470.93 | wl-w3 [ 1300.00 | »
- $1129.5 BIREVIEW SCALE 110 wd -815.08 | B96.58 | -470.93 | wO-wd | 1300.00
“Z\ FRONT VIEW (NOM. MACHINED $1079.5) nL- DIMENSIGNS IN mm L N.C1 w5 0 -700.00 0 wi-w5 | 700.00
T Tilke: Praject No.
FREROX. W 274 | BSIEA Edyfic Custom Casting Tree-Node, As-Cast PI1-411
AFFROX. WT. | 16323 LBSIE
L 0| s APPROV B 2213
MATEAE | AEeE ECaRG OB G TSSUED DATE FW. FW M.G.G. 06122422 1"=25 | EPCL_01C
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. 3D MODEL COORDINATION
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MANUFACTURING & FABRICATION




CASTING PRODUCTION SPECIFICATION DEVELOPMENT

1) Stipulate production means and methods to the foundry
Ex. Feeding, gating, riser locations, etc.

2) Select material grade for strength, toughness,

weldability and ductility
Ex. ASTM A958 Gr80/50

3) Set non-destructive examination methods and

acceptance criteria

Including Ultrasonic (UT), Magnetic Particle (MT), Radiograhic (RT) &
Visual

4) Establish as-cast and machining dimensional

requirements and tolerances
Shop drawings: as-cast drawing & machining print
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. CASTING MANUFACTURING : PATTERN PRODUCTION
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CASTING MANUFACTURING : POUR, SHAKEOUT & FETTLING
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. CASTING MANUFACTURING : MACHINING

Q
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. NON-DESTRUCTIVE EXAMINATION

Procedures include:

 Radiography Testing (RT)

e Ultrasonic Testing (UT)
 Magnetic Particle Inspection (MPI)
* Visual Examination

Predefined Acceptance Criteria (ASTM Standards)
e Based on predefined “levels”
O Correlates to allowable indication size and

distribution
=  Correlates to the structural efficacy of the casting

Areas that exceed acceptance criteria:

e Weld repaired

 Re-examined to confirm conformance to specification
prior to final heat treat
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. COMPLETED CASTINGS

____/’,-_“‘ . e 4,..;» P
B T S YT N T
Trunk 875x 28 Trunk 1050 x 48
Branch (2) 600 x 25 Branch (4) 850 x 32
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DELIVERING CASTINGS TO BEAUCE ATLAS
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BEAUCE ATLAST SHOP WORK
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FABRICATION YARD
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DELIVERY & SITE ERECTION




TO SITE
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ON SITE




le crane + 250T Crawler
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. CRANE WORK
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. SITE WORK



. SITE WORK
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Evolution «
Structures THANK YOU!

Steel Castings in the Eye of the Design Team

Contact Us:

info@castconnex.com | +1416-806-3521

[ AS I Toll-Free - US: 1-888-681-8786 | UK: +44 0808-196-8162

innovative components for inspired designs
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