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Background and Scope

The Niagara Falls Exchange is a multi-cultural hub that
consists of a Market Hall and a Studio Building. The
Exchange has a major focus on art, creativity, and
sustainability and contains artist studios, a workshop, a
cafe, and a gallery.

The scope for this project is to complete the total
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Columns
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Concrete Elements

Square Spread Footings

Exterior
2800 mm x 450 mm
14-15M@200 mm

Interior
2300 mm x 450 mm
11-15M@210 mm

Strip Footings

550 mm x 450 mm
Flexural Reinforcing: 500 mm?*/m

structural design of the Studio Building (13,950 ft*). Base plates Longitudinal Reinforcing: 1-10M @ center of footing
Constraints W530x332 | | W360x110 W200x31 W154x24 HSS 178x178x9.5|| HSS 203x203x9.5 | Interior - PL 35x550x550 Foundation Walls
The Studio Building has multiple open spaces on each Interior Interior Exterior Exterior Interior Exterior Height: 3.6 m
floor which cannot be impeded by columns or other All Decks Sawteeth || 1st, 2nd Floors || Roof, Sawteeth Exterior - PL 40x580x580 Thickness: 200 mm
structural elements. The Building also contains a large 9-15M@110 mm (vertical) per meter length of wall
percentage of glazing around the ground floor, limiting 8-15M@450 mm (horizontal) throughout height of wall
allowable deflection of elements.

@ W360x110 W154x24] | |
Unique Features (refer to model)

(1) The Studio Building has a concrete canopy which
wraps around the West and North sides of the building.

W530x332
(2) The sawtooth roof Is a unigue feature which has |
implications on loading and constructibility. Foundation
~ Wall Width:
200 mm
I450 mm
Strlp Footing
Width: 550 mm

Architectural Rendering of the Studio Building

Design Process

Options Analysis

Three structural materials were considered for this
design: steel, concrete, and timber. Timber was
decided against due to the Group's lack of familiarity
with its structural properties. Concrete was considered
for shear walls, but challenges arose with openings in
the walls. Thus, the structure is a primarily steel
structure, with a steel lateral load resisting system, and
concrete foundation elements.

W200x31

HSS 203x203x9.5

HSS 178x178x9.5

South Side of the Studio Building

Bracing Design

HSS 152x152x13

Class A Cost Estimate

A Class A cost estimate was performed for the Niagara

Process . Falls Exchange Studio Building using current market
1. Calculate all gravity and lateral design loads. Building Length Building Width orices in Ontario.

2. Complete an options analysis

3. Generate a member layout/schematics Two braced frames One braced frame per The contingencies required for a Class A cost estimate
4. Design steel columns and beams per side side are 10%. The total cost estimate for the Niagara Falls
5. Design foundations (footings, walls) _ Exchange Studio Building structure is approximately

6. Design connections Both bays single Top bay single braced, $2.8 million.

/. Model and analyze structure in SAP2000 braced bottom bay X-braced

8. Design the lateral load resisting systems

9. Complete a Class A cost estimate HSS 127x127x6.4

References

Exterior Columns, Footings, and Foundation Wall

Connections and Detalls

Six unique connections designed for the structure.
Pictured below:

Interior Beam Connected to Exterior Column

L 102x102x19

4-M20 bolts (connecting angles to beam)

8 mm fillet welds (connecting angles to column)

10. Generate a set of structural drawings of all
designed elements.

Anon. (2020). Photos | Niagara Falls Exchange (NFX) - Cultural Hub & Market | Let’s Talk Niagara Falls. Retrieved March 27, 2022 (https://letstalk.niagarafalls.ca/culturalhubandmarket/widgets/17150/photos/16999).
Canadian Commission on Building Fire Codes, & National Research Council of Canada, author, issuing body. (2015). National building code of Canada, 2015 (Fourteenth edition 2015.. ed.). Ottawa: National Research Council Canada.

HSS 178x178x13

Canadian Institute of Steel Construction. (2021). Handbook of steel construction (12th ed.). Markham, Ontario]: Canadian Institute of Steel Construction, Institut canadien de la construction en acier.
Cement Association of Canada, & Canadian Standards Association. (2006). Concrete design handbook. (3rd. ed.). Ottawa: Cement Association of Canada.
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Architectural Rendering of the Studio Building
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Background and Scope
The Niagara Falls Exchange is a multi-cultural hub that consists of a Market Hall and a Studio Building. The Exchange has a major focus on art, creativity, and sustainability and contains artist studios, a workshop, a  café, and a gallery.

The scope for this project is to complete the total structural design of the Studio Building (13,950 ft2).

Constraints
The Studio Building has multiple open spaces on each floor which cannot be impeded by columns or other structural elements. The Building also contains a large percentage of glazing around the ground floor, limiting allowable deflection of elements.

Unique Features (refer to model)
(1) The Studio Building has a concrete canopy which wraps around the West and North sides of the building.

(2) The sawtooth roof is a unique feature which has implications on loading and constructibility.
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Options Analysis
Three structural materials were considered for this design: steel, concrete, and timber. Timber was decided against due to the Group's lack of familiarity with its structural properties. Concrete was considered for shear walls, but challenges arose with openings in the walls. Thus, the structure is a primarily steel structure, with a steel lateral load resisting system, and concrete foundation elements.

Process
1. Calculate all gravity and lateral design loads.
2. Complete an options analysis
3. Generate a member layout/schematics
4. Design steel columns and beams
5. Design foundations (footings, walls)
6. Design connections
7. Model and analyze structure in SAP2000
8. Design the lateral load resisting systems
9. Complete a Class A cost estimate
10. Generate a set of structural drawings of all designed elements.
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A Class A cost estimate was performed for the Niagara Falls Exchange Studio Building using current market prices in Ontario. 

The contingencies required for a Class A cost estimate are 10%. The total cost estimate for the Niagara Falls Exchange Studio Building structure is approximately $2.8 million. 
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W530x332
Interior
All Decks
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W360x110
Interior
Sawteeth
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W200x31
Exterior
1st, 2nd Floors
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W154x24
Exterior
Roof, Sawteeth
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Decking
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Base plates

Interior - PL 35x550x550

Exterior - PL 40x580x580
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HSS 203x203x9.5
Exterior
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HSS 178x178x9.5
Interior
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Canam P-2432 Composite
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Square Spread Footings
Interior
2300 mm x 450 mm
11-15M@210 mm

Strip Footings
550 mm x 450 mm
Flexural Reinforcing: 500 mm2/m
Longitudinal Reinforcing: 1-10M @ center of footing 

Foundation Walls
Height: 3.6 m
Thickness: 200 mm
9-15M@110 mm (vertical) per meter length of wall
8-15M@450 mm (horizontal) throughout height of wall
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Exterior
2800 mm x 450 mm
14-15M@200 mm
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Building Length

Two braced frames per side

Both bays single braced

HSS 127x127x6.4
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Building Width

One braced frame per side

Top bay single braced, bottom bay X-braced
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HSS 178x178x13 
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HSS 152x152x13 
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Six unique connections designed for the structure. Pictured below:

Interior Beam Connected to Exterior Column
L 102x102x19
4-M20 bolts (connecting angles to beam)
8 mm fillet welds (connecting angles to column)
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Strip Footing Width: 550 mm
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450 mm
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Foundation Wall Width: 200 mm
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Exterior Columns, Footings, and Foundation Wall
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W530x332
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W360x110
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W154x24
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HSS 178x178x9.5
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HSS 203x203x9.5
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South Side of the Studio Building
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Connections and Details


