Properties of Framing Materials


[image: Habitat 67 by Safdie Architects: A Visionary Experiment in Modular Housing  | ArchEyes]
Hursley, T. (n.d.). Habitat 67 Exterior view.
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Introduction
In 1964, Montreal was set to host the 1967 World Exposition, but they needed a main attraction. So, after 17 million CA$ (Mcgill.ca, 2022), and three years Habitat 67 was designed, engineered, and constructed. Habitat 67 is a concrete framed building designed by Moshe Safdie, it is composed of 365 prefabricated concrete modules, 158 residences, and 15 different housing types (Mcgill.ca, 2022).
This report examines the aspects of Habitat 67s composition, function and possible end of life, amongst other things.
[image: Habitat 67 - even better than when first built in 1967 - Fabalytic]Vass, N. (15/04/2006). Habitat 67 Panoramic view from across the water.

Initial findings
Location
Habitat 67 is located on a man-made peninsula across the St Lawrence River in Montreal, Canada (Mcgill.ca, 2022). The peninsula was formed to host features for the 1967 World Expo and moulded with the materials excavated from the construction of the cities subway system. Montreal waterfront reclamation projects used: Rock fill, Demolition rubble, Granular soils, and Dredged river sediments to make up peninsulas and extend natural land (Olivier, 2025). This engineered foundation provides stable load-bearing conditions for the concrete megastructure.
Materials
The amount of some materials can be estimated with approximate or realistically assumed information.
Concrete
· 354 concrete modules cast
· Length (approx.): 11.7m
· Width (approx.): 5.3m
· Height (approx.): 3.0m
· Wall thickness: Typically, 0.15-0.20m for precast residential concrete
	Component
	Area (m2)
	Thickness (m)
	Volume (m3)

	Floor
	11.7*5.3 = 62.0
	0.20
	12.4

	Roof
	62.0
	0.20
	12.4

	2x Wall (Length)
	2(11.7*3.0) = 70.2
	0.15
	10.5

	2x Wall (Width
	2(5.3*3.0) = 31.8
	0.15
	4.8


*Calculations use approximate or assumed values see appendix for assumptions and approximation lists.
Total/module ≈ 40.1m3
Total concrete area ≈ 40.1x354 = 14,195m3
Total concrete mass ≈ 14,195x2,400 = 34,068,000kg
Glass
· 354 modules
· 10-15m2 
· Assumed average 12.5m2
Total glass area ≈ 12*354 = 4,250m2
Steel reinforcement
· Reinforced concrete typically contains 80-120kg of steel per m3 
· Assumed average 100kg/m3
Total mass of steel ≈ 14,195*100 = 1,400,000kg                 
Design
Habitat 67 was a radical rethinking of urban living and an attempt to combine the privacy, greenery, and space of suburban homes with the density and efficiency of city housing. It was an experimental solution to rising housing costs, and allow high-rise apartments to have the same luxuries as standalone houses, while also creating a sense of community and reducing construction time and costs (Mahadik & Jadhav, 2022).
[image: ]It was inspired by Taos Pueblo, a Native American community located in New Mexico, which features multi-story attached homes constructed of limestone blocks or large adobe bricks, the building resembled a stepped pyramid, which inspired the shape and construction of Habitat 67 (Mahadik & Jadhav, 2022). 
                           Safdie, M. (1964-1967). Section view of Habitat 67

[image: ]Habitat 67 was created with these ‘L’ shaped modules, they were arranged as seen fit by the architect on the bottom floor, the next floor was generated by rotating the lower module by 180 degrees and placing it on top.  Then, the next level is made by mirroring the lower module and rotating it 90 degrees. Following that, the next level is created by mirroring the lower module and rotating that one by 180 degrees. This is repeated until it reaches 12 stories (Mahadik & Jadhav, 2022). This geometric strategy redistributes loads three-dimensionally which reduces the need for internal columns. 
While the design is widely considered aesthetically pleasing and was initially proposed as a solution to the housing crisis, the complexity of the project makes large-scale replication unfeasible. 
Method of construction
Habitat 67 sits on an artificial peninsula that was engineered with fill and stabilisation to handle heavy loads. Though if it sits directly on the soil or has below-ground reinforcement is not public knowledge. 
The building is composed of 365 reinforced prefabricated modules, that were cast in a reusable steel mould and prefabricated on-site. They were fitted with all necessary electrics, pipes and other services, then crane lifted into position, this allowed for rapid assembly once the modules were ready. The modules were connected using post-tensioning, steel cables and welding which formed a self-supporting structure (Mcgill.ca, 2022).
This method requires intricate crane work and careful module alignment as anything out of place could prove detrimental to the overall fabric of the building while reducing the overall structural capabilities.
Analysis of sub-framing
Environmental resistance
Montreal has cold snowy winters, warm humid summers and year-round precipitation. In 1967 the annual average temperature was 5-6°C, winters dropped below -20°C, and summers peaked around 26°C. Annual precipitation is roughly 1050-1150mm and annual snowfall is about 200-250mm. Summers were especially humid with thunderstorms, and winters have strong winds along the St Lawrence River. (Environment Canada, Unknown)
With a range of 50°C, heavy wind loads, and heavy snow loads, a suitable material needed to be chosen with the ability to resist them. That material being reinforced concrete. 
In climates with a wide range of temperatures, it creates expansion and contraction in the materials of the building, concrete can handle compression well and steel reinforcement handles tension, together they form a composite material which is able to resist such unstable temperatures.
In terms of weather, to resist heavy snow loads, concrete has high compressive strength and is unlikely to deform under long-term weight. And for strong winds, reinforced concrete has excellent mass and stiffness. Concrete is durable in wet conditions (When properly mixed and cured), and is less vulnerable to moisture expansion than other materials like wood. However, the freeze-thaw cycles of Montreal pose a risk for concrete spalling, which makes reinforcement detailing and water management essential.
Reinforced concrete is long-lasting and with often servicing its lifespan can exceed 75-100 years, it has much lower maintenance requirements in comparison to wood or steel.

Comparison to steel framing
The time from the beginning of construction of Habitat 67 until the end was approximately 30 months (2 and a half years), the average time for an apartment complex during that time in Montreal ranges from 3 to 4 years. Though these complexes were also constructed using concrete and masonry, Habitat 67 took less time for construction due to the modular nature of habitat 67. 
Nowadays a steel structure of a similar size can take from 20 to 72 months (1.6 to 6 years) to construct depending on the complexity and size (Collinson, 2025) (SKYDB, 2023). In 1967, the steel industry was highly developed, and steel was quicker and easier to erect onsite as steel is lighter, has simpler structural connections, and easier handling. It was however more expensive than concrete. 
As Habitat 67 is constructed of modular units manufactured in a factory, this means that the quality of the components are consistent and reliable, similarly to steel framing as the steel components are manufactured separate to the site. 
On-site labour is greatly reduced with the modular nature, however during fabrication, the labour required is more intensive and complex, and the transportation of these would add large costs, however, to avoid these costs the factory was on-site. Concrete is fire-proof, however steel framing would need to be fire-proofed and requires more long-term maintenance.
If steel framing was used to construct Habitat 67 it would not have fully encapsulated Moshe Safdie’s vision and the visual outcome of the building would be far from what was originally imagined. To create a building like Habitat 67 with steel would be a difficult engineering feat and could have been more expensive if more specialised beams and columns were required.  This can show that the reinforced concrete was the ideal material choice due to its higher workability in comparison to steel framing.
Ease of assembly and adaption
The construction of Habitat 67 was very complex which is the main reason as to why Habitat 67 innovative solution to the housing crisis was not very successful, since 59 years have passed since the initial construction of the structure, current day technologies may make it easier to erect. 
The prefabrication was done on a production line on-site, the concrete was cast first in a steel mould and then all utilities required were fit into the spaces left in the concrete for them. Following the installation of the utilities glass was installed and then the required appliances were installed into the module (Mcgill.ca, 2022).
In the structures almost 60-year long life it has experienced numerous repairs that restored original features of the building including restoration of the concrete facades, replacement of aged wood and modernisation of the building (WA Contents, 2018).
However, an apartment belonging to Moshe Safdie did undergo a retrofit which included the installation of insulation, during this time the contractors experienced many issues as the retrofit could not change the looks of the exterior or interior of the unit (Rockwool, 2018):
· The assembly of the wall is unusual which left little to no room for insulation.
· Raised floors caused challenges for air/vapour tightness
· Non-combustible insulation preferred.
· Insulation had to be easily removed.
· The concrete walls were unlevel and limited options.
· Insulation needed to be both durable and preservable.
Although the retrofitters overcame the problem, it does not mean that future contractors will be able to do so while maintaining the aesthetic of Habitat 67.
Integration of services
During the construction of Habitat 67 the services were included in the prefabrication stage of the build, but the services are not cast in the concrete as it would have made repairs extremely difficult, and this would have made prefabrication slower and more expensive. Furthermore, the modules would be rendered non-interchangeable, making construction more strenuous and opening a doorway to serious issues that could’ve been encountered.
The design and material of the complex make it harder than usual to add new services, however the maintenance and repair of the existing services is easier than you would expect due to the foresight the engineers and designers had when planning the build. 
In the case of adding new services in, it would be quite difficult due to the thickness of concrete and the reinforcement within it. When coring out a regular concrete slab it will weaken it and depending on the loads it is under it may fail. However, when coring out a reinforced concrete slab the reinforcement that is cut through is rendered almost obsolete meaning that it can resist much less load than before, the larger the core the more rebar that is left with reduced resistive capabilities. 
Potential demolition
As Habitat 67 is a staple in the architectural and structural world, many would be upset with its demolition. If the complex got to a point where it was in so much disarray and was unsalvageable with repairs, the demolition backlash from the public would be reduced. It is also a piece of Canadian and Israeli history due to Moshe Safdie’s cultural background.
In the case of actual demolition, it could be considered quite difficult without the use of controlled explosives due to the large amounts of concrete in the buildings structural mesh. However, if explosives are used the potential for dust and debris getting into the surrounding rivers could prove fatal to the local wildlife and could cause issues with the city’s water supplies, furthermore as Habitat 67 is quite close to largely populated areas the dust may contaminate the air which may harm locals especially those with lung issues or immune deficiencies.
To take the building down safely with no explosives, a lot of temporary works would be required due to the shape of the building as the demolition crew will start from top to bottom. The structure is self-supporting and requires the upper floors to keep everything stable therefore manual dismantling would prove a difficult feat.
There is no guaranteed safe way to bring down any building, and Habitat 67 further pushes boundaries due to the amount of material, unusual shaping and surrounding areas.
Negative impacts of the concrete production process
The production of cement contributes hugely to the CO2 emissions globally with a whopping 7-8% of all CO2 released into our atmosphere largely due to calcination (Bandera, 2024). Cement plants also emit heavy metals, sulphur dioxide, and nitrogen oxides which further degrades air quality, these pollutants have been linked to respiratory illnesses, cardiovascular diseases and increased mortality after exposure (Barbulescu & Hosen, 2025). The plants also produce a significant amount of noise which affects nearby residents and the wildlife. (Barbulescu & Hosen, 2025)
Concrete production also requires large amounts of sand, gravel and other aggregates, the extraction of these materials destroys habitats, disrupts ecosystems and erodes coastlines, all of which affect the local people and wildlife inhibiting the area. (IERE, 2025)
Sieve analysis of an ‘all in’ aggregate
	Sieve Size mm
	Mass
	% On sieve
	% Passing

	125
	0
	0
	100

	75
	0
	0
	100

	63
	0
	0
	100

	37.5
	120
	9.6
	90.4

	20
	137
	10.96
	79.44

	10
	143
	11.44
	68

	6.3
	105
	8.4
	59.6

	3.35
	45
	3.6
	56

	2
	130
	10.4
	45.6

	1.18
	63
	5.04
	40.56

	0.6
	105
	8.4
	32.16

	0.3
	102
	8.16
	24

	0.212
	109
	8.72
	15.28

	0.15
	88
	7.84
	7.44

	0.063
	55
	4.4
	3.04


[image: ]
	Aggregate type
	Percentage of overall mix

	Fine
	40.4%

	Coarse
	59.6%




The percentage of coarse aggregates for structural concrete is 55-60%, this sample has 59.6% which just lies in the range for structural uses which would imply this mix could be used for load bearing uses, however all in aggregates are generally used when high-strength is not critical. 
The graph shows that the mix is generally well graded but is slightly lacking in certain aggregate sizes. This mix would be better off used for non-structural uses such as site filling or general-purpose concrete.
Appendix
Assumptions
	Concrete wall thickness
	150mm

	Concrete floor + roof thickness
	200mm 

	Length 
	11.7m

	Width 
	5.3m

	Height 
	3m

	Density of reinforced concrete
	2,400kg/m3
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