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Phase 1: Research for Building Use - Residential & Hospitality P9

Types Of Modular Construction (Wall, Facade, Panels, Tubes, Systems)
Types Of Materials (Lightweight)
Order Of Processes During Construction (Systems/ Assemblies)

New Technologies (Software Being Used)

2D Panels - Flexible Design and Simple Logistics 3D Modules - Increased Productivity and Efficiency Hybrid Modular Construction - The Best of Both Worlds
Have you ever put together an IKEA bookshelf or other A 3D module can be anything from part of a room or a Depending in the project, the best option can be the hybrid
prefab furniture? Then you’re familiar with 2D panelized whole room to part of a building or even a whole building. model. This approach combines the flexibility and shipping
modular construction. The only difference is that It can also be unfinished, pre-finished or fully finished and advantages of the 2D panels with the productivity benefits
construction projects use many more panels and the panels ready to hook up to utilities. of 3D modules. One common hybrid solution is to use 3D
are generally much larger and more varied. They can modules for kitchens and bathrooms and 2D panels for

be unfinished, finished or even contain conduits for air- the rest of the building. This means that the intricate work
conditioning, ventilation and plumbing. for the kitchen and bathrooms can be done in the factory

without limiting the size of the finished building.

https://selogroup.co/precrafted-construction-its-a-process-not-a-product/
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New Technologies (Software Being Used)

Wood

Wood stands out for its very high static quality. In reference

to its deadweight, wood carries 14 times as much as steel; its
pressure resistance equals that of reinforced concrete. Multi-sto-
ry wooden buildings and wide-area load-bearing structures

are optimal areas of use. The reason for the high stability is the
microstructure of wood, which ensures high load-resistance with
simultaneously low deadweight. In spite of its low weight, wood
offers high tensile and pressure resistance and it is resilient to
weathering when it is used correctly.

F
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Steel

Steel is a very strong material which explains why it is used in
most building construction industries because it has strength
to weight ratio which is very high. It is also famous for its ability
to withstand temperatures at very high degrees. However, the
material may become weaker bit if exposed to extremely high
temperatures which may compromise its functionality. You can
either weld or bolt the shapes together and they will stick per-
fectly.

PN

Concrete or Cement

Concrete is extremely resistant to the physico-chemical attack
emanating from the environment: frost, rain atmospheric pollu-
tion, etc. It is particularly well-suited for structures exposed to
demanding and extreme conditions. Porosity and density. These
properties are responsible for the first two.
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New Technologies (Software Being Used)

Step 1 - Design

Modular design needs to consider not only the

final product but also the requirements of factory
assembly and transportation. What really sets the
design process apart in precrafted buildings is its
reliance on vast libraries of modules from past proj-
ects. As designers create new plans, they draw on
these modules, which they alter as necessary. This
speeds up the design process and ensures that few,
if any, changes will be needed down the line.

Step 2 - Factory Manufacturing

Next comes the manufacturing process. Repeat-
able tasks are automated and difficult tasks are
done with precise machine-assisted tools that allow
relatively few low-skilled workers do the work of
many high-skilled craftsmen. Since weather is not a
concern, there is little downtime. All of this leads to
faster build times and lower costs than traditional
construction.

Step 3 - Foundation Work & Transportation

While workers in the factory are constructing the
building, other workers can simultaneously com-
plete the foundation. This saves months of valuable
time.

Since pre-fabricated building have to be transport-
ed to the site, they are made of lighter, stronger
materials than traditional construction.

P13

Step 4 - On-Site Assembly

With the foundation laid, the building is transported
tot he site. The building or elements of the building
can be transported in one piece, secured tot he
foundation, and hooked up to plumbing and elec-
tricity services.

https://selogroup.co/precrafted-construction-its-a-process-not-a-product/
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Order Of Processes During Construction (Systems/ Assemblies)

New Technologies (Software Being Used)

Coordinate!
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1| Automation 1| Coordinate Systems
2| Iterate. Really Fast 2| Clash Detection

MVE

——
+ PARTNERS
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“Blockable” Vertically Integrated Modular Development

Mga Architects Modular Housing Prototype

Gensler & Arup Citizenm Modular Hotel, Seattle

Precht Studio Concept For Modular Housing With Their Own Vertical Farm

Zaha Hadid Modular Housing Complex For Honduras

Blockable Prototypes

P17

Buildings are standardized and repeatable, thereby reducing assembly time



Vertically Integrated Modular Development

https://blokable.com/vim/ https://vimeo.com/670248425
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Phase 2: Precedents

“Blockable” Vertically Integrated Modular Development

Mga Architects Modular Housing Prototype

Gensler & Arup Citizenm Modular Hotel, Seattle

Precht Studio Concept For Modular Housing With Their Own Vertical Farm

Zaha Hadid Modular Housing Complex For Honduras

HONEYCOMB HOUSING - EXPLODED AXONOMETRIC

MVE
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Components Of Module

@ - o

PV ARRAY

EXTERIOR STAIR
STRUCTURE

FACTORY-BUILT
PANELIZED FACADE

MASS-TIMBER
STRUCTURE

FOUNDATION
CLT FLOOR PANEL
DOUBLE-STUD WALL

GLUE-LAMINATED
STRUCTURE

BATHROOM POD
BEDROOM POD
KITCHEM POD
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Phase 2: Precedents

“Blockable” Vertically Integrated Modular Development

Mga Architects Modular Housing Prototype

Gensler & Arup Citizenm Modular Hotel, Seattle

Precht Studio Concept For Modular Housing With Their Own Vertical Farm

Zaha Hadid Modular Housing Complex For Honduras
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Structurally Detailed Module With Connection

Placing Modules On Site
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Interior View

Exterior View

MVE https://www.arup.com/projects/citizenm-seattle-south-lake-union
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“Blockable” Vertically Integrated Modular Development

Mga Architects Modular Housing Prototype

Gensler & Arup Citizenm Modular Hotel, Seattle

Precht Studio Concept For Modular Housing With Their Own Vertical Farm

Zaha Hadid Modular Housing Complex For Honduras
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Step by Step Process

https://www.dezeen.com/2019/02/22/precht-farmhouse-modular-vertical-farms/
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“Blockable” Vertically Integrated Modular Development

Mga Architects Modular Housing Prototype

Gensler & Arup Citizenm Modular Hotel, Seattle

Precht Studio Concept For Modular Housing With Their Own Vertical Farm

Zaha Hadid Modular Housing Complex For Honduras

Playing With The Facade Rule Sets

Understanding Composition With Different Parameters

P29



https://worldarchitecture.org/article-links/efvgg/zaha-hadid-architects-designs-residences-made-of-modular-system-with-sustainable-timber-in-honduras.html https://youtu.be/xeZCUHKRpBS
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05 | Guardrails

06 | Materiality

07 | Courtyard & Roof

08 | Final Massing
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RESIDENTIAL
100 DU

933SF AVERAGE UNIT SIZE

s

v MUST HAVES:
Fitness center

1 Clubroom

Co-working
Lounge
Pool and Spa

AMENITIES
6,500 SF

PARKING RATIO
2.2 SP/DU

** Take this as a starting point and discuss during checkups the possibility of changing these parameters.

&
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Project Site

MVE Proposal
Project Program
Possible Unit Types

Efficiency spreadsheet

Schedule

Wood Frame | Apt Unit Avg Parking # of Parking
Construction Type Gross Wood SF Gross Concrete SF Podium Deck Efficiency Net Rentable SFI il Count Avg Unit Size Parking Stall Size Stalls
Wood 7 Apt 25,496 sf 83% 21,186 sf 33 642 sf
Wood 6 Apt 26,407 sf 85% 22,470 sf 35 642 sf
Wood 5 Apt 26,407 sf 85% 22,470 sf 35 642 sf
Wood 4 Apt 26,440 sf 85% 22,470 sf 35 642 sf
Wood 3 Apt/Amenity 26,784 sf 5,794 sf 74%** 19,902 sf 31 642 sf
Concrete 2 Parking/Apt 34,450 sf 8,040 sf 15 536 sf 23,104 sf 392 sf 59
Concrete 1 Parking/Retail 33,736 sf 4,192 sf 24,071 sf 415 sf 58
Building: Total/Average 131,534 sf 68,186 sf 5,794 sf 82%** 116,538 sf 4,192 sf 184 633 sf 47,175 sf 403 sf 117

| 199,720 sf

Parking Ratio / Unit 0.64 **amenities in woodframe included in efficiency calculation
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MENTORSHIP
June 17

DESIGN BRIEF
1 Day

RESEARCH

PHASE 1
3-4 Weeks

MENTORSHIP
July 8

I-———————————-

MENTORSHIP
August 5

|

MENTORSHIP
August 12

|

PHASE 2 DESIGN REVIEW

3-4 Weeks

IMPLEMENTATION

1 Day

MVE PRESENTATION

1 Day

MENTORSHIP
August 19

PRESENTATION

1 Day

P 67
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Research for Building Use and Hospitality

Type of Modular Construction (Wall, Facade,Panels, Tubes, Systems)
Types of Materilas (Lightweight)

Order of Processes during Construction (System / Assemblies)

Precedent Study

Type of Modular Construction (Wall, Facade,Panels, Tubes, Systems)
Field Visit

Project Implementation

Project Site

Concept Diagrams
Parking Level Floor Plans
Floor Plans

Sections

Elevations

Perspectives

CHAPTER 2 OF 3
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Types Of Modular Construction (Wall, Facade, Panels, Tubes, Systems)
Types Of Materials (Lightweight)
Order Of Processes During Construction (Systems/ Assemblies)

New Technologies (Software Being Used)

3D Module - Wood
Faster Schedule —

Shortened construction schedule due to the ability to preform site work and
building construction simultaneously

Higher Quality
Less exposure to weather

The potential for high levels of moisture trapped in building materials is reduced

Less Material Waste

Prefabrication minimizes waste, saves resources adn simplifies recycling of waste SN cor\s.tmchan, On the building sl'te, Monian DR Rowal
1odular buildings waste modular construction long life span and can k&
Less Environmental Disturbance fewer materials and eliminates hazards, reused or reconfigurec
use less energy. reducing the risk of injuries. for new projects.
Typically 80-90 Percent complete before being shipped to job site
Prefabrication
in a factory allows the wood to stay dry and at constant temperature while being Rt Site Prep, overal
. . . : vera
precisely cut and fitted to exacting tolerances Engineering, Foundations Site Installation Tt S
Permitting, & Finish
Approval Manufacturing Process M of 25% - 50%

Modular Construction

Design, 3
: : Site Prep,
Engineering,
. Civil Engineering, Site Construction
Permitting, =
Foundations
Approval

Site-Built Construction

MVE
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Wood Structure

Wood Modules are finished with primed gypsum wall board before shipping but
appliances, mill-work, and heavy finishes are installed after

Common structural members used include 2x individual pieces used in roof trusses,
floor trusses, walls, wood | joists, engineered glue laminated beams, plywood,
oriented strand board (OSB) and composite panel
Module Dimensions
Determined by transportation restrictions and will vary by manufacturer
Wood modules are limited in height and require deep ceiling to floor connection
The depth of the floor and ceiling sandwich tends to be greater than with the

common site- built construction methods, since each module has its own,
structurally stable lid

Rules of Thumb
Max Module width: 16’-0”
Max Module length: 30’-0”

Max Module height: 14’-0”

Wood framing system; ZETA Design Build

MVE
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During Transit, modules often require temporary bracing
since the wood framing may not be engineered to withstand
transportation loads

The units then are set on cribbing. Once it’s time for crane
setting, trucks will deliver the units ( as needed in order) to the site. Cranes pick
the modules directly from the trucks

Once units are all assembled, the construction crew makes
final installations of electrical, plumbing, mechanical, and
structural connections, generally in  the corridor

To avoid any damage at this point of construction, every unit is
locked, and on site staff is not allowed in the room-units

Ti-ton capacity laffing jik crane 57

|"II
1 2 B P
1 -, | - =
A 2
u ] o el e y 5 o
¢ i Bl =
_ ——— _-. :“
=i F
% = 8
Pl - A 4
i "‘-q.‘,_,—ﬂ" L%
F, LY - ‘=@
L | -
oy i
Hathods of lifting SE Craning site plam; Plarson Cofdepn 59

MVE

——
+ PARTNERS

P75

Transporting Houses and Prefabricated Buildings

The dimension limits for
transporting houses and
prefabricated buildings
have been setto
facilitate the safe
movement of dwellings
and structures across
the network.

This information sheet sets out the
maximum dimensions and mass limits,
access and operating conditions for a
vehicle combination transporting houses
and prefabricated buildings.

What is the mass limit?

The maximum mass limit for the
combination is 43.0 tonnes including the
steer axle concession.

What are the dimension
limits?

Annual permits are available for vehicles
transporting one indivisible house or
prefabricated building up to the laden
vehicle dimension limits in the following
tables.

Table 1 Dimension limits

Dimansion r::‘j;'::;
Width 5.0
Height 5.0
Length 30.0

Trailer Deck Height 1.2

Prime mover and sermi-trailer ¢combination towing a prefabricated building

The dimensions shown in Table 1
include external fittings, such as
guttering, plumbing, lighting, verandas,
bay windows and eaves.

Table 2 Maximum rear overhang

Length of vehicle (m)

Max I‘r:ar

overhang
Ovor i iuding (™
- 25.0 65
25.0 26.0 6.4
26.0 270 6.7
7.0 28.0 70
28.0 29.0 73
29.0 30.0 78

What access can I get?

The vehicle combination can access all
approved or conditionally approved
arterial roads on the Oversize &
Overmass network map. Access to other
roads will require consent from the
relevant road manager (such as local
government or the Port).

What are the Load Restrai
Requirements?

Houses and prefabricated dwellings
be transported in such a way that the
restraint system used complies with |
load restraint performance standards
These standards are listed in the Lo:
Restraint Guide published by the
National Transport Commission.
What operating condition
apply?

+ The entire length of the building
must be supported by the trailer
the trailer extension beams.

+ Windows must be secured to
withstand transportation forces.

« Mo part of the underframe or cro
member support can protrude
laterally more than 50mm for the
outside wall of the house or
prefabricated structure directly
above it.

« A laden vehicle combination that
longer than 26 metres or wider t|
3.5 metres must comply with the
pilot and escort charl on the wet
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LOW ENERGY REFRIGERATOR
AND DISHWASHER

CENTRAL AIR HANDLER
AND DUCTWORK IS
NOT NEEDED

SMART ELECTRICAL PAMNEL
INDUCTION COOKTOP

INTEGRATED HEAT PUMP
HEATING, HOT WATER,
COOLING, AND HEAT
RECOVERY WENTILATOR

TYPICAL UNIT
(HEATING & COOLING)

TYPICAL FLOOR

MVE

——
+ PARTNERS

MEP Penetrations

Building penetrations for mechanical, electrical and plumbing
(MEP) services are easier and more econamical to install if
their locations can be included in the design of the CLT panel.
Penetrations can be cut in the factory, saving installation
time and expense. MEP services not included before the
manufacture of the panel can still be easily incorporated
on-site using standard construction tools.

Mass Timber Slabs

Structure + Modular MEP

P77

TABLE16:
CROSSLAM®™ CLT FLOOR VIBRATION PERFORMANCE

e
crosstam® | curpamer | CONCRETE cOsTADLEn
CLT SERIES ol o SPAN
1]
5.31

414 5.91 121

5.48 7.48 14.8

690 | B4E 16.7

753 9.25 184

358 10.24 310

966 | 1083 | 216

12.42 12.40 249

50 pf i food pius self wsight plas 21 psf miscetonpors dead lood

Indicates CrossLam® CLT thickness advantage

Mass Timber Slabs + Posts

Structure + Madular MEP
+ Modular Facade

MODULAR APPROACH - KIT OF PARTS
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? o

&' X 671/2° HSS DIAGONAL
COMCENTRIC BRACES

10" X 107 1/2" HSS COLUMNS
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24" DEEP STRIP FOOTINGS WITH

A18" X 18" CENTRAL GRADE BEAM

W/ ROCK ANCHORS AT ENDS OF

BRACE FRAMES, TYPICAL AT BRACED BAYS

55" CLT 139VE PANELS
W/ 2" GYPCRETE TOPPING SLAB

10.757 X 10" & 10.75" X 187
GLULAM COLUMMNS

24" DEEP SPREAD FOOTINGS.
TYPICAL AT ALL COLUMMNS

STRUCTURAL SYSTEMS
SUMMARY
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PREFABRICATED PANELIZED UNITIZED WINDOWS
FACADE SYSTEM
GFRP PANELS
PRE-CAST PANELS
METAL PANELS
NOTE:
PREFABRICATED MODULAR FACADE OPTIONS ARE AVAILABLE IN A RANGE OF
MATERIALS. COST, ENERGY PERFORMANCE, AND EMBODIED CARBON VALUES VARY
ACROSS MATERIAL OPTIOMNS. THE CASE STUCH BASIS OF DESIGN IS METAL PAMELS PREFABRICATED MODULAR
BASED OM TS ENERGY PERFORMANCE AND LOWER EMBODIED CARBON WHEN FACADE OPTIONS

COMPARED TO GFRP AND COMCRETE
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CrossLam® CLT Product Applications

FLOORS

CrossLam® CLT panels are ideally suited for modern floor
systems because they are two-way span capable and ship to
site as ready-to-install components, greatly simplifying building
construction and increasing jobsite productivity. CrossLam®
CLT products help ensure an optimized structural solution that
allows you to install up to 400 square feet per lift.

ROOFS

CrossLam® CLT panels provide overhanging eaves and span a
variety of roof layouts. Their thermal properties contribute to

a more efficient envelope assembly. Panels can be as thin as
3.43" and as thick as 12.42°, resulting in a maximum roof span of
40" with appropriate loading. CrossLam®™ CLT roofs are Installed
quickly, allowing projects to approach lockup and a watertight
state in a short amount of time.

WALLS

Crosslam® CLT wall panels are a lighter, cost-competitive
alternative to precast concrete systems. When used as a system,
Crosslam® CLT wall and roof panels allow more flexibility and
efficiency in bullding design. As vertical and horizontal load
bearing elements, CrossLam® CLT panels extend the design
envelope for Industrial projects and allow the use of one
structural system for an entire project.

SHEAR WALLS AND DIAPHRAGMS

CrossLam® CLT panels may be used as lateral force-resisting
systems for both wind and selsmic loads. The Horizontal
Diaphragm Design Example white paper provides a design method
to determine the strength of CLT horizontal diaphragm and
deflection due to lateral wind or seismic loads. See hitps://www,
structurfam.com/wp-content/uploads/2016/10/White-paper:
Rvl2-lune-2017 pdf.

CORES AND SHAFTS

CrossLam® CLT panel cores and shafts erect quicker and easier
than comparable steel and concrete designs while still providing
lateral bracing. Elevator and stair shafts can achieve two-hour
fire resistance ratings.

+ PARTNERS

THECHARMETHOD

The char method allows mass fimber to be directly exposed to
fire. Since the timber & fully exposed, extra lumber is added
during the design phase 1o meet the fire resistance rating (FRA)
This system is designed by determining the approximate depth
1o which the fire would penetrate and the remaining structural
strength of the member after a certain exposure time

CrossLam® CLT and GlulamPLUS™ behave as mass timber and
have a predictable charring rate of approxdmately 1.5%h
(0.65 mm/min). The char layer, which is formed during
combustion, acts as an insulating layer for the inner layers
thus protecting the structural members from a further joss
of strength. The FRR of CrossLam® CLT and GlulamPLUS™ is
dependent on several factors, including the member depth,
span, applied loading and exposure, The most vulnerable
components of this type of system tend tor be the stee|
connectors due 1o the rapid reduction in steal's strength st
high temperatures. To counteract this, it is required that all
connectors be covered by a layer of timber or intumescent
paint to protect the steel

FIRE RESISTANCE RATING (FRR)

Execution of proprietary ASTM E-119 testing that
Is specific to the project assembiie

LBMEXPOSED SURFACE

Fully intact
maass timber

FIRE EXPOSED SURFACE

Figure 28: Cross-section of fire-exposed cross laminated tmber

FIRE STOPS AND SERVICE PENETRATIONS

A number of commercially available fire-rated joint systems
for comerate can achieve the same fire test ratings when used
Im mass timibser for up 1o two haurs. Detalling and fire caulking
meeed to be applied appropriately around the fire sheeve. This
allows solid mass simber panels such as Crosslam® CLTrobe a
superior part of your fire protection system,

Figure 29: Wl mssembly ofter testing showing the depth of charring on the
expased side. NRC (2014) Fire Endurance of Cross-Lominated Tismber Floor
and Wol Assevniblies for Tall wood Buildings

structurad Integrity of inberior section,

UPDATE: Structuriam t fire tests for

Figure 30: Protective “chor fayer” maintoir

SYSTEM

POST AND PANEL

POST-BEAM-PANEL

POST, BEAM, PURLIN,
PANEL

HYBRID LIGHT-FRAME
cur

HYBRID STEEL FRAME

CLT TILT-UP

BOUTIQUE BUILDINGS

RECOMMENDED
GRID X

Meams)

810"
(2.44 m-3.05 m)

10%30°
{3.05m-9.14 m)

20-30°
(6.10 m-9.14 m)

10%-30°
(3.05 m-8.14 m)

undefined

undefined

RECOMMENDED
GRIDY

(puriins/panel}

10'-14°
(3.05 m-4.27 m)

15-40'
(4.57 m-12.19 m}

20°-30"
(6.10 m-9.14 m)

1015
(3.05m-4.57 m)

'
(814 m)

undefined

undefined

FIRE RESISTANCE

2 hr encapsulated

1-2 hr exposed
2+ hr encapsulated

1 hr exposed
2+ hr encapsulated

1 hr exposed
2+ hr encapsulated

1-2 hr exposed
2+ hr encapsulated

1-2 hr exposed
2+ hr encapsulated

1-2 hr exposed
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Types Of Materials (Lightweight)

Order Of Processes During Construction (Systems/ Assemblies)

New Technologies (Software Being Used)

Advantages of CLT Panels
The sustainable nature of wood due to carbon
sequestration and minimum embodied energy is the

maj

or environmental advantage of CLT panels

compared to steel and concrete construction. Some
studies concluded that an average of 26.5%
reduction in global warming potential could be
achieved with CLT construction compared to
concrete and other construction materials (Vanova et

al..

2021).

CLT panels have ease of factory prefabrication of

the

parts and design flexibility. This allows for

precise openings for doors, windows, and other
mechanical elements of the structure. Figure 7 shows

the

building Dalston Lane, the largest CLT structure

in the World.

CLT panel construction helps to reduce onsite work

and

assembly. It is estimated to cut construction time

by a minimum of 20% when compared to concrete

con
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struction. CLT construction also helps to reduce

Disadvantages of CLT
Panels

Currently CLT panels are more expensive than
traditional construction such as steel or concrete. Iis
price depends on the need for transportation,
foundation work, assimilation cost, and CLT grade.
Transportation is a significant cost factor, so it is
less attractive if the construction requires long-
distance hauling. CLT panels could be more cost-
effective for mid, and high-rise buildings only. so
they will not be the primary choice for residential
housing to compete with timber frame construction.

Limited availahility and a long waiting time are
other limitations as there are very few CLT
industries in operation. CLT manufacturing requires
huge lumber volumes and is adding additional
demand for structural grade lumber.

Finally, obtaining desired acoustic insulation may be
a problem and it requires the use of additional
materials such as light concrete to increase acoustic
insulation.

CrossLam® CLT Fabrication

Structurlam’s CrossLam® CLT is fabricated using the latest 3D modelling
software, Data is transferred directly to our CNC machines - the most
sophisticated milling machinery in North America, allowing us to achieve
very tight tolerances.

CrossLam® CLT projects begin with your drawings from which we develop
a 3D model that is used to design panels and connectors. Our model also
allows our experts to identify design optimizations to help you save money.
Shop drawings for panels and steel connectors are generated from the 3D
model and digital files are sent to our CNC machines for fabrication. Finally,
our 3D model is used to develop a material list for efficient purchasing,
loading diagrams to optimize freight, and assembly drawings for quick and
efficient erection.

CrossLam® CLT Delivery, Storage + Handling

Structurlam has taken every reasonable precaution to protect your
CrossLam® CLT panels during shipment to the project site. However, when
not properly handled and protected, panels are subject to surface marring
and damage, water staining, sun damage, and checking. We recommend
you follow the guidelines outlined in our Crosstam® CLT Storage and
Handling Guide available on our website or through our office.

CrossLam® CLT Installation

Detailed preconstruction planning can help to ensure installation of
CrossLam® CLT is easy and efficient. We recommend you ensure there is
sufficient space available to:

* Prepare panels for installation;

*  Apply treatments if required,

* Add on-site hardware if required; and

* Re-sort panels according to the install sequence.

CrossLam™ CLT panels can be shipped with lifting hardware installed and
ready for quick installation. Please contact our office to learn more about
this option. All rigging and hoisting of panels should be done in a safe
manner and the lifting device should have the capacity to unload panels
from the truck and place them in the desired location.
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New Technologies (Software Being Used)

Connection Details - Panel to Panel Connection Details - Panel to Panel
TYPICAL WALL TO FLOOR CONNECTIONS

ANGLE WALL JOINT CORMNER WALL JOINT T-WALL JOINT

@ SELF TAPPING SCREW.
CROSSLAM PANEL
MINIMUM 7Smm LENGTH OF PENETRATION
INTO CONNECTED MEMBER, @ QPTION FOR WALL INTERSECTION
EFFECTIVENESS OF SCREW CONNECTIONS
DIMINISH FOR VERY SHALLOW ANGLES. @ JOINT SEALANT TYP
SCREWS ABSORB SHEAR FORCES PARALLEL - @ SELF TAPPING SCREW (Manufactured by: Assy,
TO BEARING OR WIND SUCTION FORCES. SF5, Heco Topix, GRK, and Simpson Strong Tie).

FOR INCREASED FORCES TOWARDS THE ® MINIMUM 7Smm LENGTH OF PENETRATION INTO
INSIDE USE FULLY THREADEDR SCREWS. CONNECTED MEMBER.

-
BENT STEEL ANGLE. TWO ROWS OF SIMFSON
> STRONG TIE ANGULAR RINGED NAILS STAGGER
ROOF EXTERNAL WALL JOINT ‘ EACH LEG.

FRAMING ANGLE. MINIMUM 1 AT EACH END OF
WALL AND MINIMUM 1 AT EACH DOOR OPENING.
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CrossLam® CLT Connection Details - Floor to Roof Panel Joints

Structurlam will work with your team to identify the most cost-effective connection system for your structure,
The following details show typical connection details used in CrossLam® CLT buildings.

ASSEMBLY TOLERANCE GAP _H

FULLY THREADED —
TIMBER SCREW

Butt Joint Connection

- TOLERANCE GAP

PARTIALLY THREADED
— TIMBER SCREW

W T ToLERANCE GAP

Spline Connection

T P
OLERANCEGAP._ PARTIALLY THREADED

TIMBER SCREW

FULLY THREADED
TIMBER SCREW
FOR SHEAR
REINFORCEMENT
OnLY

Half Lap Connection
TOLERAMCE GAP
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Types Of Modular Construction (Wall, Facade, Panels, Tubes, Systems) Fire safety

Types Of Materials (Lightweight)

oo Bl fox. What's
rits and fi pondars.

Order Of Processes During Construction (Systems/ Assemblies)

all buildir s 1o parform

NeW Technologles (Software Belng Used) CLT construction has a proven s and perfermand

Syste e-ressstance-ated wall and fioor assemblies can be used to safely increase the al

wood structure

CLT Fire @ty M

Thermal properties

5 nstural sdvantages. For instan,

Surface quality grade and product characteristics = T has the abilit
o0 t (nsulating ch
No.| CHARACTERISTICS V (visible) | 1 (industrial) | N (non-visible) o ol .
bl with, fc mipls ightw
1 Appearance grade AB B/B; B/C c/iC
" not permitted with spruce; or 10% of fir, .
2 Mixture of spieces not permitted is premitted f evenly distributed permitted
R Sondin ‘occasional open joints Up to ‘occasional open joints Up to occasional open joints up to
e max. 1 mm width permitted max. 2 mm width permitted max. 3 mm width permitted
4 Blue stains not permitted slight discolouration permitted permitted
5 Discolorations (brown slight discolouration permitted slight discolouration permitted permitted
stains, etc.)
¥ building
6 Texture coarse texture permitted coarse texture permitted permitted
7 Resin galls VB single up to 3 x 50 mm permitted single up to 5 x 50 mm permitted permitted
8 Bark ingrowth /B occasional occurrences permitted occasional occurrences permitted permitted
9 Dry cracks / Fissures occasional surface cracks permitted 50 mm in length permitted permitted
10 Core - pith occasional, up to 400 mm long permitted permitted permitted
11 Insect damage not permitted not permitted some small worm holes permitted it

worms are inactive as
provicling ach

no knot clusters; permitted
12 Knots - sound spruce up to 20-40 mm @, permitted permitted
pine up to 35-60 mm @

ensuring a sanse of well-baing in buildings

Acoustic properties of builldings constructed of mass timber rest the highes
13 Knots - black single max. 15 mm @ single max. 30 mm @ permitted enviranment.
14 Knots - hole max. 10 mm @ max. 20 mm @ permitted
15 | Quality °L:‘;::Z|a“d ends blemishes not permitted single blemishes up to 5 mm permitted max. 2 mm x 50 mm

et i

16 Surface 100% sanded 100% sanded no requirements il

sownvd ins in real LT buildings using the at was sriginally developed for
17 | Quality of surface finish occasional small faults permitted occasional small faults permitted small faults permitted concrete and masonry buikding
1g | Quality of narrow side occasional small faults permitted occasional faults permitted occasional faults permitted “hittp fses-acustica =

bonding and face ends
Rework edge with
19 yes no no
sandpaper
20 | Machining - chainsaw not permitted permitted permitted
nvironm | benefi
21 Lamella width min. 100mm min. 100mm min. 100mm E anmental benefits
22 End joints finger joints finger joints finger joints @ matarial for millannia, but the hesith
many people agree
23 Wood moisture max. 14% max. 14% max. 14% O Jute to the haakth and -being of building 9 ima spent indoors due to
have sHown that indoor environment play t role of person s mantal
V - Visible quality 1 - Industrial Visible quality N - Non-Visible quality candition, As v M o arche natuml materiak s8¢ . stress e

and improve prodi

| responsibility pushes construction industry te mare sustainable solutions As 3

CLT
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MASS TIMBER CLASSIFICATIONS AND HEIGHT LIMITS

2021 INTERNATIONAL BUILDING CODE (IBC)
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Include prefabricated elements or sections that are then deliv-
ered and assembled on-site.

May include the roofing package (roof panels, fascia, gutter,
etc.), roof structure (ceiling deck and beams), glazing package
(windows and entrances) and building structure (wall panels,
beam pockets, columns and shear paneling).

The kit-of-parts approach, via panelization, is typical for mid-
rise wood buildings.

Two types of panelization: open structural panels and closed
structural panels.

Open structural panels are a pre-assembled wall framework that
is later fitted with other elements such as insulation, exterior
cladding and weather barriers on-site. While this aids in time
savings and flexibility, there is still a lot of site work involved.

Closed structural panels are complete pre-assembled wall pan-
els that may include windows, doors, plumbing, ducting, electri-
cal, finishes, etc. Closed structural panels are larger and heavier,
so a crane is typically needed for on-site assembly.
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Fregquency of Using Panelized

Modular Construction

The charl at uppar right shews 1he percentags of projects

o which reapandents, by comipamy-lype, 8oy 2Hme 1ype

of panaiired modular construction was used over the pasl

thiee years snd thin porcentsge on which they baliews it

will b used dhuringg the next thres years

= Design finms report the greatest current usa, and while
tha overall number predicting future usage doos not
incraass, the percantage of projects useng pamslized
rdeilar EonEirBETson Shows giosvth

= Trace contractors shew the mest future grewth,
afthaugh their ovarall wsnge is lower than the other
groups bocauss nod oll of them do work whers panelized
mgdular construction applies

Types of Panelized Modular

Construction Being Used

The respondents reporting sorme leved of panolned

madulm eonstruction usage worne asked to identify, from

a list of four specific types. which ones they have had

gperiance with on their projects over the past throe

years. The chart at |ower right shows that breakdown

= Wall modules are the most frequant among the four
types of panelired modular construction, eapacially by
ehe architects who participatod inthis part of the surwey
P51, wih repeirt higher uasgs than tho enginanrs,

= High proportions of both design firms (69%) and GCs/
CMs [T7%] report using structural insulated panels over
the past three years. [t makes sense that fewes trode
contraciors [45%]) repart wse because many do not wark
ari the building emaalope.

= Maarly hall of design firma and GCa/CMa have utificed
enedudar rool panaks.

= The relatively high percontage (47%) of design firms
using modular fieor panels may genorate a future
uptick armong contractors [currently at 32%) bocousa
they will ultimately be implermanting the design
solutions thal irvobae the madular floors.
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Parcentage of Projocts Using Panelized Madular
Construction
[Past 3 Years and Forecast for Next 3 Years)
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18-story, 53 m tall, student housing complex in The University of
British Columbia campus

The first mass hybrid timber residential high-rise building in
North America

Part of building construction utilizes prefabrication (Building
envelope and exterior system)

The wood structure was complete less than 70 days after the
prefabricated components arrived on site, approximately four
months faster than a typical project of this size.

Mass timber structure with concrete podium and core.

Brock Commaons Talkwood Houwsa | Education, Multifamily + Residential Wood Dasign + C i ¥ comj
CONSTRUCTION ACTIVITIES TO DATE
MAR 7 2006 MAR 18, 708
MAR 0N
2014 2015 2016 2017 2018
Oct. Jan. Apr. Jul. Oct. Jan. Apr. Jul. Oct. Jan. Apr. Jul. Oct. Jan. Apr.
TIMBER T =
Design Development

Construction Documents Preparation

Bidding and Contracting
A Construction and Commissioning
N Occupancy

Integrated Design Building Code  Wood & Systems
Workshop & Alt. Solutions  Building Permit
Approval

- N s {
DEC. 22, 2015 FEB. 16, 2016 MAR. T8, 2016 APR.27. 2016

Brock Commons Tallwood House | Multifamily + Residential Wood Design + C i com)

MAY 3, 2006
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The Puukuokka Block is an illustration of the poten-
tial of a system of volumetric modules made of CLT
in creating multi-story apartment buildings with a
fully wooden frame and structure.

The Global Concept for the Allas Sea Pool Family
is an example of applying the modular principle

in a scalable concept with the capacity for flexible
adaptation for sites in different parts of the world.

Koota is a new wooden housing block to be built
in Porvoo, a small historical city with a significant
heritage of wooden buildings from the 19th century.

It explores the potential of new methods of timber
construction in providing a contemporary addition
to the tradition of wooden housing. It creates a
new solution for urban living in a way that is both
ecologically and socially sustainable and promotes
a sense of community amongst the residents.
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Modular elements

Corridor+Staircase (on site)

@ Roof (on site)

Elevator shaft

Concrete ground floor

Room module
Wet module Balcony Facade (on site)
Vertical shafts

Vertical shaft / Technical installation

; « o N
A . 3 ; Wet module
b g Kitchen. WC, Bathroom
N i / =

Room module
Bed room, Living room

Rooam module

Wt module

Vertical shafts

Typical floor plan Modular elements




Phase 1: Research for Building Use - Residential & Hospitality P99

Types Of Modular Construction (Wall, Facade, Panels, Tubes, Systems)
Types Of Materials (Lightweight)
Order Of Processes During Construction (Systems/ Assemblies)

New Technologies (Software Being Used)

Flexibly customizable modular system Concept

Flexibly customizable modular system based on the use of prefabricated volumetric CLT

Roof slab (CLT)
Partition wall
Wall panels (CLT)

Insulation

Windows

Prefabricated in factory conditions Completed modular element Transportation

Cross Laminated Timber Flexible Modular System
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CLT Floor Panel

CLT Beam

CLT Bearing Wall

Light Wood Partition Wall Modular Cladding Panels
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Types Of Modular Construction (Wall, Facade, Panels, Tubes, Systems)

Types Of Materials (Lightweight) Understanding Modular Construction:

Order Of Processes During Construction (Systems/ Assemblies)

In broad terms, modular construction involves producing
standardized components of a structure in an off-site

factory, then assembling them on-site. Terms such as “off-site
construction,” “prefabrication,” and “modular construction” are
used interchangeably. These terms cover a range of different
approaches and systems, from single elements that are clipped
together using standard connections and interfaces to 3-D
volumetric units with full fixtures.

New Technologies (Software Being Used)

Modular Construction and its advantages Modular Construction v/s convention construction with respect to construction timeline Advantages of Modular Construction

Modular constmction!s time- maY imple apariment project construction duration, traditional vs offsite 3D volumetric, months

' Months i - ”
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i m““'m”mhm ite Fast assembly becausa no MEP? Installation could eventually : o wokeyme O3
$ 22B : sllation and finishing personnel required be parallel with manufactura I
1 p 1 1 17 T 1 - Y T T | 8 T
This wouid help fill a — e =
Months

$1.6T

productivity gap identified
in 2017

I-rins of 25-60% of projacted construcbon dursetion are commion
nanica] sseckice, pumding
roa Case SINOEs; Interviews, Mokinsey Caplled Projects & Infrastnuciure
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Phase 1: Research for Building Use - Residential & Hospitality

Types Of Modular Construction (Wall, Fagcade, Panels, Tubes, Systems)

Types Of Materials (Lightweight)

Order Of Processes During Construction (Systems/ Assemblies)

New Technologies (Software Being Used)

4 sided Modules

lsometric view of module and welded end frame

jure 16 Rigid frame used to create an open end in a
maodular unit

rm of construction

adules may be designed to transfer loads
ntinuously through their longitudinal walls, In this
rm of construction, modules are manufactured with
ur closed sides to create cellular-type spaces. The
aximum width of the module that is suitable for
insportation and installation limits the eellular spac
Bl is provided.

e modules are designed for the combined vertical
3d of the modules above and in-plane loads due to
nd action. The maximum height of buildings in full
adular construction is 6 to10 storeys, depending o
:ation and exposure 10 wind loading.

Stability

The stabilising system depends on the geometric forn

of the building. Various solutions are used:

* For low-rise buildings, in-plane bracing or diaphragm
action of the board materials within the modules
provides shear resistance, assisted by the
module-to-module connections, which transfer the
applied wind forces to the group of modules.

= For buikdings of 6 to 10 storeys height, a vertical
bracing system is often located around Bn BCCESS CoN
and assisted by horizontal bracing or diaphragm actios
in the corridor floor between the modules.

« For taller buildings, a primary steel podium frame may
be provided on which the modules are stacked (see
page 10), and supplemented by a concrete or steel
core.

The maximum height of a group of modules is

dependent on the stability provided under wind actior

Various cases are presentad in Table 1 for schema

design (based on wind loading in the Midlands of

England). Details and dimensions of particular module

types differ, and so precise guidance is system-

specific. Taller buildings can be designed, depending
on the strategy adopted for stability and fire safety.

——
+ PARTNERS

Partially Opened Modules

-

Sgurn 7 Layout of aperiments using parilsly apen-sifed
motins  wlenae moddus arm shaded
[EN———

gure @ Compleied bulliieg isbovel, Barfing Coun,
Stochwell, Landun

4 L1
ot ) ot it o
[Figura B Ve of midkuide post te provils iniormedaie
support 2 the side of » module

Wigurs 10 Opem-sidad hathrosm module bang stischad t
s salating buiing

(see opposite). Courtesy, PCKO Architects

Application:

Key worker accommodation, small apartments, hotels
with corridors, communal areas in student residences ete.

Technical details

Mixed Modular and Panel
construction

Corner supported Modules

recent project in Fulham that used load-bearing
sthroom modules to support the floor cassettes is
ustrated in Figure 19.

igure 11 Primary steel frame used in an open-sided modi
Courtesy, Kingspan Off-Site and Modufar UK

gure 19 Mixed modular and panel building using light steel
framing at Lillie Road, Fulham
Courtesy, Feilden Clegg Bradley

Figure 17 ‘Hybrid* modular and panel building showing
planar floors and walls attached to the modules

igure 12 Smaller open-sided module using longitudinally
spanning lattice joists

Form of construction

Vodules may be designed to provide fully open sides
ay transfer of loads to the corner posts. This is
schieved by bending of the deep longitudinal edge
yeams. The framework of the module is often in the
‘orm of hot rolled steel members, such as Square
Hollow Section (SHS) columns and Parallel Flange

The form of construction is similar to that of 4-sided
modules, except for the use of additional posts, generally
in the form of 70 = 70 to 100 x 100 5HS members.

Zhannel (PFC) edge beams, bolted together, as show

n Figure 11.

Figure 18 Demonstration building system
Courtesy, Corus Living Solutions

P 135

Types of Steel Modules:

Modules with primary struc-
ture

L

gure 20 Typical podium structure in which seven storeys
of resi ial units are supp don a i

frame below

igure 21 Installation of modules behind axtemal stesl
framework a1 MoHo, Manchestar
Courtesy, Yorkon snd Jouke Consuiting Emgimoers

igue 22 Modular units supported by 8 podium
Courtesy, Fusion Building Systems Ld

igure 23 Mixed use of stabilising frame and modules in g
residential project in Shadwaell, East London
Crutesy, Aolaiong
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Transportation of Steel Modules:

responsible for checking the drawings against  will raise a module only 2' off the ground, State Width Height Length State Width Height Length
the work done in the factory. Because interior  increasing its overall possible height by another i e 17 18 76 Montana 166" 17 1.
and Exteritﬂsr finishr:as ﬂ.:;mz.l cmnflet;d bef?tre EFT:: but Teduninl? 'itsm miximum Iengt!1 tuf4{}’. Kok ; i Nebragks 12 146" (16 *) 1000
components reac e construction site, maximum height, however, varies from ; e : ,
mudElar construction requires periodic third-  state to state. M-:}dEIes built directly on a steel o il L . e _ i “IT : = " {'JI
party inspections to approve works asitpasses  chassis, with a detachable hitch, axels, and Aikapase e L, iy i O e Y
through the assembly line. Failed inspections  wheels, can be larger. Modules built of wood Calfornia 12 (16) (1) BS(135'%)  NewJarssy £ 14 1og
halt payment and slow down production. construction can be built up fo 16' x 80'. The Colorado : . - New Mexico 14' = (20' %) 16 (18} o
weight capacity of the eguipment will however Connecticut 1= 14 BO° Mew York 12 (16 %) WE ) 80 (140"
Fire ratings in modular construction present confinue to resirict sizes. proportionately Fr— 12 (18] 15 85 (120) Naorth Caralina 12 (181 145" ) 108 (*)
the most difficult challenge from a design and  reducing the same module built of steel to 16 Ol G Dot {2 e an Mot Dot 148"+ (18" %) 18 150y
inspections perspective. Continuous rated x 70, or 12°' x 56 for concrete construction. i i : i :
. . ; : ; i Florida 12 145 95 Ohio 17 14 a0
construction across component connections  The maximum height of modules including the : Figure 5.2.2.1 example of a module on a
and structural member enclosures is needed.  wheels {approximately 3'-6" tall) is 12, though s R Li i Simtioma = i i double-drop trailer bed
Furthermore, ratings for proprietary systems  allowable dimensions will again vary by state. itoho i s 10 * Qusgon TR ) TR AT (5]
developed for singular projects are expensive lirwois 16 (1) 46T (18] 10 aTs) Pennsyivania 13 (18 145 80 (1607
and time consuming. Custom cold formed steel ~ Maximum sizes for oversized loads (requiring a Indiana 124" (1) 146" 1) 1 (4 Ahoda Island 12 (%) 14 ) BIF (%) Lo see lable =
fabrications made by modular manufacturers  permit) are listed in Figure 5.2.2.1 (Oversized T 14 144" ) 100¢ Soulh Carcling iz 1380 ™ i |
are the most common example. éﬂ?di FE:'IJ:LTHT ;ETT Pﬂﬁr Garmﬁegt;:;ements e ey 5 —— 107+
011). =] e reflects the differences T Z e :
5.2.2 Transportation Limitations in the requirements by state, with absolute ooy s X E Zis = 2
The height, width, length, and weight of resfrictions being largely dependent on the Leykenn o O S Bget AR i . M —— o'T
componenis are all restricted by the physical route planned - low bridges can be avoided, i Z.(10) > DR e AT badlity) 1o
limitations of the truck and the road. A module  tree limbs can be cut, and road conditions can Maryland 13 (167 146 &5 Vermant 12 1 () B (%) | 40 i
must be in compliance with the rules of each  be inspected ahead of time. If a manufacturer Massachusstts 1215 13-6° (13-117) 80 (130°%)  Virginia 1= - 85 * ™ "~
different state along its path of travel. Modules  has multiple factories in different states, Michigan 12 145 100 Washington 15 - 145+ 100
falling under motor vehicle laws are built  shipping through more stringent states can be ri— 145" (189 . 95 West Virginia 106 (169 o . lmw
on a chassis with an integral hitch and axel. avoided altogether. P ) = . o —m— PRy e
Conversely, components shipped on a flatback MEW -50°
Missouri 1294° (16 %) 15-6"(18'7) BO(150'7)  Wyoming 14+ 176 10 1*—"!

trailer qualify as freight and can be shipped as
super loads at a higher cost.

The dimensional restrictions of a flatback trailer
vary based on the truck used. In general terms,
a single drop trailer can handle a 13’ x 50'
module, but will raise it 3'-2" off of the ground.
Alternatively, a double drop trailer (LowBoy)

The end building site also influences the
design of components. Onsite labor costs vary
based on location, so the amount of onsite
work will be limited more so for a project in an
urban area versus a project done for a rural
area. Similarly, the fragility of components is a
concern for shipment overseas. The ability for
modules to be stacked is necessary on cargo

Mote: Rules of thumb for the requiremsant of an oversize load permit: 8'-6" width, 13'-6° height, 48 length, or 80,000 lbs

* Determined entirely by route travelled
XX Indicetes maximum poesible dimension without a péot car escort
() Indicates maximum possible dimension without a police escort/state review

Tabile 5.2.2.1 iransportation reguiremeants by state (Oversized Load, Parmil and Pilat Car Reguirements 2011).

Figure 5.2.2.2 comparison of maximum module
lengths base on different shipping methods

MVE
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Types Of Modular Construction (Wall, Fagcade, Panels, Tubes, Systems) MEP and Acoustics:
Types Of Materials (Lightweight)
Order Of Processes During Construction (Systems/ Assemblies)

New Technologies (Software Being Used)

Lack of Approvals for Off —site systems due to lack of experience and knowledge I ? I i | q |

Modular MEP Racks

SERVICES END SERVICES END SERVICES END
CONNECTION CONNECTION CONNECTION

0-0 -0 00

Offsite work reduces time, improves
Quality, reduces waste, re-work & cost.

SERVICES
connecrion () + @

Medeling of module racks and fixing their connection and dimensions. SERVICES

CONNECTION ° + o

celling and prefabricated
williin ro0! componerits
{transfer 10 pass through
beams)

Acoustics
o —— Services accommodation and connections.
2" sprinkler pipe {pre-
fabricated and pre-engineered
for simple ir i
SN o <A ——
P B R ~Buct Connectors To Ba ™
W — ey Used At The End Of Module gﬁ%ﬂ"zmmt'
] To Attach With Other Duct of Site By Couplin
<. "‘ mechanical cuct runs 10 be ~. Another Module oupling
. ki N tore SLE 9 Or Welding Or
N e a - Duct Connector
A

/;.
.
r

¥° tiing haignt

,
Ll a.ﬂ?‘-"-{:.._r

—— e

>
. ray.
=

v
i E

SUSIAID track gMing and
sirip lighting 1o hang below I
dropped ceiling

Figure 445 (laft) garad

FACH0N FIDUg Deams

b fire satety system (ncluding J
LY h A alarm, smeke detectors and X —_—
h AN sprinklers) to be coordinated y . - B
A A N etk bt / " Couplings For Connecting
A RN _ Pipes With One Module To )
-, b Another o
N ;

o Je

npreal cross Fecion N

Figure A8 righi) 77-_4/7”771 7[77,,,77/

Modules are designed as independent units and can be soundproofed fo block noise once they are assembled

together. o Connection process at site.

MVE
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Types Of Modular Construction (Wall, Facade, Panels, Tubes, Systems) Concrete Modular Construction:

Types Of Materials (Lightweight)

Order Of Processes During Construction (Systems/ Assemblies) 2D panelized: Optimizing logistics and flexibility

New Technologies (Software Being Used)

Complexity and scale of modular construction—comparison of approaches

A 2D panelized solution resembles a flat-pack assembly approach used in home furniture. Where
necessary, panels contain the necessary conduits for services such as heating, ventilation, and air
conditioning (HVAC), and plumbing that can be linked together with standard connectors.

The assembly work onsite is much simpler than a traditional build, but it is more complex than putting
together 3D modules and requires more internal finishing. On the upside, itis much easier to
transport panels than bigger 3D modules. In an ideal case, the components required to build several

func 1:?1'; rooms can fit in a single standard 25-foot container. Flat-pack panels therefore make it possible to
o :,;I th transport materials for a significantly greater floor area at one time. It costs approximately $8 per
complex square meter floor space to ship 2D panels around 250 kilometers, but almost $45 per square meter
fixtures for the 3D equivalent.

Fully serviced Fully serviced Fully serviced Fully serviced 3D volumetric: Maximizing productivity benefits
and f;wsnc{: and finished and finished and finished 3D volumetric solutions are fully fitted-out units, which could constitute a room, or part of a room, that
single uni house

can be assembled onsite like a series of Lego bricks. They are being developed in timber, steel, or
concrete, with the first two materials being more common due to weight and logistics advantages.
Onsite assembly involves lifting the modules into place and connecting services such as electrical and
plumbing. Most of the work is done in a manufacturing facility offsite.

Increasing l:LmLi:id '
complexity ) p c-n; \l{/ A 3D volumetric approach delivers the potential for maximum efficiencies and time savings—but the
of MOro trade-offs include transportation costs and size limitations. The maximum width for road transport that
materials does not require a police escort is typically around 3.5 meters. This either increases the cost of
transporting larger units or limits the size of modules, making 3D volumetric most suitable for hotels,
Transitional Pre-finished Pre-finished Pre-finished hostels, or affordable housing. It is also advantageous for rooms with more intricate finishing,
single unit nouse particularly wet rooms such as bathrooms and kitchens. A 3D volumetric approach is most suitable for
~ projects with a high level of repeatability and a high ratio ofwet to dry rooms. It should be noted that
@. repeatability does not mean all products need to look the same. Instead, a variety of standardized
@. / modules can be pieced together differently to produce a customized end result.
argely N /
slrL:JHi‘ ?.Lr :I ‘% 2D panelized: Optimizing logistics and flexibility
(concrete, \\V// . ..
stoel. or 2D & 3D hybrid: Combining the best of both worlds
wood) Itis also possible to use a mix of 3D modules and 2D panels on a project or to combine those
approaches with traditional site work (for instance, for the basement and first floor of a larger
Single discipline, Volumetric units Complete project). Typically, wet areas are manufactured as bathroom pods, while the remainder of the building
individual units structures is made from 2D panels. This optimizes the process for the two different areas of the building,
Increasing scale bringing high-productivity improvements to the bathroom areas and maximum flexibility to all other
areas. However, the manufacturing process required to deliver both solutions becomes more
o e R e g . complex, as does coordination of the supply chain.
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Types Of Modular Construction (Wall, Fagcade, Panels, Tubes, Systems) Concrete Modular Structural System:
Types Of Materials (Lightweight)

Order Of Processes During Construction (Systems/ Assemblies)

'y
New Technologies (Software Being Used) B +
Shear Wall Systems and Load Bearing Walls (interior/exterior) _“"""- THICANESS TO BE |
4 ﬁﬂf 1
Shear wall systems use combinations of celumns, beams and walls to s E[F'TI".'.I:*- 1 A I EMBEDOED BEARMNG AMGIE |
transfer gravity loads to the foundation, but rely on walls and/or specially REVEAL 4 1 L II,"' M i A _E N
designed sections such as an elevator shaft to resist lateral loads such as EEPITH ] il _."' E-LE:I':-'II:H.IT -‘”- i-ﬂ-ﬁ [I.}EIL
wind. Precast concrete structures are mostly designed as simply II 1
supported shear wall systems. Shear walls can either be located on the | | n".
interior or exterior of the structure. | | q 4 J'-U'-II_
" il =
il s
& J b — ——
| & | h
g :-_\' ., ! I L
Moment-Resisting Frames = 1 | ] 1
= |
Moment-resisting frames are those in which a degree of rotational restraint is provided between vertical :-'E E : 'I'-I'L ! ;
components (usually columns) and horizontal components (usually beams and/or spandrels). This system then E o | | LY - “ F r ﬂlﬁlhl'qff]'.':l"l' HHEDH.EI
ists lateral loads i ed on the structure. I ™=
resisis laieral \oads Impos: on the struciure i | | Il#- W, II Fﬁ-_ ”Ift IIE I-ﬂ
1._—"' -
- | I | SIRUCTURE BEFORE
il o I, | e 'WPMJ ERECTION
] * i ' { / \
| | i ] E-I"f |
Pl . .
J"’ RENFORCING I o
| | |l j
A ’ | i
y 4|
1 b
1) : : -
I il
| W | b PusHAuL
g—s  CONKECTEN TD
I r o
1-:: s SIRUCTURE
I
% .
- VERTICAL SECTION

Typical Precast Panel Section
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One South First and Ten Grand - Brooklyn
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Burnwood School - London

Curriculum buildings

Communications building - Wast slevation

Communications building - East elevation

Caommunications building - South elevation Communications building - Morth elevation

Key:

@1 Precast concrete panels - white
02 Precast concrate pangls - black
03 Cordrouy base

04 Main entrance

08 Secondary entrance

MVE
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Gomos Modular Concrete Homes - Portugal
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Star Apartments - Los Angeles

STAR APARTMENTS
BUILDING EXPLODED
AXONOMETRIC

STREET-LEVEL RETAIL
COMMUNITY PROGRAMS
VERTICAL CIRCULATION

TERRACED CONCRETE
SLAB

MODULAR UNITS
OPEN-AIR CORRIDORS
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STAR APARTMENTS
MODULAR UNIT
EXPLODED AXONOMETRIC

FLOOR ASSEMBLY
WALL ASSEMBELY
INTERIOR COMPONENTS

M/E/P CORE
CEILING ASSEMBLY

mob W N -
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Norra Tornen - Sweden
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B2 - Brooklyn, NY
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Construction

Building 2 Design: Engineers

Structural Scheme

Hat Truss
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E-W Braced Frames
Building Massing
Typical Modules

N

N-S Braced Frames

LA

Dean Street Transfer

Plinth
Basement and
Foundation
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Bullding 2 Design: -ngineers

Typical Module Framing

Roof Purlin
Roof Decking

Floor Chord Floor Purlin

Corner Column Floor Decking

Step 1 —Structural Steel Step 2 — Pod Assembly Step 3 — Framing/MEP

Step 4 — Gypsum/Kitchen Step 5 — Finishes/Facade
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Manhattan Modular Hotel by Mariott




P 165

\YE A Es
N Z 2L

PROTOTYPE

X01

¢ & @

LT




Phase 3: Precedents

Reeid

EEENE

-rﬁi
L=

P 167

Apex House - HTA Design - Wembley

1. 2. 3. _ 4. 5.

Factor Slipform core & Module ol Mast & Facade
manufacture Podium structure delivery climbers . & completion
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40% ¢ Pre-manufactured Value (PMV) » 75-80%
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George St, - HTA Design - Croydon

George St.

Croydon
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Phase 2: Project Implementation

Project Site
Concept Diagrams

Drawings

Renders

o

03) Carve out courtyard Areas 04) Pull and Push units and use top floor
to connects the towers

05) Final Proposal
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Phase 2: Project Implementation

Project Site

Concept Diagrams

Drawings

Renders
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Phase 2: Project Implementation
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Phase 2: Project Implementation

Project Site
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Project Site
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Project Site
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Renders
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Project Site
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Project Site
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