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1 Introduction

1.1 Background

As land values continue to rise, particularly in higher-density urban environments, schools with smaller
footprints will become increasingly necessary to satisfy enrollment demands. There are currently several
planned new school projects throughout British Columbia that anticipate requiring either three-or four-
storey buildings, and it is forecast that demand for school buildings of this size will continue to rise.

Though timber construction would offer a viable structural material option for these buildings, the British
Columbia Building Code (BCBC 2018) currently limits schools comprised of timber construction to a
maximum of two storeys, while also imposing limits on the overall floor area. Given these constraints, the
development of viable structural options that would accommodate larger and taller schools constructed
primarily with timber materials has not been a key focus.

With the above factors in mind, the purpose of this report is to build upon the findings of the previously
published Design Options for Three- and Four-Storey Wood School Buildings in British Columbia
prepared by Fast + Epp and Thinkspace dated November 2019. Specifically, this report supplements the
previous one by providing guidance in assessing and comparing the various framing options considered
in the previous report primarily on a cost basis.

1.2 Related Studies

This study builds upon two previously issued studies published by Wood WORKS! pertaining to the use of
timber framing systems in British Columbia school buildings:

+ Design Options for Three- and Four-Storey Wood School Buildings in British Columbia
prepared by Fast + Epp and Thinkspace dated November 2019, which explores the
design implications for timber framing systems in three- and four-storey school buildings.

+ Outline Approach to Building Code Compliance — Vancouver Timber Schools prepared
by GHL Consultants dated March 2019, which explores the building code-related
considerations of timber construction approaches for school buildings that are up to four
storeys in height.

The reader is referred to these companion reports for further information regarding design considerations
and building code compliance for timber school buildings.

There are also a number of available resources that provide good background information pertaining to
the use of wood in Canadian school buildings; these resources include:

+ Wood Use in British Columbia Schools prepared by Stantec & Fast + Epp for Forestry
Innovation Investment dated November 2018

+ 2012 Reference Guide: Wood Use in Low-Rise Educational Buildings — Ontario published
by the Canadian Wood Council and Ontario Wood WORKS!

+ Case Study: Crawford Bay Elementary-Secondary School and Richmond Christian
School published by the Canadian Wood Council and Wood WORKS! BC

+ Putting Wood to Work in BC: A User’s Guide published by the Canadian Wood Council
and Wood WORKS! BC
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2 Framing System Conceptual Options

21 Overview

In order to highlight some of the possible timber construction approaches for four-storey school building
in British Columbia, the classroom block of the prototypical school layout described in Section 2 of
Design Options for Three- and Four-Storey Wood School Buildings in British Columbia is examined in
further detail. The selected framing system combinations presented in this section represent the range
of structural approaches most likely to be utilized in the construction of a four-storey school due to their
material efficiency, ability to respond to the architectural programming requirements, and the material
economics.

The rendering below illustrates the typical classroom block developed for this study. Schematic
architectural drawings of this block are provided in Appendix A.

Prototypical School Building: Four-Storey Classroom Block

Using the various timber framing methodologies described in the previous study, three different timber-
framed structural concepts were developed for this classroom block. These options, which are described
in the following subsections, will be used to illustrate:

+ Possible combinations of the timber framing components in complete structural schemes;

+ The functional layout and architectural expression that can be achieved through the
various framing systems; and

+ The relative cost of the potential framing systems.

2.2 Option A: Light Wood-Frame Structure

Option A consists of the light wood-frame system in combination with the light wood-frame shear wall
Lateral Force Resisting System (LFRS) described in Section 4.2 and Section 5.2.3 of Design Options for
Three- and Four-Storey Wood School Buildings in British Columbia, respectively. Schematic structural
drawings for this concept are provided in Appendix B-1.
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Axonometric Framing Diagram: Light Wood-Frame Structure

As mentioned in the previous study, a three-storey light wood-frame LFRS represents a realistic upper
limit of what is feasible with a conventional light wood-frame LFRS in a region of high seismicity. As this
design could be applied to a four-storey building not subject to high seismic loading, for the purpose of
this framing option comparison, a four-storey building with the noted LFRS scheme is discussed.

In Option A, the light wood-frame LFRS has some inherent issues pertaining to acoustics and the required
fire resistance rating. This framing system, if unprotected, is more susceptible to fire. Therefore, the
framing requires full coverage with fire resistant finishes (i.e., gypsum wall board). These finishes would
conceal the wood members and limit the architectural expression of the wood material. For all framing
options, the floor requires a one-hour rating. It is anticipated that keeping the ability to run services in the
floor framing cavity will make it difficult to maintain the required ratings for fire separations. As a result,
services would need to be routed in a plenum below the structure.

2.3 Option B: CLT Structure

Option B consists of the flat panel CLT floor and roof framing system in combination with the CLT shear
wall and CLT diaphragm LFRS described in Section 4.3.1 and Section 5.3.2 of Design Options for Three-
and Four- Storey Wood School Buildings in British Columbia, respectively. Schematic structural drawings
for this concept are provided in Appendix B-2.

Four-Storey Wood School Design in British Columbia: An Analysis of Structural System Cost Comparisons 6



’— CLT PANEL

\— GLULAM BEAMS

GLULAM COLUMNS

SHEAR WALLS

INFILL WALLS

Axonometric Framing Diagram: CLT Structure

In Option B, the flat panel CLT floor and roof system in combination with CLT walls creates an opportunity
for reduced interior finishes. Because of the inherent fire-resistant quality of CLT, these mass timber
panels can remain exposed in most of the building. Consequently, using a CLT system provides an
opportunity to express wood as both a structural component and an architectural finish. This narrative

of wood as a material that is both functional and aesthetically pleasing is put at the forefront in Option B,
thereby solidifying its effectiveness as a material to consider in future school buildings.

From an acoustic perspective, CLT panels would likely perform better than light wood framing because
of their density. However, CLT structures can be susceptible to reverberation and impact-related acoustic
transmission if not properly detailed. Consideration for acoustical treatment would potentially conceal
portions of the CLT finish.

2.4 Option C: CLT Shear Walls with NLT, DLT, or GLT Panel on Purlin Framing

Option C consists of the mass timber (either NLT, DLT, or GLT) floor and roof panel on a purlin framing
system in combination with the CLT shear wall and plywood sheathed diaphragm LFRS described in
Section 4.3.2 and Section 5.3.3 of Design Options for Three- and Four-Storey Wood School Buildings
in British Columbia, respectively. Schematic structural drawings for this concept are provided in

Appendix B-3.
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Axonometric Framing Diagram: CLT Shear Walls with Panel on Purlin Framing

In Option C, the degree of expression of the timber framing that can be achieved is comparable to that
included in Option B. With NLT, DLT, or GLT framing systems, additional options for concealed/integral
acoustical treatments are available compared to that with a CLT framing system. In certain cases, NLT,
DLT, and GLT would require additional fire protection measures compared to CLT because of the lower
wood volume of these products. Despite these points, Option C offers some potential for reduced interior
finishes just as in Option B, but to a lesser degree.

2.5 Option D: Conventional Structural Steel Framing

In addition to the timber framing options described above, a framing option for the prototypical classroom
block using conventional structural steel framing was also developed. Structural steel framing was
selected for this framing system comparison because steel construction is also quite commonly used

for school buildings of this scale in British Columbia. Schematic structural drawings for this concept are
provided in Appendix B-4.
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3 Costing Study

3.1 Scope

In order to develop a realistic understanding of the costs associated with each of the four structural framing
options outlined in this document, an independent cost consultant (Turner & Townsend) was engaged.
Using the information outlined in this report, including the drawing packages included in the appendices, a
Class D cost estimate was prepared for each of the four options. Please refer to the costing report included
in Appendix C of this document for a detailed breakdown of this estimate. As with the other components of
this study, the cost estimates were developed for the four-storey classroom block only.

3.2 Methodology

The four cost estimates were developed using generally accepted principles on method of measurement
as per the Canadian Institute of Quantity Surveyors (CIQS) Elemental Cost Analysis. As part of this
methodology, and in accordance with accepted industry standards, a Class D cost estimate is understood
to be within +/- 20% accuracy. It should be noted that while 20% seems like a large variance, this degree
of costing accuracy reflects the level to which the schematic designs for the four framing options were
progressed. However, since it is common for the exploration of different framing systems to take place
during the schematic design phase of a project, Class D was selected for this study to reflect the level of
information that would be available when comparing framing systems during a given project.

The rates used for this estimate include labour and materials, equipment, subcontractor’s overheads and
profit. Pricing developed for this project was based upon Turner & Townsend’s experience with similar
projects, and/or quotes provided by subcontractors and suppliers. These estimates include current

price feedback received from concrete / formwork (division 3), masonry (division 4), steel (division 5),
wood (division 6), roofing (division 7), glazing (division 8) and drywall and stud (division 9) sub trades.
Furthermore, the rates included for mass timber items have been based on actual cost data from a similar
project tendered in Q1 2020 as well as discussions with suppliers within the industry.

Upon completion of the cost estimates, Turner & Townsend undertook several reviews with the
design team, including line item descriptions, unit prices, allowances, assumptions, exclusions, and
contingencies to ensure the appropriate design intent has been accurately captured within the report.

Pricing within the cost estimate reflected Q1 2020 rates and present market/local conditions for Vancouver.
An escalation allowance to the anticipated construction start date was excluded from the cost analysis.

3.3 Assumptions and Exclusions

In order to focus the efforts of this costing study on the differences resulting from the various structural
framing systems, the following building components were assumed to be consistent throughout all four
framing options:

+ Exterior cladding, glazing, and roofing assemblies;

+ Interior finishes (quantities vary in mass timber options);

+ Floor-to-floor and floor-to-ceiling heights;

+ Mechanical and electrical systems (other than allowances for additional hanging costs,
etc., within mass timber options);
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+ Shallow foundation type and sizes (other than the number of footings being dependent on
the total number of columns);

+ Slab-on-grade thickness; and

+ General requirements.
Similarly, the following components that did not impact the comparison of the framing systems were
excluded from this costing study:

+ Client and design team fees;

+ IT and communication equipment;

+ Washrooms/kitchens/serveries;

+ Demolition costs;

+ Site and landscaping costs; and

+ Conveying systems.

3.4 Overall Cost Comparison

Based on the noted assumptions and limitations, a Class D cost estimate was prepared for each of the
four structural framing options. Refer to Appendix C for the detailed costing report prepared for this
study. The image below summarizes the overall costs (expressed as cost per square foot of building area)
determined in this cost estimate.
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$300.00
$250.00
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$50.00
$

Overall Cost per Square Foot Comparison for the Four Structural Framing Options

m Option A - Light Wood-Frame
Structure

Option B — CLT Structure
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H Option C - CLT Shearwalls with
NLT/DLT/GLT Panels on Purlins

m Option D — Steel Framing

As illustrated in this chart, the difference in the overall cost per area of all four options is minimal (less than
$30 per square foot between the highest and lowest cost options). Although a Class D cost estimate is
expected to vary from actual costs by up to 20%, the variance observed between the lowest and highest
cost per area across all four options is negligible.
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To highlight the structural components of the overall cost per area contributing to each of these four
options, the following chart provides a breakdown of the cost per area of the key structural elements
within each option.
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Cost per Square Foot Breakdown for the Key Structural Elements within the Four Structural Framing
Options

3.5 Key Cost Drivers

Since the very small difference in the overall building cost across all four options does not provide the
opportunity to compare the four options from a cost perspective, key components of the overall building
costs were identified and examined in further detail. These key components, which were selected on the
basis that they exhibited the most significant cost variance across the four options, are described in the
following sections.

3.5.1 BUILDING SIZE CONSIDERATIONS

As indicated in Sections 5.2 and 6.2.1, given the significant demands that would be imposed on the LFRS
of a four-storey light wood-frame structure with plywood sheathed shear walls such as Option A, this
type of framing system does not scale as well to larger structures as the other systems considered in this
study. The more onerous demands that would need to be accommodated in this system, such as double-
sheathed shear walls and custom hold-down connections, extend beyond what is considered standard
construction practice for this type of framing system. Consequently, it could potentially be misleading for
the design team to assume that the efficiencies that can be garnered with light wood-frame systems in
smaller buildings (namely cost) can be easily extrapolated into larger structures.
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3.5.2 STRUCTURAL CONSIDERATIONS

The most significant characteristic of a given structural framing system that impacts its construction cost
is the efficiency of the use of construction materials. For wood-frame systems, this efficiency is often
determined by considering the total wood fibre volume required for a given framing system. While wood
fibre volume is not the sole factor that impacts the cost of a given structural system, the impact is high
enough that it is most commonly considered by designers first when assessing various framing options.
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8 NLT/DLT/GLT Panels on Purlins
= 1500
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Comparison of Wood Fibre Volume for the Three Floor Framing Options Considered in this Study

The image above illustrates the total wood fibre volume associated with the floor framing systems of
Options A, B, and C. As can be seen by comparing this chart to the chart outlining the costs of the
structural elements of each of the options provided in Section 3.4 of this document, the total wood fibre
volume tends to be proportional to the overall cost of the framing system.

Overall depth of the structural framing system can also have a marked impact on the project cost, since
deeper systems can necessitate increased floor-to-floor heights to achieve the required clear ceiling
heights within the classroom spaces. Increased floor-to-floor heights can in turn increase the required
surface area of interior finishes and exterior cladding elements, which has a direct cost impact. Flat panel
mass timber framing systems like that of Option B can provide the most significant reduction in the overall
structural depth. Refer to the information provided in Section 3.5.3 of this document for a more detailed
breakdown of the costs associated with varying quantities of finishes.

3.5.3 ARCHITECTURAL CONSIDERATIONS

The inherent quality of the structural framing system can sometimes provide the building with a level of
finish that doesn’t require additional aesthetic treatment. Light wood-frame systems and conventional
steel framing, like the systems illustrated by Options A and D in this study respectively, have high finishing
requirements because of the low mass nature and combustibility of the materials. These treatments
generally include acoustic infill and gypsum board finishes for the walls, and acoustic tiles for the ceiling.
These finishes require extra labour and materials due to the extent of coverage required for the finishes.
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For the systems illustrated by Options B and C in this study, the surface of mass timber framing systems
lend themselves to be used as finishes for the interior without additional treatments. The image below
illustrates the extent of the mass timber systems that could be left visually exposed.
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Sectional View lllustrating the Reduction of Interior Finishes for Flat Panel Mass Timber Framing Systems

Exposed mass timber options only require roughly 25% of the area to be treated with finishes, mainly in
the form of enclosures for mechanical systems. Acoustic treatments of the mass wall and floor-to-ceiling
assemblies can also be accomplished through integrated acoustic finishes that do not compromise the
appearance of the timber products.
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Comparison of Cost of Finishes for the Four Framing Options Considered in this Study
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The chart above provides a breakdown of the cost of finishes for each of the four options. As can be
seen in these charts, mass timber framing systems like those illustrated by Options B and C can offer the
following reductions in cost of finishes:

+ Reduced cost of ceiling finishes, which resulted in a cost reduction of approximately 50%
for Options B and C compared to Options A and D.

+ Reduced cost of interior wall finishes, which resulted in a cost reduction of approximately
25% for Options B and C compared to Options A and D.

Although the finishing requirements for light wood-frame systems and conventional steel framing

can sometimes act as a means of fireproofing, the need for these finishes themselves points to the
susceptibility of these systems to the threat of fire. Primary structures for these systems can easily be
compromised because of fires within a building. Therefore, full cladding or encasement with a fire-
retardant material is a crucial part of the overall assembly. Mass timber on the other hand, not only
provides the designer with an opportunity to showcase the structural systems, but the system itself has an
inherent fire-retardant quality, provided that the designer accounts for fire resistance requirements when
proportioning members.

3.5.4 SCHEDULING CONSIDERATIONS

Before discussing the scheduling considerations for the framing options reviewed in this study, it should be
noted that variations in the anticipated project schedule (i.e. reductions in the cost of general conditions,
client carrying costs, etc.) were not incorporated into the cost analysis included in Appendix C of this
document. In other words, the cost analysis assumed the same construction duration for all four options.

This type of assumption is commonly encountered with cost estimates for mass timber structures.
Quantity surveyors rely on past project experience to predict construction durations, but without a history
of completing mass timber structures they are often forced to assume that these structures require a
similar duration to erect as similarly sized structures constructed with other framing materials.

However, it is known that one of the key advantages of highly prefabricated mass timber structures, which
are represented by Options B and C in this study, is the reduction in the overall construction schedule
that can be achieved with these systems. As a result, the challenge lies in providing quantity surveyors
with the necessary background information and experience to allow them to more accurately predict

the schedule efficiencies that can be realized with mass timber framing systems. By incorporating more
accurate schedule predictions, the overall costs of Options B and C would be reduced from what has
been indicated in this study.

Another scheduling-related consideration that should be accounted for by the design team are the lead
times associated with fabricated mass timber components when compared to more readily available
framing materials such as light wood frame. Although these lead times can easily be mitigated by
engaging suppliers early enough in the project schedule, if ignored they have the potential to delay the
overall project schedule which can in turn result in cost increases during construction.
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4 Framing System Comparison Matrix

In order to summarize the key points of comparison that were identified from both a cost and sustainability
perspective, the following comparison matrix was developed.

i i+ Option C - GLT Option D -
i Option A - Option B - CLT ¥ ¥ P Legend
Criteria N Structure with CLT Conventional Steel
Light Wood Frame Structure N
Shear Walls Framing
Excellent
Well-suited to two-storey structures
Good
Well-suited to three-storey structures
Fair
\Well-suited to four-storey structures .
Poor .
Primary structure material efficiency
Reduced overall structural depth
= 2
g .3“ Reduced finishing requirements .
29
5% :
= § Cost from Fireproofing . \ { .
Variety/number of suppliers
Variety/number of local suppliers
Reduced material supply lead time
Speed of erection
Inherent thermal performance
zg [
2%
£ 3|Displaced CO? Emissions [ ]
52
a8 .
Embodied Carbon Content \ A .

Framing System Comparison Matrix

The intent of this matrix is to provide a quick visual tool for comparing the potential framing systems
explored in this study based on the key points that the design team would weigh when considering their
design options. For example, consider the following conclusions that could be drawn from this matrix:

+ If reducing the amount of supplemental finishing in order to showcase the timber framing
materials is a key consideration for the design team, then framing systems like Options B
and C should be developed.

+ Conversely, if pure efficiency of the structural materials used is a key consideration for the
design team, then framing systems like Options A, C, and D would make the most sense
to explore.

+ For clients that have strong sustainability-based policies, framing systems like Option D
should be avoided.

By using this matrix, a project team can select which design considerations are the most crucial for the
success of their project, identify the types of framing systems that are best suited to respond to these
considerations, and then use the results of this study to better understand how these systems can be
designed efficiently.

Four-Storey Wood School Design in British Columbia: An Analysis of Structural System Cost Comparisons 15



APPENDIX A: Prototypical School Architectural Plans
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APPENDIX B-1: Three-Storey School with Light Wood-Frame Construction
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APPENDIX B-2: Four-Storey School with CLT Diaphragms on CLT Shear Walls
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APPENDIX B-3: Four-Storey School with Plywood Diaphragms and
Panel on Purlin Framing on CLT Shear Walls
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APPENDIX B-4: Four-Storey School with Conventional Structural Steel Framing
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APPENDIX C: Example Framing Concepts Costing Report

Four-Storey Wood School Design in British Columbia: An Analysis of Structural System Cost Comparisons  F





