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= Background and Handbook Overview
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Mid-rise Wood-Frame Construction:
History
The Landing National Building Code of Canada

Vancouver, 1905
Height: 30 m (9 storey

NBCC 1941 (7)
NBCC 2015 (6)

T

NBCC 1953 (4)



Mid-rise Wood-Frame Construction:
History

= Light Wood-Frame Construction

= Originated in US in 1830s
- Balloon structure, and then
- Platform frame construction



Mid-rise Wood-Frame Construction:
History
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Mid-rise Wood-Frame Construction:
Code Change

= 2009: Introduction in BC
Building Code

= 2013: Régie du Batiment du
Québec (RBQ)

= 2015: Ontario Building Code
= 2015: Alberta Building Code
= 2015 NBCC



Mid-rise Wood-Frame Construction
Handbook

st | w Focus on mid-rise (5-
and 6-storeys) light-
frame wood
construction

= |n accordance with
2015 NBCC provisions
and CSA 0O86-14

www.fpinnovations.ca




Mid-rise Wood-Frame Construction
Handbook

= Multi-disciplinary handbook involving 42
industry, research & design experts

= Address podium structures and wood-based
vertical shafts

= Includes high capacity shearwalls and
diaphragms
= Complementary to existing manuals
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Chapter 5: Design for Vertical
Differential Movement
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Objective

= Aim to address a key design concern about
5- and 6-storey platform frame buildings
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Causes of Vertical Movement

= Wood shrinkage (routinely considered)

Major cause of vertical movement
- Primarily contributed by horizontal solid wood members (cross

section)

- Contribution from studs (longitudinal direction) very small
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Causes of Vertical Movement

= Wood shrinkage (contd)
= Shrinkage amount depends on shrinkage coefficient, moisture content

change, and dimension in gravity load path
Horizontal dimension lumber components (e.g., wall plate, floor joist)
- 0.25% per 1% MC change used in this handbook
- Initial and in-service MC be measured, estimated or predicted
Engineered wood products typically have reduced shrinkage
- Lower initial moisture content
- May have lower shrinkage coefficient
- Less well documented



Causes of Vertical Movement

= Wood shrinkage (contd)

Table 1 Typical MC ranges at manufacture




Causes of Vertical Movement

= Wood shrinkage (contd)

Table 1 Typical MC ranges in indoor service (CWC 2005)




Causes of Vertical Movement

= Load (not typically considered in NA)
A small contributor to vertical movement
- Closing of gaps between members (settlement or bedding-in)
- Elastic compression
- Time-dependent deformation (creep)
Influenced by load and wood MC

= Validation particularly important for taller
buildings to improve design
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Laboratory Assessment

= Assess impact of MC and load on movement
= Collaborated with BCIT, Luke King
= Two small identical structures used

Built with dimension lumber wall and floor joists
Structures conditioned to achieve an initial MC of 20%
No. 1 was loaded at a MC of 20%, followed by drying
No. 2 was loaded after drying, at a MC about 10%

Load simulating dead load for bottom floor of 6-storey wood-frame




Laboratory Assessment

= Loads important for movement to “show up”
= No. 1: total movement reached 19 mm

Wood shrinkage accounted for 70%
Settlement and elastic compression about 20%

= No. 2: reduced movement due to drier wood
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Field Measurement

= Measuring vertical movement and wood MC

Measurement started after roof sheathing
installed

Timing relevant to calculating differential
movement!

= Three buildings instrumented
4, 5, 6 storey buildings

= Different floor joists

Dimension lumber and engineered wood

= Framing in different seasons

Wet and dry season



4-Storey Building

= Major materials

“S-Dry” SPF top/bottom plates (double) and studs
Dimension lumber floor joists (2x10)

= Framing in winter (wet climate)
= Three lines of movement measurement

Hallway shear wall, interior partition wall, exterior wall



5-Storey Building

= Major materials

“S-Dry” top/bottom plates (double) and studs
Engineered wood rim joists and |-joists

= Construction in two phases

A: framing in winter (wet season)
B: framing in summer (dry season)

= Three lines of movement
measurement

Hallway shear wall, interior partition, exterior wall



6-Storey Building

= Major materials

“S-Dry” top/bottom plates (double) and studs
Engineered wood rim joists and |-joists

* Framing In a relatively dry season
= Four lines of movement measurement

Hallway shear wall, party wall, interior partition, exterior wall
Input from Thomas Leung Structural Engineering



Lumber MC Change: 4-Storey Building

= Studs on ground floor, chest height

Average MC below 20% before space heating, large variation
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Lumber MC Change: 4-Storey Building

= Studs on 4" floor, chest height

Average MC below 20% before space heating, smaller variation
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Lumber MC Change: 4-Storey Building

= Sill plates

= Average MC higher than 20% before space heating, large variation
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Lumber MC Change: 5-Storey Building

MC (%)

MC (%)
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Lumber MC Change

= Framing in a wet season

20% on average before space heating

Within a wide range

It is challenging to maintain MC below 19% before enclosure

Forced drying becomes necessary to improve construction efficiency

* Framing in a dry season

15% on average
Within a narrow range

= |ndoor MC around 8% In winter in Coastal BC

Discrepancy in MC between exterior walls and interior walls



Vertical Movement: 4-Storey

= Higher movement amount on lower floors
= Higher movement amount in interior walls

]

~ L1F1-1stFloor = L1F2-2ndFloor
~ L1F3 - 3rdFloor L1F4 - 4th Floor

~ L3F1-1st Floor — L3F2-2ndFloor
~ L3F3 - 3rdFloor L3F4 - 4th Floor

Hallway shear wall Exterior wall
Movement 46 mm from slab to roof Movement 34 mm from slab to roof



5-Storey Building: Exterior Wall

= Higher movement when framed in wet season

~ L1F1 - Exterior
—~ L1F4 - Exterior

— L1F2 - Exterior
L1F5 - Exterior

Wet season start (Phase A)
Higher initial MC of wood

Movement 27 mm from slab to roof

- L1F1 - Exterior
— L1F4 - Exterior

- L1F2 - Exterior

Dry season start (Phase B)
Lower initial MC (expanded at first)
Movement 17 mm from slab to roof



5-Storey Building: Hallway Wall

= Higher movement when framed in wet season
= Higher movement amount in interior walls
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L3F1 - Hallway - L3F2-Hallway -1 5 : — L3F1-Hallway — L3F3-Hallway
~ L3F3 - Hallway -~ L3F4 - Hallway i — L3F4 - Hallway — L3F5 - Hallway
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Wet season start (Phase A) Dry season start (Phase B)
Higher initial MC Lower initial MC (expanded at first)

Movement 36 mm from slab to roof Movement 20 mm from slab to roof



Floor Comparison: Exterior Wall

= Lumber joists result in higher movement
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~ L1F1 - Exterior — L1F2 - Exterior - ~ L3F1 - 1st Floor —L3F2-2ndFloor
~ L1F4 - Exterior — L1F5 - Exterior [ ~ L3F3-3rdFloor - L3F4-4th Floor
: - 20 bbb it . VO, S
5-storey, engineered floor joists 4-storey, Iumber floor joists
Wet season start (Phase A) Wet season start
Initial MC about 20% Initial MC about 20%

Movement 27 mm from slab to roof Movement 34 mm from slab to roof



Floor Comparison: Hallway Wall

= Lumber joists result in higher movement

~ L3F1-Hallway — L3F2 - Hallway ‘ 15 | (=LiF1 1 Fbor —LiF2 2 Floot |
- L3F3 - Hallway - L3F4 - Hallway _ — L1F3-3rdFloor — L1F4- 4th Floor
PUTITE PV STTTTE FTTTET S TTUTS PR TTET PUTTTE FUTIIY FTTTTT PUTOTE FT TTIT FE T ST T T P OTSTE PUTT I -20
5-storey, engineered floor joists 4-storey, lumber floor joists
Wet season start (Phase A) Wet season start
Initial MC about 20% Initial MC about 20%

Movement 36 mm from slab to roof Movement 46 mm from slab to roof



6-Storey: Hallway Wall and Party Wall

= Hallway wall has slightly higher movement
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’ — PF1 (5268/17) =— PF2 (5268/18)
— HF1(8440/17) — HF2 (8440/18) — PF3 (5268/19) — PF4 (5268/20)
— HF3 (8440/13) — HF4 (8440,20) — bEs (5268/21) — PFE (5268/22)
— HFS5 (8440/21) — HF6 (8440,22) :

Hallway wall Party wall

Movement 36 mm from slab to roof, Movement 34 mm from slab to roof,
14 months 14 months



Prediction of Vertical Movement

Dimension 6 (20 months) 1.15
lumber
Wet Engineered 28 34 36 (20 months) 1.28
wood
Dry Engineered 18 24 20 (higher 1.1
wood fluctuations)
Relatively Engineered 22 2 36 (14 months) 1.64
dry wood

All hallway walls; “Wet” initial MC: 19%; “Dry” initial MC: 15%; in-service MC:
8%; engineered wood joists initial and final MC: 8%



Prediction of Vertical Movement

= Prediction should consider material used,
realistic moisture content change, and load

= Prediction can be accurate

= Margin of safety should be added to the
predicted wood shrinkage amount



Critical Locations for Detailing

= Detalllng at:
Masonry cladding
Windows
Balconies and roof decks

Connections to firewalls, stairwells, elevator shafts, rigid pipes etc.
Uneven movement at ends of roof/floor joists
Connected parts under different service environments

* For building envelope design, key is to
maintain a good slope for drainage

Flashing, balconies, roof decks



Critical Locations for Detailing

= \When masonry

cladding Is used

Shelf angles
recommended for each
floor to compartmentalize

cladding
A 12 mm joint under shelf

angle to accommodate
differential movement

Floor joist K

Exterior sheathing
Membrane

Flashing
ﬁf Bolt or leg screw
Stud *\ % i/ ST
1
Subfloor — |
Shelf angle
T\. ff
Rim board ]
\ Flashing
Sealant and
backer rod
= Expansion gap
| w2

In consultation with Masonry Institute of British Columbia, Bill McEwen
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Critical Locations for Detailing

= Solutions for uneven shrinkage at ends of

Joists
e.g., a sill beam can be installed to equalize shrinkage at the two
ends
j Joist
Joists gl T 0113
t/{/{ ““““““““ %Lsetﬂement #/{/{ ******** 2
+—Interior beam ¢ 311l beam +—Interior beam
“+—Concrete wall *—Concrete wall
- - - —-




Summary: How to Reduce Movement

= Use and maintain drier wood In construction

Reduce both shrinkage and deformation
Adjust construction in a wet season

- Increase on-site moisture protection

- Use space heating etc. to accelerate drying



Summary: How to Reduce Movement

= Use engineered wood (e.g., floor joists)

Rain protection may be more important than solid wood

A Guide for On-site Moisture Management of Wood Construction
recently developed



Summary: How to Reduce Movement

= Good sequencing reduces/accommodates
differential movement

Install roof/wall membrane as quickly as possible
Remove water pools after rain events
Pour concrete topping as early as possible

Install rigid services (horizontal hard pipes, rigid cladding) as late as
construction allows

Allow time to dry and settle before close-in
Start interior finishing from top floor
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