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Course Description

In wood-frame buildings of three or more stories, cumulative
shrinkage can be significant and have an impact on the
function and performance of finishes, openings,
mechanical/electrical/plumbing (MEP) systems, and
structural connections. However, as more designers look to
wood-frame construction to improve the cost and
sustainability of their mid-rise projects, many have learned
that accommodating wood shrinkage is actually very
straightforward. This presentation will describe procedures
for estimating wood shrinkage and provide detailing options
that minimize its effects on building performance.



Learning Objectives

1.Discuss the cellular structure of wood in order to understand
how moisture and wood interact, and identify the paths that
moisture typically travels.

2.Explain methods of calculating expected shrinkage in multi-
story wood-frame buildings.

3.Highlight best practice details for accommodating wood
shrinkage and differential material movement at conditions
such as opening sills, MEP lines and shaft wall connections.

4.Review considerations and solutions associated with shrinkage
effects on structural connections.



Shrinkage Design Topics - Agenda




Shrinkage Resource

Code provisions, detailing
options, calculations and more
for accommodating differential
material movement in wood
structures

Free resource at woodworks.org
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Shrinkage Code Requirements

2304.3.3 Shrinkage. Wood walls and bearing
partitions shall not support more than two floors
and a roof unless an analysis satisfactory to the
building official shows that shrinkage of the wood
framing will not have adverse effects on the
structure or any plumbing, electrical or
mechanical systems, or other equipment installed
therein due to excessive shrinkage or differential
movements caused by shrinkage. The analysis
shall also show that the roof drainage system and
the foregoing systems or equipment will not be
adversely affected or, as an alternative, such
systems shall be designed to accommodate the
differential shrinkage or movements.




Shrinkage Design Considerations

Image: Schaefer



Shrinkage Design Considerations

Designing and detailing to
accommodate shrinkage is a design
criteria but it doesn’t need to be
difficult

With proper calculations, detailing & an
understanding of how and why wood
shrinks, it simply becomes a very
approachable design topic




Why Does
Wood Shrink?




Wood Science




Key Terms

Dry lumber - Lumber of less than nominal b-inch thickness
which has been seasoned or dried to a maximum maoisture
content of 19 percent

Equilibrium moisture content (EMC) - The moisture
content at which wood neither gains nor loses moisture
when surrounded by air at a given relative humidity and
temperature

Green lumber - Lumber of less than nominal 5-inch
thickness which has a moisture content in excess of 19
percent or, for lumber of nominal 5-inch or greater thickness
(timbers), as defined in accordance with applicable lumber
grading rules

Example lumber grade stamps

12 STAND
@eSom A o

KD-HT

STUD  NeLMA.

Heat treated (HT) - Lumber or other wood product that

has been heated in a closed chamber, with or without
maoisture content reduction, until it achieves a minimum core
temperature of 132.8°F for a minimum of 30 minutes

Kiln dried (KD) - Lumber that has been seasoned in a
chamber to a predetermined moisture content by applying heat

Moisture content (MC) - The weight of the water in a piece
of lumber expressed in a percentage of the weight of the piece
after being oven dried.

Fiber saturation point (FSP) - The point in drying wood at
which all free moisture has been removed from the cell itself
while the cell wall remains saturated with absorbed moisture

Grade Stamp Markings:
S-GRN: surfaced green
001 :
S-DRY: surfaced dry
KD: kiln dried
HT: heat treated



Wood Science — Cellular Makeup

= — Eip e e e———— = —— = — -

Wood is a hygroscopic material

* Has the ability to take on or give off moisture — acclimates to its
surrounding conditions

Permeable
end wall

Ray cells

Cell end walls



Wood Science — Moisture in Wood

Water exists in wood in two forms:
* Free Water — water in cell cavity

e Bound Water — water bound to cell
walls

Fiber Saturation Point (FSP):

* Point at which cell walls are
completely saturated but cell
cavities are empty (i.e. no free
water but still has all its bound
water)

Southern yellow pine cellular makeup
Source USEDM Forsdl Sersie Aghoutuaal Mook [187T



Wood Science - Shrinkage

When does wood shrink?

 After MC drops below FSP —
bound water is removed

Why does wood shrink?

* Loss of moisture bound to cell
wall changes thickness of cell wall

4~ Longitudinal 0.4% =

Is shrinkage uniform across all
dimensions of a piece of lumber?

* No...




Wood Science

Wood is orthotropic, meaning it behaves

differently in its three orthogonal directions:

Longitudinal (L), Radial (R), and Tangential (T)

* Longitudinal shrinkage is negligible

e Can assume avg. of radial & tangential or
assume all tangential

200

R (Radial) o
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Radial shrinkage

— Lengthwise shrinkage

1

Image: RDH Building Science, Inc.
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Wood Science - Moisture Content

Fiber Saturation Point is generally around MC 30%

Where:

MC = Moisture Content

W, = current weight of wood
Wy, = oven dry weight of wood




Wood Science - Moisture Content

Shrinkage will continue to occur linearly from FSP until the wood’s
equilibrium moisture content (EMC) has been reached.

Function of temperature & relative humidity

Moisture Content of Wood at Various Temperatures and Relative Humidity

Temperature (F)

60 | 46 |54 |6.2|70|78 |86 |94 (10.2|11.1(12.1|13.3|14.6|16.2|18.2

70 | 45 54|62 |69 |77|85|92|10.1|11.0({12.0|{13.1(14.4,16.0|17.9

80 [ 44 53|61 |68 |76 |83|91)|99 10.8|11.7|12914.2|15.7|17.7
20 | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60 | 65 | 70 | 75 | 80 | 85

Relative Humidity (percent)

Source: Wood Handbook, USDA Forest Service




Wood Science - Moisture Content

EMC is the point at which the wood is neither gaining nor losing moisture.
However, this is a dynamic equilibrium and can vary throughout the year




Wood Science - Moisture Content

USDA Forest Products Lab’s Wood Handbook a useful

resource for EMC and other shrinkage related data -
Wood Handbook

Wond s o Engiieering Marerlal

Table 13-1. Equilibrium moisture content for outside conditions in several U.5. locations prior to 1997
) Equillbnum moisture content” (56) _
State City Jan. Feb. Mar. Apr. May June July Aug. Sept. Oect. Nov. Dec.

AK  Juneau 165 160 151 139 136 139 151 165 181 180 17.7 18.1
AL  Mobile 138 131 133 133 134 133 142 144 139 130 137 140
AZ  Flagsafl 11.8 114 108 9.3 BB 1.5 97 1.1 103 101 108 118
AZ Phoenix 9.4 84 7.9 6.1 5.1 4.6 62 69 6% 70 B2 95
AR Lile Rock 138 132 128 131 137 131 133 135 139 131 135 139
CA  Fresno 164 141 126 106 9.1 8.2 78 B4 92 103 134 165
CA  Los Angeles 122 130 138 138 144 148 150 151 145 138 124 121 Centenumial Editicn
CO  Denver 10.7 105 102 96 102 4.6 94 6 55 %3 110 110
DC  Washinglon 1.8 115 113 1.1 116 1LY 1.7 123 Qa6 135 122 122
FL  Miami 13.5 131 128 123 127 140 137 141 145 135 139 134
GA  Atanta 133 123 120 118 125 130 138 142 13% 130 129 132
HI  Honolule 133 128 119 113 108 106 106 107 108 113 121 129

ID  Boise 152 135 111 100 57 90 73 73 84 100 133 152



Wood Science - Moisture Content

Not only can wood’s MC vary during a year, it can vary much more
drastically during construction

FIGURE 2:
Moisture content range

Initial MC
In-Service (High)

MOISTURE CONTENT (%)

Source: RDH Building Science Inc.




Shrinkage Calculations

Three variables influence amount of shrinkage:

* Installed moisture content (MC)

* In-service equilibrium moisture content (EMC)

e Cumulative thickness of cross-grain wood contributing to shrinkage

Wood species has relatively little impact since most species used in
commercial construction have similar shrinkage properties.



Shrinkage Calculations

Initial or Installed moisture content (MC)
* Typically specified by Structural EoR
e 19% max MC is common
* Green or 15% max MC

also available in select
markets

* Important to keep in mind
this is the MC when it is
manufactured

e MC at time of finish install
can be much higher or
lower




Shrinkage Calculations

Product Moisture Content

—_ (0)
Lumber — S-Dry 19% or less mmp M, = 19%
Lumber — S-Green Usually over 19% mmp M,=28%

Panel products (0SB, plywood) 4-8%
I-Joists 4-16%




Shrinkage Calculations — Construction Moisture

1. Minimize storage of material on site where rain and standing water can
increase moisture content.

2. Keep unused framing material covered

3. Inspect pre-built wall panels prior to installation for proper material and
quality of mechanical fasteners.

4. “Dry-in” the structure as quickly as possible.

5. Immediately remove any standing water from floor framing after rain
showers.

6. Ensure that installed lumber MC is lowered to 19% or calculated max MC
before installing finishes & insulation



Shrinkage Calculations — Cross Grain Wood

. . . FIGURE 5:
Shrlnkag.e OC.CUI’S N CrOSS.'gra“’\f bUt Shrinkage zone in platform-framed detail
not longitudinal, wood dimensions
* Primarily in horizontal members Zoiie oA
dimansianal -
 Wall plates b =
* Floor/rim joists . ;ﬁ
. Englneermgjgdgement required Y
when determining what to e /l’H w
include in shrinkage zone |
. . == 3
e Should Sheathing, I-Joists, = : 1
Trusses, other products I
. - Shud
manufactured with low MC be ity Feghe
included?




Shrinkage Calculations — Cross Grain Wood

In parallel chord
trusses, only chords
contribute to
shrinkage, vertical and
diagonal webs don’t




Shrinkage Calculations — Cross Grain Wood

Be aware of cumulative shrinkage

Image: Matt Todd & PB Archit



Shrinkage Calculations — Running the Numbers

Species Specific Method:

S = C*D*(M,.-M))

Table 13-5. Dimensional change
coelficients (Cu, radial; C,, tangential)

for shrinking or welling within moisture
content limits of 6% to 14%

Dimensional
change
coefficient®
Softwood Species Cr Cr
Baldcypress 0.00130 0.00216
Cedar, yellow- 0.00095 0.00208
Cedar, Atlantic white- 0.00099 0.00187
Cedar, Eastern Red 0.00106 0.00162

Wood Handbook: www.fpl.fs.fed.us

S = shrinkage (in inches)

D, = initial dimension (shrinkage zone)
C = C; / Cx= dimension change coefficient,
tangential/radial direction
C;=0.00263 for Douglas Fir-Larch
C;=0.00245 for Hem-Fir

C;=0.00234 for Spruce-Pine-Fir

C;=0.00263 for Southern Pine
M. = final moisture content (percent)

M. = initial moisture content (percent)



Shrinkage Calculations

Several free shrinkage calculators
available online

Wood Shrink/Swell Estimator

1. Enser the species number from the tables a1 the bosiom of this page

Species A: Species B:

Mote: program allews for comparing 2 spocies. caposed o ioatical conditions, msd of slemtiond shie wsd grain oneetation
2. Enser the intial and final moisture conditions (moisture content if known or iemperatise snd
relative humadity)

Indiial Conditions
Moisture Content: (%) OR Temp.: Relative Humidity %)
o °F "C
Final Conditions
Mloisture Content: (%) 0OR Temp. Relative Humidity (%)
A, Enser dimensions: (@inches  mm) Thickness: Wideh:

4. Sehect the grale orfenaston: Gfatawn  quancrsawn | mdned

BTSN i

Sources: Oregon State University & Simpson Strongtie

WOOD SHRNKAGE CALCULATOR YIDED TUTORIAL

Project Nama

Muoisture Content Data

Enitinl MG @ Final MC @
b % ] %
Wood Species Data
Top Plals @ Soie Plata @ Sl Plate @
Sorce P Fr =] Benste Fre e B e B
First Floor Data
Feundalisn @
Cangrens Fan H
Wall Data
Musnber of Siores @ Typicad Pinte Heighl &
1 ¥ 108 in
Uppar Floor Data
Floor Sysiem @
| %]

Optional Paramater
Includd studs it shinkags calcuiation? @




Shrinkage Calculations — The Opposite Effect

Moisture content increase has the opposite effect — expansion of
wood members occurs

Primarily a concern in large plane surfaces (floors, roofs & walls)
covered with panel sheathing or decking

APA recommends 1/8” gap at all sheathing end & edge joints

See APA U425 - Technical Note: Temporary Expansion Joints for Large
Buildings for further information



Edge and End
Joints: 1/8° ing
ullrmmlarnun 'rn'nﬂ,l
oll parel edge joi
wnless otherwise
manuiocturer.

Source APA — The Engingarsd HWood Assocanion



Minimizing Shrinkage

Recalling the three variables that influence amount of shrinkage:
* Installed moisture content (MC)

* In-service equilibrium moisture content (EMC)
 Cumulative thickness of cross-grain wood contributing to shrinkage

As designers, we can impact 2 of these 3 variables

Our specifications and details, hand in hand with on-site protection
measures and proper installation, can greatly minimize the magnitude
and effects of shrinkage



Minimizing Shrinkage — Detailing

2x SILL PLATE

£l

2x BLOCKING

I
2x JOISTS /

SHRINKAGE ZONE:
2x SILL PLATE
2x12 FLOOR JOIST
(2) 2x TOP PLATE
15 3/4" TOTAL

Images: Schaefer

(2) 2x TOP PLATE

STUD WALL, SEE

SCHEDULE (TYP)
FLOOR SHEATHING
{
WALL SHEATHING,
AS REQUIRED
4\\ FLOOR TRUSS

SHRINKAGE ZONE: TOP FLANGE
2x SILL PLATE HANGER
(2) 2x TOP PLATE
4 112 TOTAL




Minimizing Shrinkage — Detailing

Platform Detail: Semi-Balloon Detail:
15.75” Shrinkage Zone 4.5” Shrinkage Zone
19% MC Initial 19% MC Initial

12% EMC 12% EMC

S = (0.0025)(15.75”)(12-19) = 0.28” S = (0.0025)(4.5”)(12-19) = 0.08”

5-story building: 1.4” total 5-story building: 0.4” total



Minimizing Shrinkage - Detailing

Semi-balloon framing:

* Incorporates floor framing hanging
from top plates

* Floor framing/rim joist doesn’t
contribute to shrinkage

Non-standard stud lengths and
increased hardware requirements
should be considered




Minimizing Shrinkage — Detailing

The same concepts apply to post & beam wood-frame structures

Photo: Alex Schreyer Photo: Marcus Kauffman



Minimizing Shrinkage — Detailing

Photos: StructureCraft



Differential Movement

Need to consider differential movement between wood frame elements
and other materials that...

* Expand due to moisture or thermal changes

* Do not change with moisture but do change with thermal fluctuations

Shrink much less than wood




Differential Movement

Wood Framing & Veneer: |

* \Veneer Type Transitions Il
* Openings (Sill, Head, Jambs) Wood
framing
] shrinks

Cap flashing
becomes

displaced

Masonry
veener
expands due
to increase
in moisture
content

Image: RDH Building
' Science



Differential Movement — Veneer Transition

FIBER CEMENT SIDING, SEE ARCH

SEALANT & BACKER
ROD, SEE ARCH

NOTE: SIZE OF CAULK JOINT

SHALL BE TWICE THE
ANTICIPATED DIFFERENTIAL
MOVEMENT BETWEEN THE :
VENEER AND WOOD STRUCTURE j
| 2x STUD
VASONRY SILL | EXTERIOR WALL

1 SHEATHING
MASONRY VENEER,
SEE ARCH

WEATHER RESISTANT
BARRIER & FLASHING, —
SEE ARCH

RN NN NN NN NN N NN AN NN NN AN NN NN AN AN N AN NN N ANANAN AN NN AN ZNANANANANANY

Image: Schaefer



Differential Movement — Veneer Opening

WINDOW, SEE ARCH

SEALANT & BACKER
ROD, SEE ARCH

NOTE: SIZE OF CAULK
JOINT SHALL BE TWICE THE
ANTICIPATED l
DIFFERENTIAL MOVEMENT
BETWEEN THE VENEER
AND WOOD STRUCTURE

SILL, SEE ARCH

WEATHER RESISTANT
BARRIER & FLASHING, 1
SEE ARCH

BRICK VENEM
SEE ARCH

EXTERIOR WALL/
SHEATHING

Images: Schaefer



Differential Movement — Veneer Opening

WINDOW, SEE ARCH

SILL FLASHING THICKNESS
AS REQUIRED FOR LOADING

PROVIDE GAP BETWEEN TOP
OF VENEER AND UNDERSIDE
OF FLASHING AS NEEDED TO
ACCOMMODATE

DIFFERENTIAL MOVEMENT ——ox——

\ T

COMPRESSIBLE FLASHING
/ BACKING AS REQUIRED

7

ATTACHMENT CLIPS
FOR SILL FLASHING —

WEATHER RESISTANT

BARRIER & FLASHING, e
SEE ARCH

BRICK VENEM
SEE ARCH

EXTERIOR WALL_/
SHEATHING

1

J

2x STUD
'

Image: Schaefer



Differential Movement — Veneer Opening

WINDOW, SEE ARCH

SEALANT & BACKER RN

COUNTER FLASHING ™
PROVIDE GAP BETWEEN TOP
OF SILL FLASHING & BOTTOM
OF COUNTER FLASHING AS
NEEDED TO ACCOMMODATE
DIFFERENTIAL MOVEMENT.
PROVIDE 1/2" LAP JOINT OF
COUNTER FLASHING OVER
SILL FLASHING

SILL FLASHING
ATTACHMENT CLIPS /
FOR SILL FLASHING
WEATHER RESISTANT

BARRIER & FLASHING, g
SEE ARCH

BRICK VENEER,
SEE ARCH

EXTERIOR WPL/
SHEATHING

COMPRESSIBLE FLASHING
L i BACKING AS REQUIRED

Image: RDH Building Science

l

Image: Schaefer



Brick Veneer Resource

Code provisions, detailing
options, and more for
accommodating multiple stories
of brick veneer on wood
structures

Free resource at woodworks.org

) WoodWorks’

WODD FRODUCTS COUNCH,

Options for Brick Veneer on
Mid-Rise Wood-Frame Buildings
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Differential Movement — Veneer Opening

L STUD
T /
STANT
SHING,
MR
NOTE: INSTALL CAULKING
AS CLOSE AS POSSIBLE
- ATTACHED TO FINAL OCCUPANCY OF
OF LOOSE THE BULDING TOALLOW
LK JONTAS FORIOOD TO SHRINKAS
/ MUCH AS POSSILE
PRIOR TO NSTALLATION

Images: Schaefer




Differential Movement — Veneer Opening

* Consider installing
caulking at openings as
late as possible to allow
differential movement to
occur

* Differential movement
can cause shearing cracks
in caulk

* Periodic inspection and
re-caulking may be
warranted

Image: Schaefer



Differential Movement — Masonry Walls




Differential Movement — Masonry Walls

Mixing masonry walls with wood floor framing can create several issues:

e Differential shrinkage between wood and masonry needs to be
considered

e Best practices include seismically isolating masonry shaft walls, only tie
wood floor to masonry shaft if/where required (i.e. at elevator door
threshold)

Other considerations:

 Masonry shaft walls often become part of building’s lateral force
resisting system

e This increases seismic forces and adds mass

e Difference in stiffness between wood & masonry shear walls may need

to be considered



Shaft Wall Resource

For these reasons, many are
finding value in switching to
wood-frame shaft walls

FIGURE 15;
Example wood-frame shaft wall detail

) WoodWorks’

BO0D FAGBUCTS DOURCIL

Shaft Wall Solutions
For Wood-Frame Buildings
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Differential Movement — Masonry Walls

PROVIDE GAP BETWEEN
WOOD FRAMING AND CMU
WALL - WIDTH AS REQUIRED
/ WOOD FLOOR SHEATHING
CMU - SEE ARCH
. :
s \ = > T/FRAMING
=T )~ SEE PLAN
VERT REINF + :
GROUT, SEE -
PLAN FOR SIZE —~_
& LOCATION 3
WOOD FLOOR FRAMING
(TYP)

Image: Schaefer



Differential Movement — Masonry Walls

Consider accumulated
differential movement effects
on:

e Roofing/flashing

* Finishes at roof intersection

GROUTED COURSE (TYP)

BONDBEAM W/ ()
#44 GROUT TYP
ALL SDESATTOP
OF SHAFT)

VERT WALL REINF +
GROUT AS REQUIRED

ROOF SHEATHING
C\

\ CHUWALL

7~ PROVIDE GAP BETWEEN
—WOOD FRAMING AND CMU WALL -

WIDTHAS REQUIRED

A

Image: Schaefer



Differential Movement — Masonry Walls

40" MIN TO GIRDER
TRUSS OR BEAM

WOOD FLOOR SHEATHING
/ SEE ARCH
'

VERT REINF + GROUT
AS REQUIRED —\

L WOOD FLOOR FRAMING i GIRDER TRUSS

HANGER AS REQUIRED e
— LEDGER AND FASTENERS AS REQUIRED

Image: Schaefer




Differential Movement — Masonry Walls

RAND FASTENERS
WIRED

FLOOR SHEATHING

VERT WALL REINF + GROUT AS
REQURED

WOOD FLOOR SHEATHING
TISHE/

S

]
2x JOIST

HANGER AS
REQURED

GROUTED
COURSE

BOND BEAM AS
REQURED

N\ -
— =

IS
\

WOOD FLOOR FRAMING

HANGER AS REQURED

LEDGER AND FASTENERS
AS REQUIRED

CMUWALL

Image: Schaefer



Differential Movement

At multi-story architectural finish applications, such as atriums and
shafts, may need to consider shrinkage or differential movement effects




Differential Movement - MEP

MEP main runs often
start at base or top of
structure, extend
throughout height, with
horizontal tees at each
floor.

Horizontal tees often
installed in wood stud
partitions




Differential Movement - MEP

Wood framing shrinks, vertical MEP runs
remain stationary or expand with thermal
fluctuations

Differential movement should be allowed for

Helpful to wait as late as possible after wood
framing is erected to install MEP

Note anticipated wood shrinkage at each level
on construction documents — MEP contractor
should provide methods of accommodating




Differential Movement - MEP

* Vertically slotted holes in studs

allow differential

* Verify structural adequacy of studs

GAP REQUIRED ABOVE & BELOW
FOR DIFFERENTIAL MOVEMENT,

movement

SEE GENERAL NOTES FOR
ANTICIPATED SHRINKAGE OF WOOD
STRUCTURE. CONSULT w/ MEP
ENGINEER FOR ANTICIPATED

OPENING IN WOOD STUD,
MAKE TOP & BOTTOM OF
OPENING ROUNDED

MOVEMENT OF CONDUIT OR PIPE \

5/8" MIN—

—5/8" MIN

8" MAX

CONDUIT OR HORIZONTAL
PLUMBING RUN

\ 2x STUD

< (E] )\2

Image: Schaefer ELEVATION VIEW

MAX OPENING IN BEARING
OR EXTERIOR STUD:
11/2" FOR 2x4 STUD
2 1/4" FOR 2x6 STUD

NOTE: ENGINEER SHALL
REVIEW LOADING CONDITIONS
ON WALL FOR ALLOWABLE
SIZE OF PENETRATION

| .

Image: Louisiana-Pacific Corporation



Oval cutout options for Horizontal Pipe




Differential Movement - MEP

A variety of expansion or slip joint connectors are available — allow vertical
MEP runs to move with the wood structure




Vertical Stacks — Compensation Devices Installed




Structural Connections - Beams

Due to cross grain shrinkage,
consider effects of shrinkage at
connections, especially bolted
connections

Avoid restraining shrinkage —
can result in shear
cracking/splitting




Structural Connections - Beams

shows potential shrinkage mmnqm Hlustrates.
-'a*mmu*ﬂﬁaﬂﬁva dasjg_napnrnaﬂh




Structural Connections — Uplift & Overturning

 Wind and seismic
forces generate uplift
and overturning forces
on structures

* Methods of resisting
these forces should
take shrinkage into
account, detail to
mitigate its effects




Structural Connections — Uplift & Overturning

——

Shear Wall Overturning Resistance

I I

I

I

Uplift Resistance

Images: Simpson Strongtie



Structural Connections — Uplift & Overturning
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Structural Connections — Uplift & Overturning

Floor moves due
toshrinkage

Gap occurs
between nut
and bearing
plate

Continuous Tiedown System

Threaded Rod nuts would require re-
tightening after shrinkage has occurred
— difficult to do as finishes will likely
already be installed




Structural Connections — Uplift & Overturning

 Products available that allow @
building shrinkage while |
keeping threaded rods
engaged in tension

* Shrinkage compensation
device or take up device




Structural Connections — Uplift & Overturning

Uplift connections spanning through floor

Image: Simpson Strongtie



e HH
Balconies & Decks ?\—1-’*“%

v Backslope is
| created

e Exterior balconies & decks may J L
be supported with columns , : —
* As wood building shrinks, ‘
backslope in deck can be &

created | o

Haorizantal

* Detailing of balcony bearing woaod mrenibies

within exterior
conditions, slope of balcony weat i g
and differential shrinkage ===

zones should take this into
account
e
_FF%— — __F‘:.%_ Image: RDH Building
- . Science

Steel columns
run full height
and di not
shrink

—




Balconies & Decks

/l/

SLOPE BALCONY AWAY FROM
BUILDING AS REQUIRED

P.T. BEAM

— P.T. POST

P.T. JOISTS
W/HANGERS EA. END

LEDGER TO RIM ATTACHMENT AS REQUIRED

e

RIM JOIST

FLOOR JOISTS

Image: Zeno Martin



Balconies & Decks

Possible Solutions:

Cantilever Balcony

Install row of columns just outboard of exterior building
wall with same bearing conditions at both edges of deck
Install enough initial slope in deck such that after building
shrinkage, positive slope (away from building) still exists —
verify slope adequacy with applicable codes

Match exterior wall shrinkage zone with shrinkage zone at
exterior edge of deck
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10 Minute Break!

Jason Bahr, PE

Regional Director — KS, MO, OK and AR
Jason.bahr@woodworks.org
913-732-0075
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“The Wood Products Council” is a
Registered Provider with The American
Institute of Architects Continuing
Education Systems (AIA/CES), Provider
#G516.

Credit(s) earned on completion of this
course will be reported to AIA CES for
AlA members. Certificates of Completion
for both AIA members and non-AIA
members are available upon request.

This course is registered with AIA CES
for continuing professional education.
As such, it does not include content
that may be deemed or construed to
be an approval or endorsement by the
AlA of any material of construction or
any method or manner of handling,
using, distributing, or dealing in any
material or product.

Questions related to specific materials, methods,
and services will be addressed at the conclusion of
this presentation.

Approved
Continuing
Education




Course Description

As the height of mass timber buildings continues to grow, so too does the level of design and detailing
knowledge required to achieve optimal building construction and performance. One necessary
consideration for tall mass timber buildings is vertical movement—including column shrinkage,
joint settlement and creep. The main concerns are potential impacts on vertical mechanical
systems, exterior enclosures, and interior partitions, as well as differential vertical movement of
the timber framing systems relative to building elements such as concrete core walls and exterior
facades. This presentation will analyze reasons for vertical movement (short and long term),
provide methods of calculating anticipated movement, highlight detailing options to minimize and

accommodate movement, and discuss strategies implemented on tall mass timber projects

completed in North America.



Learning Objectives

Discuss how vertical differential movement in mass timber buildings is addressed in the

International Building Code and referenced standards.

Explore causes of differential vertical material movement in tall timber structures and discuss
potential impacts on mechanical, electric, plumbing and fire protection (MEPF) services and

architectural finishes.

Highlight effective detailing measures to minimize and accommodate vertical movement in

mass timber buildings, including connections to concrete egress components.

Review the results of on-site vertical movement monitoring in completed mass timber buildings
to assess how these compare with calculated movements, and discuss how adjustments can be

made during construction to ensure proper function of fire and life safety components.



Tall Mass Timber: New Opportunities, New Engineering
Solutions

2021 IBC New Construction Types

2To M.

Assembly {18 storkes)
Rasidential -
Office
~180h
Meancantila Assemily i
{12 stories) —| |l Resisential [ {12 stories)
Offica - B5 M.
Mercantile {R|5]2(%) (9 stories) {8 stonies)
{8 stories) —( WINE Residential —
lalwlmlil (8 stories)
Assembly -
Mercaniibe
(6 stories)




Tall Mass Timber: New Opportunities, New Engineering
Solutions

Vertical Movements of Timber Elements,
Relative to Other Elements

Phaeto: Swinerton

Photo: H+O Structural Engineering, Kure Creative

l
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Vertical Movements in Tall Mass Timber: Outline

« Codes & Referenced
Standards

 Sources of Vertical Movement

* Detailing to Minimize &
Accommodate Movements

 Calculations vs. On-site
Measured Movements

= - - e — nmg D

INTRO, Cleveland, OH, Photo: Harbor Bay Real Estate Advisors, Purple Film



Building Codes and Standards

IBC

References Material Standards
(NDS) and Product Standards
(PRG 320, ANSI 190.1)

IBC 2304.3.3 requires assessment
of shrinkage effects on systems
such as roof drainage, electrical,
mechanical, and other equipment




Building Codes and Standards

NDS

Design properties for wood
members and connections

Includes properties for N D S

calculation of perpendicular to NATONAL DESISN SPECRICATION
grain loading, resulting in
crushing

Creep effects on bending
members




Building Codes and Standards =,

Sandord for Perlonmurso-Foled
Coaree Lovnwmahed. Dot

Mass Timber Product

Standards

| Svrr mpmmy e )
Product tolerances & MC at ANG1 71901 202
time of manufacturing Sirucie Ghied Lomingsed Timbes

EG. CLT panel width +/- 1/8”
CLT panel length +/- V4"

Glulam columns up to 20 ft long
+/-1/16”

ANSI A190.1: lumber used in
glulam max MC = 16% at the oy me
time of bonding




Building Codes and Standards

What'’s not addressed?

« Calculations for shrinkage

* Creep factor for column axial
shortening

« Connection settlements

Engineering judgement is Aot Ay 2022 P ooy s O
necessary. The following M i i
information notes several possible

methods, it is not intended to cover
all options or solutions




Quantifying Vertical Movement

Movement Types

* Column Axial Shortening
including Creep

Column Axial Shrinkage

Panel & Beam Shrinkage
Panel & Beam Crushing

Beam Shortening

Tolerances & Joint Settlements

Photo: Alex Nye



Quantifying Vertical Movement

Column Axial Shortening

as = PL/AE

Where:

» Ags = column axial shortening (in.)

P = axial load supported by the column (Ibs)

-

L = length of the column (in.)

A = cross sectional area of the column (in.2)

E = modulus of elasticity of the column (psi)

Photo: WoodWorks



Quantifying Vertical Movement

Column Axial Shortening

Design example:

« Axial load of 45,000 Ibs (20,000 Ibs dead load,
25,000 Ibs live load, duration of load factor = 1.0)

« Assume an 8-3/4-in. x 9-in. Douglas-fir glulam
column, layup combination 2

« Column length = 15 feet
» F'c=1,950 psi
« E=1600,000 psi
dqs = PL/AE = (45,000)(15"12)/(8.75"9)(1,600,000) = 0.06 in.

Photo: WoodWorks

Not accounting for creep effects



Quantifying Vertical Movement

Column Axial Shortening Including Creep Effects

Equation 3.5-1in the NDS provides a method of
quantifying the deformation effects of long-term loading
on bending members. Where:

¢ Age 7= column axial shortening including creep
. effects (in.)
Aas,;r = KerArr + 4st .
« Krg = time-dependent deformation creep factor
— If we assume the creep factor for axial
compression is the same as for bending,
Ker = 1.5 for seasoned timbers, glulam or SCL
used in dry service conditions.

« dpr=immediate deformation due to long-term
loading (in.)

« Agr = deformation due to short-term loading (in.)



Quantifying Vertical Movement

Column Axial Shortening Including Creep Effects

For the column in the above example, the 20,000 |bs axial
dead load on the column is the long-term load, and the
25,000 Ibs axial live load is the short-term load. If one
applies this creep deformation equation to axial column
shortening, accounting for long-term creep effects, the
total anticipated axial column shortening in this example
would be:

AasT = (1.5)(0.06)(20,000/45,000) . .
’ _ 0.01 in of this
+ (0.06)(25,000/45,000) = 0.07 in. ’gotal is from creep)



Quantifying Vertical Movement Figure 3
Shortening of glulam columns
Column Axial Shortening
Including Creep Effects

0.01 in creep
0.06 in non-creep
0.07 in total




Quantifying Vertical Movement

Column Axial Shortening

Impact of fire-resistance ratings

Aqs = PL/AE

A column that is ‘oversized’ to

provide a FRR will have a larger
cross section for the same load,
resulting in less axial shortening

Photo: David Barber, Arup



Quantifying Vertical Movement

Column Axial Shrinkage

Wood is a hygroscopic material

« Has the ability to take on or give off moisture — acclimates
to its surrounding conditions



Quantifying Vertical Movement

Column Axial Shrinkage

Water exists in wood in two forms: T=
* Free Water — water in cell cavity '

« Bound Water — water bound to cell
walls

Fiber Saturation Point (FSP):

* Point at which cell walls are
completely saturated but cell
cavities are empty (i.e. no free

water but still has all its bound 1
wate r) Southern yellow pine celluiar makeup

Sole: USEIA Foress Serviol AgncuTursl MandBosk (1975




Quantifying Vertical Movement

Column Axial Shrinkage = When does wood shrink?
« After MC drops below FSP —
bound water is removed

Why does wood shrink?

 Loss of moisture bound to cell
wall changes thickness of cell
wall

4§~ Longitudinal 0.1%

Is shrinkage uniform across all
dimensions of a piece of
lumber?

* No...




Quantifying Vertical Movement

Column Axial Shrinkage o -

Wood is orthotropic, meaning it behaves Mrf '.
differently in its three orthogonal

directions: Longitudinal (L), Radial (R), ' { — Radial shrinkage
\ — Lengthwise shrinkage

and Tangential (T)
by

* Longitudinal shrinkage is usually
considered negligible in low- and
mid-rise wood buildings

.
* |n tall mass timber structures, effects

can accumulate, should consider X

|mpaCtS 2 [ 10 14 8 1 16 ia

MOISTURE CONTENT OF WOOD (%)

SHRIMNKAGE %
. " L S Y R N I

Image: RDH Building Science, Inc.



Quantifying Vertical Movement
Column Axial Shrinkage

Longitudinal shrinkage approximately
0.1% to 0.2%

Assuming an avg. of 0.15%, and a fiber
saturation point (FSP) of MC = 28%, this
results in a coefficient of longitudinal
shrinkage of:

0.0015 /28 = 0.000054

INTRO, Cleveland, OH, Photo: Harbor Bay Real Estate Advisors, Purple Film



Quantifying Vertical Movement

Column Axial Shrinkage

0.000054 is the amount of longitudinal shrinkage per inch of
column length per % of MC change.

Using the column from the example earlier in this
document, assume an 8-3/4-in. x 9-in. column, 15 ft long,
with installed MC of 19% and EMC of 12%. Calculated

longitudinal column shrinkage is:

Column Length:
Ashrinkage = (15 f)(12 in./ft)(0.000054)(19-12) = 0.07 in.



|

Shrinkage

|

Quantifying Vertical Movement

Beam shrinkage
zone eliminated by
detailing

Beam Shrinkage

/ L. #N
el e ) e e e B T e e

IS e

o e e s e L, 8§ o ] e
GJ T o Y, e
c
N




Quantifying Vertical Movement

Beam Shrinkage

Longitudinal shrinkage
approximately 0.1% to 0.2%

Radial & Tangential (cross-grain)
shrinkage approximately 5% to 7%

Coefficient of cross-grain
shrinkage = 0.07 / 28 = 0.0025

Photo: WoodWorks



Quantifying Vertical Movement
/— Glulam column

Beam Shrinkage 4

/— CLT floor panel
Beam to column connection not Y
detailed to eliminate shrinkage: —_—T——T——T——T—
For example, an 8-3/4-in. x 24-in. glulam beam with T
an installed MC of 19% and EMC of 12% would have an
anticipated shrinkage of: N

\— Glulam beam

Beam depth:
Ashrinkage = (24 in.)(0.0025)(19-12) = 0.42 in.

Beam width:
ﬁ'lshn'nkage =(8.75 in.)(0.0025)(19-12) = 015 in. N




Quantifying Vertical Movement

+— Glulam column
Panel Shrinkage ,

//— CLT floor panel
Some engineers may also choose R A ——
to account for panel shrinkage if ———
not isolated from shrinkage zone: -4
Assume 5-ply mass timber panel, 6-7/8" —
thICk: \— Glulam beam

Ashrinkage = (6.875 in.)(0.0025)(19-12) =
0.12 in.




Quantifying Vertical Movement
Beam & Panel Shrinkage

On-site moisture protection
measures directly impact
column & beam shrinkage

Recall that one of the variables
In the shrinkage equation is
installed MC. The lower this is,
the closer it will be to equmbrlum
MC, which results in less :
shrinkage

Photo: WoodWorks



Quantifying Vertical Movement

On-Site Moisture Protection Strategies to
Minimize Column, Beam & Panel Shrinkage

 Plan Early

« Risk Evaluation

 Develop Construction

« Phase Plan

 Execute the Design and
Moisture Management
Plan

 Monitor

RDH Moisture
Management Guide 15t Ed




Material Environmental Exposure
and Moisture Management

Enroute

| Onsite
Post-Install
Other Material

L
Photo: Swinerton
-




Quantifying Vertical Movement

On-Site Moisture Protection Strategies to
Minimize Column, Beam & Panel Shrinkage




Quantifying Vertical Movement

On-Site Moisture Protection Strategies to
Minimize Column, Beam & Panel Shrinkage







Quantifying Vertical Movement

On-Site Moisture Protection
Strategies to Minimize Column,
Beam & Panel Shrinkage



Quantifying Vertical Movement

Faster timber & enclosure install aids in minimizing
moisture increase

Photo: Wo@dWarks




Quantifying Vertical Movement

— Glulam column

Beam Crushing ,
//— CLT floor panel
Limiting perp to grain stresses in bearing e
(eg. column bearing top of beam or panel) I —
results in small amounts of localized ]
crushing I
_I
Crushing at 73% of allowable = |
perpendicular-to-grain stress is 0.02 in. Sk o)

Crushing at 100% of allowable
perpendicular-to-grain stress is 0.04 in. 4




Quantifying Vertical Movement

Beam Crushing

LE

16

14

L2

Fer 10 -

08 —

06 L

o4 -

02 "

g
.00 Qo2 .04 006 Q.08 20 on om

Deformation,

e - PSRy Eq
15 20 30

FIGURE 7: Fcl load deformation curve
SDPWS Commentary Example C4.3.4-2 and SDPWS Commentary Reference 67



Quantifying Vertical Movement

Beam Crushing

Where: -1 =Fci002in Where:
A=0.02x If*—i- A = deformation, in.
cl0.02 In,
fe 1 = induced stress, psi
Where: Feio.02in <fel <Feiooain Fe10.04 in. = Fe = reference design value at 0.04 in. deformation, psi (F¢ 1)
f,
fe ff Fe10.02 in, = reference design value at 0.02 in deformation, psi (0.73 F¢ )
chm in

A=004-002 x

0.27in.

Where: -1 > Feioo4in.

I.' i
s-oonn (1)
cl0.04 in.




Quantifying Vertical Movement

Beam Crushing

Assume the column in this design example bears on top
of an 8-3/4-in. wide x 24-in. deep glulam beam. F'¢ perp =
650 psi. The perpendicular-to-grain stress on top of the
beam is:

Fe perp = 45,000 Ibs/(8.75)(9) = 571 psi
And the resulting crushing is:

Stress ratio = 571/650 = 0.88. Therefore, use equation
2.0 to calculate crushing:

Acrushing = (0.04 - (0.02)((1-(571/650))/0.27)) = 0.03 in. <

Aerushing = (0.03)(2) =0.06in. <

i?hoto: WoodWorks

3

Per bearing interface

2X bearing interfaces



Quantifying Vertical Movement

Beam Shrinkage, Crushing & Shortening Crushmg Zones

CrUShlng Commonly assumed to Photo: WoodWorks
occur within 2" of top and bottom
of beam

What about the short “column” in
between?

Can still be subject to shortening
iIn a similar manner to PL/(AE) of
columns

Shortening Zone



Quantifying Vertical Movement

Beam Shortening

PL/(AE):
 Pisthe applied load

« L is the remaining core beam depth (total beam depth minus 2-
in. each top and bottom)

« Ais the area of the column bearing on the beam (influenced
area of the beam core may be increased 2-in. each direction,
not to exceed beam edges)

 E is E of the beam divided by 30

« E/30 term is an estimate derived from ASTM D2555 for
clear wood



Quantifying Vertical Movement

Beam Shortening

For the beam and column
example above, this would

Localized crush in first

/| 2" depth, each end

result in a beam core depth
shortening of:

24"
Deep
Beam

Column is 8.757x9”
Beam is 8.75°x24”

PL/AE) = (45,000)(24-2-2)/((8.75)(9+2+2)(1,600,000/30))
=015 in.




Quantifying Vertical Movement

Tolerances & Joint Settlements

Material tolerances and small
amounts of vertical settlement at
connections can result in
additional vertical movements

Some engineers include this
additional movement in total
building shrinkage calculations
(1/16-in. per floor for example)
while others choose to ignore it

AR
IIIIIII

Photo: WoodWorks



Quantifying Vertical Movement

Summing all Vertical Movements

Acotumn = das, T+ ﬂshn‘nkuge o ﬂc‘rushfng + Asettlement

Using the detail shown in Figure 5 where the beam

is not isolated from the shrinkage and crushing zone,
the net vertical movement per level is:

Using the detail shown in Figure 6 where the beam is
isolated from the shrinkage and crushing zone, the net
vertical movement per level is:

Acotumn =0.07 + 0+ 0.07+0+0.06=0.2 in. x 12 story building = 2.4 in



Minimizing Vertical Movement

Now we know how to calculate anticipated movements:

« What do those movements affect?

* Itisn’'t necessarily the vertical movements alone that can
cause issues, it is the differential movements than can

_.._th.__..-__




Minimizing Vertical Movement

Impact of Differential Vertical Movements on Non-
Structural Components

' ﬂﬂ N : &l Brick facade
_—__-_r____.--r*ﬁ ) CLT floor panel
ﬁ -: il ; s l
* Interior Partitions .
|
* Exterior Cladding : ﬂ e
Glass Rl ’
* Mechanical Equipment ' I
1
* Roof Drainage | == ' |
== =
Concrete |~ ¥ _
oore Wall — I Il Expansion
—a-— I * B Creep and shrinkage




Minimizing Vertical Movement

Impact of Differential Vertical Movements on Structural
Components

Timbe
. oo

* Connections to concrete

cores, steel braced frames

f_,.—— Caoncrete

* Differential gravity support el

(eg. mix of beams &

bearing walls)

BE AN e

A longer distance can reduce the impacts of diferential movemeants



Minimizing Vertical Movement

Beam to beam, beam to column and column to column
connections are key in minimizing vertical movements

Minimize movements by:

Isolating perp-to-grain
shrinkage & crushing

L EE I




Minimizing Vertical Movement

Beam to beam, beam to column and column to column
connections are key in minimizing vertical movements

Minimize movements by:

Shimming column connections

Tl|r 'TII
i o'

Shim plates to
Custom 7 achieve vertical
steal column f, tolerances in field
connector —\ . ,'"_CLT floor panel
f
P -

Gh.lla.m/
beam

L— Glulam column




Minimizing Vertical Movement

Beam to beam, beam to column and column to column
connections are key in minimizing vertical movemants

Minimize movements by:

Adjustments at base with
leveling nuts & grout NUTWWASHER AS

REQUIRED : J I’ l
| |
I|| I

= L




Minimizing Vertical Movement

Consider differential stiffness & deflections of supports

Minimize movements by:

Providing equivalent support stiffnesses or connection details that

accommodate differential deflections

GLULAM

[

=
o
-
-
----------
---------

- -
e
e
I
i
-




Minimizing Vertical Movement

Consider differential movements of supports

Timber vs. Non-Timber Supports

Photo: Swinerton
Pheto=WoodWorks==




Minimizing Vertical Movement

Consider differential movements of supports

Different Types & Stiffnesses of Timber Supports

Photo: Lendlease



Accommodating Vertical Movement

Once details and strategies have been implemented which
minimize movements, focus on accommodation of
movements

Credit: LeMessurier ! _ redit: Marcus Kauffmsa



Accommodating Vertical Movement

Concreta com wall hh‘
\ |
|
|
|
|
|

Accommodate
movement at timber to
concrete cores

Example: embedded,
oversized steel plate in
concrete. Steel angle
field welded to plate
once final elevations are
determined (and ideally
once some initial
shrinkage and settlement
has occurred)

Concrete topping X

L

CLT floor panel /

CLT diaphragm
ledger welded on site

Oversized embed plate
tor allow for accurate
placemeant of steal ledger

Concrete core wall
Concrete topping ‘\x

CLT floor panel —\

\ .

e

i

]

Fa

Glulam beam —/

Bearing plate and knife
plate weldad on site

Oversized embed plate
to allow for accurate

placemant of bearing plate




Accommodating Vertical Movement

CREDIT FOREFRONT STRUCTURAL ENGINEERS



Accommodating Vertical Movement

Beyond structural connections, consider movement
impacts on MEPF services. Flex/compression connections




Accommodating Vertical Movement

Also consider other continuous non-bearing elements such as
exterior walls, shafts. Include deflection tracks, control joints




Calculated vs. Actual Vertical Movement

Calculations may overestimate actual movements on site

Examples of calculated vertical movement for several North American tall timber projects:

2
Brock Commaons

L 17 storles
of
16 mass timber

Confidential Tower

14

12 stories
1.2 of
mass timber

1

Total Shortening at Roof (inches)

08 B stories
of
mass timber
oE
Od
0.2
Q
FFR & Exposure 2 hrs - Fully encapsulated 2 hrs - Expoased 2 birs - Partially encapsulated
Grid 132 20" =% 22' average 10 % 12°
Structural system Paint-supported CLT CLT an glulam beams 10 % 12°
Main story height 92" 11'-5 a-g"

Credit: Fast + Epp




Calculated vs. Actual Vertical Movement

Calculations may overestimate actual movements on site

Calculated vertical movement at Brock Commons: 18 story (17 over 1) mass timber
residence hall in Vancouver, BC.

Credit: Fast + Epp
2

1.89” calculated vertical movement

18

LL:

14

i

Total Shortening at Roof (inches)

ik
oG
0.4
o2
¥
Parallel to Shortening Shoriening Duwe to Creep & Jaint
Grain Due to Live Construction DL Sattlement Total
Shrinkage Load  Aelditional O (Estimated) i



Calculated vs. Actual Vertical Movement

Calculations may overestimate actual movements on site

Brock Commons: Measured
.

movements were ~50% of calculated , Brock Commons _ Fsfmated
Calculated: 1.89 = | lpgex L it
movements L 17 stories

of
16 mass timber

Values used for elastic modulus, live

load, creep, joint settlement, and b

moisture variation among others can
compel designers to overestimate
the total shortening and lead to
over-shimming. Engineering
judgement and experience in mass
timber buildings are important to
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Measured: 0.87”
0.8

hMeasured
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Calculated vs. Actual Vertical Movement

Calculations may overestimate actual movements on site

Takeaways: calculations are important in setting detailing conditions, but don’t overshim.
Verify on site

Shim plates to
Custom achieve vertical
steel column lolerances in field

connector _\ f ,f'_ CLT fioor panel
/

Glularn/
beam |~ Glulam column




Conclusions

Critical to consider axial
column shortening and other
vertical movements in tall
mass timber buildings
Precautions should be taken
to address estimated
shortening due to the
uncertainties that lie within
assumptions

Know impacts of movements
on structural connections &
non-structural components

Photo: H+O.Structural Engineering, Kure Creative



Conclusions

« When properly accounted for,
shortening should not negatively
affect the construction, use, or
long-term performance of the
building

* Negative impacts can be avoided
through a combination of proper
detailing and effective moisture
management strategies

* Involve all members of the design
and construction team in
understanding vertical movements

—-

Photo: WoodWorks



Conclusions

* On site observations and
inspections help to ensure that
performance matches design
intent

* Proper detailing must lead to
proper installation

* Once fully understood,
accommodating vertical
movement simply becomes
another design criteria




Vertical Movement in Mass Timber Design Resource

Differential Material Movement
in Tall Mass Timber Structures

An Crymywsras of Calumn Mosemenl Types ane® How Lo fddrean Them

Free download at woodworks.org
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