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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 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
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Why Does
Wood Shrink?




Wood Science




Wood Science — Cellular Makeup

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) i'
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Southern yellow pine cellufar makeup

Source: USDA Forest Service Agricultural Handbook {1972



Wood Science — Moisture in Wood

Fres
Water




Wood Science - Shrinkage

When does wood shrink?

 After MC drops below FSP —
bound water is removed

Why does wood shrink?

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

- Longitudinal 0.1% =

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

 Canassume avg. of radial & tangential or
assume all tangential

R
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.\oﬂ 2®
= Xget
" o ..
— | _
e N 7 T (Tangential)
- 2 —— .
Fd

L (Longitudinal)

SHRINKAGE %

10

i i e

=

— Radial shrinkage

Tangential
shrinkage

— Lengthwise shrinkage

b

¥

2

Image: RDH Building Science, Inc.

& 10 14 I8 12
MOISTURE CONTENT OF WOOD (%)

26

30



Wood Science - Moisture Content

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|62 |70| 78|86 |94 |10.2(11.1|12.113.3|14.6|16.2|18.2
70 145|154 |162 69|77 85|92 (101(11.0({120(13.1|{144|16.0|17.9
80 (44 |53 |61 |68)|76|83|91|99 (10.8|11.7(12.9|14.2|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

913

B8-13

510 )

813
Reglonal avg. MC in fan. - 8%
Reglonal avg. MC in July. - 13%




Wood Science - Moisture Content

USDA Forest Products Lab’s Wood Handbook a useful

resource for EMC and other shrinkage related data
Wood Hmuf.{rﬂﬂfz

Fro gl it it Ewigiseeering Marterial

Table 13—1. Equilibrium moisture content for outside conditions in several U.S. locations prior to 1997

Equilibrium moisture content® (%) I‘“ | |
State City Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
AK  Juneau 16.5 16.0 151 139 136 139 151 16,5 181 18.0 17.7 18.1 III“I““““"HIH“[
AL  Mobile 138 131 133 133 134 133 142 144 139 130 13.7 14.0
AZ  Flagstaff 11.8 114 108 9.3 8.8 7.5 97 11.1 103 101 108 11.8 . ;_v_- _5___ -
AZ  Phoenix 9.4 8.4 7.9 6.1 5.1 4.6 6.2 6.9 69 7.0 82 95
AR  Little Rock 138 132 128 131 137 131 133 135 139 131 135 139
CA  Fresno 16.4 14.1 126 10.6 9.1 8.2 7.8 3.4 92 103 134 16.6
CA  Los Angeles 122 13.0 138 138 144 148 150 151 145 138 124 12.1 Eentemmial Edition
CO Denver 10.7 105 10.2 96 10.2 9.6 0.4 9.6 g5 95 110 11.0
DC  Washington 118 S 3 4Lt e T L7 123 16 42§ 122 132
FL  Miami 135 13.1 128 123 127 140 137 141 145 135 139 134
GA  Atlanta 133 123 120 118 125 13.0 138 142 139 13.0 129 132
HI  Honolulu 13.3 128 119 113 108 106 106 107 108 11.3 121 129

ID  Boise 152 135 111 100 97 940 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

|I"!Ii1:ia| ME ﬂ-‘“_ o _,__
In-Service (High) @

il

MOISTURE CONTENT (%)

" In-Service (Low)

Source: RDH Building Science Inc.




Shrinkage Calculations

Three variables influence amount of shrinkage:

* |nstalled moisture content (MC)

* In-service equilibrium moisture content (EMC)

 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)
e Typically specified by Structural EoR
* 19% max MC is common
e 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 (OSB, plywood) 4-8%
I-Joists 4-16%




Key Terms

Dry lumber - Lumber of less than nominal 5-inch thickness
which has been seasoned or dried to a maximum moisture
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

2 STAND
@@’s-nav A\ sPFs

KD-HT

STUD  NeLMA.

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

has been heated in a closed chamber, with or without
moisture 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:
00 1 S-GBN: surfaced green
S-DRY: surfaced dry
KD: kiln dried
HT: heat treated



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

Shrinkage occurs in cross-grain, but
not longitudinal, wood dimensions

Primarily in horizontal members
Wall plates
Floor/rim joists

Engineering judgement required
when determining what to
include in shrinkage zone

Should Sheathing, I-Joists,
Trusses, other products

manufactured with low MC be
included?

FIGURE 5:

Shrinkage zone in platform-framed detail
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Shrinkage Calculations — Cross Grain Wood

Be aware of cumulative shrinkage

——
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Image: Matt Todd & PB Archit



Shrinkage Calculations — Running the Numbers

Simplified Method:

S =0.0025 in / inch of cross grain wood / % MC change

Example: 13.75” shrinkage zone
Installed MC = 19%
EMC =12%

S = (0.0025)(13.75”)(12-19) = -0.24”

(note: Negative value due to loss
in cross section)

FIGURE 5:
Shrinkege zong in platform-Tramed detall

Lone of
dimensionak

stability

Zone of

-in-tl-

Zone of
dimensional
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Shrinkage Calculations — Running the Numbers

Species Specific Method:

Table 13-5. Dimensional change
coefficients (Cg, radial; Gy, tangential)
for shrinking or welling within moisture
content limits of 6% to 14%

Softwood Species

Dimensional
change
coefficient®

Ci C:

Baldcypress

Cedar, yellow-

Cedar, Atlantic white-
Cedar, Eastern Red

0.00130 0.00216
0.00095 0.00208
0.00099 0.00187
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)


http://www.fpl.fs.fed.us/

Shrinkage Calculations

Several free shrinkage calculators
available online

Wood Shrink/Swell Estimator

1. Enter the species number from the tables at the bottom of this page:
Species A: Species B:
Note: program allows for comparing 2 species, exposed to identical conditions, and of identical size and grain arientation

2. Enter the intial and final moisture conditions (moisture content if known or temperature and
relative humidity)

Initial Conditions
Moisture Content: (%) OR Temp.: Relative Humidity (% ):
©°F O°C
Final Conditions
Moisture Content: (%) OR Temp.: Relative Humidity (% ):
3. Enter dimensions: (&@inches © mm) Thickness: Widih:

4. Select the prain orientation: @flatsawn | quartersawn | mixed

2\ D SN

flatsawn quartersawn mixed

Sources: Oregon State University & Simpson Strongtie

Projact Nama

Moisture Contant Data
Initial MC &

1% 5%

Wood Species Data
Top Plate &
Smruse Mee Fir E

First Floor Data
Foundation &
Corcrete Siab E
Wall Data
Mumber of Stones @
' 3]
Upper Floor Data
Floor Syalam &
| poigd E

Ciptional Paramater

WOOD EHRINEAGE CALCULATOR VIDED TUTORIAL

Final MC @
g o
Soio Plate & 58l Plain @
Leruce Poe it E Snnaes Pee Fir H

Typical Plate Hasght @
L in

Include studs in shinkage calculabon™ &

ves B




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



'I'/II

space \\

E:lge and End
Joints: 1/8" spacing
is recommended at
all panel edge joints
unless otherwize
recommended by the
manufacturer.

Source: APA — The Engineersd Wood Association



Minimizing Shrinkage

Recalling the three variables that influence amount of shrinkage:
* |nstalled 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

2xBLOCKNG

2% JOISTS —/

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

Images: Schaefer

(2) 2x TOP PLATE

STUDWALL, SEE
SCHEDULE (TYP)

/ FLOOR SHEATHING

R it |
WALL SHEATHING, \
AS REQUIRED
' FLOOR TRUSS

SHRINKAGE FONE: TOP FLANGE
24 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:

e Incorporates floor framing hanging
from top plates

e 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

 Openings (Sill, Head, Jambs)

3 Wood
| framing
t shrinks

Cap flashing
becomes
displaced

Masonry
veener
expands due
to increase
in moisture
content

i _ Image: RDH Building
I — g Science



Differential Movement — Veneer Transition

CEMENT SIDING, SEE ARCH

SEALANT & BACKER
ROD, SEE ARCH

2x STUD

EXTERIOR WALL
/ SHEATHING

WEATHER RESISTANT
BARRIER & FLASHING,
SEE ARCH

Image: Schaefer



Differential Movement — Veneer Opening

WINDOW, SEE ARCH \

T

-~ ST

THING

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 ——v——

COMPRESSIBLE FLASHING
BACKING AS REQUIRED

[

ATTACHMENT CLIPS
FOR SILL FLASHING —

WEATHER RESISTANT

BARRIER & FLASHING, s
SEE ARCH

e 2x STUD

BRICK VENEM
SEE ARCH

EXTERIOR WALL/
SHEATHING

Image: Schaefer



Differential Movement — Veneer Opening

Image: RDH Building Science

WINDOW, SEE ARCH

-,

SEALANT & BACKERROD -~

PROVIDE GAP BETWEEN TOP ‘
OF SILL FLASHING & BOTTOM
OF COUNTER FLASHING AS
MEEDED TO ACCOMMODATE
DIFFERENTIAL MOVEMENT
PROVIDE 1527 LAP JOINT OF
COUNTER FLASHING OVER
SILL FLASHING

SILL FLASHING

ATTACHMENT CLIPS
FOR SILL FLASHING

WEATHER RESISTANT ,
BARRIER & FLASHING, 1

A STUD

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

WOLD PRODUCTS COUNCIL

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

l , ST

st |

SHNG,

— Y /4
NOTE INSTALL CALLKING
AS CLOSE A3 POSSIBLE

= ATTACHED TOFINAL OCCUPANCY OF

: OF LOOSE THE BUILDING TOALLOW

1K JONT AS FORWOOD TOSHRINKAS |
HUICH AS POSSIBLE
PRIOR TO INSTALLATION

Images: Schaefer



Differential Movement — Veneer Opening

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

e 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:

e 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

Floor
shieathing
e
Rim joist —\
\';‘n.
Blocking
between i
i "y
haa| >
Floor joist options:
= Solid sawn
= Trusses
= -joists

g WoodWorks

WOOD PRODUCTS COUNCIL

Shaft Wall Solutions

For Wood-Frame Buildings

Richera Meclaim, AIS PE SE » Mectmcal Dvactar = Woodhlorks

It 1= faily comenon for light wood-frame commercial and
rralti-farriby buildings 1o include shalt walls rmade fram other
matenials. Howewer, with the heawy use of wiood structure
In ridniges construction, many desaners and CoNIrBces
hawe coma torealize that wood-frarme shall walls ars in fact
a code-comphant means of reducing cost end shortening
canstruction schedule

A shatt & defined n Section 202 o the 2002 Intemational
Building Code (IBC) a5 "an enclnsed space extanding throwgh
ane o mare stanes of & twilding, connecting verfical open-
ings i successive loors, o foors and ropll " Therefore, shalt

enclosure requirements appdy o steirs, elevetors, and MEP
chases in mult-siony Bukdings, While these apolicatons mighl
ba simdlar in their fire design requisemants, they often have
diffesent songtruction constraints and scenarnios where asser-
hlies and detailimg may also diffarn

This paper peovices an ovesaew of desan congideralong,
raquaremants, and aptions for wood-frame shaft walls under the
2012 1BC. Wiile same of the |BCreferenced section numbess
may be differant in different editions, none of tha main shaft wall
prowisions kave been modified in the 2015 IBC.



Differential Movement — Masonry Walls

PROVIDE GAP BETWEEN
WOOD FRAMING AND CMU
WALL - WIDTH AS REQUIRED

WOOD FLOOR SHEATHING
/f SEE ARCH
I l

.t ——— T/FRAMING
— = | SEEPLAN

CMU

WALL\ o 8

VERT REINF +
GROUT, SEE N
PLAN FOR SIZE 1.3 &
& LOCATION NT

!

WOQOD FLOOR FRAMING
(TYP)

Image: Schaefer



Differential Movement — Masonry Walls

Consider accumulated 1
differential movement effects SRR /
on: e
. . ALL SIDES AT TOP
* Roofing/flashing OF SHAFT)
* Finishes at roof intersection Y AL
PROVIDE GAF BETWEEN
——WO0D FRAMING AND CMU WALL -
V' WIDTH AS REQUIRED
ROOF SHEATHING B

Image: Schaefer



Differential Movement — Masonry Walls

4'-0" MIN TO GIRDER

4 TRUSS OR BEAM
| WOOD FLOOR SHEATHING
| B ~ SEE ARCH
TIFRAMING i - !
SEE PLAN ) =
CMU WALL —h_____E_. mi III II|I
[
VERTREINF+GROUT |- | |
AS REQUIRED - 1 MU i
==l I
N ﬁh

' /
\ L WOOD FLOOR FRAMING GIRDER TRUSS

OR BEAM
N HANGER AS REQUIRED
LEDGER AND FASTENERS AS REQUIRED
Image: Schaefer




Differential Movement — Masonry Walls

R AND FASTENERS

MIRED

FLOOR SHEATHING

VERT WALL REINF + GROUT AS
/ REQUIRED

~ WOOD FLOOR SHEATHING

Q—' WOOD FLOOR FRAMING
HANGER AS REQUIRED

LEDGER AND FASTENERS
\ AS REQUIRED
CMU WALL

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 movement
e Verify structural adequacy of studs

GAP REQUIRED ABOVE & BELOW

FOR DIFFERENTIAL MOVEMENT,
SEE GENERAL NOTES FOR N
ANTICIPATED SHRINKAGE OF WOOD ﬁf\ﬁgﬁgﬂ\’ggﬂ’oﬂgg
STRUCTURE. CONSULT w/ MEP OPENING ROUNDED
ENGINEER FOR ANTICIPATED
MOVEMENT OF CONDUIT OR PIPE. —~._
n n g
5/8" MIN—],. SN =
)
CONDUIT OR HORIZONTAL \ T
PLUMBINGRUN —————
\ 2xSTUD NOTE: ENGINEER SHALL Image: Louisiana-Pacific Corporation
N REVIEW LOADING CONDITIONS
MAX OPENING IN BEARING ON WALL FOR ALLOWABLE
OR EXTERIOR STUD: SIZE OF PENETRATION
11/2" FOR 2x4 STUD
ELEVATION VIEW 2 1/4" FOR 2x6 STUD

Image: Schaefer




Differential Movement - MEP

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




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

FIGURE 20:
eavy ﬂmbﬁrggjuhm bﬁam nunn&atmn “d-‘ﬂfa:[s :ap

Hanger with
bearing seat

mmmmsmcmm




Structural Connections — Uplift & Overturning

e Wind and seismic
forces generate uplift
and overturning forces
on structures

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




Structural Connections — Uplift & Overturning

LI I T " I

Jd { s

Shear Wall Overturning Resistance Uplift Resistance

Images: Simpson Strongtie



Structural Connections — Uplift & Overturning

Uplift connections spanning through floor e

Image: 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 7
building shrinkage while i
keeping threaded rods
engaged in tension

* Shrinkage compensation
device or take up device




Balconies & Decks &

~L | Backslope is
created

e Exterior balconies & decks may f [
be supported with columns ﬁ - K

e As wood building shrinks,
backslope in deck can be —
created ﬁ i

» Detailing of balcony bearing oo members L et
conditions, slope of balcony HEREATER o | %
and differential shrinkage . j i
zones should take this into ]
account

————__f-.'_?-_-;!_ Image: RDH Building
’ o Science



Balconies & Decks

Table 1. Summary of measured deck slopes.

Summary of Deck Measured Deck Slope (%0)
Slopes for: Story | Locations | Average | Minimum | Maximum
4 23 -2.38 -0.70 -2.50
Free Ledger
Condition 3 23 -1.22 -0.50 -2.20
2 23 -0.81 -0.20 -1.60
4 24 -0.26 0.70 -0.90
fined Lodgor 3 24 0.19 1.00 1.10
Condition — : —
2 24 -0.27 1.20 -1.60

Note: Negative slopes drain to building wall; positive slopes drain away from
building wall.

White Paper:

Multi-Story Wood-Frame Shrinkage Effects on Exterior Deck Drainage:
A Case Study by Zeno Martin, Wood Design Focus Fall 2010




Balconies & Decks

SLOPE BALCONY AWAY FROM
BUILDING AS REQUIRED

i  +—— LEDGER TO RIM ATTACHMENT AS REQUIRED

e

U e—— RIM JOIST

i P.T. BEAM PT. JOISTS P \
" FLOOR JOISTS

WHANGERS EA. END

«——P.T. POST

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



QUESTIONS?

This concludes The American Institute
of Architects Continuing Education
Systems Course

David Hanley
Regional Director

David.Hanley@woodworks.org
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