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Tall Mass Timber: New Opportunities, New Engineering 
Solutions

2021 IBC New Construction Types



Tall Mass Timber: New Opportunities, New Engineering 
Solutions

Vertical Movements of Timber Elements, 
Relative to Other Elements

Photo: SwinertonPhoto: H+O Structural Engineering, Kure Creative
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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 
calculation of perpendicular to 
grain loading, resulting in 
crushing

Creep effects on bending 
members



Building Codes and Standards

Mass Timber Product 
Standards

Product tolerances & MC at 
time of manufacturing

EG. CLT panel width +/- 1/8”
CLT panel length +/- ¼”
Glulam columns up to 20 ft long 
+/- 1/16”

ANSI A190.1: lumber used in 
glulam max MC = 16% at the 
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 
necessary. The following 
information notes several possible 
methods, it is not intended to cover 
all options or solutions
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Quantifying Vertical Movement

Column Axial Shortening Including Creep Effects



Quantifying Vertical Movement

Column Axial Shortening Including Creep Effects

(0.01 in of this 
total is from creep)



Quantifying Vertical Movement

Column Axial Shortening 
Including Creep Effects

∆ cr
ee

p

∆ T

∆

Figure 3
Shortening of glulam columns

0.01 in creep
0.06 in non-creep

0.07 in total
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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: 
• 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 
water)



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

Is shrinkage uniform across all 
dimensions of a piece of 
lumber?
• No…



Quantifying Vertical Movement

Column Axial Shrinkage

Wood is orthotropic, meaning it behaves 
differently in its three orthogonal 
directions: Longitudinal (L), Radial (R), 
and Tangential (T)
• Longitudinal shrinkage is usually 

considered negligible in low- and 
mid-rise wood buildings

• In tall mass timber structures, effects 
can accumulate, should consider 
impacts

Image: RDH Building Science, Inc.
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Quantifying Vertical Movement

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



Quantifying Vertical Movement
Sh
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Beam shrinkage 
zone eliminated by 
detailing

Beam Shrinkage
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Quantifying Vertical Movement

Beam to column connection not 
detailed to eliminate shrinkage:

Beam Shrinkage



Quantifying Vertical Movement

Some engineers may also choose 
to account for panel shrinkage if 
not isolated from shrinkage zone:

Panel Shrinkage

Assume 5-ply mass timber panel, 6-7/8” 
thick:

= (6.875 in.)(0.0025)(19-12) = 
0.12 in.
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Quantifying Vertical Movement

Limiting perp to grain stresses in bearing 
(eg. column bearing top of beam or panel) 
results in small amounts of localized 
crushing

Crushing at 73% of allowable 
perpendicular-to-grain stress is 0.02 in. 

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

Beam Crushing



Quantifying Vertical Movement

Beam Crushing



Quantifying Vertical Movement

Beam Crushing
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Quantifying Vertical Movement

Beam Shortening
PL/(AE):
• P is the applied load 
• L is the remaining core beam depth (total beam depth minus 2-

in. each top and bottom)
• A is 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 
result in a beam core depth 
shortening of:

Column is 8.75”x9”
Beam is 8.75”x24”
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Quantifying Vertical Movement

Summing all Vertical Movements

x 12 story building = 8.2 in

x 12 story building = 2.4 in



Vertical Movement in Mass Timber Design Resource

Free download at woodworks.org



Questions?	

901 East Sixth, Thoughtbarn-Delineate Studio, 
Leap!Structures, photo Casey Dunn

Jason	Bahr,	PE
WoodWorks –Wood	Products	Council

Jason.Bahr@woodworks.org

913.732.0075

mailto:Jason.Bahr@woodworks.org
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