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Mid-rise wood-frame buildings have become ubiquitous in modern construction 
and getting taller all the time – with five stories now common across the U.S.  
However, they are not without challenges.  One aspect that requires unique 
consideration and detailing is the potential cumulative effect of wood shrinkage 
and elastic column shortening of the structure.  In particular, the effect of 
shrinkage on the cladding system and its attachment to the wood-frame 
structure must be accounted for with proper detailing to achieve long-term 
cladding durability.  This presentation will explore the design and attachment of a 
number of exterior cladding systems on multi-story wood-frame buildings, 
including Portland cement plaster (stucco), exterior insulation and finish systems 
(EIFS), metal panels, and fiber-cement lap siding.

Course Description



1. Discuss the composition and behavior of wood framing members in order to 
understand how moisture and wood interact, and identify why shrinkage 
occurs.

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

3. Highlight best practice details for cladding system attachment to wood-frame 
structures, emphasizing the need to accommodate cumulative shrinkage.

4. Review considerations and solutions associated with long-term durability and 
performance of a number of cladding systems in Texas climates.

Learning Objectives



(Not to get too “philosophical” about things, but…)
Aristotle (384 – 322 BC) – on “Final Cause”:

“A complete explanation of an object will involve 
knowledge of how it came to be (efficient cause), 
what material it consists of (material cause), how 
that material is structured (formal cause), and the 
specific behaviors associated with the type of 
thing it is (final cause).”

Falcon, Andrea (2015), “Aristotle on Causality 2,” The Stanford 
Encyclopedia of Philosophy, ISSN 1095-5054.



INTRODUCTION
• Multi-story, wood-framed buildings have 

become ubiquitous in modern construction.
• It is widely recognized that detailing for 

these types of buildings are different from 
one-story and two-story buildings.

• Specifically, accommodating changes in 
building height during and after construction 
should be part of any “good” design.

• The need is often seen for plumbing and 
mechanical installations, but detailing for 
cladding is often lacking.



INTRODUCTION (con’t.)
• Sequencing and scheduling often result in 

an early dry-in, with the roofing and 
cladding systems in place very quickly.

• Afterwards, typical Dead Loads are 
increased by normal installation of 
mechanical, plumbing, drywall, cabinets, 
fixtures, ceilings, and flooring.

• Ultimately, typical Live Loads are imposed, 
including movable furniture, people, etc.



Typical conceptual 
schematic depicting dead 
loads and live loads 
transferred to exterior load 
bearing walls from each 
elevated floor and from the 
roof level.  These are 
cumulative at the lower 
floors.



Typical conceptual 
assembly at floor line, 
showing wood 
members with loads 
applied perpendicular 
to the grain, resulting 
in a “zone” of 
compression subject 
to moisture shrinkage.



Prior Resources:
• “Shrinkage Calculations for Multi-Story Wood 

Frame Construction, Tech Note No. 10”, Western 
Wood Products Association (WWPA), Portland, OR, 
November 2002.

• McLain, P.E., Richard, and Steimle, P.E., Doug, 
“Accommodating Shrinkage in Multi-Story Wood-
Frame Structures”, Wood-WorksTM, WW-WSP-10, 
Washington, D.C., 2017.

• 2015 International Building Code (IBC), Section 
2304.3.3., 2015.





















TAKE AWAYS FROM CODE:
• Design and Construction shall not support 

more than two stories and a roof unless an 
analysis satisfactory to the building official
has been conducted (and submitted?)

• Must show that shrinkage will not have 
adverse effect on the structure or any 
plumbing, electrical or mechanical system 
or other equipment installed therein… (how 
will that be demonstrated?)

• Where in that list is the cladding system or 
exterior building enclosure?!!







Design Conundrum:
• Fastening of the exterior sheathing panel at 

the floor lines may become critical.
• Must follow the code (or specific calcs)
• Must resist wind loads

• However, if the sheathing bridges across the 
compression zone, it must also accom-
modate the anticipated shrinkage and 
differential movement (shear diaphragms?).

• Detailing of this assembly would require 
special thought and (perhaps) compromise.



Typical code compliant 
fastening of exterior 
sheathing should not
bridge across cross-
sectional members 
subject to moisture 
shrinkage.  Requires 
special detailing.



WOOD SCIENCE
• Calculations can be performed to estimate these 

shrinkage dimensions – but examples of that 
exercise are beyond the scope of this 
presentation (see WWPA, 2002, and 

• Wood-Works, 2017).
• Three variables having the most influence:
• Initial moisture content
• In-service MC, or equilibrium MC
• Cumulative thickness of cross-grain wood 

elements
• Experience shows the shrinkage can commonly 

result in 0.25” to 0.30” (6.5 mm - 7.6 mm) per 
floor; cumulatively as much as 1.25” (32 mm).



WOOD SCIENCE (con’t.)
• Primarily members with cross-sectional 

dimensions (perpendicular to grain).
• Longitudinal shrinkage is negligible.  Difficult to 

predict grain orientation.
• Shrinkage concentrated at plates, sills, floor 

joists, roof joists, and rim boards.
• As wood dries, the free water is released from the 

cell walls.
• Simplifying approximations typically utilize 1% of 

shrinkage for every 4% change in MC from 0-30 
percent.







DIFFERENTIAL MOVEMENT:
• Designers must consider expansion and 

contraction (shrinkage) of components due to 
moisture, as well as thermal changes.

• Designers must consider overall movement and 
settlement of the structures and assemblies due 
to thermal, shortening, and shrinkage.

• Designers must consider “differences” between 
those materials subject to moisture shrinkage 
and those materials exhibiting little to no 
significant shrinkage over time.

• Differences regarding wood, masonry, plaster, 
cement board, and sheet metal.



BRICK MASONRY VENEER
• DIFFERENTIAL MOVEMENT:
• FRAMING-TO-CLADDING
• CLADDING-TO-OPENINGS

• OPENINGS:
• WINDOWS AND DOORS
• BALCONIES

• CLADDING TRANSITIONS:











CRUSHING OF 
BRICK ROWLOCK



CRUSHING 
OF PLASTER



FLASHING 
DISPLACEMENT



WATER 
INTRUSION AT 
SHEET METAL 
LAP JOINT



DEFORMATION 
OF WINDOW 
FRAME







PERIMETER BEAM

FLOOR LINE ABOVE

STEEL LINTEL 
FASTENED TO 
FRAMING



COMPRESSION 
FAILURE AT 
OPENING LINTEL



FAILURE OF 
“LIPPED” 
BRICK CUT AT 
OPENING



SEALANT FAILURE





METAL PANEL SYSTEMS
• DIFFERENTIAL MOVEMENT:
• FRAMING-TO-CLADDING
• CLADDING-TO-OPENINGS

• MANIFESTATIONS:
• BULGING OF EXTERIOR SHEATHING
• SEPARATION OF TRIM
• OIL CANNING OF SHEET METAL
• COMPRESSION OF SHEET METAL









BULGING

SEPARATION

TRANSITION



SEPARATION 
OF TRIM



BULGING OF 
PANELS; NO 
SEPARATION 
OF TRIM





OIL-CANNING 
OF SHEET 
METAL



JULY 11, 2018
19 MONTHS AFTER 
COMPLETION

SEPTEMBER 23, 2019
33 MONTHS AFTER 
COMPLETION



BUCKLING OF 
SHEET METAL 
TRIM



BUCKLING OF 
SHEET METAL TRIM



BUCKLING OF SHEET 
METAL TRIM



IMPROPER 
FASTENING



BULGING OF 
EXTERIOR 
SHEATHING 
AT FLOOR 
LINE



FLOOR LINE

BULGING



FLOOR LINE

BULGING

CONTINUOUS 
FRAMING 
BETWEEN 
OPENINGS



DISPLACEMENT 
OF TRIM

CRUSHING OF 
BRICK ROWLOCK





LAP SIDING
• DIFFERENTIAL MOVEMENT:
• FRAMING-TO-CLADDING
• CLADDING-TO-OPENINGS

• MANIFESTATIONS:
• BULGING OF EXTERIOR SHEATHING
• DISPLACEMENT OF SHEET METAL
• NAIL WITHDRAWAL DUE TO BULGING







BULGING OF 
EXTERIOR 
SHEATHING AT 
FLOOR LINES











COLLECTED 
WATER RUNS OFF 
END OF FLASHING 
BEHIND SIDING



BULGING OF 
EXTERIOR 
SHEATHING AT 
FLOOR LINE





PLASTER (STUCCO) AND EIFS
• DIFFERENTIAL MOVEMENT:
• FRAMING-TO-CLADDING
• CLADDING-TO-OPENINGS

• MANIFESTATIONS:
• BULGING OF EXTERIOR SHEATHING
• COMPRESSION OF CONTROL JOINTS
• BUCKLING OF PLASTER ACCESSORIES
• CRACKING OF PLASTER & EIFS



BUCKLING 
AT CORNER



BUCKLING 
AT CORNER



BUCKLING AT 
VERTICAL 
CONTROL JOINT
(MINOR)



BUCKLING AT 
VERTICAL 
CONTROL JOINT
(MODERATE)



BUCKLING AT 
VERTICAL 
CONTROL JOINT
(SEVERE)

SEPARATION 
ALONG C.J.



BUCKLING AND 
PINCHING AT VERTICAL 
CONTROL JOINT

HORIZONTAL 
CONTROL JOINTS



BUCKLING AT 
CORNER AID AND 
SPALLING OF 
PLASTER



BUCKLING AT 
CORNER AID AND 
SPALLING OF 
PLASTER



BUCKLING AT 
VERTICAL 
CONTROL JOINT



BUCKLING AT 
VERTICAL 
CONTROL JOINT
(SEVERE)



BUCKLING AT 
CORNER

CRACKING AT 
VERTICAL EIFS 
ACCENT BAND



SEVERE 
BUCKLING AT 
CORNER NEAR 
BALCONY 
OPENING



CRACKING OF PLASTER 
ALONG PERIMETER BEAM



BUCKLING AND 
CRACKING OF EIFS 
ACCENT BAND AT 
FLOOR LINE





BULGING OF 
EXTERIOR 
SHEATHING AT 
FLOOR LINE



CONTROL JOINT 
CLOSED TIGHT

CRACKING



CONTROL JOINT 
CLOSED TIGHT

BULGING



BOWING OF WINDOW SILL



Published in 2009;
1st Edition in 1994







CONCLUSIONS:
• Designers for cladding systems and building 

enclosure assemblies must take special care to 
properly detail these systems to accommodate 
differential movement between components that 
are subject to moisture shrinkage.

• This would include details for the exterior 
sheathing and fastening at floor lines to 
accommodate wind resistance and shrinkage.

• Particular attention should be given to cladding 
systems at floor lines, as well as at openings, 
such as windows, doors, and balconies, and at 
transitions, corners,  and terminations.



CONCLUSIONS (con’t.):
• Designers for cladding systems and building 

enclosure assemblies may have to perform 
special calculations for the building official (and 
the project record) to establish that these 
considerations have be made.

• The BIG issues are the anticipated shrinkage, 
shortening, and differential movement that must 
be accommodated during and after construction.

• The entire cladding system should be looked at 
critically to anticipate where and how the 
cladding system might be adversely affected by 
these differential movements.

• No cladding system can accommodate this type 
of movement without special detailing.



This concludes The American Institute 
of Architects Continuing Education 
Systems Course
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Warren R. French, P.E., RBEC, F-IIBEC

French Engineering, LLC
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