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Welcome!

We are recording.

Please use chat for housekeeping questions. Some FAQs:
You will get a follow-up email re. how to access the recording and a pdf of slides

If you need a certificate or AIA or AIBC credits, please follow the link in the chat
box to confirm.

If you need PHIUS CPHC CEUs, please use the verification code provided in chat to
self-report.
Please use Q&A box for questions for the speaker
We will break at the end for questions
Use upvote feature to let us know what you’re most curious about!

More questions? Please contact us at events@learnbuildingscience.com
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Disclaimer

This material is intended to be used for reference,
continuing education, and training purposes only.
Neither RDH Building Science, Inc., nor the persons
presenting the material, make any representation or
warranty of any kind, express or implied, with regard
to whether the material is appropriate for, or applies
to, any specific project, circumstance or condition.
Applicable and current laws, codes, regulations,
standards and policies, as well as project and site-
specific conditions, procedures and circumstances
must always be considered when applying the
information, details, techniques, practices and
procedures described in this material.
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Lessons Learned from the “Wet Coast”
- How catastrophic building enclosure
failures and building science
changed the way we build wood
frame multi-unit residential
buildings
> Review:
> Who's to blame (How we got here)
> What we have learned
> When we apply what we learned
> Where to find guidance
> Why it happened and How to ensure
success (most of the time)
4
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Why not older buildings?

- What is the difference between
buildings we build today and those
we built 80+ years ago?

> Building Materials? — More moisture
sensitive

> Insulation levels? — How much? Too

much?

Air tightness? — How tight? Ventilation?

Speed of construction? Time is money.

Consumer expectations? Increasing.

Blissful Ignorance or Happy Accident?

N2 2 2N 2N 2

Lawyers?

The Old Way

Early Wall

1, Wood stud framing

2. Interior plaster on lath

3. Exterior sheathing
(dimension lumber)

4. Sheathing paper
(asphalt-impregnated)

5. Exterior cladding
(stucco on wood lath and strapping)

Wall Performance Features

Not insulated

Some drainage behind cladding
Good drying capability
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The Old Way

What changed?

1980s Wall

1, Wood stud framing
2. Interior gypsum board

with polyethylene vapor barrier
3. Insulation
4. Exterior sheathing

(oriented strand board)
5. Sheathing paper (polyoelifin)
6. Exterior cladding (stucco)

Wall Performance Features
Insulated

No drainage behind stucco cladding
Poor drying capability
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Old vs. New

Combination of Fundamental Differences
Quality and quantity of detailing
Quantity of insulation
Exposure conditions (macro and micro)
Wall assemblies more tolerant of moisture
Purpose of Buildings

4

WoOD FRAME
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Old vs New

Fundamental differences between Modern and Historic

- Complexity of building form (more details = more opportunities)

-
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How did we get here? Vancouver - Mid-1990’s

Fogs e T News _ssturdey, octaber 53 e
OgpEe B @ '
A billion-dollar nightmare
Fixing failed condos '
could cost $1 billion

Martin van den Hemel
staff reparter

t's an estimated bil-
lion-dellar problem
that scientists warned
of more than a
decade ago
Canada Mortgage and
Housing Corporation’s
Jim White says
researchers knew the use
of wall designs common
inside most failing con-
dominiums en the West

indicated that walls
without rainscreens (a
drainage cavity inside a
wall that allows for pen-
etrating water to exit a
wall) will not hold up to
the Lower Mainland's
wet weather. Not only
are these walls flawed,
they are destined to fail,
e says.

But most of the failed
three-storey wood-frame
candas, which are rot-
ting, have no rainscreens
in their walls, he says.

Yo can't admit you were wrong then by

11

How did we get here?
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How did we get here? The Blame Game
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How did we get here?

Costs range fri

$58,000 to more than $100,000 per unit

Leaky highrise owners go from “disbelief’ to forking out

¥
C;w.!oymg wiiter

WHEN SCIHODL TRACHER
Marvin Muress boughe o eon
de in the Pacific Point high-  ings.” Rumball said. “We no-
ise downtows in the early ticed a huge vepairs and main-
ought be's e c expenditare on 3
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The Challenge Persists
- Continue to repair moisture damaged buildings; wind & hail, water
damage & freezing are the #1 & #2 causes of insurance claims

- Denver study of construction defect cases 2015-2017: over 70% of all
defect claims included deficiencies related to the building envelope.

y

15

The New Way - Rainscreen Wall Assemblies

Rainscreen Wall

1. Wood stud framing
2. Interior gypsum board with
wvapor retarder paint
3. Insulation
4. Exterior sheathing (plywood)
5. Sheathing paper (polyoelifin)
6. Treated wood strapping to form cavity
7. Flashing to drain cavity
8. Exterior cladding (stucco)

}ung LLLLTTTTY

Wall Performance Features
Insulated

Good drainage behind cladding
Some drying to exterior

16
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The New Way - “Light & Tight”

17

What did we learn?

Moisture Problems:

Failures largely attributed to rainwater ingress at details
Water got into the walls and couldn’t dry out

Extensive decay and damage to wood, gypsum, and steel in
framed wall assemblies

A result of several factors - Not one single cause

Solutions (The 5-D’s):

Deflection & Drainage: Keep water away-from and out-of walls

Drying: Allow water that gets into the walls the ability to drain and
dry-out

Design: “Rainscreen” wall systems (code mandated in some
instances) & improved details at interfaces

Durability: The combination of the first 4 D’s leads to durability

18
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What did we learn? Wetting and Drying

How can we keep the sheathing and other materials dry?
Don’t let them get as wet - protect during construction
Create air space to promote drainage and drying - rainscreen
Design for vapor diffusion drying - material properties

Keep all components of structure warm (ideally) - the “Perfect
Wall” (100% exterior insulated)
Safe

Storage
Capacity

19

Microclimate Exposure - 1996 Survey
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Seattle weather averages

annual Righ tamparature:
Annual kow tempesrature:
Agarage lemperature:

avarage annual pracipitation = raindall:

Annual hours af sunshine:

Days per year with preocipitation — raimfall:

Site Climate - Seattle

BL.3°F
q4"F
52.65°F
3713 inch
147 days
2163 hours

ington Elimate Chart

fanch
fue, annigal snowtall:
Sanch
dinch
S0°F ach
Zinch
Rench
e cC = = E o = s
Source: U.S. Climate Data = E i' E :E A A = Lis'l- '5 §
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Site Climate - Charleston
Charleston AFE weather averages
annual high temparaturae; 76,1°F
Arinual low temperature: L5
Ayerage bempseralure; 65,85°F
Averagh annual precipitation = rainfall; 50,06 inch v =South Carclina climate Chart
Days per yvear with precipitation - raindzl: 114 days
Arnual Fours af sunshine: 2953 hours Enh
&y, annaiall srawtall: - Fnch
e Eanh
/ Sanch
TEF
dinch
Zanch
Fanch
Linch
IEF — ik
Source: U.S. Climate Data _E. E z = § -5. A g j E 5
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Macro/Micro Exposure

Overhang Exposure Terrain
Ratio Category
— D- Building located within 1km of direct
04 |f——""  waterfront exposure, or small or few
| " © surrounding obstructions, or located on
S a hill or cliff overlooking adjacent
buildings
0.1
= f~ C- Rural areas, moderately treed, or
0.2 =] buildings mostly fewer than 4 stories
. o within 5 Building heights
w
=
0.3+
I B- Many large buildings within 2 building
g heights
0.4 =
0.5- w
=z L A- Adjacent buildings of equal or greater
(=} height located within one building
= height in all directions

Overhang Ratio = Overhang Width
Wall Height
Where: Wall Height is the height above the lowest affected element
(sill of window if considering a window)

Overhang Width is the horizontal distance between the outer surface
of the cladding or window and the outer surface of the overhang

1000mm = ~40”

23

Macro/Micro Exposure

1981-2010 Climate Normals
Annual Precipitation

I 7550 )
I =085 Lgﬁ

DNR

24
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Macro/Micro Exposure

Overhang Exposure Terrain
Ratio Category

— D- Building located within 1km of direct
04 waterfront exposure, or small or few
surrounding obstructions, or located on
a hill or cliff overlooking adjacent
buildings

0.1

|- C- Rural areas, moderately treed, or
0.24 buildings mostly fewer than 4 stories
: within 5 Building heights

0.3
|- B- Many large buildings within 2 building
heights
0.4
0.5~

L A- Adjacent buildings of equal or greater
height located within one building
height in all directions

8 >IN
T>IN>8
I<IW

Overhang Ratio = Qverhang Width
Wall Height
Where: Wall Height is the height above the lowest affected element
(sill of window if considering a window)

Overhang Width is the horizontal distance between the outer surface
of the cladding or window and the outer surface of the overhang

25

Barrier or
Face Sealed

* Single plane of water
penetration control
at exterior surface

Concealed Drained Vented
Barrier Rainscreen

PERFORMANCE

* Two planes of water

Two planes of water penetration control
. penetration control * Clear drainage
* Single plane of water + Some drainage « Vented

penetration control at

_ possible at WRB Layers
sheathing

* Protected by cladding

Continuum of MC Strategies for Framed Walls

Ventilated
Rainscreen

* Two planes of water
penetration control

¢ Clear drainage

* Ventilated

26
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1999 First published by
Canada Mortgage and
Housing Corporation,

Building Science-Based
Guide Focused on Designing
Enclosures Around Material
Property Characteristics,
i.e., non-proprietary factors

First update 2001

Best Practice Guides: Wood Frame Envelopes
e

BUHLDING TECHNOLOCY

WOOD-FRAME
ENVELOPES

IN THE COASTAL
CLIMATE OF

BRITISH COLUMBIA

......

27

Envelopes

1999 First published by

Housing Corporation
2001 Update

2011 Oregon Building
Enclosure Rehab Guide

2011 Building Enclosure
Design Guide - BC Housing

Best Practice Guides: Wood Frame

Building End-osure Rehabilitation Guide:
ltiunit Residentia | Wood-Framed

Canada Mortgage and LR

.9‘ Oregon Housing and
Na Emuniq Sefg\-]ces

28
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2019 Building
Enclosure Design Building Enclosure
Guide Design Guide

For Wood Frame Multi-Unit
Residential Buildings,
Second Edition

Wood Frame Mult:-Unit Residential Buildungs

Highly detailed and Specific
- Application of building
science principles spelled
out in the guide

High Performance
Assemblies Introduced

RDH

29

Building Enclosure

Design Guide
e <

aterior e Basries - Spl adation

WOM-FLANGED WanDOw 3411 | DETAIL 1051

T

RDH

30
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Building Enclosure
Design Guide

For Wood Frame Multi-Unit

Highly Detailed and Specific -
Application of building
science principles spelled out
in the guide

Practical Guidance: Cutaway
Views lllustrating sequences
and materials, based on real
world construction practices

RDH

Residential Buildings J

31

Case Study: SHA
Projects

Condition Assessment Survey
of 26 Senior Housing Multi-
Unit Residential Buildings

Prioritized based on Enclosure
Rehabilitation needs

Surveys conducted in 2007
First Rehab 2009

16 Rehabs later, 17th Rehab
beginning now

Over 30 units restored to
housing

RDH

32
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Case Study: SHA

RDH

Projects

Full Building Enclosure Design
Package Based on Best
Practice Guide Details

Freshened up Appearance of
the Building

Course of Construction
Inspections

Water Penetration Resistance
Testing

33

Wood-frame Building Enclosure Design Guides

2021 Mass Timber Building Science Primer (=
Y

2020 Building Enclosure Design Guide -
Wood-frame Multi-Unit Residential Buildings_

Emphasis on best practices, moisture, and
new energy codes

First published 1998

2018 Masonry Systems Guide

www.masonrysystemsgquide.com

2017 NLT Design Guide
2013 CLT Handbook

2013 Guide for Designing Energy-Efficient
Building Enclosures

Focus on highly insulated wood-frame
assemblies, current and future codes

34
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2013 Guide for Designing o )
Energy Efficient Building o N FPinnovations
Enclosures

In depth building science
analysis and review of each
enclosure assembly

Multiple construction types
and techniques

Common details depicted for
each enclosure type tracing
continuity of critical barriers

FPINNOVATIONS

RDH 35

35

2013 Guide for Designing Energy Efficient
Building Enclosures

LEQERD
W

B B s

WINDOW I wikDow e | DETASL 5-MT

BRI Detsl 007 = Locatien of Crtieal Darsiers

36
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2018 National Masonry
Systems Guide,
Northwest Edition

- Complete update of masonry
design guide focused to meet
current IBC and IECC codes

-~ Covers 8 common above
grade wall types made from
block, wood, and steel

- Developed with member
contractor and manufacturer
collaboration

- 2019 Colorado Masonry
Systems Guide (RMMI)

> masonrysystemsguide.com

RDH 37

37

Wood-frame Building Enclosure Design Guides

- Rehab Guide for Owners

- R22+ Effective Walls
- R-30+ Effective Roofs

— Guide to Net Zero Residential

Buildings

~ Illustrated Guide - Achieving

Airtight Buildings

~ Design Guides for Various

Manufacturers

38
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Mindset Change

You get what you inspect, not
what you expect

Testing

Accountability

Liability

Spurred on first by failures,
followed by legislation

RDH

39

Testing

Not perfect, but it’s all we have

Water: ASTM E1105, E547,
E331; AAMA 101, 502

Air: ASTM E79; E2190, USACE

Useful for both existing
buildings and new

Usually, immediate results and
accountability

Spurred on first by failures,
followed by legislation

RDH

40
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Testing

Not perfect, but it’s all we have

Water: ASTM E1105, E547,
E331; AAMA 101, 502

Air: ASTM E79; E2190, USACE

Useful for both existing
buildings and new

Usually, immediate results and
accountability

Spurred on first by failures,
followed by legislation

RDH

41

Legislation

BC Building Code and
Vancouver Building By Law
began requiring Letters of
Assurance and provided
statutory warranties against
moisture intrusion and damage

BC Mandated min. 1T0mm
capillary break between
cladding and water resistive
barrier (WRB)

Washington State Legislature
followed suit with legislation
inspired by BC, but with more
democratically inspired
requirements

RDH

JOIY3LNI

<[O]}ENDE

42
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Legislation
Washington State
Requirements:
Applies only to MURBs

New construction and existing
apartments converted to
condos

Requires Design phase
statement

Requires course of construction
inspection

Requires water testing

Requires statement from

inspector of substantial
compliance with design docs

RDOH
43
Chapter 64.55 RCW
CONSTRUCTION DEFECT DISPUTES—MULTIUNIT
- - RESIDENTIAL BUILDINGS
Leg|5|at|on 64.55.005  Application.
64.55.010  Definitions.
L. 64.55.020 Building permit application—Submission o
For existing apartment design documents.
bu”dings being converted to 64.55.030 Inspection required.
i 64.55.040 Inspectors—Qualifications.

COI"IdO.S. . o 64.55.050  Scope of inspection—Definition.
Regmres review Offbugdmg enclfo;)sure 64.55.060  Certification—Certificate of occupancy.
an pre;t)_aratlon ﬁ a ocumegF orth 64.55.070  Inspector, architect, and engineer—No
prospective purchasers regarding the private right of action or basis for liability
condition and problems that exist, against.
causes, and recommended fixes 64.55.080 Inspector's report or testimony—No

Has been on the books for over evidentiary presumption—Admissibility.

64.55.090  Sale of condominium unit subject to

10 years, Iargely successful compliance—Inspection alternative.

64.55.100  Arbitration—Election—Number of

Has proven to be a useful and arbitrators—Qualifications—Trial de novo.

effective tool in improving the 64.55.110  Case schedule plan—Deadlines.

lit f t ti d 64.55.120 Mandatory mediation.

quality of construction an 64.55.130 Appointment of neutral expert—

reducing the number of failures Qualifications—Duties—Admissibility of

report or testimony.

64.55.140 Payment of arbitrators, mediators, and
neutral experts.

64.55.150  Subcontractors and suppliers—When party
to arbitration.

RJI.I 64.55.160  Offers of judgment—Costs and fees.
64.55.901 Effective date—2005 ¢ 456.
44
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What’s Next?

Download and read the
resources

Share and study them with your
colleagues

Reach out to your local Building
Enclosure Council chapters, if
don’t have one, create one e

Talk to clients about the value
of having details to hold the
construction team accountable

Inspect, test, repeat

RDH

45

Discussion
+ Questions

mkramer@rdh.com

Learn more at

rdh.com

m RDH Building Science

%" @RDHBuildings

ROH
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RDH Technical
Library

Building enclosure
articles, conference
papers, presentations,
research reports, quick
guides + technical
bulletins

rdh.com/technical-library

Learn Building
Science

Live events, guides, courses
+ more!

learnbuildingscience.com
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