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Roadmap to this Case Study

= Building introduction

= Discuss the investigation
with periodic digressions
to discuss relevant
building science
principles

= |llustrate how the
principles guided the
repairs




Learning Objectives

Understand how Heat, Air and Moisture (HAM) move through
the building envelope

Recognize the difference between rainwater and HAM water
leaks

Comprehend the different functions of air and vapor barriers

Appreciate the use of spray polyurethane foam as a repair
material



Wellness Center







The Problem

= Moisture Problems

= Roof system during construction
= Icicles

= Interior water damage

= Mechanical system unable
to maintain the desired
temperature and humidity

In the pool space



For a moisture problem to occur...

Need a moisture source (precipitation, plumbing leaks, soil &
groundwater, outdoor air, construction, interior humidity)

Need a route for moisture to travel (holes, etc.)

Must be driving force to cause movement (gravity, air, capillarity,
diffusion, convection)

Material must be susceptible to moisture damage
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Figure 9.3: Moisture sources for the enclosure

Construction moisture (3)
groundwater (4) &
rainwater (1)
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Two Building Types

= Pre-engineered
metal building
= Conventionally

framed
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Pre-Engineered Building Structure
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Pre-Engineered Building Structure

\

\

\ = | ~iL L
‘ g | B =—"ap
‘ "

\

\




Pre-Engineered Building Structure
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ing Wall Assembly — Masonry Veneer
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Metal Panel

Existing Wall Assembly




xisting Roof Assembly

Optional outside thermal block™

Roof panel
1
- Single layer fiberglass
] blanket insulation
1 1 {Filling cavity
- ‘ recommended but
- L - not required)
1T L, -
I —
! 1
-
.
A"' Purlin
A
A vi Optional inside thermal block™
Simple Saver Fastener

suspansion system




The Investigation
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Vapor Movement

= Diffusion

= Warm to cold

* HIGHER pressure (more) to lower pressure (less)

HOT WARM
HUMID HUMID




Vapor Control: Vapor Barriers

Objective: Control water vapor diffusion

Careful placement is necessary — must NOT allow moisture to
accumulate faster than wall can dry

Vapor barrier need not be perfect to work
Vapor permeance varies — i.e. kraft paper vs polyethylene

— Vapor impermeable (Class 1) < 0.1 perms
— Vapor semi-impermeable (Class II) 0.1to 1 perm
— Vapor semi-permeable (Class IlI) 1to 10 perms

— Vapor permeable >10 perms



Vapor Barrier Design

Avoid vapor retarders where possible to promote drying
Must have in...
= Floor slabs on grade

= |In roofs with concrete decks

= In enclosures with high interior RH
Avoid

= Double vapor retarders



Common Vapor Barrier Defects

= Misplacement

lers

* Too impermeable
= Double vapor barr



Air Movement

= HIGHER pressure to lower pressure

= Driving forces are stack pressure, wind pressure, and pressure
differences induced by the mechanical system

= Air transports heat and vapor




Air Barriers vs. Vapor Barriers

Often one system performing the function of both an
air barrier and vapor retarder, leading to confusion

Vapor retarders are meant to simply control the rate
of water vapor diffusion

Air barriers must be continuous while vapor retarders
can have minor discontinuities and still remain
effective in most situations. Moisture laden air
movement carries far more water vapor than diffusion
alone

4x8 sheet of

DIFFUSih gypsum board
' Interior at 70°F
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4x8 sheet of
gypsum board
with a 1 in2 hole
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Air Barriers

Objective: Control airflow between conditioned and
unconditioned space

Important because....
= Air removes heat - energy loss
= Air carries moisture = condensation
— Carries 100s of times more moisture than by diffusion

= Improve occupant comfort and safequard health - drafts
and sick building syndrome



Air Barriers

= Compliance Options

502.4.1.2.1 502.4.1.2.2 502.4.1.2.3
\Y EYEIEELS Assemblies Building Test

e ASTM 2178 e ASTM 2357 e ASTM E-779
¢ 0.004 cfm/ft2 @ e ASTM 1677 ¢ 0.4 cfm/ft2@

0.3 in water (75 e ASTM 283 0.3 in water

Pascals) ¢ 0.04 cfm/ft2 @
e Materials Listing 0.3 in water

e Listed

assemblies



Air Barriers

2009
Building Constructed

C502.4.3 Sealing of the Building Envelope

Openings and penetrations in the building envelope shall
be sealed with caulking materials or with gasketing systems
compatible with the construction materials and location.
Joints and seams shall be sealed in the same manner or
taped or covered with a moisture vapor-permeable
wrapping material. Sealing materials spanning joints
between construction materials shall allow for expansion
and contraction of the construction materials.




Air Barriers

2012
IECC
requires
air barrier

2009 2014
Building Constructed WIJE Investigation



Air Barrier Design

= Prevent condensation and provide energy
efficiency

= Make continuous (must be perfect to work)

= Can be vapor impermeable or vapor permeable
(need depends on location)

= Strong enough to withstand window pressure
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Common Air Barrier Defects

= Lack of identification of air barrier in drawings/specs

= Continuity
= Windows
= Parapets
= Canopies/Overhangs
= Small gaps, holes
= No air barrier in roofing system

1. Basement Floor System(s)

2. Foundation Wall System(s)
3. Above Grade Wall System(s)
4. Windows and Doors

5. Roof System(s)

ventilated crawlspace

................
..........

.............
..........................

-~ roof vent

. www.buildingscience.col

backfill



Repair Option No. 1 *\

EXISTING

INSTALL NEW % 5
PLASTIC OR FOIL §E
VAPOR BARRIER

Perform pr|mar||y from |nter|0r CONTINUOUSLY s

CUT EXISTING VAPOR BARRIER

N ew Vva pO I ba rrl er TO ELIMINATE POTENTIAL FOR mh _,

DOUBLE VAPOR BARRIER £ i

New interior drywall

SEAL VAPOR

Foam isolator tape at exterior \

o

s

CONFIRM THAT CLDSURE/ N EXISTING BATT
IS COMTINUQUSLY
SEALED WITH VAPOR

RETARDANT SEALANT

=

CONFIRM THAT EXISTING
PAINT @ CMU ACTS AS
VAPOR ammmﬂ\"-

r/ INSULATION TYP,

e

1/4" THICK
CONTINUOUS SELF
ADHESIVE FOAM
ISOLATOR TYP.



EXISTING BATT
IHSULATION TYP.

= T ]
I I \LINE OF EXISTING
SIMPLE SAVER VAPOR
1,/4" THICK - I BARRIER SvSTEM
COMTINUOUS SELF
ADHESIVE FOAM !
ISOLATOR TYP. CONFIRM THAT VAPOR

BARRIER 1S SEALED TO
TOP OF RAFTER PER
SIMPLE SAVER INSTALLATIOM
INSTRUCTIONS P.17

ADD FILLET SEAL
CONTINUOUSLY ALOMG
b RAFTER PER P19
¥l
CUT EXISTING VAPOR
i BARRIER TO ELIMINATE
ke POTEWTIAL FOR DOUBLE

VAPOR BARRIER

0NN

EXISTING BATT
I INSULATION TYP.

A RTOR SE C O TRRT ad CS T R AT arL Ar  FACT

P nEE

SEAL MEW VAPOR BARRIER
TO BOTTOM OF RAFTER
i CONTINUCUSLY

INSTALL MEW
FLASTIC OR FOIL
VAPOR BARRIER
COMTINUOUSLY

LR R

o b R

[t

L . \_ NEW 5/8"

DRYWALL

EXISTING
DR WALL
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Repair Option No. 2

EXIST METAL ROOFING
M ETAL ROOFING

EXIST PURLIN

PURLIN

EXIST BATT INSULATION
BATT INSULATION

EXIST SOFFIT PANEL
FABRIC AIR SOFFIT PANEL EXIST FABRIC

BARRIER AIR BARRIER

POLYETHYLENE
NEW XPS INSULATION

VAPOR BARRIER

EXIST STEEL GIRT

STEEL GIRT

W ALL PANEL

BATT INSULATION NEW SPF INSULATION

W ALLBOARD EXIST WALLBOARD

/
\
/EXISTWALLPANEL
7
/

VAN

INTERIOR

EXTERIOR INTERIOR EXTERIOR




What is Spray Polyurethane Foam (SPF)?

= Two-part reactive foam

= Mixed at nozzle

= Expands upon contact with
a substrate




SPF Insulation - Advantages

= Good thermal insulating properties
= (R-Value: Approx. 6 per inch)
= Water resistant
= Can perform as an air and vapor barrier
= Continuous and seamless
= Conforms to any shape substrate

= Spray applied with no fasteners




SPF Insulation - Disadvantages

Gaps must be filled prior to application

Min and max required temperature of substrate and ambient
temperature

Combustible: need to check usage per code

Hazardous during application: generates heat and fumes
UV Sensitive

Requires QC to maintain specified thickness




BOND BREAKER AND SEALANT

EXIST METAL TRIM; SEAL
LAPS WITH SEALANT

BOMD BREAKER
AND SEALANT

EXIST INTERIOR WALLBOARD TO REMAIN;
/— REMOVWE POLYETHYLEMNE SHEETING

SPF INSULATION, 4" THICK MIM (2 LIFTS MIMN}

XPS INSULATION

/— LOW DENSITY SPF INSULATION

EXIST HORIZONTAL STEEL GIRT

REINSTALL EXIST METAL WALL PANELS

EXIST CMU TO REMAIN. REMOVE

POLYETHYLEME SHEETING




Continuous Insulation

Exterior Temperature:
14 deg F
(avg Jan low for Omaha)

Interior Temperature:
82 deg F

(actual reading in pool
space)

WIE Proposed Design at Pool VE Proposed Design at Pool
1" XPS Thermal Break 1/8" Foam Weather Stripping as Thermal Break




Re engineering

Metal cladding acts at
structural bracing
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Whole Building Air Test
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Whole Building Air Test
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Demolition










Installation of Insulation
















Buiding Leak age (cfm)

Whole Building Air Test
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Learnmg Objectives

Understand how Heat, Air and Moisture (HAM) move through the building

envelope
Recognize the difference between rainwater and HAM water leaks

Comprehend the different functions of air and vapor barriers
Appreciate the use of spray polyurethane foam as a repair material



