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Building Physics Basics

* The three principle flows in our buildings are
heat, air, and moisture

— The three flows are inter-related and a change to one
creates an influence on the others as well.

Heat-Air-Moisture

Transport
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Heat Flow Basics

— The 3 flows occur simultaneously
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Moisture Flow Basics

* Gravity g
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Moisture Flow Basics

« Air movement of water vapor
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Condensation and Dew Point

* Relative Humidity:

26 deg F
62 deg F
S0 Deg F
100 % 52 % 28 %
Relative Relative Relative
Humidity Humidity Humidity

|
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Air Flow Basics

« Nature seeks a state of lowest possible pressure
— If you create a positive pressure air will try to escape
— If you create a negative pressure air will try to get in
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The goal: reduce energy consumption
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“Tonight, an in-depth look at what each of us can do to
help conserve electricity.”
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Energy Use

Types: Two paths to one goal
(Reducing overall energy consumption)

Where Does My Money Go?

Annual Energy Bill for a typical Single Family Home is approximately $2,200.

1% B Heating

B Cooling

B Water Heating
B Appliances

{includes refrigerator, dishwasher,
clothes washer and dryer

[ Lighting
[J Electronics

(includes computer and monitor
and TV and OV player)

@ Other*

(includes external power adapters,

4%

12%

13%

telephony, set-top boxes, ceiling
14% fans, vent fans and home audia)
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Air Leakage and Energy Efficiency

« EPA estimates that homeowners can typically
save up to 20% of heating and cooling costs (or
up to 10% of total energy costs) by air sealing
their homes and adding insulation in attics,
floors over crawl spaces, and accessible

basement rim joists

» Energystar.gov
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Improving Resistance to Conductivity

« 3 ASHRAE Methods for Calculating Thermal
Performance of Insulated Assemblies

1. Isothermal planes method
« Cross-sections have continuous,
homogeneous layers
2. Parallel path flow method
« Cross-sections have structural and cavity areas
« Components have similar thermal resistance

3. Modified zone method
 Use with steel framed assemblies
« Cross-sections have structural and cavity areas

e Structural components are highly conductive and create
thermal bridges
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Calculating Heat Flow

« Heat flow is the rate at which heat moves from an area
of higher temperature to an area of
lower temperature

« Heat flow, Q, is calculated using the following equation:
Q=UAAT

Where,

U = Thermal transmittance (Btu / (hr. ft2 °F))

A = Area (ft?)

AT = Temperature difference through the material (°F)
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ASHRAE Isothermal Planes Method

4” Brick

Outside Air Film

4” Concrete

<7

Zaapensiassiinsulation

V2esy PSUMBoard
Insice Air Film

2” Fiber Glass
Insulation

Totzl Resistzncs (Ky)

1 1 l Gypsum
U= = = = (.09 Btu/hr. ft2 °F | Board
Ry 1161 Inside Air
Film
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ASHRAE Parallel Path Flow Method

Water-Resistive

R Cavity R Frame Barrier Gypsum
F Sheathing
- Wood
Framing

Conventional
Stucco ‘
Flashing y)
Metal Lath
Gypsum
Ry = (0.75 x 14.94) + (0.25 x 6.32) = 12.79 Btu/(h ft? °F) Board

U = 1/R; = 0.078 (h ft2 °F)/Btu
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Metal Studs Transfer More Heat
Than Other Building Materials

 Metals conduct 300 to 1,000 times more heat than most
building materials

« The thermal impact of a metal stud in a framed cavity is
greater than the actual surface area

of the StugteeiStud WooiStud
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Thermographic Image
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ASHRAE Modified Zone Method

This calculation is very complex

To calculate use the free online resource
available through Oak Ridge National
Laboratory

www.ornl.gov/sci/roofs+walls/calculators/modzone/index.html

S=cav+w |
Exterior layer(s)— . '-: : '_i 5d,
Cavity/Stud— | .E i —E : [ de
interior layer(s) - = e I; 2d;
P L I SR
w i i
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What is a “Hybri

d Insulation” System

© CertainTeed Roofing Shingles

NN

“ =" InsulSafe* SP Premium

Vieta Blowing Wool Insulation

—— @ CertaSpray™ Foam Insulation
@ ProRoc” and ProRoc® M2Tech™

Gypsum Board
@ FiberCement Soffit or
©) CeruinTeed Vinyl Soffit
© FiberCement 7/16" Trimor 16 OPTIMA® Loose Fill
© Restoration Millwork™ Trim Fiber Glass Insulation
] @ MemBrain™
€ FiberCement Siding or Bl
@ CentainTeed CedarBoards™ Smar
Insulated Siding, Vinyl Siding,
Polymer Siding
{I) Panorama™ Composite Railing —
@ OPTIMA® Loose Fill
|:| |:| I] ’] H Fiber Glass Insulation

@ CertaSpray™ Foam Insulat

f

Advanced Framing

‘Water Resistive Barrier —I

Exterior Finish

€ ToughGard® Duct Board,
|— Ultra*Duct™ BLACK Duct Board

L D CertainTeed
B Platon® Air Gap < Acoustical Ceiling Panel
Waterproofing Membrane ; @ ProRoc* and ProRoct M2Tech™
@ ThermaEZE™ Gypsum Board
Thermal Insulation System

CartainTeed Bullding Responsibly

To Radon Vent

Form-A-Drain®
Foundation Footing System




Metal cap

18" wide membrane strip under
parapet folded down over exterior

osB
- Coping wedge
OSB sheathing : 0B
. Rubber roofing
S S membrane \
Scupper — Sz r e f oA R 2= rr7s
Two layers OSB t SR z T
f | e
High density spray ] i) ‘
foam insulation C L e i i R e e Y
Polymer modified (PM) or —»| Gypsum board with semi- §T
traditional cement stucco | permeable (latex) paint 3|
f Cavity insulation |
Metal lath Sealant, adhesive or gasketat = |
; top plate
Building paper bond break—p Caulking or sealant
over drainage plane | SR Cavity insulation
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Cavity insulation

Install rigid-foam
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I blocks around
’g ventilation

..“ chute, then seal
,.“ perimeter with
(> canned foam.

Seal air barrier
to framing.

b
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Use solid blocking ..“

beneath kneewall »" Seal electrical

to stop air; seal ..“ boxes and
s other holes.
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Managing Air Flow




The Science of Foam
Material Properties

Material Property

Open Cell / Low Density

Closed Cell / Med

Density
Density 0.4 to 1.4 |bs./ft3 1.5 to 3 Ibs./ft3
Aged R-value per inch 3.4-3.7 6.0 - 6.8

Air Leakage 0.0049 L/s m? 0.000418 L/s m?
Air Barrier Requirement Less than 0.02 L/s m? Less than 0.02 L/s m?
@75PA @75PA
Water Vapor Permeance 11 - 30 perm inch 2 - 4 perm inch
@ 27 thickness 5.5 - 15 perm 0.8 — 2 perm
@ 3’ thickness 6 — 10 perm Less then 1 perm

Flame Spread Index
Smoke Developed Index

< 25 @ 6" thickness
<350 @ 6~ thickness

< 25 @ 4" thickness
<450 @ 4" thickness

Fire Safety Requirement

Barrier Required

Barrier Required

Cartakipes




Air Infiltration Control
2012 IECC Air leakage language relevant to hybrid insula

Table R402.4.1.1

“Exterior thermal envelope contains a continuous air barrier”

“Exterior thermal envelope insulation for framed walls shall be installed in
substantial contact and continuous alignment with the air barrier”

“The air barrier shall be installed behind electrical or communication boxes
or air sealed boxes shall be installed”

Section R402.4.1.2

“The building or dwelling unit shall be tested and verified as having an air

leakage rate of not exceeding 5 air changes per hour in Climate Zones 1
and 2, and 3 air changes per hour in climate zones 3 through 8”

Certainleed
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Fresh Air Ventilation

“A mechanical exhaust system, supply

wat TABLE 4.1a (I-P)

system, or combination thereof shall be Ventilation Air Requirements, ¢fm

installed for each dwelling unit to provide —

whole-building ventilation with outdoor air Floor Area

each hour at no less than the rate specified LI T N N B L

in Table 4.1a and Table 4.1b or, ~1300 | 6|0 ] B X

equivalently, Equations 4.1a and 4.1b, DOLS00 | 6 | &0 | B | 0 | 16

based on the floor area of the conditioned W50 | 80 ] B ] 0 | 165 | 10

space and number of bedrooms.” HOL6000 | B 0 |15 ] 0] 15
ASHRAE 62.2 6001-7500 00 105 120 135 150

=7500 105 120 135 150 165
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Managing Moisture Flow

Certairifeed




The Science of Foam
Material Properties

Material Property

Open Cell / Low Density

Closed Cell / Med

Density
Density 0.4 to 1.4 lbs/ft3 1.5 to 3 Ibs/ft3
Aged R-value per inch 3.4-3.7 6.0 - 6.8

Air Leakage 0.0049 L/s m? 0.000418 L/s m?
Air Barrier Requirement Less than 0.02 L/s m? Less than 0.02 L/s m?
@75PA @75PA
Water Vapor Permeance 11 - 30 perm inch 2 - 4 perm inch
@ 27 thickness 5.5-15 perm 0.8 — 2 perm
@ 3” thickness 6 — 10 perm Less then 1 perm

Flame Spread Index
Smoke Developed Index

< 25 @ 6" thickness
<350 @ 6~ thickness

< 25 @ 4" thickness
<450 @ 4" thickness

Fire Safety Requirement

Barrier Required

Barrier Required

Cartakipes




Preventing Dew Point




Managing Moisture Flow

« Hybrid system moisture concerns

— Vapor Drive
« Water vapor drives from high pressure to low pressure

* In winter, vapor is usually moving from the building interior towards the
building exterior.

» The rate at which it flows is a function of the pressure on either side and the
how easily it can flow through a given material layer (permeance.)

— Condensing surface

» As the temperature of the surfaces decreases, the relative humidity
increases.

« 100% RH (Dew Point) is a function of temperature

Certainleed
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Preventing Dew Point = Warm Vapor Resistive Planes

Source: IECC 2003
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BIBS HP Recommendations

- ' _'_2')_(_{1wuu_['i'_s_tu'liw_aIE ey - 2% wood stud wall
Insulation Thickness Insulation Thickness

Climate CC SPF BiBs® BIBS® HP | Glimate GC SPF BIBS® BIBS® HP
Zane (inch) (inch) R-value' Vapor Retarder  |{  Zone (inch) (inch) R-value' Vapor Retarder

PR O e L e e T i e | peoie | R nes e D B Tt Fea- By B VR
i R-16 NA 1 2,b 1 25 R-17 NA
3 CRI6 | M 3a. e R b
3 R-16 Class Il Smart VR da,b,c 1 25 R-17 Class Il Smart VR
3 | ri6 | Clshsmatw Jf osab | 1 ] 25 | R | ClassiSmatR
3 1
3 1

R-16 2.5 R-17 Class |l Smart VR

25

Class Il SmartVR &

R

Insulatiu Thicess

Climate CC SPF BIBS® BIBS® HP
Zone (inch) (inch) R-value' Vapor Retarder
5 R-24 NA g 1 45 R-25 NA
] R-24 Class Il Smart VR fa,bc 1 45 R-25 " Class I Smart YR
5 1
5 1

Insulation Thickness
Climate GC SPF BIBS® BIBS® HP
Zone (inch) (inch) R-value' Vapor Retarder

R4 | ClassNSmartVRf] ©o45 L R25 | Class i Smart\R
R-24 45 R-25 Class Il Smart VR
2 5 | R | ClassliSmart\R

Class I Smart VR !
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BIBS HP Footnhote

“These guidelines must be followed to ensure
proper success of the BIBS HP system. If the
use of a vapor retarder in zones 4 or higher is
not preferred, please consult your fiber and
spray polyurethane foam manufacturer for
specification guidelines.”

» BIBS HP Technical Data Sheet
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Climate Based Recommendations

CertainTeed Hybrid Insulation Winter Season Closed-Cavity Surface Condensation Analysis

2¢4 Wood Stud Wall 2x4 Wood Stud Wal
{No additional vapaor retarder) (Aditional vapor retarder
Insulation Layer Thickness Insulation Layer Thickness
Climate | CertaSpray | High Density Hybrid CertaSpray | Hiah Density Hybrid Vapor Refarder
Zone CCSPF Fiber Glass | Insulation CC SPF Fiber Glass |  Insulation Requirement
{inch) {inch) Cavity R-value]  (inch) (inch) | Cawity R-value

1a 12 3 155 12 3 155 Unfaced

2a 12 3 155 12 3 155 Unfaced

2 12 3 155 12 ] 155 Unfaced

i 12 3 155 12 3 155 Unfaced

3 12 3 155 12 ] 155 Unfaced

I 12 3 155 12 3 155 Unfaced

da 1 2112 163 12 3 155 Class |l or MemBrain
4h 1 2112 163 12 3 155 Clazs Il or MemBrain
dc 1 2112 163 12 3 155 Class |l or MemBrain
ha 1112 2 171 12 ] 155 Class Il or MemBrain
Ab 12 2 171 12 3 155 Clazs |l or MemBrain
fa 2 1112 179 12 ] 155 MemBrain

gh 112 2 171 12 3 155 MemBrain

Ta 2 1112 178 12 3 155 MemBrain

i 1112 2 171 12 3 155 MemBrain

g Requires custom hygrothermal analysis. Requires custom hygrothermal analysis. NA
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Climate Based Recommendations

CertainTeed Hybrid Insulation Winter Season Closed-Cavity Surface Condensation Analysis

2x6 Wood Stud Wall 2x6 Wood Stud Wall
(No addifional vapor refarder) (Additional vapor refarder
Insulation Layer TICAESS Insulation Layer ThiCKnESS
Climate | CerfaSpray | HighDensity |  Hybrid CertaSpray | High Density |  Hybnd Vapor Retarder
Zone CCSPF | FberGlass | Insulation CCSPF | FiberGlass | Insulation Requirement
[mn:b] {inch)  |Cavity RB-value]  (inch) (inch) | Cavity R-value

E 12 5 49 112 5 29 Unfaced

2a 112 5 A9 112 5 29 Unfaced

2b 112 5 AR 112 5 29 Unfaced

Ja 112 5 AR 112 5 29 Unfaced

3b 112 5 249 112 5 29 Unfaced

I 112 5 239 112 5 29 Unfaced

4a 1112 4 b5 112 b 239 Class Il or MemBrain
4b 1112 4 2h5 112 5 239 | Class Il or MemBrain
dc 1112 4 25 112 h 239 | Class Il or MemBrain
ha i 312 263 112 h 239 | Class Il or MemBrain
ob i 312 53 112 5 239 | Class Il or MemBrain
ba 2112 3 a1 112 5 29 MemBrain

bb 2 312 %3 112 5 29 MemBrain

Ta 3 2112 A7 112 5 29 MemBrain

7b 2112 3 271 112 5 239 MemBrain

8 Requires custom hygrothermal analysis. Requires custom hygrothermal analysis. NA

Certairlleed
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IECC References

TABLE R402.1.1
INSULATION AND FENESTRATION REQUIREMENTS BY COMPONENT®

CRAWL
GLAZED WwooD MASS BASEMENT® | SLAB®

CLIMATE |FENESTRATION | SKYLIGHT® CEILING FLOOR SPACE®
ZONE | UFACTOR® | UFACTOR | ENESTRATION] pypy yg | FRANME WAL | atue | FVALUE| AN [ DEeTh AL

1 NR 0.75 025 30 13 34 13 0 0 0

2 0.40 0.65 0.25 38 13 46 13 0 0 0

3 035 055 025 38| Wori3s | 813 | 19 S 0 5113
41;;2;? 0.35 0.55 0.40 49 | 200ri3+5" | 13 19 1013 | 10,2fc | 1013
Mﬁg NEE 055 NR 29 | 00135t | 1317 | 30t | 1sn9 | 10,2 | 1519
3 0.32 0.5 NR 10 | 2045 or 13+10°| 15720 | 308 1519 | 10,4f | 1519
7eand 8 0.32 055 NR 29 [20:50r13+410° 1921 | 38 1519 | 10,4f | 15/19

For SI: 1 foot =304.8 mm.

a.

b.

C.

[=%

2.

f.

R-values are minimums. {/-factors and SHGC are maximums. When insulation is installed in a cavity which is less than the label or design thickness of the
insulation, the installed R-value of the insulation shall not be less than the R-value specified in the table.

The fenestration U-factor column excludes skylights. The SHGC column applies to all glazed fenestration, Exception: Skylights may be excluded from glazed
fenestration SHGC requirements in Climate Zones | through 3 where the SHGC for such skylights does not exceed 0.30.

“15/19" means R-15 continucus insulation on the interior or exterior of the home or R-19 cavity insulation at the interior of the basement wall. *15/19” shall
be permitted to be met with R-13 cavity insulation on the interior of the basement wall plus R-5 continuous insulation on the interior or exterior of the hame.
“10/13" means R-10 continuous insulation on the interior or exterior of the home or R-13 cavity insulation at the interior of the basement wall.

. R-5 shall be added to the required slab edge R-values for heated slabs. Insulation depth shall be the depth of the footing or 2 feet, whichever is less in Climate

Zones 1 through 3 for heated slabs.
There are no SHGC requirements in the Marine Zone.
Basement wall insulation is not required in warm-humid locations as defined by Figore R301.1 and Table R30L1.

g. Orinsulation sufficient to fill the framing cavity, R-19 minimum. *

h.

i.

2012 INTERNATIONAL ENERGY CONSERVATION CODE®

First value is cavity insulation, second is continuous insulation or insulated siding, so “13+5" means R-13 cavity insulation plus R-3 continuous insulation or
insulated siding. If structural sheathing covers 40 percent or less of the exterior, continuous insulation R-value shall be permitted to be reduced by no more
than R-3 in the locations where structural sheathing is used — to maintain a consistent total sheathing thickness.

The second R-value applies when more than half the insulation is on the interior of the mass wall.

»

R-29

Certairileed
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Conforming to the IECC

— Internal insulation

* Framing members NOT covered

— In zones 3 and above you must meet the “whole wall R value”
requirement (performance path)

— In zones 7 and 8, you must have a continuous insulation on the
exterior side of the framing

— External insulation

* Framing members covered with a “continuous” insulation
— Comply with either prescriptive or performance paths

Certainleed

SAINT-GOBAIN




Conforming to the IECC

Reduction of building envelope air leakage

— The air-sealing checklist in the 2012 IECC is called Table
R402.4.1.1, “Air Barrier and Insulation Installation.”

“Rim joists shall be insulated and include the air barrier.”

“Duct shafts, utility penetrations, and flue shafts opening to exterior
or unconditioned space shall be sealed.”

“Batts in narrow cavities shall be cut to fit, or narrow cavities shall
be filled by insulation that on installation readily conforms to the
available cavity space.”

“Air sealing shall be provided between the garage and conditioned
spaces.”

“Batt insulation shall be cut neatly to fit around wiring and plumbing
in exterior walls, or insulation that on installation readily conforms to
available space shall extend behind piping and wiring.”

“The air barrier shall be installed be_hind electrical or communication
boxes or air sealed boxes shall be installed.”

Certainleed
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A Warning from the IECC

* Note that all of these code requirements
are minimum requirements. In many climates, the
minimum code requirement for the R-value of the
continuous insulation (usually rigid foam) is not enough
to keep OSB or plywood wall sheathing above the dew
point in winter. Builders in Vermont who choose to install
R-5 foam on a 2x6 wall will eventually discover that their
OSB stays damp and begins to mold. For more
iInformation on this subject, see Calculating the Minimum
Thickness of Rigid Foam Sheathing.
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http://www.greenbuildingadvisor.com/blogs/dept/musings/calculating-minimum-thickness-rigid-foam-sheathing
http://www.greenbuildingadvisor.com/blogs/dept/musings/calculating-minimum-thickness-rigid-foam-sheathing

Material Properties

« Good modeling
requires:

— Accurate material
properties

— Accurate model
assembly

— Practical knowledge
(reality check)

Certainleed
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Material Properties

e Optima Thickness R-Values

4.3 5.3 6.4 7.4 8.5 9.6 11 12
14

314" 31/2" 334" 4" 41/4" 41/2" 43/4" =i

15 16 17 18 19 20 21

Certainleed
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Material Properties

* Fiber Glass Batt Compression Chart

Cavit

13/4" 21/2" 31/2" 31/2" 31/2" 6 1/4" 51/2" 6 1/2" 8" 8 1/4"
3.5
55 5.6 6
6 8 9 10 12
6 8 11 13 15 14 15 15
6 8 11 13 15 15 17 16 16 17
6 8 11 13 15 18 21 20 20 22 21
Certainleed
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Material Properties

Grade | Insulation

Very Small Gaps <=2% compressions @
70% installed R-value Comporemt | - alue | State | -~
M R-22. R-10 Cant. 0.036
) ’ ; 0.045 -
R-20 0C SPF+5 0.045
F-19. B-5 Cant. 0.049
R-15. R-5 Cant. 0.058
F-13. R-5 Cant. 0.081
R-27 CC SPF 0.051
| s 00 .
Grade Il Insulation Up
MNew Delete | Cut Copy | D
2% or Fewer Gaps 102 compressions @ 2
70% installed R-value
' . Input Mode:  ©* Quick Fill Site-Builk ¢ Path Layer
whall Type Mame: |H-23 CC 5PF +5
' { | W all Construction: |5tandan:| wiood Frame j
{ Continuous [hzulation B alue: 5.0 Stud Spacing [in oc]: 16.0
S Frame Cavity Insulation B alue:  [23.2 Stud Width [in: 15
G ra d e I I I I nsu Ia ti on Cavity Insulation Thickness [in): 358 Stud Depth [in]: 358
Cavity Inzulation Grade: | - Framing Factor:
5% or Fewer Gaps Block Cavity Insulation B4/ alue: Use Default v
Gupzum Thicknessz [in]: 0.500
Gaps greater than 5% Mate: |
are required to be
modeled as separate, 0K Cancel Help

uninsulated surfaces.
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The basics of heat, air, and moisture
(refresher)

The goal of energy consumption reduction
Hybrid Systems
— Not Just Walls Anymore

The science of foam
— Open Cell vs. Closed Cell

Managing Air Flow
— Air Barriers in Building Codes

Managing Moisture Flow
— Climate Based Recommendations

Building Code References
Materials Properties for data bases

Summary
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Topics covered:

What is spray foam?

What equipment is required to install spray foam?
Proper jobsite preparation

Health & safety

Installing spray foam

Fire safety

Codes
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What is spray foam?
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Product Category

Three types of SPF in Construction

Spray Foam
LD MD Roof

Density (Ib/ft3) 05-14 | 15-23 | 25-35
Thermal Resistivity (R/in) 3.6-45 | 6.2-6.8 | 6.2-6.8
Air Impermeable Material v v v
Integral Air Barrier System v v v
Integral Vapor Retarder v v
Water Resistant v v
Cavity Insulation v v

Continuous Insulation v v v
Low-Slope Roofing v
Structural Improvement v v

Certainleed
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History of SPF in Buildings

SPF in construction for 50 years

e Late 60’s - Medium Density (agricultural and
industrial)

 Mid 70’s - Roofing (high density)
* Mid 90’s - Low Density (residential)

SEP 19 2007
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Two types spray foam for insulation

- 3 F 3 -
i . - _ ) R,
. - p -,
- { BN N e ™
. ; > - ‘1 . J ..‘
A i D : . r .
. ™ h i S
L] . 4 - .
A o p a ' - - : ’
- - .
.

CLOSED CELL

~100x expansion ~30x expansion
0.5 to 0.8 pcf 1.7-3.5 pcf
R-3.6 to R-4.5 per inch (air) R-5.8 to R-6.8 per inch

(trapped low-k gas)
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Basic Chemistry
Reaction of 1:1 mixing of two liquids

* A-Side: Blend of monomeric and polymeric MDI
(MDI=Methylene diphenyl diisocyanate ) ’

 B-Side or Polyol

— polyols )

— blowing agents

Proprietary blend of additives affect cell

— flame retardan - i
ame retardants formation and foam performance

— surfactants

— catalysts




Basic Chemistry
A-Side:

e Typically brown or amber liquid unless
colors have been added

* Evaporates slowly

* Most people cannot smell the A-side at
room temperature

* |s reactive and may undergo chemical
reactions with various chemicals,
including water

 OSB, Gorilla Glue

INT-GOBAIN




Basic Chemistry
B-Side Formulation:

Catalysts, Surfactants, * These are the five basic
Flame 0 o . . .
Retardants, 3% 2% categories of B-side chemicals.
10%

e Percentages will vary based on
foam type (oc vs cc) and

manufacturer.
Blowing
Agents, i -
20% - - e

Certainle
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B-side Components - Catalyst

The Catalyst affects how quickly the A-side (Iso) and
B-side react.

Some people may smell an ammonia or fish-like
odor when exposed to catalysts.

Certairileed




B-side Components - Blowing Agent

*The Blowing Agent makes the foam expand by making tiny
bubbles, or cells, in the foam.

L'II""II"T
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B-side Components — Flame Retardant

*Flame retardants affect how the finished, fully reacted foam
resists combustion.




B-side Components - Surfactant

*Surfactants help the foam cells form.

Certairlleed
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Why Spray Polyurethane Foam (SPF)?

Increase thermal performance with high-
density SPF insulation

Increase building envelope air tightness
using SPF insulation and improve energy
efficiency

Increase building envelope structural
integrity

SPF applications allow more design
options for complex cavities and small
hard to reach spaces
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What equipment is required to install
spray foam?
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Spray Rigs

L INSULATION, Certain
ELL INSULATION,
wesms,  CERTASPRAY

Spray Foam Insulation

B X
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Spray Rigs
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Proportioner
Pumping/Heating System
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Material Delivery Hose System

Certairifeed




The Spray Gun
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Gun Assemblies

* The “Gun Assembly” is the primary point of mixing
for the foam components.

KEY
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Mix Chambers AR and AF, Mix Chambers ARand AF,
2020 arvd 2929 4242 or largar




GRACO

FUSION OPERATION

Certairifeed



/\

Certainleed

(Material) Safety Data Sheet

| Section 1 - Product and Company Ildentification

Material Name

uct j idey
it
CertaSpray® B-Side (Open Ce|  © ’Oﬂu t Namg h

MSDS No. . CT-10156-3 Relayap, * Certagy,,
Product Use = Component of a polyurethane sys Rennm nt ’dl?ﬂtiﬁEG CT1[)09% aym B.S,de (©
Manufacturer « CertainTeed Corporation Mendey usy Uses of -5 ,OSEL‘I Cayy
Det, e € sy, Sum,
750 E. Swedesford Road ails ¢ lh es Stan, . Mer)
P.0. Box 860 Valley Forge, PA 184 Hanys. Uppiii et Xty
United States Aturg, Plier of ofa . € ang
www.certainteed com
.  Not wec : N S
Chﬂ““"’" ;P“,“(,a\:\e ) . o o ormpene! ent - CertainTeed - EHS @saint-gobain.
Che# NOtARP IR, zpray b (a3 i, under @ e Telephone
Common NS o gpray P oy B (0P geﬂaﬁwar‘ds ¥ General = 810-341-7000
produst U550 ied WD C cell 2 e o, LB Technical . (B10)341-7000 -8 AM -5 PM |
cena;"“.'%an\ghdf::-‘:\fre o et vold Emergency . (200)424-8300 - Chemtrec
expd 3y under pre
tosed C# .
\ LEF] .
faam. TE\G\'- Pmparmpp Date EI&::Z&:‘ZD]EI
ATION: "JEES.‘? Last Revision Date - 100122011
JFACTURER wpoR i Product Literature Number - 30-50-043
WANUE o orporaben
CartainTe22 " Key to abbreviations
PO Bn*aﬁ A!Bﬂaz‘“m T = HMISs 3 registersd Fademank of the Amenican Coatings Assocaion
yakey
S \ﬂr‘?m‘ 0088
mu\su{;\ Q;(‘Ema Code: 305 PHONE: CHEMTRE]
produdt L

Section 2 - Hazards ldentification

cngRGENCY TEE

Emergency

WARN!
May cause respiratory irftation. Causes skin imitation. Causes,

CFR 1g
Classif ification 101200 g

to aqu. OSHy HES 35 201 the s"'bsb?n
Prevention i e or

Awoid breathing dust, fume, gas, mist,
Wear protective gloves-Gloves, clothi

it
i contact ¥
ppPEARA!

wentilated area. Keep contaner tighti
\n\'\a\z\\D 5\\\“ ol Response IF INHALED: Remowe victim to fres
s ™ oy w03 d w3y Call a POISON CENTER or doctor|
“gmzalm“ oo e nrﬁe‘ “ produst imeral] soap and water. Take off contamin:
oty Tes ACHE Get medical advice/attention. IF IN
Remove contact lenses, if present
e <kn and cteff] medical advice/attention.
- Mmd contact WL i “E““‘am Storage/Disposal Store n 3 wekventiated place.
Gumma! Dgnunngag‘ 2, U \‘f “‘ omact andior container in accordance
containe? © and €Y
o, SKIN.
Expasures \nnalation: =
of soms N5
Rautes sroots: EYES, o yes. ST

n Effect. w©
pmanm\“Ea et s TS

wae 1909 Physical Form + Liquid
Color

= Pale color.

Certairileed

SAINT-GOBAIN




Proper jobsite preparation
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Site Preparation

Create cross ventilation

Certairifeed




Occupant Outreach

Educate building occupants,
including other trades, about
potential health hazards associated
with spray foam.

Notify occupant and other trades
that no one should be in the house
during application without proper
PPE.

Notify occupant no one should enter
house for 24 hours or longer.

Post job signs: Do Not Enter .
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SPRAY FOAM
INSTALLATION
IN PROGRESS

ING PROTECTIH

& NO SMOKING &

PRECAUCION

APLICACION DE
ROCIADO DE
ESPUMA EN CURSO

SHOINGRESE ©

ADECUADO PARA RESPIRAI

(PROHIBIDO FUMARE
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Health & Safety
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Example - Exposure

SAINT-GOBAIN




Example — Overexposure




Exposure - Acute Effects

Acute effects are short-term effects typically
reversible after exposure ceases.




Exposure - Chronic Effects

Chronic effects are long-term, sometimes permanent, health
effects due to repeated exposure to certain chemicals.
Sometimes, chronic effects can occur at concentrations below
which acute effects are experienced.
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Exposure-
Examples of Chronic Effects

Chronic exposure to alcohol Chronic exposure to A-side (Iso)
can cause liver damage can cause reduced lung function
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Exposure to SPF Chemicals

Spraying a fine mist of heated SPF chemicals during SPF
application puts a significant amount of SPF chemicals into the
air which can present an inhalation and skin exposure hazard.
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Examples of Exposure Limits

* OSHA Permissible Exposure Limit - PEL

e National Institute of Occupational Safety
and Health (NIOSH)
Recommended Exposure Limit - REL

e American Conference of Governmental
Industrial Hygienists (ACGIH)
Threshold Limit Values - TLV 1 -

Limita
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Understanding Exposure Limits

* Applicable exposure limits can be i -
found on the MSDS.

Limit

* Some chemicals you work with
may not have exposure limits.

* Consult the MSDS for appropriate
precautions when working with
these chemicals as well.
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Some Risk Factors for Chemical Exposure

Improper selection or use of personal
protective equipment (PPE) could lead to
chemical exposure.




Some Risk Factors for Chemical Exposure

Handling SPF chemicals in poorly ventilated
areas could lead to chemical exposure.




A-side (lso) Exposure Effects - Eyes

*Possible A-side (Iso) irritation eye effects
iInclude:

* tearing
* redness
« swelling

* burning

* stinging

 possible temporary injury to the cornea
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A-side (Iso) Exposure Effects - Skin

Possible skin irritation effects due to A-side exposure
include:

e skin discoloration
* itching

e swelling

* rash




A-side (Iso) Exposure-
Short-term Respiratory Effects

Exposure to the A-side (Iso) may include possible
respiratory irritation effects such as:
« sore throat

 coughing

 chest tightness or discomfort
 shortness of breath

Certairileed
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A-side (Iso) Exposure —
Long-term Respiratory Effects

Normal Loss with Age

Lung
Function
(FEV,)

Accelerated Loss from
Long-term Exposure

Time
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A-side (Iso) Exposure - Sensitization

Sensitization is the development of an unusual sensitivity
to a substance resulting in an allergic response after
future exposures.

Potential effects due to A-side (Iso)
sensitization:

e skin rash

* asthma-like respiratory response
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A-side (Iso) Exposure - Sensitization Symptoms

Once sensitized, a respiratory sensitization reaction may
occur immediately after exposure or be delayed, including:

coughing

shortness of breath

wheezing

chest tightness

asthma attack

Asthma attacks may be life-threatening.
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B-side Constituents

*The B-side is a blend of different chemicals
with the the principal component being polyol
and various additives including:

* catalysts

* blowing agents
* fire retardants
* surfactants

« Health effects due to exposure to additives
vary.
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Inhalation Exposure Effects - Catalysts

Catalysts in the B-side can cause respiratory
Irritation including:

 coughing
e sore throat

* runny nose
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Skin Contact Effects — B-Side

Catalysts in the B-side may cause skin irritation including:
* reddening
e itching

« swelling

 possible allergic reaction
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Eye Contact Effects - B-Side

Catalysts in the B-side can cause eye
Irritation including:

* reddening
* tearing
 swelling

* burning

« temporary condition of impaired vision
known as “Blue Haze” or “Halovision”

Certairifeed




Safety Equipment
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Who needs to wear PPE?

*Everyone working in the immediate spray
area while SPF Is being applied needs to
wear appropriate PPE for protection from A-
side (Iso) and B-side chemicals.

This includes sprayers, helpers,
and even other trade workers.
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When is PPE Required?

PPE is required during and for a period after spraying.
Contact your supplier for specific information on the

formulation.

For interior high pressure SPF applications, up to 24 hours is
common.
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Skin Protection

*The most important consideration in
selecting protective clothing is to
completely cover all clothing and skin. ﬁ.)

* disposable suits are typically used t |

* If clothing becomes contaminated
with hazardous chemicals, dispose of
the clothing. Do not wear
contaminated clothing home.
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Gloves

*What type of gloves?

« for applicators: fabric gloves fully
coated with nitrile, neoprene, butyl
rubber, or PVC

« for helpers and during liquid chemical
handling, consider nitrile, neoprene,
butyl rubber or PVC gloves

« some workers like to wear work gloves
over the chemical resistant gloves
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Eye and Face Protection

The use of a full face tight-fitting or loose-fitting (hooded)
respirator can provide eye and face protection.
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Eye and Face Protection

When working with liquid chemicals and not wearing a
full face or loose-fitting (hooded) respirator such as
during liquid chemical handling, use goggles or safety
glasses with side shields.
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Supplied Air Respirator (SAR)

*Supplied Air Respirator (SAR):

« facepiece is connected to a breathing air source outside the spray
area using a hose

* may have a tight-fitting or loose-fitting (hooded) facepiece

« are typically used for interior and
some exterior SPF applications

* may provide a cooling effect due to air moveme
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Air-Purifying Respirator (APR)

Air-Purifying Respirator (APR):

 provides the user with a breathing source by
drawing air through the cartridges

 only tight-fitting facepieces are available with APR

 primarily used for exterior applications and some
well-ventilated areas
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Installing spray foam
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Low-Density Open Cell Foam
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Open Cell Scarfing
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Closed Cell Target Thickness 1 72-2” per pass
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Metal Buildings




Exterior Applications
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Many possibilities...




Spray Foam and Fire Safety
Or
Thermal Barrier or Ignition Barrier?
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Gt Is A Therni®! Barrier ?

Thermal barriers limit the temperature rise of the SPF to not
more than 250 F after 15 minutes of fire exposure
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Wbt /s A Thernllll Barrier ?
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WheliE A Theétmal Blrrier Needed ?

on the habitable side of a structure between

the interior of the structure and the SPF
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Is an lgni@®n Barrier ?

A lgnition barrier is a material applied to foam when
used in attics or crawlspaces with limited access
into the space.
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DN Barrier ?

The International Residential Code defines an IB as one of
the following:
1/4 Ply wood

3/8 Particleboard

va Hard Board

3/8 Gypsum Board

0.016 Corrosion resistant steel

1 % Mineral fiber

Intumescent coating Tested as a System




SPF & Code Changes
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2012 IECC Code Requirements

What’s new?

The 2012 code requires more insulation, a tighter envelope, tighter
ducts, better windows, and more efficient lighting than the 2009 code.

Important Changes

Blower-door testing requirements have become mandatory and more stringent; the 2009
threshold of 7 ach50 has been changed to 5 ach50 for climate zones 1 and 2, and 3 ach50 for
homes in all other zones.

Wall insulation requirements have become more stringent in climate zones 3, 4, 6, 7, and 8;

for the first time, builders in climate zones 6, 7, and 8 will be required to install exterior rigid
foam insulation (or to use some other comparable wall insulation strategy).

The 2012 International codes will require new homes in cold climates to have exterior foam
sheathing, or some similar layer of continuous insulation that interrupts thermal bridging
through studs.
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Introduction To Spray Foam

2013 CONFERENCE

February 27 - March 1, 2013
Orianpo, FL

THANK YOU
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