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Heat Transfer through Building Envelope

« U-factor

+ R-values 1;\
* Thermal Mass

* Heat Capacity

U-Factor is the

rate of heat flow in

Btu/h through one ft area
when one side is 1° F warmer
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Heat Transfer through Building Envelope

 U-factor
» R-values
* Thermal Mass
* Heat Capacity
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Heat Transfer through Building Envelope
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Heat Transfer through Building Envelope

« U-factor

« R-values

* Thermal Mass
* Heat Capacity
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Heat Transfer through Building Envelope

 U-factor
» R-values
* Thermal Mass
* Heat Capacity

Temperature

I
Time of Day
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Heat Transfer through Building Envelope
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Minimum R-values from ASHRAE 90.1

Climate Region

Temperate and  Temperate Cool and Cool and Cold and
Hot and Dry  Hot and Humid Humid Mixed Humid Dry Humid
(Phoenix) (Orlando) (Atlanta) (Seattle) (Boston) (Denver) (Minneapolis)

Insulation Entirely above Deck R-15 ci R-15 ci R-15ci R-15ci R-15ci R-15ci R-15ci
Attic and Other R-30 R-30 R-30 R-30 R-30 R-30 R-38
Mass NR NR R-5.7 ci R-5.7 ci R-7.6 ci R-7.6 ci R-9.5ci
Steel Framed R-13 R-13 R-13 R-13 R-13+3.8¢ci R-13+3.8ci R-13+3.8ci
Wood Framed and Other R-13 R-13 R-13 R-13 R-13 R-13 R-13
Below Grade Wall NR NR NR NR NR NR NR
Mass R-4.2 ci R-4.2 ci R-6.3 ci R-6.3 ci R-8.3 ci R-8.3 ci R-8.3 ci
Steel Joist R-19 R-19 R-19 R-19 R-19 R-19 R-30
Wood Framed and Other R-19 R-19 R-19 R-19 R-30 R-30 R-30
Unheated NR NR NR NR NR NR NR
Heated R-7.5@12 in. R-7.5@12 in. R-7.5@12 in. R-7.5@24in. R-10@36in. R-10@36in. R-10@36 in.

Note: “ci” means continuous insulation. “NR” means no requirement.

12
Building Envelope



v
o y

Energy Efficiency and Réhewable Energy

Recommended R-values for schools

Climate Region

Temperate and  Temperate Cool and Cool and Cold and
Hot and Dry  Hot and Humid Humid Mixed Humid Dry Humid
(Phoenix) (Orlando) (Atlanta) (Seattle) (Boston) (Denver) (Minneapolis)

Insulation Entirely above Deck R-20 ci R-20 ci R-20 ci R-20 ci R-20 ci R-20 ci R-20 ci
Attic and Other R-38 R-38 R-38 R-38 R-38 R-38 R-60
Mass R-7.6 ci R-7.6 ci R-9.5ci R-11.4 ci R-13.3 ci R-13.3 ci R-15.2 ci
Steel Framed R-13+3.8 ci R-13+3.8 ci R-13+7.5ci R-13+7.5ci R-13+7.5¢ci R-13+7.5ci R-13+7.5ci
Wood Framed and Other R-13 R-13 R-13 R-13 R-13+7.5¢ci R-13+7.5ci R-13+7.5ci
Below Grade Wall NR NR NR R-7.5ci R-75ci R-7.5ci R-7.5ci
Mass R-8.3 ci R-8.3 ci R-8.3 ci R-10.4 ci R-12.5 ci R-12.5 ci R-14.6 ci
Steel Joist R-30 R-30 R-30 R-30 R-30 R-30 R-38
Wood Framed and Other R-30 R-30 R-30 R-30 R-30 R-30 R-30
Unheated NR NR NR NR R-10@24 in. R-10@24 in. R-15@24 in.
Heated R-7.5@12 in. R-7.5@12 in. R-10@36 in. R-10@36 in. R-10 R-10 R-15

Note: “ci” means continuous insulation. “NR” means no requirement.
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Measuring Thermal Performance

* Calculation Methods
— Series
— Parallel Path
— Effective R-value
— Two-dimensional
— Testing
» Computer Programs

* Pre-calculated Data

| | II|,|
1 " 2 13
3 o ]
g J 1
|
J Y
" ¥ ]
5
; ,Il

Building Envelope



47 s ¥\ .S, Department of Energy

’a 4 ,y Energy Efficiency and Renewable Energy

4 . N
D
F =
CiTRR oL~

Moisture Control

* Vapor migration occurs from the warm humid side to
the cool dry side of the construction where it can
condense and lead to mold growth.

* |nstall vapor barriers on the warm, moist side of
framed walls, doors and roofs:
— Qutside of the assembly in humid climates.
— Inside the assembly for non-humid climates.

* Provide adequate ventilation in attics, crawl space,
wall cavities (only in extreme climates).
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Air Infiltration

Strategies for reducing
infiltration: l )

» Continuous air barrier on roof Ui
and walls.

« Windows/doors with low rates
of infiltration.

 Weatherstripping.

* Using air lock entries in cold
climates.

weatherstripping
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Air Infiltration

 Vestibule doors should

be at least 7 feet from \ain Bullding

the school’s main o =1 ¢

entrance. Vestibule 70 min.
* Vestibule doors should L — s

have self-closing Self-closing

devices.
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Insulation Recommendations —
Wood Framed Walls

 Install a minimum of R-13 cavity insulation in all
climates.

* In the Cool and Humid, Cold and Humid, and Cool
and Dry climates, also install R-7.5 insulating
sheathing.
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Insulation Recommendations —
Metal-Framed Walls

 Install a minimum of R-13 cavity insulation in all
climates.

* |n the Hot and Humid and Hot and Dry climates,
also install R-3.8 continuous insulating sheathing.
In the other climates, use R-7.5 continuous
iInsulating sheathing.
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Insulation Recommendations -
Mass Walls

* |nstall R-7.6 continuous insulation in the Hot and
Dry and Hot and Humid climates.

« Upgrade this to R-9.5 in the Temperate and Humid
climate, to R-13.3 in the Cool and Humid and Cool
and Dry climates, and to R-15.2 in the Cold and
Humid climate.

* Higher levels of insulation may be appropriate
depending on local climate.
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Insulation Recommendations —
Mass Walls
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O quarts
of water
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Example of what can happen when air flow relocates a
building envelope system’s dew point into the veneer layer.
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Air And Vapor Barriers

Metal
Glass

Modified bituminous self adhering
membrane

Modified bituminous torch grade membrane

Foil back urethane insulation: 1” or thicker

Foil back gypsum board: 1/2” or thicker

Certain asphalt impregnated fiber board

Certain fluid applied membranes

Sealants ( Caulking )

Plastic

Certain trowel applied modified asphalt emulsions
Certain urethane insulation materials

Certain foam insulation

Air Barriers

Plywood sheathing: 3/8” or thicker
Smooth surface roofing membrane
Cement board: 1/2” or thicker

Extruded Polystyrene: 1 1/2” or thicker
Gypsum board ( Use moisture resistant board )
Concrete

Phenolic insulation board: 15/16” or thicker
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Materials that do not meet the requirements to be an Air Barrier

Plywood sheathing: Less than 3/8” thick

Reinforced non perforated polyolefin
Tempered hardboard

Asphalt saturated felt paper: 15# and 30#
Plain fiberboard

Spunbonded olefin film

Vermiculite insulation

Concrete masonry units

Flakewood board

Particle board

Expanded polystyrene

Glass fiber rigid insulation board
Asphalt impregnated fiberboard
Glasswool insulation

Cellulose insulation

Brick
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Wall order of assembly

* Air barriers must be installed on the warm side of the insulation. This
way, any moisture that forms will occur on the outside of the air barrier.
The moisture will be reabsorbed into the exterior atmosphere or drained
away through flashings and /or floor slabs.

 Thermal insulation must be in direct contact with air barrier membrane,
installed tight. Direct contact between insulation and the air barrier
prevents the generations of convective air currents that can lead to water
vapor and condensation problems.
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\Wall order of assembly

* In hot and humid, air flow retarders should be installed on the
exterior of the building, and building assemblies should
protect the outside wall surface from getting wet. Any
moisture should be allowed to drain away or dry toward the
interior, using permeable interior wall finishes and avoiding

wall coverings.
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AIR AND VAPOR BARRIER
SYSTEM

FACE BRICK

CAVITY

AIR FLOW RETARDER
GYPSUM WALL BOARD

LIGHT GAGE METAL FRAMING BACK
UP WITH FIBERGLASS BATTS
INSULATION BETWEEN STUDS

INTERIOR GYPSUM WALL BOARD
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Problems Related To Slab Moisture

DUSTING - water trowled into surface
SCALING - high permeability in surface
BLISTERING - premature finishing discolor
CURLING - differential drying/curing
CRACKING - excess water & evaporation
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Subgrade preparation
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Subgrade preparation

Excess water can’t leave
through bottom of slab

Vapor barrier under slab




Water cure can lead to:

Slab Curj]
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Consider Durability

« ASTME 1993

“Standard Specification for
Bituminous Water Vapor
Retarders used in Contact
with Soil or Granular Fill
under Concrete Slabs.”
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Moisture

MOLD
GOOD
BAD
UGLY

Structural
and
Architectural
Damage

Health Concerns
Productivity
lliness
Death

Energy Costs
Resale
Marketibility




Per the E.P.A

*70-90% of
our lives are
spent indoors

The American Association of Home Inspectors
found mold in 38% of the homes they inspected



pry Injection Ports should be spaced
appropriately. .
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INSTALLATION TIMING IS CRITICAL |
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