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Learning Objectives

' e Specific components of
|dentify robust and effective building
envelopes.

¢ How building envelope
components work in concert,
and how to ensure that
through testing.

Understand

¢ General knowledge of the
important facets of envelope
design and what to look out
for in your projects.

Take Away

Arena and Canal District, Savannah, Georgia



Climate Zones Defined by

ASHRAE Standard 169 (Climatic
Data for Building Design
Standards)

International Energy
Conservation Code (IECC)

Purpose

Design, Planning and Sizing of
Building Energy Systems and
Equipment

Where are we now?
Chatham County, Georgia

Climate Zone 2A: Hot, Humid
Conditions

Climate Zone Designations

ASHRAE Climate Zone Map:




Bulk Water Control




The “Perfect Wall”
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*Reference Source - BS1-001: The Perfect Wall - Building Science.com Corporation



Moisture in a modern wall is not pretty

https://corksoluk.com/
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Rainwater can flow down
surfaces and enter through
openings and cavities

Driving Force for Rain Entry

Flashing
with drip

edge —
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Flashings direct gravity
flow rainwater back toward
the exterior

Gravity
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Capillary suction draws
water into porous material
and tiny cracks

Cavity acts as capillary
break and receptor for
capillary water interrupting flow

Capillarity

*Reference Source - BS1-117: Rain Control: Drained, Barrier and Mass— Buildingscience.com
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Rain droplets can be
carried through a wall by
their own momentum

Rain entry by momentum
can be prevented by
designing wall systems
with no straight through
openings

Momentum



Surface Tension
Exterior Cladding

Water —

film

Kerf
Rainwater can flow around a Providing a kerf or drip
surface as a result of surface edge will promote the

tension formation of a water
droplet and interrupt flow
Figure 1 Figure 2

*Reference Source - BS1-131: Mind the Drip — Buildingscience.com



Air Control




Exterior Wall Continuity
IECC 5.4.3.1.2; Air Barriers

» Show air barrier clearly on Continuous Air Barrier == s= = cusnesrom vmoovs
drawings.

GLAZING, NOT SKYLIGHTS

DO NOT INCLUDE PARAPET
AS PART OF THE AREA WALL

CAULK AROUND PENETRATIONS
OF CHIMNEY FLUE VENTS
ORATTIC HATCHES

» Seal all joints, penetrations, seams,
opening perimeters, intersections,

d k H CAULK BETWEEN WALL PANELS CAULK BETWEEN
UCtWOf' Open | ngS. prerpthemo il Rt WALLAND FLOOR WHERE

JOINTS BETWEEN DISSIMILAR
MATERIALS

» Resist both positive and negative
pressure.

PLENUM

CAULK AT PENETRATIONS

CAULK BETWEEN OF UTILITY SERVICES OR
OTHER SERVICE ENTRY

TOP AND EOTTOM
RLAAJ_ES SN i mS%UGN ;VALLS, FLOORS

ASTM E2178:

» Air barrier material test method.
Air permeance of 0.004 cfm/sf or
less at 0.3” w.g.

TRIP
CAULK BETWEEN /

WALL AND FOUNDATION

Courtesy of U.S. Department of Energy, Office of Building Technology State and Community Programs, www.energycodes. gov

*Reference Source — 2024 IECC Commentary Chapter 5



The “Perfect Wall”

Drainage Plane Layers
(Venting and Drying)
Thermal Control Layer

Cavity
7 Vapor Control Layer
||
Exterior i p Interior
%
¥

*Reference Source - BS1-001: The Perfect Wall - Building Science.com Corporation



Pressure Sources

Air leakage through the openings in the building
envelope are caused by air pressure differences

BN INCREASED PRESSURE
-DIRECTION OF FLOW

Outside Air =l \
Inside Air ~ —lp o)

STACK VIND FAN
EFFECT EFFECT PRESSURE



Envelope Leaks

https://www.professionalroofing.net/

Interior

» Diffuse flow

\—Orifice flow

_~—Channel flow

=y

Air leaks by channeI/row —enters
one part of wall, travels and exits at
remote point, allowing more
opportunity to cool and condense

: : R WS ey
£S5 Air leaks by diffuse flow: many
. *- small cracks in material, high
§ permeance in materials like
‘y" uncoated CMU, fiberboard

3 - S AL aomra X
7 ;. % S § %“!«;-:é‘"

Air leaks through orifices — such as
crack between window rough
' opening and frame. Also a direct

er leakage.

s
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Requirements

UFC 3-101-01
“Architecture” refers
to IGCC & ASHRAE
90.1-2019

* Requires whole-building
air leakage testing

* For buildings with over
50,000 ft2 of conditioned
floor area, less than
whole-building testing is
allowed.

Air leakage rate

(cfm/ft?)
1.0
0.6
0.4

0.25
0.11-0.08

What is leakage limit?

ASHRAE 90.1-2019: 0.4 cfm/ft2 of wall area

IGCC and UFC 3-101-01 modify that to 0.25 cfm/ft?

*at 0.3” w.g. (75 Pa)

Description

Very poor

Leaky building

Current standard practice
Excellent

Extraordinary

Standard Met
ASHRAE 90.1-2004
None

ASHRAE 90.1-2019
UFC 3-101-01 & IGCC
Passive House U.S.



Energy Effects - Insulation

Annual Building Energy Use (kWh)

7,000,000

6,000,000

5,000,000

4,000,000

3,000,000

2,000,000

1,000,000

240,000 ft2 office building

/ASH RAE 90.1-2019

Minneapolis-St. Pay|

Miami

Washington, D.C.

Increase insulation by 1 climate zone: 0.3% to 3% less energy

Increase insulation by 2 climate zones: 1% to 6% less energy

90.1-2019 Insulation +1 Climate Zone Insulation +2 Climate Zones Insulation




Energy Effects - Infiltration 240,000 ft2 office building

7,000,000
= 6,000,000
'é ASHRAE 90.1-2019
= /
Q 5,000,000 Mi
I ’ ’ nne .
@ 4,000,000 Miami
S
?;° WaShingtonI D.C.
3,000,000
‘S
@ Improve to 0.25 cfm/ft2: 8% to 15% less energy
® 2,000,000
S
c
g I
1,000,000 Improve to 0.11 cfm/ft2: 14% to 25% less energy

0.6 cfm/ft2 0.4 cfm/ft2 0.25 cfm/ft2 0.11 cfm/ft2
Infiltration Rate per Wall Area



Vapor Control




Vlapor Control

Vapor Diffusion
Vapor Diffusion
Higher Dewpoint Temperature Lower Dewpoint Temperature
Higher Water Vapor Density Lower Water Vapor Density
Higher Vapor Pressure on Warm Side of Lower Vapor Pressure on Cold Side of
Assembly Assembly

*Reference Source - BS1-001: The Perfect Wall - Building Science.com Corporation



Vlapor Control

Self Adhered

Goal is to control the passage of moisture as it R - . O
diffuses through the assembly of materials in a wall ~aho

A “perm’ is:

1 grain of water vapor per hour, per square
foot, per inch of mercury. 59,000 grains = 1

gallon.
ASTM E96 — Test method for determining Fluid Applied
water-vapor transmission of materials | Vapor Barrier

*Reference Source — R.L. Quirouette — The Difference Between A Vapour Barrier and an Air Barrier
*Reference Source — Waterproof! Magazine, Air Barriers/Vapor Barriers, March 25, 2025



Vapor Control — Vapor

Class | Class Il Class Il
Vapor )
Impermeable Semi-Vapor Permeable Vapor Permeable

>0.1 Perm and < 1 Perm

0.1 Perm or Less 1 Perm or More

]
el
“Baﬂ‘\
of
\JaP

Polyethylene sheets

Kraft-faced fiberglass batts Gypsum Board and Plaster

Glass, sheet metal Low-perm paint Latex Paint

Epoxy coatings Unfaced expanded polystyrene Cellulose Insulation

(EPS)

Foil-faced insulation sheathing Exterior Gypsum Sheathing

Fiber-faced Polyisocyanurate



The “Perfect Wall”

Brick/CMU Exterior Wall Assembly

%
Drainage Plane Layers &
(Venting and Drying) v >
Vd
Cavity d

a Vapor Control Layer
e %
L-L o

Exterior Interior

iz i
7 /] 1
/7 1

Vapor Movement ~  Vapor Movement

*Reference Source - BS1-001: The Perfect Wall - Building Science.com Corporation



Recommendations for Vapor Barriers

AVOID:

> Vapor barriers where vapor retarders will provide
satisfactory performance.

» Vapor barriers on both sides of assemblies -
“double vapor barriers”

> Installation of vapor barriers such as polyethylene
vapor barriers, foil faced batt insulation on the interior
of air-conditioned assemblies.

> Installation of vinyl wall coverings on the inside of air-
conditioned assemblies.

© buildingscience.co

*Reference Source - BS1-0130: Hotel Mold. Building Science.com Corporation
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To Contro | UFC 3-101-01 “Architecture”

Vapor retarder design: P A
Va p or e S B

If worst-case vapor pressure difference (winter or
summer) between outside and inside is < 0.25" Hg, | UNIFIED FACILITIES CRITERIA (UFC)
place vapor retarder on the predominantly high-
vapor-pressure side of the assembly.

If difference > 0.25" Hg, perform a simplified OR ARCHITECTURE
transient vapor transmission (hygrothermal)
analysis for walls, roofs, and exposed floors.

Simplified means steady-state dewpoint or Glaser
method described in ASHRAE Handbook.

Transient analysis requires software such as
WUFI.




Temperature and Vapor Pressure Gradients

Modified ASHRAE Method ASHRAE Method
% ' PainVExterior & [~ PainVExterior
& Alr Film ] A« Fim
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B Board ‘j Gypsum
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https://www.wbdg.org/resources/moisture-management



Transient Hygrothermal Analysis

Temperature Dewpoint

e  Predicts how moisture will

move through a wall
assembly over time

e Exterior weather

m

o

conditions (hourly)
* Material properties

Temperature ['C]

=
=)

. j (moisture and thermal)

m W * Interior building conditions
1Y . | I | |

o
L plbs . I
100
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o =
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0.001~ 0 /’—\A T3 0
0.121.97 0.03%4 18 394 252 063
*Metal Panel *Concrete *R-15 Glass Fiber Batt Insulation
*Air Layer 50 mm; without additional moisture capacity R4 eff. Glass Fiber Batt Insulation
*vapor retarder *Interior Gypsum Board

Cross Section [in]
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Air Leakage Again, But Worse




Moisture from Vapor Diffusion

Vapor diffusion into exterior
walls is usually mitigated by a \
vapor barrier.

With a typical vapor barrier,
conditions shown at right will

External Internal
transfer 6 grams (0.2 ounce) of Cooler Air Warmer Air
. . Lower Humidity Higher Humidity

moisture into wall over a square I
meter in a month.
This is manageable and will dry 4'
with proper wall design. -4 °F \ 70°F

80% RH 30% RH
Per Quirouette paper referenced in Winter

UFC 3-101-01 Architecture https://www.celticsustainables.co.uk/



Same Condition, But With Air Leak

E i
AIR LEAK

\

Consider:

1 in? leakage hole (or, a 5-foot, % mm crack)

X 9
. , : (=<
Pressure difference of 0.04” water (= 9 mph wind) j ’4
| | |
Assume only 10% of leaked air ends up in wall. Ec’if,i','lf’, Ve . v:;:?:ir
Lower Humidity s_ "4 Higher Humidity
Instead of 6 grams of moisture in wall (>
over a month, we get 1,400 grams (50 | h
0z). - ACF (> 0°F
) 80% RH j 30% RH

Winter

https://www.celticsustainables.co.uk/

- Quirouette paper referenced in UFC
3-101-01 Architecture



Last and Least: Thermal Control

Why is thermal control mentioned last? Again:

“If you can’t keep out the rain, don’t waste your time on the air. If
you can’t keep out the air, don’t waste your time on the vapor.”

|::> Insulation is only effective if these other things are under control.

29



The “Perfect Wall”

Drainage Plane Layers
(Venting and Drying)

Thermal Control Layer

Vapor Control Layer

Cavity

Exterior Interior

SENERN

*Reference Source - BS1-001: The Perfect Wall - Building Science.com Corporation



Thermal Control
ALt ]

| - 3 = . Thermal

Control of heat flow in
buildings requires: Stintious | : -~ bridge

» Insulation layers with limited
thermal bridges (best =
continuous insulation).

» Effective air barrier
(including joints at windows,
doors, and changes in
materials and planes).

Wall System

» Minimize thermal bridges.



Testing & Commissioning




Requirements — Testing/Commissioning

UFGS specification for total building
commissioning is 01 91 00.15

Refers to 01 91 19 for building enclosure
commissioning. But that is optional.

Design review

Submittal review
Inspections of envelope components
Air barrier pressure testing.

If not doing enclosure commissioning, 07 27
10 “Building Air Barrier System” also refers
to 01 91 19 for air barrier pressure testing.



Why is commissioning important?

Periodic Field Inspections

Fluid air barrier applied, but
large openings remain

4 INCH NOMINAL FACE BRICK
RUNNING BOND WITH
ADJUSTABLE BRICK TIES AT
16 INCHES O.C. EACH WAY —
(UNLESS OTHERWISE NOTED OR
SHOWN)

‘ 2 INCH THICK CAVITY WALL RIGID |
INSULATION BOARD R10 MINIMUM

CONTINUOUS LIQUID APPLIED
VAPOR PERMEABLE AIR/
WEATHER RESISTIVE BARRIER

SELF ADHERED (PEEL AND STICK)
AIR BARRIER MEMBRANE. LAP A
MINIMUM OF 8 INCHES OVER

A

g

HORIZONTAL AND VERTICAL
AIR BARRIER MEMBRANE

N




Why is commissioning important?

Periodic Field Inspections

https://iibec.org/issues-encountered-with-barriers/



Water Leakage in Walls

* No i
requirement in UFC 3-101

gé r:\oote.:st, but extensive

n
) .|shment / guidance ab
ater intrusion. ™

Wa\ls are Porous.
cm), whicn 18 just

be an underiyl
bU\\qu asse"‘

There needs !

Drainage Plané:
that penetrates

A-5.41 2
flashings to lead water

ng drama

Waier
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b\\es out again




Water Leakage from Windows

Again, no requirement in UFC

3-101-01, just a “best practice”
suggestion:

https://jasonwindows.com.au/

L




Direct 5 gal/ft>-hr at window

We teSt... surface, create differential

pressure across window.

...to ensure
we avoid this

Yy

What is leakage limit?

No visible leakage
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Summary i

®

Mason&Hanger

* Envelope is the single most
impactful building system where
resilience and energy
performance are concerned.

* Thoughtful, well-informed design
is critical to the integrity and
resilience of envelope systems.

* Trust but verify. Commissioning is
key to validating performance.

https://www.freepik.com/premium-vector/city-scene-with-rain-
thunders_2094966.htm?_sm_vck=1PsZNZrInZ5SFj23nMZTPOIFTNVRffqqPQtQMZP37PWNZJ00TjsQ&sign-up=google
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Thank You

Questions?



