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Learning Objectives

• Understand the key attributes that dictate proper 

design based on the environment.

• Discuss common disconnects between MEP 

engineers, energy modelers and architectural 

design professionals and tactics for achieving 

success. 

• Learn how to break down and evaluate drawings 

into isolated performance layers.

• Understand how initial and operating costs can be 

reduced based on efficient envelope design.

• Learn how to track design review comments to 

resolution.
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Successful Design

• Achieve environment separation

• Understand the Environment

• Prevent equilibrium

• Meet durability/sustainability requirements

• Fulfils desired use

• Simple

• Redundant

• Constructible
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Environmental Separation

Building 

enclosures 

are designed 

to separate 

interior from 

exterior.
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Understand the Environment
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Understanding the Interior Ambient Conditions
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Understand the Environment
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Shading
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Understand the Environment
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Understand the Environment
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Understand the Environment
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Understand the Environment
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Understand the Environment
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Consequence of Poor Environmental Separation
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Consequence of Poor Environmental Separation
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Successful Design

• Achieve environment separation

• Understand the Environment

• Prevent equilibrium

– Understand Barriers/Code Requirements

• Meet durability/sustainability requirements

• Fulfils desired use

• Simple

• Redundant

• Constructible
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Building enclosures are designed to control multiple loadings. 

Control layers include:

1. Water control layer

2. Air control layer

3. Vapor control layer

4. Thermal control layer

5. Acoustical

6. Fire

Source: ***

Create Environment Separation
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Wall

V/B      A/B    Thermal     Drainage

V/B      A/B     Thermal     Drainage    

Window

Create Environment Separation
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Wall

V/B      A/B    Thermal     Drainage

V/B      Thermal     Drainage  A/B    

Window

Create Environment Separation
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Cladding Insulation

Air Barrier Substrates

Common Elements

Sources: NIBS www.wbdg.org; nexusfocus.com; www.greenbuildingadvisor.com; www.wbdg.org; www.huggettbetten.com
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• Asphalt

• Acrylic

• STPE

• Silicone

Fluid-Applied

Source: dryvitpresskit.com
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May include:

• Rubberized asphalt 

• Cross-laminated HDPE 

film

• Polypropylene

• Other polymers

Self-Adhered Sheet

48

• Board

• Spray polyurethane foam

• Insulated metal wall panels

Other

Source: spray-tec.dreamhosters.com
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Modes of Bulk Water Transport

Source: ***
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2007:

US Army Corps of Engineers

Air barrier material air permeance not to exceed 0.004 

cfm/ft2 at 0.3” wg (1.57 psf) (0.02 L/sm2 @ 75 Pa)

Whole building’s air leakage rate must not exceed 1.25 

L/sm2 @ 75 Pa (0.25 cfm/ft2 at 1.57 psf) when tested 

according to ASTM E779 

Energy Usage vs. Air Leakage 
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TABLE 2. AIR TIGHTNESS STANDARDS COMPARISON

(FOR A FOUR-STORY BUILDING, 120 x 110Ft., N=0.65)

Country Source Requirement* Cfm/sq.ft.

at 75 Pa.

U.S. ASHRAE 189.1-2009 0.40

UK TS-1 Commercial Best Practice 5 m3/h/m2 at 50 Pa. 0.36

U.S. LEED 1.25 sq. in. EqLA @ 4 Pa. / 

100 sq. ft.

0.30

Germany DIN 4108-2 1.5 1/h at 50 Pa. 0.28

UK TS-1 Commercial Tight 2 m3/h/m2 at 50 Pa. 0.14

Canada R-2000 1 sq. in. EqLA @10 Pa. 

/100 sq. ft.

0.13

Germany Passive House Std 0.6 1/h at 50 Pa. 0.11

*USACE requirement is 0.25 cfm/sq. ft. at 75 Pa. 

Credit: Journal of Building Enclosure Design Summer 2011 “Improvement of 

Air Tightness in U.S. Army Buildings” pgs. 11-13
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IECC ASHRAE

Continuous AB

Continuous AB in Zones 1-3 (Southern States)

Continuous AB in Semi-heated spaces

Construction Document Requirements

Materials: air permeability ≤0.004 cfm/ft2

Assemblies: air permeability ≤0.04 cfm/ft2

Whole Building: air permeability ≤0.4 cfm/ft2

Joints/seams resist negative/positive pressure

Joints, seams, transitions, and penetrations sealed

Fenestration Air Leakage Requirements

Door Air Leakage Requirements

Vestibule Requirements
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Continuous Air Barrier shall be provided

• IECC: except Zones 1-3

• ASHRAE: except semi-heated spaces in Zones 1-6

New Air Leakage Requirements

54

Fenestration Air Requirements

IECC 2012
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What is an Air Barrier?
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Materials with air permeability ≤0.004 cfm/ft2

Compliant Materials

• Plywood ≥ 3/8 in. thick

• Oriented Strand Board ≥ 3/8 in. thick

• Extruded Insulation Board ≥ 1/2 in. thick

• Foil-back Insulation Board ≥ 1/2 in. thick

• Closed-cell spray foam (min. density of 1.5 pcf and thickness ≥ 1-1/2 in.)

• Open-cell spray foam with density 0.4-1.5 pcf and thickness ≥ 4-1/2 in.

• Exterior or interior gypsum board ≥ 1/2 in. 

• Cement board ≥ 1/2 in.

• Built-up roofing membrane

• Mod-bit roofing membrane

• Fully-adhered single-ply roofing membrane

• Portland cement/sand parge or gypsum plaster ≥ 3/8 in. thick

• Cast-in-place or precast concrete

• Fully grouted concrete block masonry

• Sheet steel or aluminum 

What is an Air Barrier?
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Stucco: Air Vs. Flashing Requirements

• Considered air barrier per C402.4.1.2.2

• Must be flashed per 1405.4 IBC 2012

—Weeps in assembly compromise air performance of 

assembly

Not All Air Barriers are Equal

58

HVAC or building Envelope?

Air intake, but interior room forms the duct.

Floor is waterproofed with roofing membrane.

Room hemorrhages air.
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Per IBC 2012

• Class I or II vapor retarders provided on interior side 
of frame wall in Zones 5-8 and Marine 4

• Class III permitted conditionally

Vapor Barriers

60

Moisture Transport

2/3 Pint via Diffusion

50 Pints via Air Flow
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ASTM E96 Dry Cup

Wet Cup

Vapor Retarder Class (IBC)

62
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Enclosure Design

66

Enclosure Design



10/14/2016

34

67

Enclosure Design

68

Enclosure Design
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Successful Design

• Achieve environment separation

• Meet durability/sustainability requirements

• Fulfils desired use

• Simple

• Redundant

• Constructible
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b

You would think two 

sealants made by the 

same MFG would not turn 

color.

Clear silicone turns 

yellow when exposed to 

light.  White turns yellow 

when exposed to clear!

Require Letters of Compatibility
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b

Example of staining due to 

leading edge of asphaltic 

membrane touching the 

sealant.

Installer was warned to 

hold back the leading 

edge and ignored it.

Identify Compatibility Concerns in the Design

72
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Material Selection
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Sustainability Drivers
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Successful Design

• Achieve environment separation

• Meet durability/sustainability requirements

• Fulfils desired use

• Simple

• Redundant

• Constructible
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How Important are Aesthetics?
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Successful Design

• Achieve environment separation

• Meet durability/sustainability

• Fulfils desired use

• Simple

• Redundant

• Constructible
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Successful Design

• Achieve environment separation

• Meet durability/sustainability requirements

• Fulfils desired use

• Simple

• Redundant

• Constructible
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Successful Design

• Achieve environment separation

• Meet durability/sustainability requirements

• Fulfils desired use

• Simple

• Redundant

• Constructible
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BECx Design Based Phases

• Programming

• Pre-Design

• Design

96

Energy Modeling & BECx

• Typically, performed in programing phase.

• Used to validate design and evaluation options.

• Scope of analysis is beyond MEP.

• Model comparison with actual performance is increasing.

• Most projects have modeling requirements.

• Modeling is dictating some design decisions.
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Building envelope’s energy contribution

Solar Heat Gain U-Factor Air Leakage

Energy Modeling and BECx

98

Solar Heat Gain

SHGC

Transmittance

Reflectance

Absorbtance

Emittance

Energy Modeling and BECx
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BECx

Overview

Pre-Design

Design

Pre-constr.

Construction

O&M

Energy Modeling and BECx

100

Energy Modeling & BECx
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Energy Modeling & BECx

Reference 

ASHRAE 1365  RP

102

Energy Modeling & BECx

Reference ASHRAE 1365  RP
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Energy Modeling & BECx

Whole building air test results  (ASTM E 779) are expressed as 

air flow through the wall, roof, and floor, not just the façade.

CFM/SF rates must be adjusted accordingly (sometimes 

doubles flow the flow rate).

104

Stack Pressure

Neutral Plane

What about Stack Effect?
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Window to Wall Ratio
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Oak Ridge National Lab - Study

Finding relating to energy modeling and air leakage:

• Current modeling software, such as Energy Plus, doesn’t do 

a good job at accounting for energy loses due to air 

leakage.

–Calculations are based on conductive losses that show smaller 

temperature changes than the rapid temperature changes due to air 

leakage.

–There is no interactive term within simulation tools and the magnitude 

of this term is currently unknown.

• Current models appear to underestimate the energy loss 

due to air leakage.

• Past studies focus on lower R-value walls (minimizes energy 

loss due to leakage compared to higher R-values).

108

Credit: Journal of Building Enclosure Design Summer 2011 “Improvement of 

Air Tightness in U.S. Army Buildings” pgs. 11-13

Energy Usage vs. Air Leakage 
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Pre-Design Phase

• Work with Building Owner to develop Owner’s Project 
Requirements (OPR)

• Evaluate design concepts against OPR and Architect of 
Record’s  design intent

• Perform hygrothermal computer modeling (WUFI & 
Therm)

• Basis of Design

• Development and acceptance of initial Commissioning 
Plan

110

Thermal Modeling
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Enclosure Design

112

Enclosure Design
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Design Phase

• Review design against OPR and BOD

• Review construction sequencing and scheduling

• Write BECx and functional performance testing 
specifications

• Draft BECx plan

114

Design Phase

BECx Specification:
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Design Phase

FPT Specification:

116

Functional Performance Testing

Typical Failures:

Concrete cracks Z-girt fasteners Brick ties
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Functional Performance Testing

Typical Failures:

Curtain wall gaskets Perimeter seal

118

Functional Performance Testing

Typical Failures:

Stem wall connection Mullion intersection
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Functional Performance Testing

Typical Failures:

Unsealed holes Roof-to-wall interface

120

Functional Performance Testing

Performance Requirements

• Building Enclosure 

Functional 

Performance Testing 

Specification Section

• This Section shall 

supersede other 

Sections where 

contradictions occur

120
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Design Phase

Design Review Examples:
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124
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Head Detail

126

Typical Interface Concerns
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Parapet Cap

128

Extended Curtain Wall
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Soffits

130

Mechanical Equipment
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Typical Interface Concerns

Penetrations

132

Wall to Foundation
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Tracking Non-Compliance

134
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Detailed, Functional Design

136

Consulting/Design QA

Revit Model
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Consulting/Design QA

Building Enclosure Details Set
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Consulting/Design QA

Building Enclosure Details Set



10/14/2016

70

139

Consulting/Design QA

Building Envelope Details Set

John.Runkle@Intertek.com

Phone 717.764.7700

icenter@intertek.com

www.intertek.com/building


