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Director, Building Sciences

3" TightVent Workshop on Building
and Ductwork Airtightness

Learning Objectives

Understand current code changes
that dictate building envelope air
leakage requirements.

Learn the key steps within the BECx
process to achieve a tight building.

Review mock-up and testing
strategies through case studies.




Commissioning the Building Envelope

Importance of air tightness
Guidelines and Standards

Key Steps within BECx Process
Functional Performance Testing
Case Studies

Architectural Testing Inc
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1995 NBCC Requirements:

0.02 L/s.m2 @75Pa

Material Requirements *ﬁ

System Requirement *
Class1RH <27%  0.15L/s/m?

Class 2 RH 27-55 0.10 L/s/m?
Class 3 RH > 55% 0.05 L/s/m?

-1/8” x1/8” hole in 1 yd? represents

maximum leakage area to meet system
requirement

History Ty
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"% Dr. Neil Hutcheon, 1953

Energy loss through air leakage

Commercial buildings:

15% - 35% of total energy use
Residential buildings:

30% of total energy use




D.O.E. - Up to 40% of a building’s
energy consumption is due to air

leakage.

Energy Savings

45%
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Energy Usage vs Air Leakage
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Climate Zone

Credit: Journal of Building Enclosure Design Summer 2011
“Improvement of Air Tightness in U.S. Army Buildings” pgs. 11-13
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‘ Oak ridge National Lab - Study

fTest full-scale walls w/ and w/o air leakage in hot box
- Leakage limited to joints at sheathings

- Heat flux increased 25 to 50%

Q Sealed vs Q Imposed 10Pa

(ie in one wall and out the other, similar air leakage)
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Energy Modeling

Relationship with the Building envelope




Energy Modeling

Energy models:

Treat all air leakage as infiltration not exfiltration
Leakage area is only wall, not roof/slab
Does not account for stack effect

Air Leakage Reality




Energy Modeling

Whole building air test results (ASTM E 779) are
expressed as air flow through the wall, roof and
floor not just the facade.

CFM/SF rates must be adjusted accordingly
(sometimes doubles flow the flow rate)

ﬁu Finding relating to energy modeling and air leakage:
R Current Modeling software such as Energy Plus doesn’t

do a good job at accounting for energy loses due to air
leakage.

Current models appear to underestimate the energy loss
due to air leakage.

Past studies focuses on lower R-value walls (minimizes
energy loss due to leakage compared to higher R-values)

vww.archtest.com Architectural Testing Inc



‘ Cost of Leaking Vs Tight Buildings

Past Poor High Planned High
Performance Performance | Performance

Design / Construction X X X
BECx / Testing X X
Remediation X

Improperly sized mech. equip. X X

Additional heating/cooling X

Unanticipated maintenance X

BECx impact on Architect and As Architect and Contractor become familiar with
Contractor BECx, extra costs are minimal

History
2007:
US Army Corps of Engineers

Air barrier material air permeance not to

exceed 0.004 cfm/ft? at 0.3” wg (1.57 psf)

(0.02 L/sm? @ 75 Pa)

Whole building’s air leakage rate must not
exceed 1.25 L/sm? @ 75 Pa (0.25 cfm/ft? at
1.57 psf) when tested according to ASTM
E779




Case Study

Approximate building air leakage rate @ 75PA cfm/ft>

was in excess of 3 x the allowable leakage rate of 0.25
cfm/ft?

A formal test was not performed

A diagnostic evaluation was conducted in order to identify
specific areas of leakage

1271672010

Case Study
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In the Details:

The air barrier was not adequately transitioned
between systems

No air barrier was installed at the soffit of the
entrances

Building air leakage rate @ 75 PA = 0.82 cfm/ft*
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¥
2011 — CSA 7320-11 D
*

Standard that deals with commissioning of the
building as a whole
New construction and retro commissioning

Specific systems
Architectural systems
Vertical/horizontal transportation systems
Electrical systems
Mechanical systems
Control systems and integration

Annexes for functional performance testing options

ctural Testing Inc

History

2006:
NIBS Guideline 3-2006

Exterior Enclosure
Technical Requirements

For the Commissioning Process
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International Context

Country Source Requirement*

Us. ASHRAE 189.1-2009

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

us. LEED 1.25sq. in. EQLA@ 4
Pa. /100 sq. ft.

Germany DIN 4108-2 1.5 1/h at 50 Pa.
UK TS-1 Commercial Tight 2 m3/h/m2 at 50 Pa.

Canada R-2000 1sq. in. EQLA @10 Pa.
/100 sq. ft.

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

*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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2012:

ASTM
E 2813 — Standard of Practice BECx
NIBS Guideline 3 — Standard guide

subcommittee formed
Certification and Training subcommittee
formed

ASTM certification, NIBS training

Based on ISO 17024 accreditation




BE  — SIS —

IBC 2012 IECC 2012

TWO OPTIONS:

1.

1) ASHRAE STANDARD
Energy Stndard fee
Buidings Except
Low-Rine Reudontial
Bublings

ASNI/ASHRAE/IESNA 90.1

e —
eSS

ASHRAE

Continuous AB

i| Continuous AB in Zones 1-3 (Southern States)

| Continuous AB in Semi-heated spaces

Construction Document Requirements

Materials: air permeability <0.004 cfm/ft?

Assemblies: air permeability <0.04 cfm/ft?

Whole Building: air permeability <0.4 cfm/ft?

Joints/seams resist negative/positive pressure

Joints, seams, transitions, and penetrations
b| sealed

Fenestration Air Leakage Requirements

Door Air Leakage Requirements

Vestibule Requirements

WS N R

WS KRN AR
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Fenestration Air Requirements

TABLE C402.4.3
MAXIMUM AIR INFILTRATION RATE
FOR FENESTRATION ASSEMBLIES

MAXIMUM
RATE(CFM/FT?)

Windows 0.20°
Sliding doors 0.20° AAMA/WDMA/
Swinging doors 0.20° CSA101/1.5.2/A440
Sk\_/llghls - with ron:.‘]t‘n‘ 0.30
sation weepage openings
Skylights - all other 0.20*
Curtain walls 0.06
Storefront glazing 0.06 NFRErmU
ot | 0 [rometzfiisros
Revolving doors 1.00 IECC 2012
Garage doors 0.40 ANSI/DASMA 105,
NFRC 400, or

Rolling doors 1.00 ASTME 283 at 1.57 psf
(75 Pa)

FENESTRATION ASSEMBLY TEST PROCEDURE

or
NFRC 400

For SI: 1 cubic foot per minute = 0.47L/s, 1 square foot = 0.093 m®.

a. The maximum rate for windows, sliding and swinging doors, and skylights
is permitted to be 0.3 cfm per square foot of fenestration or door area when
tested in accordance with AAMA/WDMA/CSA101/1.S.2/A440 at 6.24 psf
(300 Pa).

What is an Air Barrier?
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- What is an Air Barrier?
% Materials with air permeability <0.004 cfm/ft?

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 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

Architectural Testing Inc

Nature Wants Equilibrium

High To Low
Hot To Cold
Wet To Dry




Air Flow

Air flow rate depends on:

Pressure difference
Size of hole

TL.ocation of hole

Orifice Leak
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Diffused

Channel Leak
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Flow Leak

Air Flow

Stack Pressure

Neutral Plane
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ENVIRONMENTAL
SEPARATION

Air barriers
Vapor barriers

Drainage layers
Thermal barriers

19



Commissioning Phases

Pre-Design Phase

Design Phase

Pre-Construction Phase
Construction Phase

Operations & Maintenance Phase

rchtest.com Architectural Testing Inc

Building Enclosure Commissioning Selection Guide

Performance Functional Performance Testing

Beyond code minimurm fire protection reguired

Wyithin 5 rniles or 65 dBA or higher contour curve of aifport
Interior dBA, [evels |ess than 45

Within 1000 ft of freeway, fire station, sports arena, racetrack
Wyithin 3000 ft of active raibway, helicopter pad

Schaool, hospital, theater, mixed uge residential/comrmercial
Beyond code minimum energy efficiency desired

Blast, forced entry or security pedfarmance required

Basic wind speed in excess of 100 mph

Enter applicable option from drop down box

Enter applicable option from drop down box

LEED 3 2009 innovation point for Building Envelope Cx
---Building Pressurization: Enter applicable option fram drop down box

Mo time loss facility (e.9. data center)

Functional peformance layers are nor-maintainable

Select all options that apply to specific project

Project Deliver 1 ¥ |Enter applicable option from drop down box

B EE R EEEEEE

Project Scheduh | |Enter applicable option fram drop down box

E] Enter applicable option from drop down box

Recommended Level of Thermal FPT|No FPT Requi

Recommended Level of Acoustical FPT|No FPT Req

Recommended Level of Water FPT[No FPT Req

Recommended Level of Air FPT|No FPT Reg

Recommended Level of Solar FPT[No FPT Required

Additional Miscellaneous Testing (Fire)|No Additional Testing Required
Additional Miscellaneous Testing (Blast)|No Additional Testing Required
Additional Miscellaneous Testing (Structural)|No Additional Testing Required

Rec led Level of C issioning|Basic C

rchtest.com Architectural Testing Inc




Design Phase

Review design against OPR and BOD

Perform hygrothermal computer
modeling (WUFI & Therm)

Review construction sequencing and
scheduling

Write BECx and functional
performance testing specifications

FRIMARY ROOF DRAIN (SEE PLUMB.)

ROOFING SYSTEM OVER RIGID INSULATION

_— JULLTATIAY
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ROOF SUMP RECEIVER

UNDER DECK CLAMP

EXTEMSION SLEEVE
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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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Testing Considerations

Difficulty in achieving the OPR

Complexity of the desigh — How wild is
the Architect’s dream and what’s the
climate

Number of systems - cladding Matrix

Are all interior spaces conditioned the
same?

Expectations of trades.
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f———————
-+ - ASTM E2357 Product Installation.

[\
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Start-up meeting with all parties
involved

Review of shop drawings
Review of proposed materials for
compatibility

Review of ownership/sequence
Finalize testing protocols

Document mock-up construction and
testing.
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W Pre-construction Phase

i

Mockup:

To be built by the trades

Represent project design and
materials

May be stand-alone or part of the
final construction

To include as many typical details as
possible

To be tested for compliance
Sets the standard of care

Architectural Testing Inc
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MOCKUP PERSPECTIVE SW

BOMLE

4} MOCKUP PERSPECTIVE NE
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PARAPET NOT REVIEWED
SE THEY WERE
T YET INSTALLED

REVEAL
DIMENSIONS NEED

TO B

WIDTH

HORIZONTAL AND
RTICAL

THIS JOINT APPEARS TO
FLARE AT THIS END.

WHAT ARE THESE? DO WE NEED
THEM? DO THEY HAVE TO BE THI
BG?
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Construction Phase

Review Quality control by
contractors Q/C

Observe/perform functional
performance testing

Construction
observations/inspections

As-needed BECx meetings
Update BECx plan
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Cllent: University of Pennsyivania Heailth System UPES)

Pragenit: 8. Monahan

‘iveatner. r-42"F
OniCet gite Time: 34580 100 PW

Wiork In Process: ‘1 wingow glazing |1s|z|a|cn olm'm'\eelc:ner 513 c:*.ers 3t north sevaton Flaid Report bo.:
ISR Srvd Vapor Darer M e visit Date: —__Danaos 12‘{15
oUver pan Tashing sompleled STEE to~r nom, easta'\: =

Attention
Ilem Obasnvation: Requirac By :
T siar! and e Sl Tame 15 3dNer= [0 Ne widow sicher of e

[The sedar. appied betwesn e Dack &g of e
in= sill rame. Al sealant substrates ar to be clzaned and prepared | accardan
recommenged ngtalation procedures. NGMC removed the s=alant and stz
and raappiled the sealant prior 1 AT! kaving e sie

1t fne manufachuers
131

12 [The Joinls belween ine Back leg and end Gam of e mesal pan localed beiow Deleyo 5 o | Column P55, Adfacentto | 1198, 1193,
lccalions. AT notted LFD th sealing the jants of the metal pan Is raquirsd ko prof ard ‘colurms L2 and H-2 1191
e pan Wzt

13 |Two fa5I2ners pensiraing INfough Mz metal pan Naening DEKTA N2 ICUVERS ¥ reeaed. ATl noned LFD Deleyo 5 West ‘Norh of calmn E-2 R

that all

&5 through ine ashing e 10 be sealed a5 ndlaed In the shop drawing detal.

Adotions) Comments:

The above condions represent discrapancies thatl we obsanved In the Instaliad work compared 1o construction documents, Instaliation Instruction. shop drawings and good Ingustry pracice. AddHianal

noled condifions that are repairs or steps ihat are repalrs or steps 1hat they iInstallers 1ook In reaction to our observations. This report does not Inciude our opinion regarding the merts of the remedlal efforts,

but v uid be pleasad 1o provide our opinion or other cansuing sa n request. Uniess condition abos {ates Mat it was repaired during our site vist, the condiicn remains oulstandng. Cur
203005 A3 N0t canstiuiz 100% Inspectons and Conlrastors a7 responslblz to oamy out 100% Inepestions of thelr work and comespanding repairs. Repeat condtions are Indcative that s nspacton s

nol baing perfomen by 1z contractors

O & M Phase

Whole building testing
Infrared scanning
Warranty package

Final BECx record

itectural Testing Inc
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Architectural Testing

QUESTIONS?
COMMENTS?
INSULTS?

John Runkle — Director Building Sciences
jrunkle@archtest.com
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