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Air Barrier Association of America (ABAA) is a Registered Provider with The
American Institute of Architects Continuing Education Systems. Credit earned
on completion of this program will be reported to CES Records for AIA
members. Certificates of Completion for non-AlA members are available on
request.

This program is registered with the AIA/CES for continuing professional
education. As such, it does not include content that may be deemed or
construed to be an approval or endorsement by the AIA of any material of
construction or any method or manner of handling, using, distributing, or
dealing in any material or product.




Overview of Presentation

Brief Overview of Passive House
PH Air Tighthess Requirements
Design Phase

Construction Phase QA/QC

Case Studies

— The House at Cornell Tech
— St. John Neumann

— Beach Green North
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What Is Passive House (PH)<¢

PH is a building standard

The most rigorous energy efticiency
certification available

Performance based approach

Attention to insulation continuity and
reduction of thermal bridges

Emphasis on balanced ventilation



What can be certified PH?




Passive House Criteria

Criteria Threshold
Space heating/cooling demand 4.75 kBtu/ft2 yr
Whole building energy demand* 38.0 kBtu/ft2 yr
Air infiltration 0.6 ACH@50**
Frequency of overheating™** <10%

*Source
¥ PHI Limit

** Must not be exceeded if no mechanical cooling is present.



PH Design Principles

Energy Recovery
Ventilation

Use the Sun Control the Sun Super-Insulate

The SURE House

Winner of the 2015
D.O.E. Solar Decathlon

WWW.surehouse.org

Minimize Airtight
Thermal Bridging Construction

« Continuous Insulation

*  Minimize Thermal Bridging

- Airtight Construction

« Energy Recovery Ventilation

« Optimal Solar Orientation and Shading



PH AIR TIGHTNESS
REQUIREMENTS



PHI vs PHIUS: Differences

Requirement

PHI

PHIUS

Notes

Comfort criteria
Whole building
energy demand

Heating demand

Cooling demand

Air Tightness

Mandatory

/ft2 of conditioned envelope

Same for all climates

Changes based on latent
load from climate and
occupant density & internal
loads

0.6 ACH50 required / 0.033
cfm/ft2 of facade

recommended for large
buildings

Recommended

/person

Changes based on
climate

Changes based on
climate, sensible only

0.08 cfm/ft2 of facade for
6+ stories & non-
combustible, 0.05 cfm/ft2
for all others

Leads to triple pane
windows in NYC for PHI

Temporary adjustment
being allowed for cooling
demand by PHIUS

Ventilation

Cooling & Heating
Loads

Not a lot of approved ERVs in
N

Can certify based on
demand or load

Approve a lot more ERVs

Must meet both demand
and load thresholds

Can be difficult to meet
both




Alr Tightness

 Requirement: <0.6 ACH@50

« What does this mean®?

— @50 refers to 50 pascals pressure difference
between indoors and out during a blower door
test, = 20mph wind on all sides of house

— 0.6 ACH50 = 5 times tighter than ENERGY STAR®

 Method A and Method B Testing

— A: Configures building to operation during the
heating and cooling seasons

— B: Any infentional openings in the

building envelope are sealed _
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Blower Door Testing

« Basic Components -

— Gauge -
(manometer)

— Shroud —

— Frame

— Fan




DESIGN PHASE



PH Design Phase Process

Schematic Design: 1-2 months

« Feasibility Analysis & Recommendations — several iterations
100 % DD: 3-6 months

« Pre-Construction Energy Calculations — 15" detailed model
50% CD: 2-3 months

« Update Model & Start THERM Modeling

« Air Barrier Review, QA/QC Checklists & Blower Door Test Plan
100% CD:

* Pre-Construction Energy Calculations & THERM Modeling

« Update Air Barrier Review, QA/QC Checklists & Blower Door
Test Plan

« Pre-Certification Submittal to Certifying Body




PH

Design Phase

ID |Task Mame Dwuration Start Finish Pred &3 |
Compl[3, 2016 [Qtr 4, 2016]Qtr 1, 2017[Qtr 2, 2017] Qir 3, 2017 [Qir 4, 2017 [Cr 1, 2018[Qir 2, 2018] Qtr 3, 2018] Qar 4, 2018[Qtr 1, 2012Qir 2. 2018[Qer 2, 2010 Qir 4, 2018]Qwr 1, 2020[Ctr 2, 2
LJullAugSepOctNovDed JanF, T ayhunl Jul CetiovDec Jan| ul
1 Design, Approvals, Construction 970 days  Mon 81316 Fri 511720 0% . J
H [ Desi 20days. Mon &/1518  Mon 012116 0%
oncept Design ¥5 on on l Ledend:
3 Concept Design Review 1day Tue8/13/18  Tuwe 91131162 0%, | Passive House Services
) Preliminary Schematic Design 20days  Tue 81318 Mon 10/10/163 0%, L SWi feasibility study
-~ 100% OD- Pre- Enzagy C. (PHFF)
5 Preliminary Schematic Design Review Tday Tue ID/116 Tue 10/11/164 0%, Detaileq level reviews of building jes| Identify angt
details that may be potential sources of ar legkage
6 Final Schematic Design 20days| Wed 10/1216  Tue 11/8/165 0%|
50% CI: Update PHPF,
7 Final Schematic Design Review 1day Wed 11/8/18 Wed 11/2/186 0% he Pmle level reviE;rs of buiding assevgbli\es
o i il et s Gl check
B Preliminary Design Development 30 days  Thu 111016 Wed 1221187 0%, THERM modets for pach functions
[] Freliminary Design Development Review Tday Thu 122218 Thu 1222168 0%| i 100% CI- Update PHFF _
o, Biower Bogr et pian. sl vvovior
0 Final Design Development Wdays Frii2Zdie  Thu2i2i7e % i e o= pan. | e'{";:".:; sl
I QA checklist
1 ‘Owner Review and Approval of Final DD Drawings 3 days Fri 213117 Tue 271710 0%
iz Final Consiruction Documentation Set 120days| Wed 2BA7  Tue 772501711 0% N
73 | Submit drawings to DOB for approval Sdays  Wed 28/17| Tue 2014117 11 0%
@ DOE Review & Approval 120 days| Wed Z11EAT,  Tue &1/17/13 0%
15 Issue RFF for GC Bid 2days  Wed 2817 Thu2/@i7 11 0% Final testing & verfication on
18 GC Estmating & 8id Submission 20days|  Fri2i0A7  Thu /@715 0%, system
7 Bid Review & Negotistion &0days  Fri¥ili7  ThuG@i7)16 0% termediats S1e Insf o veriy thermal Whale building
bridge-free and
blower door
[E] Final CD's Review and Approval Sdays Wed /2617 Tue 8111712 0% test
] Award of CD's & Lefter of Intent Sdays  Wed 82117  Tue BT 16,17 0%
20 Construction 653 days  Wed BT Fri 217/20(19.14 0%
21 [ Punch List and Occupancy (TCO) 0days. Mon2/10i20  Fri 312002020 0%| Contractol training: 1) Review detd
ction team dpri in4
22| Final Sign-Ofs and Final Certifcate of Occupancy Wdays Mon3220  Fri&MZ021 0% meskng @ the chente affce
onsite training and informational
3 to gxplain the ajr tightness
74 |Leasing and Marketing 323days  Wed TH1ME  Fri 10/413 0%
[ =5 | SWA will be present ug to 3
25 Complete Model Apartment 404 Wed TH1M8]  Tue Q4/16/10FS+24 0%
Ap R b * mock-ups|of critical jurjction

28 Stage / Prep Model Apartment Sdays Wed 220110 Tue 228/1025FS+12 0%
77 Show Model Aparment 100 days| Wed 2027/18]  Tue 718/1026 0% )

Task EESSSSSSSS  Extemnal Tasks e Manual Task Finish-only 1

Split oo External Milestone & Duration-only Progress —_—

Project: 86th St - Schedule - 7.20.16 ) )
Date: Mon 820118 Mizstone & Inactive Task Manual Summary Rollup e Deadline R
Summary L . W Inactive Mil <@ Manual Summary P———
Project ¥ L ¥ Inactive ¥ L 7 Start-only C
Page 1




Continuous Insulation & Air Barrier
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Continuous Insulation & Air Barrier
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Alr Barrier Details

« AIr barrier continuity v

— High attention to the =l
details -

* Insulafion continuity —=

— Thermal bridge

mifigation




QA/QC Checklists
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Connecticut
Washington, DC

eeccC Verizon 4:43 PM @ v 66% )
Finish [ Previous Page Next Page
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= Item #1

Verification Item #1:

Insulation inspection on 24th floor -

Description of Verified Item #1:

SWA inspected the 24th floor insulation installation.
Minor issues were found and immediately repaired
by Eastern.

Action Required:

None.

Reinspection Required?

ltem 1 - Photo 1

Iltem 1 - Photo Caption 1

{24th floor insulation installation. J




CONSTRUCTION PHASE QA/QC



PH Contractor Buy-In

General contractor and subcontractor
buy-in is critical to project success

All frades have an impact on project
results and may require a mind shift on
performance testing

Passive House Tradesperson training
mandatory for key personne

GC needs at least two people who will
be dedicated to PH scope and
coordination




PH Contractor Buy-In

» Ensure GC and trades fully understand

what's iIncluded in respective work
SCOpPES

» Discuss expectations with whole
project team during bidding phase




Verification for Large Prec’rs

» Foundations - - 3
— Abutting neighbor(s) L) e TSRS
— Staging of foundation
— Under slab / stem walls

e Above Grade Walls

— Wall construction type: CMU,
wood framed, efc.

— Sequencing for hoistways,
upper vs. lower floors

e Roof

— Thermal breaks and roof
membrane penetrations

— Bulkheads, louvers &
dampers

....

22



Testing Tools and Protocols

Window mockup testing
Guarded blower door testing

Envelope compartmentalization
and window testing

Unigue component testing

Whole building blower door test



CASE STUDIES
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Redline Plan & Section
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Drill InTo

Detaills

Ajr and vapor barrier must be addressed
at this location.

! |Air and vapor
b Damier must be
addressed at this

PLAN DETAIL
@ SCALE 1 1% 77

] ?. .
ocation. [ ::5-._:;1";

“PLAN DETAIL R a0
SCAE: u:--]-'au' WL

Insulation woid in concrete
block. Area must be insulated,

S SIS
iy
T, WA, AR LC T T
D COMPWCE L TR L PN
P iyl DOTH W PR Ty
L e [ =

] L LR
VT i (0 e PR
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ldentity Sequencing & Timing
of Inspections

[Insulation installed |

nspecis nght
before sheatrock

WA Inspects installed. |
| In=ulation

| teel stud tracks and |

| giectrical conduits, et B |
|S'|'|'P| COMMENTS IN BLUE | | installed

| .
PANEL INSPECTION TIME LINE W |

EEWS CONPRIMS T EEWS CONFIRMS B CO—
TRUSCK ARRIVES TO PANEL DM HOOK T iy WIAPFNG (N fslatypls o e | M saring
SITE P PROGHESS g COMPLETE
\ \ \ COMPLETE I'|| COMPLETE
WAATT AND FABLAK TO DO MARTT AMD FABAM T ASSESS FAATT AND FABIAN TO ASSESE MATT AND FAATT AMD
WERIAL INSPECTION OF CORDITION OF EXTERIOR OF CONDITION OF INTERICR OF FAERNTO DO FABLAN TO DO
LEAD AMD PULL FANEL PANEL/WINDLWS AND ROTE ON PARELMWINDOWS AND MOTE MATT AHD FABAN TO VISUAL, PROGRESS | | IRSPECTION WITH
MUMBERS IF ACCESSIBLE. AMY DEFICENCIES 0N & FLOOR K ANY DEFICIENCES ON & IRSFECT FLOCR TO MAKE AND COMPLAMCE | | PRSSIVE HOUSE
FLAN FLOOK FLAKL SUIRE IT & READY OF 184 505K IREPECTION. CHELKLIST.
OFF. DEFICERCIES DEFCENIES WiLL
WILL BE MOTED O A FLOOK BE ROTED DN
PLAK ARD GIEN TO EEWE TO| FLOGK FLAN FOR
EEWE T
REFEDLATE.
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Develop Contractor Checklists
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Wall Panels

~ ENCLOS
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SWA Checkilists

Automated
Inspection Checklists

Large projects w/
multiple dwellings
Repetitive tasks —
duct & unit by unit
leakage testing
Insulation
iINnspections

ooooo Verizon 4:43 PM @ ¥ 66% EE )
Finish [ Previous Page Next Page
P
— Item #1
Verification Item #1:
Insulation inspection on 24th floor -
D ription of Verified Item #1:
SWA nspe tdth 24th flo ulatio tIIt
Minor issues were found al d mm edi t Iy epal d

by Eastern.

Action Required:




Site Visit Reports

Description

2" Floor Slab Edge Insulation:
Refer to architectural details 20
A-356.

Detail 20 shows 4" thick nsulation
at the slab edge betweenthe
CUP and the Residential Tower
extending 2" above and below
the slab (highlighted area in
detail at right).

This conditions exits at the area | = | | N T
highlighted on the plan to the =T gi ™
right. .| — L
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Issues Log

Issues Log - 1252017
Date
SVR | Issue Found | Date Responsible | Reinspection Open/
SVRf “";: T”.',. Location . Issue o~ ";_. Foun":- ‘Action Required = Party WN‘T. Actions Taken/Updates - \.m‘l:;ﬂ. Closer' |
Panel Insulation at Joints: Insulation & the panel jointe was found
10 ba around B inches desp. Shop drawings indicate 9. (EEWS Shop) Phato documentation using a g":fgmr;?‘;:‘“
Drawings Sheet 501, Detail 1, second image right), SWA notéed measuring device will ba required being instille d slong two
Monadnock of the issue. Monadnock followed up wth a photo on to verify PH compliance S\WA & > ; )
TV | BNV | 7IhFloor o6 and informed SWA that EEWS will continue 1o instsl SWA | 51016 leews 1o agree on fequancy of | oS Y g’r"o"z’:z'ﬂf';mﬂ‘} Ongoing
insulation at 9 nch dapth All panels below the six $oor will need to photos and method of depth SWFA will comginua Koon
be inspectad for msuficient msulation and corrected if needed via venfication. X Png
% 3 } > {track of Eastern's progress.
oxterioe scaffolding when exterior caulk is applied
Gap al the comer of storage room and condenser porch Jocated
2 | 2 | BNV | 2ndFloor [behind the column is ot s sealed at this time. Neither is the SWA | Bng [Norsarask to send pholos olINe |y nack N Open
connaction of Intesana to block SYWA 1o inspect when comolete.
|Duugcdbucmﬁt:onm SWA obsened t of On 11730716, SWA observed
damaged ductwork opening covers damaged or loose throughout the {that much of previously noted
first and second floors. SWA believes a significant amount of dust lcosa and damaged ductwork
has bkely accumulated in the ductwork, The project is now at risk of Opening covers wera repared
losng a LEED point needed for LEED Platinum certification. I stil persisi on the
Monadnock to make sure that al vanous floors. SWA
ductwork opemngs have baen parformed spot checks on
covered on floors 1, 2, 15.25 floors 1, 2, 15-25 and found
Monadnock to issue wrilten issues m all floors.
2 3 AL AN Floors SWA a1k cordrmation to SWA ance this SWA Y On 121116, Monadnock Open
work has bean complete. SWA 1o emailed SWA notéying that
spot chack these ammas in 4s naxt fiors 1,2, and 15-25 had
wsit, been reinspected and
damaged ductwork covers
had been repairad.
On 121216, SWA observad
issues on floors 1,2, snd 17
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Interim Testing

Original plan — no whole floor testing

Revised plan — guarded testing on 4™,
5t and 6™ floors

Window & Door Leakage
Facade Leakage
Compartmentalization



Guarded Testing
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Temporary Air Barrier

36



Blower Doors on 3 Floors
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Other Tests

« Condenser porch doors
* Trash chute rooms / doors
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Progress

Blower door test completed — 6/3/2017
0.13 ACHS50 (more than 4x less than 0.6)
ERVs commissioning completed
Students moved in August 1, 2017

PH Certification received on
October 1/, 201/l
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Redline Plan & Section
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Verity On Site
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Site Visit Reports

Item #

Description and Action
Required

Images

9” of OCSP needs to be sprayed
on the ceiling of the canopy
which is currently un-reachable
due to the structural steel of the
canopy. This may require
temporary removal of the already
installed exterior sheathing.

After the sheathing is re-
attached, OCSF needs to be
applied to the interior of it.

The condition needs to match
Detail 1 on A6.3 shown below.




Interim Testing

Insulation

Original plan —whole building testing
Revised plan — window/unitized testing
Window Leakage

Facade Leakage

Heat / cool duct testing



eakage

Ve

Qualitati

Facade
Measurements

46



Progress

Blower door test did not passed — no
iIntferim whole building blower door or
guarded test performed

Two follow up visits to try and reduce
infiltration - $$%

ERVs balancing a challenge at low flows

MEP installed exhaust only systems in
some locations

Did not recelve certification
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Wall Inspections
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» |CF doesn’t require as many inspections
for insulation and air barrier
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Window Mockup
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700 Pressure & Flow Gauge
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nd Window Mockup

DG-700 Pressure & Flow Gauge
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Window Testing w/ Blower Door
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ST Window Mockup -
Different ICF Project




Further Window Mockups —
Different ICFProjc_’r
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Progress at Beach Green

AeroBarrier by Aeroseal was utilized

Envelope leakage test performed
6/24/2017 — couldn’t finish, Building
Department shut down site for working on
Saturday

Infiltration test for model scheduled for
//6/2017 — passed!!

ERV testing & commissioning completed

Documentation submitted to certifier and
IS IN review
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LOGISTICS



Whole Building Test Logistics

Enough fans, cruise manometers, frames,
shrouds, tubing, CATS cabling?

Is building access limited to avoid people
opening and closing doors, windows, etc.?

Thorough walkthrough the day prior to test
date to confirm prep has faken placee

GC and appropriate subs on site 1o help with
building prep and issues that come up on the
test daye

Saturday work permits pulled?
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Blower

Door Test Plan
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Blower Door Test Conditions

Key: HVAC Contractor; Plumber; GC / Builder

Intentional Opening Test Setting Notes
Windows, doors, skylights in the |Closed and latched
building enclosure
Steven Winter Associates, Inc. Doors and operable windows Open Use stairways to connect all
“ Improving the Built Environment Since 1972 inside the test enclosure zones of the building
Fire dampers Remain as found
WHOLE BUILDING INFILTRATION TESTING PLAN Dryer doors Closed and latched
TO DETERMINE COMPLIANCE WITH PHIUS+ AIRTIGHTNESS REQUIREMENTS (Gas meter room Door to gas meter room closed
AT SAINT JOHN NEUMANN and weather stripped
MAY 8, 2017 \Waste handling system Trash chute termination at roof
UPDATED JUNE 22, 2017 taped off. Door to trash rooms
closed.
= ERVs (apartments) Fan off, any dampers closed. | Ventilation is continuous, so can
= \ Ducts to the outside sealed remain taped off
§ ’ e inside the ERV cabinet in each
A l! !! ¢ apartment.
4 Q N K "y ‘ 2 : Motorized dampers: ERV-4 Fan off, dampers closed. Ventilation is continuous, so
L, | ! - ‘ 2 L o .!I i ; (cellar) Taped off from the exterior dampers closed and sealed off
W - ! L ! E ‘ = N , “n |l| ['['Ii IR Motorized dampers: ERV-5 Fan off, dampers closed. Ventilation is continuous, so
i LK g i L (1% floor) Taped off from the exterior dampers closed and sealed off
W y .l m ’ wadl “ l Motorized dampers: ERV-2A  |Fan off, dampers closed. Ventilation is continuous, so
Los :L :“‘ S | RN (EmEEEen il (1% floor) Taped off from the exterior dampers closed and sealed off
=l LU a2 . f Motorized damper: Laundry Fan off, dampers closed. Untaped for Method A test
——— Room (27 floor) Taped off from the exterior
Motorized damper: ERV-2 Fan off, dampers closed. Ventilation is continuous, so
(2" floor) Taped off from the exterior dampers closed and sealed
Motorized dampers: EMR. (1% | Taped off from the exterior Untaped for Method A test
floor), Stair A, Star B, Elevator,
Boiler Room (roof)
CAT D fenndn Cram aff Adammemnes alasad VWFamdilatlnm n Anmtimiinaoen An
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Need 1o seal off
ERVs for final test

Can't seal off
vents from outside
for individual ERVS

Tape off both
outdoor
connection ports
iInside every ERV

Wrap rooftop ERVs
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Whole Building Test Logistics

« A greatresource is Blower Door Applications Guide:
Beyond Single Family Residential PDF (Brennan,
Clarkin, Nelson, Olson, Morin)
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RECOMMENDATIONS FOR
SUCCESS



Do This

Mockups

Guarded testing

Panelized construction if budget allows
Insist on training for construction staft

Make typical details readily available
on site for all subs

Use schedules in the plans to call out
air barrier materials

65



Do NOT Do This

Assume if the CM has done a PH project
that the 29 will automatically pass

Keep going without passing the window
Mmockup

Depend on subs reading the
specifications

Allow the CM to exclude meeting PH
requirements from the contract
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Questions?e
modonnell@swinter.com

spusey@swinter.com

THANK YOU!

Steven Winter Associates, Inc.

NEW YORK, NY | WASHINGTON, DC | NORWALK, CT 67 CALL

US 866.676.1972 | SWINTER

4
4

.COM


mailto:modonnell@swinter.com
mailto:larena@swinter.com

ThankYou!

W. R. MEADOWS.

sopRemA’ | Sl Cﬂ'l.. h

oA Family Comgany Sinee 1926 applied restoration inc.
QUALITY...SERVICE...INTEGRITY

(@)
@ DEMILEC PolyZuard
Innovation based. Employee owned. Expect more.
@) B5hmon
@ ArchitecuralWeatherproofng Products m
_

CONSTRUCTION PRODUCTS
A DIVISION OF {f’@‘;HARRIS

I]”HHH'LIW [IESIEN ARCHITECTURAL COATINGS
FOR THE BUILT ENVIRONMENT
®




