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RDH’s Passive House Service Lead

Focus

- Delivering high-performance buildings, with focus on construction phase

- Pushing the industry forward with finding solutions on new large, complex building typologies

- Supporting municipalities with their implementation of carbon emissions reduction policies

Mike O'Donnell | Steven Winter Associates

Principal Building Systems Consultant

SWA'’s Passive House Field Verification Lead

Focus

- Translating PH concepts to site teams and installers
- Bridging the gap between design and construction

- Performance testing of building verification
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Steven Winter Associates | Overview

wWWww.swinter.com W e M O ( E
Since 1972, Steven Winter Associates, Inc. has been providing research, ® ®

consulting, and advisory services to improve the built environment for B ' ' I \ d I I I g S
Our services include: | e rf O I I .

private and public sector clients.
> Energy Conservation and Management
-~ Decarbonization B .‘..‘.
~> Sustainability Consulting e e r
- Green Building Certification

-> Accessibility Consulting

By providing a whole-building

New York, NY | Washington, DC | Norwalk, CT | Boston, MA a pprOOCh TO deSIQ n,
consfruction, and

operation

Our teams are based across four office locations:
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RDH Building Science | Overview

RDI-I www.rdh.com

RDH Building Science is a leading consulting and engineering firm
specializing in climate-responsive, low-carbon, and energy-efficient
solutions across North America. With 11 locations, we leverage our
expertise to deliver high-performance, durable buildings that meet
today’s and future needs.

D riVi n g eXC e I I e n C e i n Our services and capabilities include:
b u i I d i n g SC i e n Ce : - Building Enclosure Engineering
engineering, 3 nd > Energy & Climate Solutions

I. t I t. -~ Building and Portfolio Lifecycle Management
C Ima e SO u IOﬂ S' > Research, Development, and Demonstration (RD&D)
tO aChleve Optl mal perfO rma nCe -~ Facade Engineering and Structural Engineering
ta i I O red to eac h p rOJeCt. Training and Publications

Our teams are based across eleven office locations:

Boston | Denver| Oakland | Portland | Seattle | Vancouver | Victoria |
Courtney | Northern Canada | Waterloo | Toronto
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Site Verification
Process Overview
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Steven Winter Associates | Projects Overview
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RDH Building Science | Projects Overview

Harmony Commons, University of Toronto A R University of Victoria Student Housing & Dining Complex
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Certification Process

Roles

- PH Consultant
- PH Verifier
- PH Certifier

Verifier Role
- (Education)

- Compliance role against
approved compliant design

- Site QAQC
- Site evidence collection

llllllllll

Design and

. construct team

Passivhaus
Consultant

Passivhaus
Certifier

GC's role & responsibility

= maintain performance during implementation

______

Design
revisions

Design Team's role & responsibility

Develop building
form options

Basic PHPP for
analysing options

~N

 mmny 1dentify construction

Choose form,

and select products

Build and

commission

cptimiae foal doign | WA
| WORK
. : Final
_)_<_ i Design stage ‘/ ‘ >-(- Bl s constructed
assessment Rectification assessment

_J‘

= maintain small energy budget “buffer”

prior to construction start

Graphic: Passivhaus Trust

work

‘Quality assured
Passivhaus’

fr) (@ phius
Fassive House

Institute

Certificate issued
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Project Schedule & Verification Milestones

Milestones

- Contractor training

- Mock-ups installation & testing

- Mechanical systems commissioning

- Ventilation testing & balancing

. o . : . INTERMEDIATE SITE INSPECTIONS Whole
- Intermediate site inspections - Final whole-building blower door test b verty thenmal bridge fiee Consfiaciion Building
and airtightness Blower
Door
W F UWVGE WA @ TYVEYIGTY o wylvval = UO,D v e Test
19 Award of CD's & Letter of Intent Sdays 0%
j=
21 Inspections, Punch List and Occupancy (TCO) 30 days 0%
22 Final Sign-Offs and Final Certificate of Occupancy 30days 0% CONTRAC TOR TRAINlNG
Review details on site with
23 the construction team
24  Leasing and Marketing 323 days 0% Fln.al tes.t'ng and
verification on
25 Complete Model Apartment 40 days 0% veriﬁer on site to —_— — mechnical and
26 Stage / Prep Model Apartment 5days 0% test window ventilation
27 Show Model Apartment 100 d 0% IMockup and any e Syatems
i i critical junctions |
Task G External Tasks S Manual Task B Finish-only
Split oo e External Milestone ¢ Duration-only Progress
Milestone ~ Inactive Task Manual Summary Rollup ssssssssssssssss Deadiine L eg en d .
Summary P nactive Milestone Manual Summary P—— =
, | = ' Passive House
Project Summary @ W Inactive Summary Start-only C
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Insulation Products

No. Material Proposed specs F.T.;ELT&{EEE Unit |Performance Target (IP) Srlét;;]ig; ; | Type / Location Sush[:;g; - IEII:[EIEF:} {I:II_: us:tu US} Pros
110 Closed Cell Spray Foam Thermal conductivity 0.027 W/{mK) (5.3 ft*h-F/Btu.in)
111 >> Sump Pit Walls/Cowver Thermal conductivity 0.027 W/ (mK) (5.3 ft*-h-F/Btu.in) -Sump Pit Walls/Cover 07 2114 _EF«SF Walltite Ch
I] 12 >> Loading Bay Walls Thermal conductivity 0.027 W/ (mK) (5.3 fi*-h-F/Btuw.in) NotYet |Loading Bay Walls 07 2119 NotYet | MotYet |BASFWwalltite EF
I] 13 >> Entrance Soffit Thermal conductivity 0.026 W/ (mK) (5.5 ft*-h-F/Btu.in) Not Yet |Entrance Soffit 07 2114 Not Yet | Not Yet |BASF Walltite EF
I] 14 >> Loading Bay Soffit Thermal conductivity 0.026 W/ (mK) (5.5 ft*-h-F/Btu.in) Not Yet |Loading Bay Soffit 07 2114 NotYet | MotYet |BASFWwalltite EF
115 »> Exposed North Terrace Edge Thermal conductivity 0.026 W/ (m K) (5.5 ft*-h-F/Btu.in) Mot Yet |Exposed North Terrace Edge 07 2119 NotYet | NotYet |BASFWalltite Ch
120 XPS Insulation Therwal |:[:1..4:Ec:1...t;-r : — - ]I‘l'_.f‘;hg n ‘;t‘:r‘f-’h...j', 1IN
I] 31 >> Sump Pit Floors Therma' onductivity 0.029 W/ {mK (5 ft*-h-F/Btu.in| Sump Pit Floor 07 21 00 DuPont Styrnfné
133 >> Elevator pit floor Therr ;._m:j Nt E ) E ®) _ ”NE [ 'a_f*“- F/Btu.in} Elewvator pit floor 07 21 00 Owens Corning
123 = Basement floor Thermal conductivity 0.029 W/ (m K) (5 ft=-h-F/Btu.in) Basement floor 07 2100 Owens Corning
I] 24 >» LOT floor Thermal conductivity 0.029 W/(mK) (5 ft*-h-F/Btu.in) LO1 floor 07 21 00 Owens Enrningl
I] s »> Elevator walls Thermal conductivity 0.029 W/ (mK) (5 ft*-h-F/Bru.in) Elevaror walls 07 2100 Owens Enrningl
126 =» Basement walls Thermal conductivity 0.029 W/mK) (5 ft*-h-F/Btu.in) Basement walls 07 2100 Owens Corning
127 >> Roof parapet Thermal conductivity 0.0290 W/ (m K) (5 ft>-h-F/Btu.in) Basement walls 07 2100 Not Yet | Not Yet |Kingspan Green
130 Mineral Wool Thermal conductivity 0.034 W/{mK) (4.2 ft*h-F/Btu.in)
I] 37 »>» Steel stud cavity insulation Thermal conductivity 0.040 W/(mK) (3.6 ft*-h-F/Btuw.in) Steel stud cavity 07 21 00 Not Yet | Not Yet (Rockwool Enmﬁl
132 == gxternal insulation layer Thermal conductivity 0.034 W/ (mK) (4.2 ft*-h-F/Btu.in} External insulation layer 07 2100 Not Yet | Not Yet |Rockwool Cavit
-]33 >> foil-faced internal insulation layer Thermal conductivity 0.034 W/ (mK) (4.2 ft*-h-F/Btu.in) Internal insulation layer 07 21 00 NotYet | MotYet Finckwng};ﬁncﬁ
-“ 1 >> foil-faced external insulation layer Thermal conductivity 0.034 W/ (mK 4.2 ft*-h-F/Btu.in N/A External insulation layer 07 21 00 N/A N/A -




2.1 Clarity of Construction Documents

GOAL: Provide translation of PH energy model into clear performance requirements

Document

= “Catch all” Sustainable Designh Requirements spec section

= Specific criteria to be included throughout their respective sections

and on drawings

017300

Execution REequirements

Document

= “Translation"” of energy model inputs into exhaustive checklist
= Construction team with understanding of performance requirements

017329

Cutting and Patching

Insulation Products

017419

Construction Waste Manage ment - SWA

017700

Closaout Proceduras

01/823

Operating and Maintenance Data

018113

Sustainable Design Reguirements: Passive House - SWA

018115a

Air SEHIing Guide for Multifamily Construction - SWA,

018116

Sustainable Building Requirements: Enterprise Green
Communities - SWA,

> ] ] >

018116a

Sustainable Design Reguirements: Enterprse Green Communities
Checklist - SWA

>

018117

VOO Limits - 5WA

X
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No. Material Proposed specs Pizzgﬁg::}e Unit Performance Target (IP) Srl;?:r:icsgl Type / Location Susb;'g;al I(’Igg:a?ss} g:[;::,us} Product Name
110 Closed Cell Spray Foam Thermal conductivity| 0.027 W/ {mK) (5.3 ft=h-F/Btu.in)
111 == Sump Pit Walls/Cowver Thermal conductivity 0.027 WSmK) (5.3 ft>-h-F/Btu.in} -Sump Pit Walls/Cover 07 2110 _EASFWaIItite CMO1
112 => Loading Bay walls Thermal conductivity 0.027 WAAmK) {5.3 ft=-h-F/Btu.in} Mot Yet  [Loading Bay Walls 072118 Not Yet Mot Yet |BASF walltite CMO1
113 =» Entrance Soffit Thermal conductivity 0.026 WSmK) (5.5 fi=-h-F/Btu.in} Not Yet |Entrance Soffit 072118 Not Yet | Not Yetr |BASF walltite CMO1
114 => Loading Bay Soffit Thermal conductivity 0.026 W/ mK) (5.5 ft>-h-F/Btu.in} NotYet |Loading Bay Soffit 072118 Not Yet Mot Yet [BASF Walltite CMO1
115 == Exposed North Terrace Edge Thermal conductivity 0.026 W/ mK) (5.5 ft*-h-F/Btu.in} Mot Yet [Exposed Morth Terrace Edge 072110 Not Yet Mot Yet |BASF Walltite CMO1
1.2.0 XPS Insulation Thermal conductivity| 0.029 W/(mK) (5 ft=h-F/Btu.in)
121 => Sump Pit Floors Thermal conductivity 0.029 W/ mK) {5 ft=-h-F/Btu.in} Sump Pit Floor 07 21 00 DuPont Styrofoam Highload 100 XPS
122 => Elevator pit floor Thermal conductivity 0.029 W/mK) {5 ft=-h-F/Btu.in} Elevator pit floor 07 21 00 Owens Corning Foamular C-350
123 == Basement floor Thermal conductivity 0.020 W/ mK) {5 ft-h-F/Btu.in} Basement floor 07 21 00 Owens Corning Foamular C-350
124 == L01 floor Thermal conductivity 0.029 W/mK) {5 ft=-h-F/Btu.in} LO1 floor 07 21 00 Owens Corning Foamular C-350
125 == Elevator walls Thermal conductivity 0.029 W/mK) {5 ft=-h-F/Btu.in} Elevator walls 07 2100 Owens Corning Foamular C-350
126 >> Basement walls Thermal conductivity 0.029 W/ mK) {5 ft=-h-F/Btu.in} Basement walls 07 21 00 Owens Corning Foamular C-350
127 => Roof parapet Thermal conductivity 0.029 W/mK) {5 ft=-h-F/Btu.in} Basement walls 07 21 00 Not Yet | Not Yet |Kingspan GreenGuard Type IV XPS
13.0 Mineral Wool Thermal conductivity| 0.034 W/{mK) (4.2 ft*h-F/Btu.in)
131 == Steel stud cavity insulation Thermal conductivity 0.040 W/mK) (3.6 fi=-h-F/Btu.in} Steel stud cavity 07 21 00 Mot Yet | Mot Yetr |Rockwool Comforthart
133 => external insulation layer Thermal conductivity 0.034 W/ mK) {4.2 ft>-h-F/Btu.in} External insulation layer 07 21 00 Not Yet | Not Yet |Rockwool Cavityrock
133 == foil-faced internal insulation layer Thermal conductivity 0.034 W/mK) {4.2 ft*-h-F/Btu.in} Internal insulation layer 07 21 00 Not Yet Mot Yet |Rockwook Rockboard 40
1.3.4 >» foil-faced external insulation layer Thermal conductivity 4 4.2 ft*-h-F/Btu.in N/A External insulation layer 07 21 00 N/A N/A
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2.2 PH Construction Kick-off Meeting

GOAL: Clarify expectations ahead of construction

Content

%

%

Review of PH roles (consultant, verifier, certifier)
Review of PH Metrics & certification process
Passive House champion role

Airtightness testing & Air boss role
Construction documentation requirements

Commissioning requirements

\ SUCCESS STORIES FROM THE FIELD | December 10, 2024

en Winter
Associates, Inc.
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2.3 PH Site Inspections

GOAL: Highlight key conditions to review, test and/or document

Checklists

List of PH site inspections, including:

- Conditions which must be documented for PH certification

- Unique conditions (more complex detailing)

The following items must be inspected andfor tested by SWA before being made inaccessible.
[Project Phase | item # Description
-1 Electrical Penetrations
u-2 Plumbing Penetrations
Start of -3 Gas Meter Room Penetrations
Construction | U-4 Foundation Details at Garage Entrance and East Property Line
U-5 Below Grade Insulation
U-B Connection from Below to Above Grade
-7 Cantilever Floors
-8 Ground Floar Exterior Louvars
-9 Residential Entry Canopy
1J-10 Thermally Broken Cladding Attachments
Ab“:':a?'t:d“ "o Window Details
J-12 PTHP Installation
Drywall U-13 Trash Chute
U-14 AAC Parapets
U-15 AAC Connection at Wall to Roof Setback
LJ-16 EIFS to Brick Transitions (if applicable)
U-17 Door Saddle
L-18 Typical Roof Vent Plumbing Penetrations
Top Out 1J-19 Roof Drain Insulation
U-20 Roof Curbs
U-21 Equipment Dunnage/ Platforms
J-22 Smoke Dampers

PH site inspections: list of unique conditions

ROH %

Steven Winter
Associates, Inc.
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2.4 PH Contractor Training

GOAL: get buy-in from trades supers + installation teams

GOAL: move to a blame-free, collaborative mind set

Content
= Review project-specific details

= Start conversation of coordination between trades

= Sessions: x1 Building Enclosure trades + x1 MEP trades




Start of Construction - Typical Pitfalls

Difficulties Solutions
- IFCs not finalized before construction start - |IFCs before construction start
- PH model not approved by certifier before construction start - Design pre-certification (DSR) before construction start
- Reactive approach at construction start - Time to act after kick-off meeting
- Unfamiliar with new PH roles (Air Boss, PH Site Super) - Recognized roles
- Staff turnover with new PH roles - Staff retention tactics

SN
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Best Practice - “Airtight” Submittal Process

- Higher scrutiny - All comments to be resolved

- No uncertainty left during construction - Easier field review process
as it relates to building performance

Unclear
performance Incomplete submittals, not meeting Open submittal items costly
’/ expectations performance specs / ) when resolved on site

[GC] [Trades] [GC/Arch] [Consultant] [Arch] [Arch/GC]
Understanding Submission of Architectural

of performance complete Confirm submittal Consultant Review + Resubmission
targets submittal v1 complete + compliant Reviews Consolidation & Close-Out

A

K Clear [Trades] Closing out of

expectations [Trades] Resubmission comments on submittal v1

Use of Submittal Review List, inc. of submittal v2
Performance + Evidence Requirements

RDH “ SUCCESS STORIES FROM THE FIELD | December 10, 2024 | 19
Steven Winter
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Submittals Process - Reality

GOALS

- Full & complete submittals with test data and thermal modeling

- Performance data identified and compliant with design-certified energy model inputs
- Thermal bridging details aligned with model and architectural drawings

- Coordinated shop drawings
N

Finalize submittals & shop drawings early

SN
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Submittals Process — Goals vs Reality

[NOT BY RITZ)

L B e

ROH: Triumph to confirm

TOP OF PARMPET A

—k

1, Sell adhared prosluch with Culshael al this kxaticn

U B e e e R e e R R R R R R LR R e

A B W roed cap shest will be degranaiared tor sdhesion of

- sef-gdhered membrane

© RO We racommend PO to confinm sequencieeg 26 this location, Befer to BOH SVE 16

- ) ARaagas E— —= - £ ROH: Metal cap Aashing T Bmnnrnn e red embirane e 1 truviam parforead Noveriber 24, 2021
@ il L T METAL CAF FLASHING i g Tl s s, PRI FIMISAITE MILTAL FLASHING Crmnnnnsmmm s A A
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RDH: Harizental 1/2° sub-girt

RDH: Vertical 1/2° sub-girt

Cladding scope submittal
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Roofing scope submittal
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Submittal Process - Typical Pitfalls

Difficulties Solutions
- No submittal - Partnership with trusted trades
- Verifier omitted from relevant, critical submittal reviews - Submittal review list, inc. verifier's involvement
- Lack of submittal management platform (e.g., Procore) - Use of submittal management platform
- Submittal provided, after products already on site - Upfront, clear, proactive approach with recommended submittal

process, inc. non-compliance repercussions
- No implementation of “Approved as Noted"” stamp comments - (see above)

- Submittal process incomplete prior to site installation - Budget allowance for additional site visits, for “on-the-job
problem solving”

SN
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Construction
Challenges & Successes
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Site Review/Work Plan - Goals

GOALS
- Confirm product procurement in compliance with IFCs/submittals

- Confirm compliance of site installation as per IFCs/submittals
(aligned with energy model performance assumptions)

Provide site QA/QC
Support crew changes/late trades introduction

Photographic evidence collection (procurement + installation)

2R 2R 2N 2

Derisking through installation mock-ups

SN
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RDH FIELD REVIEW SCHEDULE

Review No. Date Key elements of building enclosure work
SV 1 March 12, e Waterproofing and insulation at elevator pit
2024 slabs
SV 2 March 26, ¢ Waterproofing and insulation at elevator pit
2024 walls and footing
e Penetrations at elevator pit walls
SV 3 April 17, 2024 | « Sub-slab vapour barrier and penetrations
e Sub-slab insulation installation
e Elevator pit wall assembly interface with sub-
slab assembly
SV 4 May 27, 2024 ¢ Waterproofing and insulation at foundation wall
and footing
SV 5 June 25, 2024 e Mass timber panel installation
e Mass timber moisture management plan
implementation
SV 6 June 25, 2024 e Ground floor window rough openings

Ground floor window installations

Water Test 1 July 8, 2024 e Water testing of 2 ground floor windows
SV 9 Sept 4 2024 e Roof and parapet air barrier membrane
SV 10 Sept 4 2024 ¢ Interior plumbing vent stack insulation
installation
SV 11 Sept 10 2024 ¢ Roof insulation
e Roof membrane
e Roof penetrations
e Parapet assembly
SV 12 Sept 10 2024 s Rooftop mechanical installation
e Level 1-4 wall insulation application
e Level 1-4 wall panel application
WBATT #1 Sept 17 2024 ¢ Mid-Construction Whole-Building Compliance
Airtightness Test
SV 13 Nov 21 2024 e Punched window exterior panel mock-up
SV 14 Nov 21 2024 e Typical base of wall interface at grade
e Ground level wall insulation application
SV 16 Dec 2024 e Second punched window exterior panel mock-
up
e Typical wall panel application
SV 17 Dec 2024 - e Door installation mock-up
Feb 2025
Recommend Dec 2024 e Typical canopy connection to exterior wall,
Add SV e Typical roof to wall upturn interface at the
penthouse.
Recommend Dec 2024 e Roof doghouse,
Add SV

MUA shaft penetration at roof,
Rooftop mechanical installation
Level 2-6 wall insulation application
Level 2-6 wall panel application
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Site Review - Reality
PRODUCT PROCUREMENT
Frame width U-value frame V-panel edge Temp. Factor

Certified Passive House Component 6428 513 ""I Fr?me bf Uf L II;'Q fHSiI=D.25
Component-10 0739cw03 valid until 3151 December 2019 S va ue.s " . \
W/(m? K) W/(m K) [-]

CERTIFICATE

5 2 - ROH key comments are summarized below (in addition

, Top w T 50 0.88 0.035 0.79
to the summary IIg;i?r:igil;:e curtainwall shop ixE

Missing performance information, Please provide the
following:

1. Triple lazing performance datasheet (as per page Side (sf) h 50 0.88 0.034 0.79

105} from the Guardian Performance Caloulator .
following the EM 410/EM 673 standards, listing both fixed
the centre-af-glass U-walue (in Wym2.K) 1o 3 decimals

6 and the Solar Hear Gain Coefficient or g-value (in %) te

- I decimal. Please note that the bird-friendly frit

partern is to be excluded from the glass performance
calculation, as the [rit patters is sot compatible with I

20 0.88 0.035 0.79

the EN 673 calculation. tt
2. Dpague panel performance cutsheet (with BD Om [hﬂf]
centre-of-panel U-value showed to 2 decimals), f|xed
Cateqary: Curtain Wall
Frames

Manufaciurer:  SCHUCO International KG, ¢ 3 3.y party test data For frame performance of all

Bielefeld, nen-certified components (Schueco ADS 9050,
Germany providing evidence for the frame only Uf, in W/m2.K to

Product name:  Schiico FWS 50.51 # decimals following 50100772 Mullion {m) + 50 0.88 0.034 0.79

- fixed
No 12432008 ROz

This certificate was awarded based on the 10 5 c ey v pon s soewcs we s UmTes To ceeckiv Fo

EXPAESSED IW THE COMTRACT DOCUMENTS, THE CONTRACTOR ARD,/OR

n“tﬂl’la fﬂr “‘Iﬂ Gﬂnl, I,afnparala n”ma‘n ZOrE | COMFORMANMCE WITH THE INFORMATION CIVEM AMD THE DESICH CORCEFT
EM;TEIII:TII:IP« MAKAGER RERE NS TOTALLY RESPORSIELE FOR &LL

Comort Uowm0B0 < DEOW(EK) o, QAT CHRTRUCTIRN WeThCSS e s, Transom (tf) 50 0.88 0.035 0.79

Uewigsies = 0.85W/(mM?K) STATUDS'HNE'#ED [ REVIEWED A5 HOTED fixad

with U, = 0.70W/{m?K) 0 o RevEwn D e Ao RESUBAT

DATE: 202105 10 BY: msanchez

Hygiene = o RoH comsenTs voTED v [0 B O @ O

Rai=l 25 = 0

Transom () 156 1.20 0.031 0.79
:'.:.":'l. termperate climate 'I Gasgment

o
. % Spacer: SWISSPACER Ultimate Secondary seal: Polysulfide
p i) ..--Illlllllllllllllllllllllllllllll....
= I I

www.passivehouse.com Passive Hause [nstitute ;: Therm al glass Cal"l'ier bridge 2 XGT = U-D.I 4 W}"K :n

*
llll----..----.-..........:"“......llI.lllll
am Taag,
LR ]
Taa,,

.
l---l"- pans®

EEEEwTEEEEEEEEEEEEER

2Determined through 3D - FEM Simulatior . Glass carrier type : Non-Metallic Glass Carrier W|th‘ Screws
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Site Review - Reality
PRODUCT PROCUREMENT

Curtain Wall Glass Carriers

22, gy e

& A
-

- PH certificate: non-conductive

LS - Quote: non-conductive

- Submittals: non-conductive

- Shipped to site: aluminum

= Construction change from
0.014 to 0.040 W/K per glass carrier
(with 2 carriers per CW IGU)

S
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Site Review - Goals vs Reality
SUBTRADES COORDINATION

-HI:IH. TIrIurrph-Iocunf.l'm - .

T T T e e

accommodate exterior insulation -
and glaghding. Adjusl dagil +
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ey il s b

¢ RDH: 1. Triumgh o Eaiss wich 1RO and Haniy )
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O We resomemencd PO seves mambirane D0
saguancing a1 this lecarion. Rafer to ROH SvR 1
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Site Review - Reality
CREW CHANGE

- Crew changed for the air barrier installation trade partway through the project




Site Review - Reality

POST-INSTALLED PENETRATIONS

- No site PH induction for electrical trades, joining the project at a later
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Site Review - Goals vs Reality
OTHERS
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Mock-up Preparation

GOAL: Derisking construction

- Try, adjust, finalise approach through mock-up
preparation

“Do it once, and do it right”
Early sample procurement (after submittal)

Carve additional early-stage coordination time
(trades joining for mock-up day)

(il

Photo: RDH\BUilding 'S¢
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Airtightness Testing &
Ventilation Commissioning
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Airtightness Test Plan

2024 09 03 ? (? @ ) (? ©) < Steven Winter Associates, Inc.
¢ R i ikt
RDH DRAFT WHOLE BUILDING AIR LEAKAGE | T 7 "\3
| 29348 | DETAR 47447 II _ . — — ..
TEST PLAN (MID_CONSTRUCTION) I 2 M o [ N ‘1\ S Tahle 2 — Test Configuration of Intentional Openings and Firm Responsible for Setting the Opening
135 L 122 L 2138 S0 s L 1m0y, 1578 L R
| ¢ COPERABLE WINDOWS. ' i Key. HVAC Contractor; Plumber; GC / Builder
TECEND : ‘ | | :  Fonpmnsinsd | i ii Intentional Opening Test Seiting Notes
a1 e = WET, I WiE ] 1
Test Boundary (DRAFT)  [_] ' ' s ws ' we ' | B2\ rerce Windows and doors in the Closed and latched
Item in RDH scope EEE‘:‘;_:I-} || e e HH HHHHH 18 e [N nnsssmnnnt Hiy nnt [ s==nnnnnnnnns sennnnn el 1 VW ot W0 T HEESS $HHAHHHAN ] ANR-EE sEF HHHHHAN ul.-i I'_jlfl:l err- UbUrE
e 2 } - . - -
Itemn in MB scope ﬁgt;j . Tl ! I 'He - Typical doors inside the test Doors open Usze interior doors and stairways to
‘ | ‘ e enclosure connect all zones of the building.
- W31 WEL WESTIE
g o5 — | siap ST 2745 W 4152 Kiria 75 Vseag ot = e | 3 Liasor to the gas meater room Door closad Uoaor to gas meter room closad and
/ ‘}_{ ‘ i - weather stripped
- <) -~ = ] .
! hN sines: 9 \ I s H = Waste handling system and Chute termination at roof Trash room doors o be weather
. = - e — ‘ ' equipment. {2x) unmasked stripped along with compactor rooms
TTT N - - - ~T :~' | o '." — I 7 - a J) : - pock o Y = T - s ba - . ey o
o rd N \_/ = R Irash chute runs from the cellar |Chute intake doors closed
A~ Ll e i ‘ compactor room, through chute
‘%‘ B : T : ; i —  |access rooms on each floor, and | Doors to chute access
4 oo g == , ‘ == |terminates with an open duct  |rooms on each floor and
) Wi () .
, ] ® “u , et with rain protection on the roof.  Jcompactor room, closed
R A AR e : ' N | N O 0 O e 1E - -
SEAL OFF DOORS IF NOT INSTALLED. e 41— — — = - = Heating & cooling systems Thermostat set to "off,
TAPING ALL JOINTS IN PLYWOOD TO d 3 - Paice (WVRF) supply and retumn ducts
TEMPGRARI[BEIEEEII.NED THE ROUGH 5_' | - I | . FROP OPEM ALL 5 1 c | I Wil GI:ID"'I & .Jnc:uunrr:d
. = -4 INTERIOR DOORS IF )
AN AN AI A SIS A IAA AN =i 5;, oy - INSTALLED. -‘ ‘ — - — . — - — - . -
s £ 1 o Heating & cooling systems Ihermastat set to "off, Taped off for the first test, Un-taped
e e v - .
®723‘V I s _ _ T At Sa— v (PTHP=s) suUpply and returm ducts far the second test,
STAIR = 3 g L L
V 3 — ' | open & uncoverad
. = e — |ERNM-C-1, ERV-C-2, ERV-C-3  |Units turned off. damper These ERV's don't run 24/7 so
| I [T ERNV-C-4, ERV-C-5, ERV-1-1, closed, and not otherwise | dampers closed, but not sealed.
\ 1 [ |ERW-1-2, ERV-1-3, ERV-1-4, sealed.
g i i P8 Sl o -1=-5
Process | | _ [ |ERv-15
NES - - e a1 — RTU-1 through BETU-10 Unit turned off, taped off. Venfilation is continuous, so
; i AL A dampers clogsed and sealed
% Pla N prepa rat|on 15 P I i am N7 : ‘ : 55 5515 ol | Smoke purge fans (PFSP-1, 2, |Unit turned off, damper
A . @ 7 \“‘--.. 7 RN l/ ",I i =L |3 485 closed, and not atherwise
: [ i A MB T ENSURE MIN 1 ) oy
I | = s : T R }7 B _@__ SEPARATE 15A NON-GFCI 5 _77 T N R = 1 | | I I e sedled
. . 1 H n ; CIRCUITS ARE PROVIDED MEAR — r
- Plan review with full team B i = e e/ THIS FAN - ] = it W |PGX-1and PGX-2 (Garage Fans turned off.
‘ ) o - ST exhaust fans)
- I,_E‘.-_-_-_-_-_-Z_-_-_-_J_o_l e = i T =t N = I e TR e — —— . |CKX-1 (residential kilchan Fan off. Can be taped if Confirm if running 24/7.
- Ensure tester experienced I -l e nlhy exhausl running 2477, othervise
] e It TYPICAL NOTE ALL FLOORS: rely on dampers.
1N " Eonwunear 4 e || “ORERAALE WIGOHS. AL B A i Lo -
. . . T I " | AL LW M | 4 - s - ¥ 1 # ] 5 a e
W|th bu | Id | ng typology i: = BLOWER DOORS HERE 3 - i : £ PLYWOOD AND TAPING ALL JOINTS IN DRX-1, 2A, 2B Units tumed off, taped off. | Units run 2447 so can be taped off,
I T — ) T - T — — PLYWOOD TO TEMPORARILY SEAL TO THE B - ’ bl
:: ™ 700 W 700 :: 3100 ]'L 2700 | T g ROUGH OPENING. \'1'-.""". 1. £|'r||.. Eﬂ
L}
4 ‘ ii ‘ ‘ TK-C-1,2,34.56 Fans off. Can be taped if | Confirm if running 24/7.
i: = E m T¥-1-1,2,34.56 running 247, otherwise
T e e i i ' ' rely on dampers.
OVE 2 5 3
J{) i N A} AD i Smoke vents at the top of each  |Dampers closed, but not
(&) @ ©) @ @ stairwell and alevalor shaft sealed,
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Airtightness Risk Management

- Risk management approach
- Working backwards from end-goal

- End-goal = whole-building airtightness testing (Phius, PHI)
+ compartmentalization testing (Phius)

Air & Water
Barrier, Completion

Windows

Mid-construction whole-

Mock-up testing 1t window qualitative Mid-construction building test . -
testing (PW + CW) guarded tests Compliance whole-building
+ repeat as airtightness test
needed n50 (PHI) or g50/975 (Phius)

RDH “ SUCCESS STORIES FROM THE FIELD | December 10, 2024
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llllllllll Inc.
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Airtightness Testing
WINDOW AIR LEAKAGE TESTING

Blues!

Blueskin BuTYL FLASH

: -
i

Blueskin BUTYL FLASH

7. l:, -
ir BUTYL FLASH

Window installation air leakage testing Diagnostic testing

Leak detection with smoke testing
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Airtightness Testing
(LEVEL) GUARDED TEST

I |
[ X ]
SUITE lcon TouiTe | __
1 ! : =
: Guard Floor
SUITE suITE O
Test Floor
I N | I
| II
4
EE Guard Floor 7 ‘ |
| | I
e s : I} suTe I
|
= Lo IR | T A=
I ! | | | ,)--”"I |
Visualization of guarded test approach Location of guarded test
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Airtightness Testing
COMPARTMENTALIZATION TESTING

Approach

- Phius mandatory requirement

- Attention to detail when doing layout, framing,
and finishing of apartments

- Different testing preparation & scope from
whole-building airtightness testing (more
similar issues to guarded airtightness test)
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Ventilation Commissioning

Clarity of commissioning requirements

- Approach (bottom-up)
- Information required (total OA/EXH: more than BAU)

- Ventilation unit under which operating "mode”
(standard vs boost, VAVs with sensors, modulating systems)

Time commitment

Access to building (after occupancy)

Approach

- Review TAB procedures beforehand

- Set up review meeting with GC, TAB, and mechanical contractors
prior to TAB start to confirm clarity of PH requirements

- Optional: bring verifier to site for TAB start (alignment)

SN
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TAB contractor 1o provide:
- documentation of filters grade,

i . _ - filters state, i i DATE
at leted In the PH ¢ Requirements docament | PAGENo. _ 2 ©OF _ 53
issued by RDH on 2023 07 05,
Measurement at Fan in AHU AHU TEST FORM
Sum of internal grilles
AHU-1 imbalance (actual Cxh
(2613-2438)/2613 = 6.7% < 10%,
PROJECT TITLE: meeting PH Cx requirements
Tatal O/A or EXH (= Fan measurements, as 100% DOAS)
UNIT ID Mg. AHU-1 (SF) AHLU-1 (EF}
UNIT TYPE ROOFTOP AIR HANDLING UNIT SUPPLY FAN ROOFTOP AIR HANDLING-UNIT EXHAUST FAN
LOCATION ROOF ROOF
AREA SERVED NORTH WEST WING LEVELS 2TO 9 MORTHAVEST WING LEVELS 2TO 9
MANUFACTURER SWEGON SWEGON
MODEL GOLD 50 ARX GOLD 50 ARX
SERIAL Mo.
OPERATING CCNDITIONE SPECIFIED ACTUAL SPECIFIED ACTUAL
TOTAL FLOW - FAN (Lis) 2,407 Total OA 1 2,613 2,407 Total EXH 1 2,438 |
TOTAL FLOW - AIR TERMINALS/(L/s} 2,820 72 804 2,575 2401 |
OUTSIDE AIR CONTENT (L/s) 2,820 2613
RETURN AIR CONTENT (L/s) - - -
EXHAUST AIR CONTENT (L/s) - 2,575 24Mm
TOTAL STATIC AP (Pa) 1,158 235 468 295
EXTERNAL STATIC AP (Pa) 187 78 167 20|
OUTSIDE AIR TEMPERATURE (*C) Detrimental impact on energy
RETURN AIR TEMPERATURE (*C) madel (design < actual)
MIXED AIR TEMPERATURE (*C)
OUTSIDE AIR (%) 100% 100% -
FAMN SPEED (rpm) 1,169 715 1,157 639
FAM SHEAVE SIZE & TYPE Direct Drive Direct Drive
FAMN BORE SIZE & TYPE
MOTOR SHEAVE SIZE & TYPE
MOTOR BORE SIZE & TYPE
BELTS Mo. TYPE & SIZE -
MOTOR MANUFACTURER 2 motors Domel 2 motors Domel
MOTOR SPEED {rpm) 1,440 (x2) 715 1,400 (x2) 639
MOTOR POWER (kW) 6,50 6.50
BRAKE HORSEPOWER (kW) 245 . 2.33 .
MOTOR S.F. /| FAN EFFICIENCY 115 [/ 0863 115 [ 083
TESTED VFD SETPOINT (Hz) ECM Motor ECM Motor
OVERLOAD RELAY SETTING (A)
PHASE 1 575-3-60 MN.A 575-3-60 MN.A
rg:'l?:GE PHASE 2 N.A. MNA.
PHASE 3 N.A MNA
PHASE 1 16.00 MNA 16.00 MNA
:I:;g:&GE PHASE 2 16,00 N.A. 16.00 MNA.
PHASE 3 16.00 MN.A 16.00 MNA
REMARKS: 1. Supply air sefpoint =2,535 L/s on the unit controller to maich the flow on the floor outlets. (AFS Field Calibrated)
2. Exhaust air setpoint = 1,977 L's on the unit contraller to match the flow on the floor outlets. (AFS Field Calibrated)
3. M.A. = Mo access, There is no location available to measure operating electrical data.
TAEB contractor to take reading of
4. MN.A, = The unit is not fumished with static measurement points cannot measure TSP or intérmal pre” specific fan power under "actual”

conditions {as measured abowve).
Specific fan power (in WAm3 . hrl)
under nermal operation to be read

on the Swegon control panel
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Passive House Metrics

lllllllllllllllllllllllllllllllllllllllllllllllllll
.
. .

==  (@&f U

] v —

| | | OVO —
Based on Delivery Stringent Absolute Holistic Non-prescriptive

(not on design intent) ("best-in-class”) (set allowance, not % better (whole-building approach) (flexibility)

than moving baseline)

. *
llllllllllllllllllllllllllllllllllllllllllllllllll

\_2 Including all CONSTRUCTION CHANGES
~ z FINAL whole-building airtightness testing... ...in final PH energy model
' z COMMISSIONED ventilation flow rates...
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Energy Levers
CONSTRUCTION CHANGE TRACKING

Example

Need for CONTINUOUS FEEDBACK
(aiming lower than target)

Construction Commissioned ventilation flow
changes rates (likely larger than design)

1. Track construction changes

2. Test construction changes in energy
model to approve/deny them

3. Update energy model with approved
changes

Be proactive!

\2 Don't wait until the end!

| 43




Model Sensitivity — Airtightness vs Ventilation Commissioning

Example

Airtightness Results 0.6 ACH @ 50Pa 0.5 ACH @ 50Pa 0.4 ACH @ 50Pa

Air permeability (CFM/ft2 @ 75Pa)

Space Heating Demand (kBtu/ft2.yr) 4.47 4.28 4.09
Primary/Source Energy (kBtu/ft2.yr) 41.9 41.8 41.6
Primary/Source Energy Margin (%) 0% 0.27% 0.53%
Total Flow Rates (CFM) 24,220 24,710 25,430 26,640
Space Heating Demand (kBtu/ft2.yr) 4.47 4.54 4.60 4.75
Primary/Source Energy (kBtu/ft2.yr) 41.9 42.0 421 42.3
Primary/Source Energy Margin (%) 0% -0.18% -0.46% -0.88%
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Complete “As-Built” Certification Packages

GOAL: Provide complete certification package to certifier

Content
- Photographic evidence
- Whole-building airtightness testing report
- Ventilation commissioning report
- Other systems commissioning reports

- Construction manager’s declaration (list of “as-built” drawings, or IFCs
with list of site instructions/change orders)

- “As-built” PH energy model (inc. all information listed above)
- Checklists — Passive House-related

> Checklists — Co-requisites (Phius requirements only)

SN
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Passive House Strategies for Successful Delivery
STRINGENT TARGETS, MET BY ADAPTING THE CURRENT DELIVERY PROCESS

v — 6 d
——
Clarity & Completeness Budget Management Attention to Detail Enhanced QA/QC Air Boss &
of Construction Documents Approach to maintain building Processes PH Site Supervisor
to energy & air leakage performance throughout benefiting all aspects of the (with PH Tradesperson
construction build training for all key
personnel)

Stringent targets, met by adapting the current delivery process
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Takeaways

- Get ahead of things!
- Communication, communication, communication
- Holistic approach to site QAQC

- Transfer knowledge from CPHD/C to construction team
= Understand project requirements
= Understand details (trades training)

= Understand submittal process and expectations
(knowledge transfer to trades & GC)

- Knowledge retention

- Air Boss & PH Site Supervisor present from the
beginning

RDHH \ SUCCESS STORIES FROM THE FIELD | December 10, 2024

Steven Winter
Associates, Inc.
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Takeaways

= Mindset shift: Deep attention to detail. Not your "average" drawing details.

= Role: Messenger of path ahead, removing obstacles.

= Approach: Proactive energy budget management.

= Knowledge: Passive House + “industry standard" to foresee where pitfalls will be.

= Quality: Trades to treat all work (air barrier, insulation, etc.) as if it were finish carpentry.
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Discussion and Questions

Email: Learn more at: LinkedIn

@ msanchez@rdh.com @ rdh.com RDH Building Science
modonnell@swinter.com swinter.com Steven Winter Associates

RDIH Science



THANK YOU! RDIH 2o

Marine Sanchez | msanchez@rdh.com
Mike O-Donnell | modonnell@swinter.com

DECEMBER 10, 2024

Vancouver | Victoria | Courtenay | Northern Canada | Toronto | Waterloo | Seattle | Portland | Oakland | Denver | Boston
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