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PHIUS+ 2018 METRICS: LLC

Project & Design

Execution and

Heating demand: 10.5 kBtu/ftiyr WV o Quality Control
g —

Cooling demand: 2.33 kBtu/ft3yr ' ~ % Q&A
; =

Heating load: 7.66 Btu/hr ft2 : \/ a
; =

Cooling load: 1.89 Btu/hr ft? : \/ 8

JAN JUN  DEC

PHIUS+ 2018 METRICS: CABINS

Heating demand: 14.86 kBtu/ft?yr | X - LLC envelope was leading

Cosiing demand. 1.32 KBR/RAyr 3 - Thanks to early modeling PH

S _ @ Cabins would require higher

| quality envelope because of
Cooling load: 2.16 Btu/hr ft2 |

low internal gains and more
stringent requirements
because of building type

* Space conditioning criteria is dependent on climate zone, building area, and building enclosure area;
critical to leave a buffer in case iCFA changes

DESIGN METRICS

IMAGES: THORNTON THOMASETTI
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Bowdoin College Schiller Coastal Studies Center

Sustainability Strategies

Project & Design
1. Heating and cooling loads are J g
minimized by using significantly ' air/weather barriers in the .
more insulation than the building \ building envelope ensure EX@CUthﬂ and
code requires under  the airfight  construction  and Quallty COﬂtrO|
foundation slab, within exterior | proper moisture management.
walls, and especially under the INTERICR

DRYWALL
roof. L AIR BARRIER Q & A

Jﬁ; 2. Fully continuous vapor and

CONTINUOUS

IGID INSULATION
SUMMER SUN RIGID INSULATICH

INTERIOR g
= ACOUSTIC \% ‘ <L
~ / = iy

\“«.\_‘MATERIAL

—%APCR BARRIER

i );E‘P’ 4'
"Wl
gt

WINTER SUN

PASSIVE HOUSE PRINCIPLES

Hﬂp 3. "Thermal bridging” in the |ll 4. High performance windows _5 5. Mechanicallyprovided
exterior envelope, which == in colder climates should have R,

™ 4 ; FRESH COLD AIR WARM STALE AiR outdoor air is needed
b occurs when components three layers of glass. Using fewer FROM QUTSIDE FROM INSIDE inside well-insulated and

windows reduces winter heat

loss, while optimizing their

location encourages winter solar

heat gain. Passive strategies, STALECOLD AIR

2 : IS VENTED OUTSIDE
like solar shading to reduce

summer heat gain, reduce

energy consumption.

A span through walls, floors,
and celings, should be
minimized through careful
detailing.

airtight buildings. As it is

added, energy recovery
RSB systems fransfer | energy
ENTERS BUILDING from the exhaust air fo the

incoming air stream.

LOW E COATING

INDOORS | 70F OUTDOORS | 20F ARGON GAS

(Winter Operation Shown)

INTERNAL HEAT

CENTERBROOK
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LIGHTING / GLARE

LIGHTING STUDY IN COVE TOOL
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Self contained air sealed chimney box

with damper, coaxial direct exhaust e | '- .
and air intake | « |
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Tempered Air
supply via ERV |
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. . o LOAD
‘Simple’ fully electric mechanical system:

- Air intake / exhaust with ERV (80% heat, 68% humidity)
- Local VRF heating / cooling
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IMAGE: VAN ZELM ENGINEERS
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Different insulation approaches:
* Warm roof Project & Design
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 Cold roof

LLC: THERMAL ENVELOPE




Different insulation approaches:
e Warm roof Project & Design

* visual appeal B Execution and
” « A Quality Control

Q&A

* Cold roof

- save on conditioned volume
- shorter structural spans

- cheaper insulation type

Interior thermal envelope
modeled in WUFI

LLC: THERMAL ENVELOPE

IMAGES: THORNTON THOMASETTI / CBK



MAINE 2009
COMMERCIAL IECC CODE ONLY

ENVELOPE:

ROOF: R38

WALLS: R13+7.5ci
FOUNDATION: R7.5¢ci

SLAB ON GRADE: R10 FOR 24"

DOUBLE GLAZED R3 (40% max area)
uPVC
WINDOWS:

| AR TIGHTNESS 7 ACH (1.2 cfm50/ft2) =20x more ‘

ALL SEAMS ARE LAPPED AND TAPED
ALL PENETRATIONS ARE SEALED AND TAPED
AR TIGHTNESS: 0.060 cfmb50/M2

SELF ADHERED UNDERLAYMENT

AIR WEATHER BARRIER WITH
DRAINAGE PLANE

SELF ADHERED ASPHALT FLASHING
— \VAPOR BARRIER
e 15 MILL UNDER SLAB VAPOR BARRIER
s FLUID APPLIED DAMP PROOFING

Project & Design

Execution and
Quality Control
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PASSIVE HOUSE PER WUFI MODEL

ENVELOPE:

ROOF: R57 +50 %
WALLS: R19+15ci + 66 %
FOUMNDATION: R17ci +227 %
SLAB ON GRADE: R2Z2 CONTINUOLUS +ALOT %
TRIFPLE GLAZED RE (14% of vertical +270%
THERMALLY surfaces)

BROKEMN uPVC

WINDOWS:

5%

CENTERBROOK
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ENVELOPE:
ROOQOF:

WALLS:
FOUNDATION:
SLAB ON GRADE:

TRIPPLE GLAZED
THERMALLY
BROKEN uPVC
WINDOWS:

SELF ADHERED UNDERLAYMENT

AIR WEATHER BARRIER WITH
DRAINAGE PLANE

» SELF ADHERED ASPHALT FLASHING
SMART VAPOR BARRIER
e 15 MILL UNDER SLAB VAPOR BARRIER
ssssmss FLUID APPLIED DAMP PROOFING

BOWDOIN COLLEGE
ENVELOPE DESIGN
PASSIVE HOUSE

CENTERBROOK



HEADER SCHEDULE

[ ooz | Execution and
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TJI FLOOR JOIST Q&A
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HEADER

FRAMING INTQ. %

BEARING WALL 4 HEADER, SEE
ROOF FRAMING
PLAN

_— KING STUD.
2x6 @ 16"0.C. EE
INTERIOR BEARING| N —— SCHEDULE
WALLS PLAT

BUILT-UP
COLUMN

E
SCHEDULE

“—— SIMPSON HOLD DOWN, \
/ SEE FOUNDATION — PRESSURE
ANCHOR BOLT PLAN TREATED SILL
THROUGH FOR LOCATIONS PLATE
BOTH PLATES

TYPICAL W D WALL DETAIL

A
11—

REALITY W/ STRUCTURE



'R-39.3

R-37.0

Thermal resistance [hr f* *F/Btu]: 39.332/41.899 (EN ISO 6946 / homogenous layers)

Material / Layer Col A Thickness R
(from outside to inside) Lt [Btu/hr ft °F) [in] [hr f2 *F/Btu)

Composite Wood Siding 0.0543 0.75

Polystyrene, extruded 0.01667 3

vapor retarder (10perm) -’l 3289

Plywood (USA) 0.0485

cellulose 0.019

Gypsum Board (USA) 0.0942

Soruce
Cellulose F

Filling with materials

225

@24” OC = 7%

WOOD VS
INSULATION

Project & Design

Thermal resistance [hr ft* “F/Btu]: 39.332/41.8399 (EN I1SO 6946 / homogenous layers)

\ MaterallLayer oo ) Thickness R Execution and

(from outside to inside) [Btu:’hr-h *F] [in] [hr f2 °*F/Btu] | ) C |
Composite Wood Siding 0.0543 0.75 1.151 QU d Ity O ntro

Polystyrene, extruded 0.01667 3 14.997

vapor retarder (10perm) -T 3289 0.002 : Q&A
Plywood (USA) 0.0485 1.073
cellulose 0.019 21.008
Gypsum Board (USA) 0.0942 0553

Filling with materials

T=

@16+” OC = 16%

WOOD VS
INSULATION

REALITY W/ STRUCTURE
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Cellulosic (dense Q&A

pack insulation) [

- ceilings [

PRV PEEk - cavity walls |
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XPS | __JI
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- below grade |
- continuous ext.
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Insulation type Form /[ variant GWP average kgCOZ2e per 1im2 Rsi-1 R-value perinch § per Ft2/R-1*
GBA BEAM EC3

Extruded polystyrene XPS board, 25psi HFC

ENVELOPE INSULATION

In-Office materials exploration — embodied carbon discussion
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Cellulosic (dense i
pack insulation) [
== - ceilings [

LTERUNE b - cavity walls |
I

==

ISR NN NN NN RN 1l 111l IR IREEE N 1
ISSESEE NN N Ll In . Ll InEn 1 1 1

— — — b — — —— — — it it e | e

SERVICE ZONE

44
11

Wood fiber, High density
mineral wool, EPS,
Phenolic foam, NGX etc.
- under slab

- below grade

- continuous ext.

e e
PN NSNS EE RN NN ENERNE N

; = f,k!," 1|_‘ :
L Ly Ll _1_J|Lﬂlil _”L_' T _‘ ________

INSULATION
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- [ " = INSULATION: REFERENCE WALLS
IMAGE DUKE ALUMNI CENTER --CBK ST . STUSS : : -
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1 RER

THERMALLY G : IR
ol S ESE BELS b ”'ﬂ' il
BROKEN Z-GII}T!;IS:, Sf 8 1 [ 1 Renrals .

'PHENOLIC FOAM' 18

LIQUID AIR BARRIER®
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Insulation type Form /[ variant GWP average kgCOZ2e per 1im2 Rsi-1 R-value perinch § per Ft2/R-1*
GBA BEAM EC3

Extruded polystyrene XPS board, 25psi HFC

ENVELOPE INSULATION

In-Office materials exploration — embodied carbon discussion
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Building Enclosure Design _ _
Project & Design
Enclosure Assemblies Execution and
e Exterior Walls Quality Control
* Slab on grade
* Roofs Q8A
 Windows

Air Barrier Continuity

/ ///////////////// 7 / / / A
— //////// 7 AT T

%//////////// I : Field Performance Testipg

*  Whole building air leakage
testing
Infrared thermography

ENVELOPE DESIGN — LIVING LEARNING CENTER




SUSPENDED
GWB CEILING
/Ho
 A5.03

VECHANICAL
ATTIC
[200)
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Jl METAL LOUVER

RESTROUM
/VESTIBULE
/ [114]

WOMEN'S

RESTROOM
[113]

KITCHEN
(104]

18'-51/8"

12-21/2°

SLAB ON GRADE SGh




Slab-on-Grade Design:

Floor finish Project & Design

Reinforced concrete slab Execution and
StegoWrap 15 mil reinforced vapor retarder Quality Control

4 in. Extruded polystyrene insulation (R-20) Q&A
Crushed stone with radon mitigation system

SLAB ON GRADE SGH
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Jl METAL LOUVER

SUSPENDED

GWB CEILING VECHANICAL
, ATTIC
[Ho Y\ (200]
A5.03 -

18'-51/8"

RESTROUM]

/VESTIBULE WOMEN'S
/ [114] RESTROOM
[113]

12-21/2°

KITCHEN
(104]

EXTERIOR WALLS SGh




18" OC. TYP,

_ VARIES

L 512

ll

|

—

1

1

/VARIESL 5 1/2" L

L1

5/4 1X6 FIBER CEMENT
TRIM, FULL BOARD AT
GABLE END

~— SEE ELEVATIONS FOR
1X3 BATTEN LOCATIONS

16" OC. TYP.

TYP. EXT. BOARD
AND BATTEN WALL,
SEE A5.02

.— WVERTICAL 1X4 PT
FURRING

n

Exterior Wall Desigh Assembly Components:

Board and Batten Siding

Ventilated air space (1x4 PT strapping)

3 in. Extruded polystyrene insulation (R-15) over shims
VaproShield SA (air/water-resistive barrier)

1/2 in. Advantech sheathing

2x6 wood framing with 5-1/2 in. Dense-Pack Cellulose
Insulation (R-19)

MemBrain (Smart) vapor retarder and air barrier
Gypsum wallboard; painted.

EXTERIOR WALL

Project & Design

Execution and
Quality Control

Q&A




SUSPENDED
GWB CEILING
/Ho
 A5.03

VECHANICAL
ATTIC
[200)
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Jl METAL LOUVER

RESTROUM
/VESTIBULE
/ [114]

WOMEN'S

RESTROOM
[113]

KITCHEN
(104]

18'-51/8"

12-21/2°

ROOF ASSEMBLY SGh




Vented Roof Assembly (Adj Space w/Mech
Mezzanine)

88 CHIMNEY CAP

Project & Design

METAL FOLDED SEAM
ROOF AT SIDES OF
CHIMNEY

STANDING

SEAM METAL
ROOFING, TYF.

COMPOSITE

LOUVER |

10
:MECHAI"ILCAL ATTICL D— H

i Deura a

ATTIC I
EL0-0"

FIBER CEMENT TRIM —F—
AND SOFFIT PANELS 2
FIBER CEMENT - LI_
BOARD AND i
BATTEN SIDING,

TP

EXPOSED STRUGTURE, ——=
PAINTED TO MATCH

FACADE SEE STRUCTURAL
pwes

CONGRETE < A “ BEYOND
WALKWAY .

e 1ST FLOOR -
ELO-0' TS

ZOPENTO ™

WHITEBOARDS
NLC.

SEMINAR ROOM
0

S ——— e

i

T U T T
E T

I il

@ LIVE AND LEARN CENTER SECTION 2
14" = 1o

PAINTED VENTED RIDGE CAP PER
MFR REQ.,

SEE E7/A5.73 FOR TRANSVERSE
SEAM SEALING

INSECT SCREEN ON EDGE CLIPS

BLOCKING TO KEEP RIDGE BEAM 1°
OFF PLYWOOD FOR VENTING

METAL ROOF, SEE A5.02

e e e L

WD |-JOIST STRUCTURE,
SEE STRUCTURAL

WD RIDGE BEAM,
SEE STRUCTURAL

WD 2X JOISTS,
SEE
STRUCTURAL

A — Vented Ridge

TYPICAL NON-CONDITIONED VENTED

e Standing seam metal panels

Self-adhering roof membrane underlayment

5/8 in. plywood

Wood trusses (ventilated cavity)

Q&A

18 in. Loose-fill cellulose insulation (R-60)

MemBrain (Smart) vapor retarder

Gypsum wallboard; painted

TYP. VENTED METAL
ROOF, SEE A5.02

1" BAFFLE PROPER VENT

TYPICAL INSULATED
CEILING, SEE A5.02

$-5 COLORGUARD SNOW
RETENTION SYSTEM,
CLAMPED TO STANDING
SEAM, W/ FLAGS
BETWEEN SEAMS

2x BLOCKING BETWEEN
TRUSSES, TYP.

HELD OFF SHEATHING
BY 1" FOR PROPER VENT
WRAP TRUSS TAILS

4 104 112" AFF
8.0 TRUSS

ATTACH WIRE —
TO TRUSS

XPS INSULATION —|
LAYER

BETWEEN 2X6
FRAMING AND

GwB

$ 90" AFF (SEE RCP)
B.0. CEILING

5 74" AFF
B.0. SOFFIT
$ VARIES

R.O. WINDOW

Sref S

3 o

PAINTED
GWB SOFFIT
ON 2X4
FRAMING

2X6 TRUSS TAIL W/ 2X10
KD SUB FACIA

MTL TRIM

1X6 FIBER CEMENT BOARD

1X8 FIBER CEMENT BOARD

INSECT MESH BETWEEN
PLYWOOQD AND FRAMING

20" QVERHANG

—

FIBER CEMENT PANELS
ON 1/2" PT PLYWQOD

5/4X10 FIBER CEMENT
RAKE BOARD

1-0 7/B'I

WD HEADER, SEE
STRUCTURAL

|
' T\ ™
I .:a

Th] [

B — Ventebl Eave

ROOF ASSEMBLY

TYPICAL BOARD AND
BATTEN EXT. WAL, SEE A5.03

TRIPLE GLAZED UPVC
WINDOW

SGhH

Execution and
Quality Control



: N i Roof Assembly (Multi-Purpose Room)
' e Standing seam metal panels
‘ * Clad-Gard SA/MA Metal underlayment

e e I | - ‘ \ nEET e 4in, nailboard insulation w/plywood (R-21) Execution and
T ! . T e V-Force Vapor Barrier Membrane Quality Control
S \; o Zi g C ¥ N5 5/8 in. T&G Advantech sheathing Q&A
2 ! I L 2 in. nominal T&G wood deck

FIBER CEMENT —sem . H .

TRIM BOARDS AND o 1 . T d t I
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LLC:
‘ cumulative surface area of VB: 13.965 SF
[ volume within VB: 67.373 CF

AIR BARRIER CONTINUITY
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WINDOWS
Salamander BluEvolution 82 uPVC windows
Operability: fixed, tilt-turn, tilt
Triple glazed IGU with applied muntins
* Double low-e (#2 and #5 surfaces)
Argon-filled (90% argon)
Thermally-improved spacer (Swisspacer)

IDRAINAGE VENTILATION|

WINDOWS
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* PHIUS+ 2018 requirements for airtightness: 0.06 cfm/sq ft @ 50 Pa
e Test 1: 0.088 cfm/sq ft @ 50 Pa (January 2020)
e Test 2:0.084 cfm/sq ft @ 50 Pa (March 2020)
e Test 3:0.066 cfm/sq ft @ 50 Pa (June 2020)
* Test 4 (final): 0.053 cfm/sq ft @ 50 Pa (July 2020)
* We recommend preliminary tests during construction, when repairs
are easier.
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