
Building Energy 14 House 
and House+ as a System

Deep Energy Retrofits
The trouble we make for ourselves,
even when we try to do it right.

Today is Thursday, between 2:00 and 3:30. You are in Track 7, 
Fundamentals
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Session Description

• “The house was so tight, you’d slam the door and 
the toilet would flush.” Have you ever heard 

anyone say that? How about hearing about someone 
getting Carbon Monoxide poisoning from a 
backdrafting heating system? Every decision we 
make in a house has an effect on the system as a 
whole and knowing how these systems interact can 
save a life, prevent a lawsuit, or get you the 
most bang for your buck in conservation upgrades.
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Learning Objectives
1. Understand the Concept of the House as a System

2. Gain an understanding of the importance of safety 
and what things to avoid, particularly in reference 
to combustion gases, mold and moisture

3. Understand positive and negative consequences of 
altering components of the House as a System.

4. Integrate and Evaluate these concepts as they are 
applied in the extreme sense to highly efficient 
buildings.

5. Acquire skills from case studies to gain 
knowledge from others' successes and mistakes. 
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What I mean when I say DER:
Existing building, to which we add:
Exterior Insulation (typically PIR)

New Windows
Consistent, Well-detailed air barrier –

with metrics (typ. 0.1cfm50/ssf or 
1ACH50)

High R roof assembly
High performance heating/cooling

***Mechanical Ventilation
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What are our big issues – particular to 

DERs?
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First and Foremost: Life Safety
a homeowner doesn’t appreciate a DER if 

she’s dead.

What are the big categories?
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3/4" = 1'-0"

2
1

BLOWER DOOR PRESSURE TEST TO BE CONDUCTED AT COMPLETION OF AIR BARRIER, BEFORE INSTALLATION OF INTERIOR WALL FINISHES.
DIAGNOSTIC FOG TESTING WILL BE CONDUCTED TO FIND FLAWS IN AIR BARRIER SYSTEMS

PRESSURE TESTING TARGET: 0.1CFM50 / SQUARE FOOT OF SHELL
TARGET CFM50 OF FINAL BLOWER DOOR:

580CFM50

NOTE: AIR BARRIER AT EXISTING BUILDING TO BE FIRST
LAYER OF FOIL-FACED FOAM, TAPED AT ALL SEAMS

AND TRANSITIONS
ON FOUNDATION WALL, THIS TRANSITIONS TO THE

EXTERIOR SPRAYED FOAM INSULATION

NOTE: AIR BARRIER AT ADDITION TO BE TAPED
SHEATHING AND EXTERIOR FOAM INSULATION AT

FOUNDATION WALL
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DANGER: DANGER:
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DANGER: DANGER:

100-200 cfm 100-1000 cfm
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SOLUTION:

and/or
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SOLUTION:
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Solution Concepts:
Make-up air for wood stoves? Limiting
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What about Soil Gas?
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Tight Homes Can Trap Soil Gas

Balanced Ventilation will discharge some of this gas and replace 
with fresh air
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Solution: ADD Radon Collection Pipes



Building Energy 14 House 
and House+ as a System

ISSUE: Odors

Other ventilation concerns – odors, heat 

loss
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I’ve done all that right.

What about the building?
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Typical Exterior Foam 
Job
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At a wall with impermeable exterior 
insulation
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WUFI Plus will show long-lasting 
sheathing moisture within an out-

sulation assembly in cold climates.

BUT: What are we really worried about?
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Walls with permeable exterior 
insulation



Building Energy 14 House 
and House+ as a System

©Taunton Press/ FHB



Building Energy 14 House 
and House+ as a System

At the sill – a potential vapor 

sandwich
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For C
onstruction

2/S4

CARRY SPRAY FOAM OVER SILL TO
UNDERSIDE OF EXISTING SUBFLOOR

5" OPEN CELL SPRAY FOAM
(@R-3.5/INCH = R-17.5) OVER BRICK
- THERMAL BARRIER PER CODE TO
1'-0" BELOW GRADE

STRIP EXTERIOR BACK TO
EXISTING BOARD SHEATHING

(2) LAYERS 2" FOIL-FACED POLYISO
STAGGER AND TAPE ALL SEAMS

4 INCHES @ R-6.5/INCH = R-26
CONTINUOUS INSULATION

TYPAR OR SIMILAR AS DRAINAGE PLANE

VERTICAL STRAPPING FOR SIDING 3/8" MIN.
FOR DRAINANGE AND AS MECHANICAL

FASTENER FOR HOUSEWRAP DRAINAGE PLANE
SEE FASTENMASTER WHITEPAPER FOR

FASTENER SCHEDULE OVER EXTERIOR FOAM

EXISTING SLAB TO BE RETAINED

INSECT SCREEN

FORMED METAL BREAK

SELF-ADHERED MEMBRANE OVER ENTIRE EXISTING ROOF (AB)

EXISTING STRUCTURE AND INTERIOR
FINISHES UNDISTURBED - ALL WORK
DONE FROM THE EXTERIOR

REMOVE ALL WINDOWS
INSTALL NEW CONSTRUCTION WINDOWS
IN PLANE WITH THE FACE OF THE OUTER

LAYER OF FOAM

HORIZONTAL FIBERCEMENT SIDING

RETAIN EXISTING INTERIOR TRIM

LOW EXPANSION SPRAY FOAM SEALANT
(TYP.) 'PUR FILL'

EXISTING 2" X 4" @ 16" O.C. +/- TO REMAIN

EXISTING CAVITIES FILLED WITH CELLULOSE TO REMAIN
4" @ R-3.3/INCH = R-13

BACK FILL

MARK STUD POSITIONS TOP AND
BOTTOM OF WALL BEFORE INSTALLING

FIRST LAYER OF FOAM - SNAP LINE FOR
VERTICAL FURRING STRIPS

TRIPLE-GLAZED FIBERGLASS CASEMENT WINDOWS
WHOLE WINDOW U-VALUE 0.20 OR BETTER

WITH NAILING FINS

ADHERE FIRST LAYER POLYISO TO
SILL AS AIR BARRIER

WRAP PEEL AND STICK INTO EXISTING
ROUGH OPENING

EXISTING ROOF RAFTERS UPGRADED AS REQUIRED
PER STRUCTURAL - SEE S5

STUD WALL AND 1/2 GWB TO PROVIDE
THERMAL BARRIER FOR FOAM PLASTIC
INSULATION

SEE 2/S0 FOR DETAIL AT
DEFORMED BRICK WALL

PT FOOTING

3" CCSPF WITH COATING RATED FOR
GROUND CONTACT TO R-20

FILL CAVITY WITH DENSE PACKED CELLULOSE
(CAVITY INSULATION= 7" @R-3.5/INCH = R-24.5)

(2) LAYERS 2" POLYISO FOAM BOARD
(1) LAYERS 1.5" POLYISO FOAM BOARD

2X STRAPPING FOR PLYWOOD ATTACHMENT

1/2" GWB THERMAL BARRIER FOR FOAM PLASTIC

EXISTING FLOOR PLANE INSULATION TO REMAIN

CREATE 7" CAVITY FOR INSULATION AND
NAILING SURFACE FOR GWB

BRICK TO BE CLEANED BEFORE SPRAY
APPLICATION,  BRICKS TO BE REPLACED

AS REQUIRED

NOTE: PRIMARY AIR BARRIER AT WALL
(FOAM BOARD) TAPED TO PRIMARY AIR

BARRIER AT ROOF
(MEMBRANE)

APPLIED EAVE
("CHAINSAW RETROFIT")

REMOVE BOTTOM COURSE OF SHEATHING
AND REPLACE WITH NEW STRIP FOR AIR

CONTROL LAYER ADHESION

EXISTING BRICK
FOUNDATION

WITH STUD WALL

EXISTING ABOVE
GRADE WALL

ABOVE GRADE WALL FOR NEW
CONSTRUCTION - SEE A5.2

ROOF FOR NEW CONSTRUCTION -
SEE A5.2

EXISTING ROOF
ASSEMBLY

HOT ROOF ASSEMBLY:
TOTAL R-VALUE R-62

EXISTING WALL ASSEMBLY:
TOTAL R-VALUE R-39

ABOVE GRADE FOUNDATION: R-37.5
BELOW GRADE FOUNDATION: R-20

TOTAL EXTERIOR ROOF INSULATION=
5.5" @R-6.5/INCH = R-37.5

5" OPEN CELL SPRAY FOAM
(@R-3.5/INCH = R-17.5) OVER BRICK
TO 1'-0" BELOW GRADE AND
INTUMESCENT PAINT FOR
THERMAL BARRIER

EXISTING BASEMENT - NO STUD WALL

EXISTING WALL AT MAIN HOUSE

A
5

.1
D

E
T
A

IL
 W

A
L
L
 S

E
C

T
IO

N
-E

X
IS

T
IN

G
3
/4

" =
 1

'-0
"

2

1

Can’t get out 

here
Must get out here



Building Energy 14 House 
and House+ as a System

At the sill – a potential vapor 

sandwich

C
2
0
1
1

C
o
ld

h
a
m

 &
 H

a
rtm

a
n
 A

rc
h
ite

c
ts

V
o

n
 G

o
e

le
r - S

lo
u

g
h

2
4
 H

a
m

p
d

e
n
 S

tre
e
t

N
o
rth

a
m

p
to

n
, M

A
a
rw

T
R

C
H

0
9
 D

e
c
. 2

0
1
1

1
1
-1

1

D
a
te

:

P
ro

je
c
t N

o
.

R
E

V
IS

IO
N

S

S
c
a
le

:

D
ra

w
n
:

C
h
e
c
k
e
d

:

For C
onstruction

2/S4
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UNDERSIDE OF EXISTING SUBFLOOR

5" OPEN CELL SPRAY FOAM
(@R-3.5/INCH = R-17.5) OVER BRICK
- THERMAL BARRIER PER CODE TO
1'-0" BELOW GRADE

STRIP EXTERIOR BACK TO
EXISTING BOARD SHEATHING

(2) LAYERS 2" FOIL-FACED POLYISO
STAGGER AND TAPE ALL SEAMS

4 INCHES @ R-6.5/INCH = R-26
CONTINUOUS INSULATION

TYPAR OR SIMILAR AS DRAINAGE PLANE

VERTICAL STRAPPING FOR SIDING 3/8" MIN.
FOR DRAINANGE AND AS MECHANICAL

FASTENER FOR HOUSEWRAP DRAINAGE PLANE
SEE FASTENMASTER WHITEPAPER FOR

FASTENER SCHEDULE OVER EXTERIOR FOAM

EXISTING SLAB TO BE RETAINED

INSECT SCREEN

FORMED METAL BREAK

SELF-ADHERED MEMBRANE OVER ENTIRE EXISTING ROOF (AB)

EXISTING STRUCTURE AND INTERIOR
FINISHES UNDISTURBED - ALL WORK
DONE FROM THE EXTERIOR

REMOVE ALL WINDOWS
INSTALL NEW CONSTRUCTION WINDOWS
IN PLANE WITH THE FACE OF THE OUTER

LAYER OF FOAM
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RETAIN EXISTING INTERIOR TRIM

LOW EXPANSION SPRAY FOAM SEALANT
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EXISTING 2" X 4" @ 16" O.C. +/- TO REMAIN
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ADHERE FIRST LAYER POLYISO TO
SILL AS AIR BARRIER

WRAP PEEL AND STICK INTO EXISTING
ROUGH OPENING

EXISTING ROOF RAFTERS UPGRADED AS REQUIRED
PER STRUCTURAL - SEE S5

STUD WALL AND 1/2 GWB TO PROVIDE
THERMAL BARRIER FOR FOAM PLASTIC
INSULATION

SEE 2/S0 FOR DETAIL AT
DEFORMED BRICK WALL

PT FOOTING

3" CCSPF WITH COATING RATED FOR
GROUND CONTACT TO R-20
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(FOAM BOARD) TAPED TO PRIMARY AIR
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Problem: Insulating Brick Walls
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Insulate to the inside? =
Bricks stranded outside thermal 

boundary
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Solution: Insulate Outside
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Solution: Accept and Monitor
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Summary:
Use devices that can’t be backdrafted
Use devices that don’t backdraft others

Consider all-electric solutions (with PV!)
Have a strategy for IAQ

Know your assemblies’ vapor profiles

Drying both ways is better than drying one 
way

Drying one way is better than staying wet
Pay attention to bricks
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Thank you

Andrew Webster
Designer/Project Manager

Coldham&Hartman Architects
Amherst, MA

andrew@coldhamandhartman.com

www.coldhamandhartman.com

This concludes the American 
Institute of Architects Continuing 

Education Systems Program

mailto:andrew@coldhamandhartman.com

