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Masonry Wall Insulation
Background
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Mass Walls (Rain Control)

= Moisture is absorbed/safely stored during rain
» Moisture re-evaporates/dries while warmer
» No “drainage plane”
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Rubble Solid Masonry Composite/
Layered
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Inside or Outside Insulation?

» |nsulating on exterior always preferable
(masonry durability, condensation risks)

» |nterior insulation — historic preservation
reasons

» |nterior — potential durability risks
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Cold Climate Risks

Warm
Inside

Cold
Outside

= Freeze-thaw (colder +
reduced drying) 7777
» Air leakage condensation on ---

interior face of masonry 77

= Rot / corrosion of embedded
elements
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= Covering interior — less early ——————
warning of damage problems in
the wall
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Temperature (°F)

Warm
Inside

Distance Through Wall
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Temperature (°F)
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Cold Climate Risks: Freeze-Thaw

» Below & above freezing '
cycling (actually ~23 F)

= Soaking wet brick

= Surface “flaking off”

= Brick more/less resistant
to freeze-thaw

= S, or critical degree of
saturation measurement
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Cold Climate Risks: Condensation
'gl’ Warm, humid, less dense
I ot aracks. .
= I » Requires perfect
Fi— ~—— Convective loops form . .
il we@es workmanship at air f
S| barrier—around
'I_-v'i .
%‘ S Condensaton penetrations, etc.
Cold Outside ééf Warm Inside = Made worse by air
=] gap behind
!?'1 ———— Cool air is more . .
| coresotas insulation
‘;:j /~ Cooled and dried
|/ EEEE . NoT
: RECOMMENDED
" | Wood floor beams
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Heat Flux Thrtmgh wall (W/mn2)
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Do We Need to Insulate Mass Walls?
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Case 1: Uninsulated Masonry (~R-5)
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Heat Flux Through Wall (W/mn2)

Climate: Burlington, VT
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Case 3: 3" ccSPF Foam (~R-5+R-17.3)
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Case 2 (add 1.5” ccSPF, R-8.7) = 60%
reduction in heat flow through walls vs.
uninsulated case
Case 3 (add 3” ccSPF, R-17.3) = 75% 10000
reduction in heat flow through walls vs.
uninsulated case

W Heat Flux In

W Heat Flux Out

1eat Flux Through Wall (W/ma2)

Mass vs. no mass — Adds ~R-1
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The Moisture Balance
» |arge storage capacity (mass wall)
» Drying decreases with insulation
» Less heat flow in winter
* |nhibited inward drying? safe storage
. capacity
= Reduce/control wetting
to compensate
drying
NESEA BE21: Moran Square-Low Carbon Renovation @bundingscience,c;ﬂ
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Masonry Wall Retrofit
Insulation Assemblies
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Masonry Interior Insulation Retrofit Assemblies
Closed cell spray foam Semi-rigid mineral fiber board
|
I
| | >
Multi-wythe mass | | ",-/ Multi-wythe mass —_
wall | wall
x| /.'\i"/
~LA N intarior framing
‘e Spray-applied polyurethane foam 3 NN Rock wwl r Roxul rigid
(2 IbM* density) minineral wool | insulation
N\l uid-applied waler conlrol layer
. (vapor semi-permeable)
"\ Cementitious renderi ring
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Masonry Interior Insulation Retrofit Assemblies

Cellulose/Batt, Smart VR, Service Cavity

Muiti-wythe mass Intarior lining Multi-wythe mass —. Inferior lining
gypsum board) wall Y {gypsum board)
Gallulose or fiberglass "— “Strapped wall"; horizontal
cavity insulation : Traming
‘e Membrans “Sman vapor
Wood frame wall barries”
{2x8) e '— Cellulose o Mberglass
cavity insubaton
Fluid-spplied water muol layer s ‘modm' frame wall
ol J \ Fluid-applied watar control layer
‘._ (vapor semi-permeatia)
Cementitious rendering
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Moran Sq uare Retrofit Assemblies
. - Tl . .
Typical Retrofit Assembly Thin” Build-in (Wainscoting
- It 2 TREATED —— It L
204 WOOD STUDS AT 16°0.6.—__ ‘ WOOD FURRING AT 16" D.C. ——
. 34" INTERIOR WODD —__ 2
BEADBOARD FINISH TO — | ] P
mm’:‘;g':'lﬂfs\:"s‘é‘é" s o MATCH EXISTING PROFILE. B | voaswvie|l
3 o | IR SEE INTERIOR ELEVATIONS
INTERIOR ELEVATIONS FOR 3112 FOR LOCATIONS & DETAILS
LOCATIONS & DETAILS. VR :
508" SURFACE MOUNTED —___
INSTALL JUNCTION BOXES AT —._ S WIRING AND ELECTRIC BOX
LOCATIONS SHOWN INELECT ™ e AT FURRING WALL AT T T %nuﬁémouﬁvms
DWGS. AT ALL FIRE-RATED Y ' LOCATIONS SHOWN IN T~ ] 7
(S BRICK MASONRY WALL. THICKNESS VARIES, VIF.
WALLS PROVIDE HILTI PUTTY ELECT DWGS.
PACKS (OR EQUAL) FOR ALL TICEERS UNER, VT
OUTLETSBOXES S
o T PLANVIEW [INTERIOR] [ExtERIOR]
PLAN VIEW [ INTERIOR (B
A L s
(1} LAYER 5% FIRE FLUID-APPLIED WATER . BEADBOARD FINISH TO ”
RATED TYPE X GWE AIR MEMBERANE (VAPCR MATCH EXISTING PROFILE.
SEM-PERMEABLE) SEE INTERIOR ELEVATIONS |
| CONTINUDUS 2 MINER FOR LOCATIONS & DETAILS. —
. WOOL INSULATION 1-1/2° MINERAL WOOL -”
BOARD. R-66. INSULATION BOARDS IN
SPRAY APPLIED CELLULOSE
INSULATION, FILL CAVITY, | VARIBLE-PERM VAPOR BETWEEN WD FURRING
R-13 MIN RETARDER [CERTAINTE FLUK-APPLIED WATER & ”
MEMBRAIN OR EQUAL) AIR MEMBRANE (VAPOR
254 WOOD FRAMING — PERMI
FURRING WALL geul) CABLE)
FINISH FLOOR & WALL BASE
= (REFER TQ FINISH SCHEDULE)
[
W“#;ﬁié;‘?z‘;’f'fg’gg — # EXISTING LOAD-BEARIN 2x2 WOOD FRAMING .5 ” l ¥ Em&fgggﬁ%fmc
. N FURRING WALL =
FINISH SCHEDULE is BRICK MASONRY WALL. \ ) | THICKNESS VARIES, VIF.
| THICKNESS VARIES. ViF LINE OF FLOOR REF
UNEOF FLOORDECK | —1 J I
B . MUERY Y %
', SECTION THRU BASE v
SECTION THRU BASE [EN
X 14
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Tricky Enclosure Items
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Wetting Patterns: What Does the Building Tell Us?

» Where to look at the building
(damage, moisture)

“Where the building touches
the ground and the sky”

And add windows

Parapets—cold & wet
Unheated conditions

VV
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Wetting Patterns: Grade Contact Conditions

Firehouse Syndicate

gh

= Montar "salen” away as
7 drying happens from within
the martar matrix —

————— Salts laft behind on surface oa'™"

in the form of crystals
lorescence”)

AN
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Wetting Patterns: Windows
— Caulk and backer rod joint,
to avoid entry of water into

masonry wylhes

Regletted flashing/drip edge;

can be wedged in place

instead of mechanical fastening,
if acceplable. Alternale: improves
drainage bul is more visible-have
drip edge fall from outside edge
of sill,

NESEA BE21: Moran Square-Low Carbon Renovation © buudingscience_c;n{:
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Wetting Patterns: Roof Copings

- Neww rool memmbene

[ Piywood o 058
| Rigid insulabon

= .:. \
| e
of mineral wool insulation
- Soalant
™~ -
|l = - Dropped ceding structure
= ||
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Roof/Attic: Unvented?

LEVEL 04 - 15 SUMMER ST (ROOF) —

Roof membrane and parapet per previous
detail

Rigid insulation (40% of total minimum) on
top of roof deck. Polyisocyanurate,

80, or Gutex (to be
considered if acceptable)

Self-adhered membrane air barrier on
existing roof sheathing

-

R

Insulation in roof rafter cavities (dense-pack
netted cellulose, netting stapled to rafters),
60% of total R-value maximum

Wall insulation and air barrier required at
attic wall (part of conditioned space)

NESEA BE21: Moran Square-Low Carbon Renovation © buildingscience,oozr:
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Roof/Attic: Vented?

T

LEVEL 04 - 15 SUMMER ST (ROOF)

464'-7 1/2"

Roof membrane and parapet per previous
detail. Low and high roof ventilation
(doghouse detail) required

No wall insulation or air barrier required at
attic wall (outside of conditioned space)

Catwalks for access to attic; minimizes
insulation damage

- 1

- 15 SUMMER ST (ATTIC)
459" - 1"

Insulation in ceiling framing cavities and
covering tops of members

Continuous ceiling air barrier: plywood or
ZIP with taped seams or gypsum board with
fire taped seams. No electrical penetrations;
minimize all other penetrations

NESEA BE21: Moran Square-Low Carbon Renovation
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Roof/Attic: Vented?

LEVEL 04 - 15 SUMMER ST (ROOF)

464'-7 1/2"

- 15 SUMMER ST (ATTIC)
459" - 1"

Intake vents

&-in. minimum air gap betwoen
 shaathing and insulation

12 in. 10 16 in. blown-in
fiberglass or cellulose
insulation

g .

Cupola

e

i
=]

Catwalks for access to attic; minimizes
insulation damage

Airtight deywall

- 1

Insulation in ceiling framing cavities and
covering tops of members

Continuous ceiling air barrier: plywood or
ZIP with taped seams or gypsum board with
fire taped seams. No electrical penetrations;
minimize all other penetrations

. Finehomebidinng com
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Masonry Thermal Bridges

__ EVELG-FIRESTATON 4
TSI
LEVEL 02 - NEW BLDG & SYNDICATE
445 -5

Insulated assembly required at
basement/ground floor level, ~3 feet

tioned

; LENEL 01+ FIRE KTATION:
ar e |
LEVEL 01 - NEW BLOG
ay.r ‘I'
LEVEL 01 - SYNDICATE BLOCK

Parking garage' 3]
Insulated [

Ext. Wall

Uninsulated
Ext. Wall

m 1 LEVEL 00 - NEW !»DG!S“;D.IC;:T: .I'
Add tee wall “wrap” for flanking loss
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Floor-Ceiling Over Unconditioned @ Existing Building

H i H H REPLACE EXISTING WOOD PLANK SUBFLOOR W/ \ — HARDWOOD TO MATCH EXISTING, CERAMIC TILE,
" Al r ba rre r, INSu Iatl on 34" 0SB TAG SUBFLOOR. SHIM AS REQUIRED TO \ LINOLUEM, OR RUBBER TILE: REFER TO FINISH
2 h f t ACHIEVE LEVEL FLOOR, SEE STRUCTURAL i gg;ggﬁs{ec. S&BRD‘%O&% EIT?O.%TIS’:‘% TOBE
- EXISTING TIMBER JOISTS, — - { .
ourfire rat ng SEE STRUCTURAL AN \ | —HARDWOOD FLOORING

!

UNDERLAYMENT, SEE SPECS.

= Taped ZIP-R as air FOCRIREL SO
barrier layer

CONTINUOUS CLOSED CELL SPRAY —
FOAM INSULATION WITH INTEGRAL
AIR & VAPOR BARRIER. R-30 MIN.

2" R-9.6 INSULATED OSB SHEATHING —'
WITH INTEGRAL WEATHER/AIR A
BARRIER. TAPE ALL SEAMS & SEAL

¥ ALL PENETRATIONS W SURFACE MOUNTED LED —)
| 1x4 WD FURRING AT 16" 0.C.—— LIGHT, SEEELEC DWGS

(2) LAYER 5/8" FIRE RATED ——
FIRECODE C GWB, MOLD &
MOISUTRE RESISTANT RATED.

NOTE: NO PLUMBING SHALL BE ]
N UE INTEGRITY NO PLUMBING SHALL BE 1]
OF 1-HR ASSEMBLY

24
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Thermal Bridges at Window Openings

= PHIUS feedback

» Opaque frame and trim limited by historic
= Some are fixable

= Some have limited solutions

= J;l[—“_

20 L SYNDICATE BLOCK - ZOLA WOOD WINDOW . S11
e e

(32 \FIRE STATION - LEVEL ONE WINDOW - HEAD
\J2 fSewe 3= v
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Retrofit Building Section (Syndicate)

Commercial ﬁpace

NESEA BE21: Moran Square-Low Carbon Renovation © buildingscience.com

Commercial space is outside
of the Passive House
boundary

"~ But blower door test requires

perfect air seal between

. ~commercial & residential

Not allowing guarded test

Both spaces operate at room
temperature

Parking garage (unconditioned) =

26
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New Construction
Enclosure Assemblies

NESEA BE21: Moran Square-Low Carbon Renovation
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New Construction Building Section
Ry S D,
1473 Hl
o h
b i
i
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Wall and Floor-over-Garage Assemblies

" ==l
EONTRROLE A B
5 5" TYPE X

\oERaoe o Deck

HOIE
TRUSS IN CAROSITE DRECTION
SHOWN DASHED. SEE

DECK ANDYOR ROOF DECK.

EATHING
L ONLY) STAGGERED
2078 4, TYPICAL AT ALL
EXTERIOR WALLS REFER TO
STAUCTLRAL DWGS
.' FLOGR LEVEL TOP OF GYPCRETE
“EL VARES

208 FRT WOOD FRAMNG
FER T STRUCTURAL &

&

VINYL PLANK. LINOLEUM. OR CERAMIC
REFER TO FINISH SCHEDUL

FLOOR LEV

TOF OF GYPCRETE

GYPCRETE TOPPING

& POLYISOCYANURATE RIGID —
HEFJLATION BOARDS, R-36 MIN,
OFFSET JOINTS MOREONTALLY
AND VERTICALLY

4/14/2021

"
STRUCTURAL DRAWINGS y g
248 FAT WOOD BLOCKING COMPOSITE SLAB: NORMAL y 2
r RO \WEIGHT CONCRETE OVER
ane CEuENT ONTAL RRUGATED 5T CKIN
PLANK LAP SENNG. COLOR AS ?gs stqu:igmfc -'Er-NCvsG
SELECTED BY ARCHITECT. SEE
EXTERION ELEVATIONS FOR f
EXPOSURE —
i _FSZE;'TEV:'W”’W RAACREEN TrERAA BRACKET E
s = T 14GA & e R RS
ENETRAT) i e WIDE FLANGE STEEL BEAM
\\‘\_ i SEE STRUCTURAL DWGS
ExHAUST SPRAY APPLIED CEMENTITIOUS SUSPENDED E
: OUCT™,_ FIRE PROCFRNG. 1HR CAFCO LEDLIGHT 588
) CONTINUOUS 4* MINERAL WOOL e . FEMBOLITE Mot ELEC DWGS
SLLATION BARD), R-1 * : LEC DWGS
2u8 FRE RETARDANT TREATED ELLATISN BoARD Res
{FRT) WEOE FRAVING. REFER FBER CEMENT
70 STRUCTURAL DIWGE gﬁ ""j; cn‘nfﬂ" ::?;-W'“ PLUMBING/SPRINKLER PIPNG [HETE. OTE. HvAC EQUPMENT AND/OR LGH ™G
LATEX PAINT FIEH, CLASS I .~ SELECTED BY ARCHITECT SEE BELOW STRUCTURE SEE [CONTRUE INTEGRITY | [FIXTURES ARE NOT PART OF RATE!
- VAPOR RETARDER EXTERIOR ELEVATIONS FOR PLUMBING AND FP DWGS |oF xR assEvELY | |assEmELy, NO PROTECTICN RetumeD
) ExPOSURE
VAPOR SEAL uncTION BONES STAWLESS STEEL FASTENERS
AL, 2HA RATING AT g
VERTICAL 5-RAL
"EAEIon & DEMBRG WALLE T
) M L PERFORATED 18 04, 16" 0.C
ELECT DWGS
RANCREEN THERAA BTACKET
1464 4
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Questions?

Kohta Ueno
kohta (at sign) buildingscience dot com

This presentation will be available at http://buildingscience.com/past-events
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Document Resources

Building Science Digest 114: Interior Insulation Retrofits of Load-Bearing Masonry Walls In Cold Climates
http://www.buildingscience.com/documents/digests/bsd-114-interior-insulation-retrofits-of-load-bearing-masonry-walls-in-cold-
climates

Building Science Insight 047: Thick as a Brick

http://www.buildingscience.com/documents/insights/bsi-047-thick-as-brick/

Building Science Insight 080: Tailor Made

http://buildingscience.com/documents/insights/bsi080-tailor-made

Building Science Insight 095: How Buildings Age
http://buildingscience.com/documents/building-science-insights/bsi-095-how-buildings-age

Building Science Insight 105: Avoiding Mass Failures
https://www.buildingscience.com/documents/building-science-insights/bsi-105-avoiding-mass-failures

Building America Report 1105: Internal Insulation of Masonry Walls: Final Measure Guideline
http://www.buildingscience.com/documents/reports/rr-1105-internal-insulation-masonry-walls-final-measure-guideline/
Building America Report 1307: Interior Insulation of Mass Masonry Walls: Joist Monitoring, Material Test Optimization, Salt
Effects

https://buildingscience.com/documents/bareports/ba-1307-interior-insulation-mass-masonry-walls/view

Building America Report 1508: Analysis of Joist Masonry Moisture Content Monitoring
https://buildingscience.com/documents/building-america-reports/ba-1508-analysis-joist-masonry-moisture-content-monitoring
Green Building Advisor: Insulation Retrofits on Old Masonry Buildings: Building Science Podcast
http://www.greenbuildingadvisor.com/blogs/dept/building-science/insulation-retrofits-old-masonry-buildings-building-science-

podcast
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