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Introduction
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Definition

Part of the building envelope where the otherwise uniform
thermal resistance is significantly reduced by:

a) full or partial penetration of the insulating layers
by materials with a different thermal conductivity

and/or
b) a change in thickness of the insulating layers

and/or

c) a difference between internal and external areas,
such as occurs at wall/floor/ceiling junctions.
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Types of Thermal Bridges

Clear Field Linear Point
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Army Facilities and  Thermal
Bridges
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Building weak spots: Thermal bridging locations

~ r 4
Details of Major Magnitude Section Details of Minor Magnitude Plan
1. At Eaves/Ridge 1. Wall Corner — Never Usually an Issue
2. Window and Door Fitting — Head, Sill and Jamb 2. Threshold or Door
3. At Projections, Shades Or Intermediate Floors 3. Duct and Service Connections
4. Internal Walls to External Walls 4. Penetrations at Installations in Roof; PV
5. Intermediate Floors or Water Tanks
6. At Grade
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Building weak spots: Thermal bridging locations

Main Offenders

1. At Walls/Roof

2. Window and Door Fitting — Head, Sill and Jamb
3. At Projections, Shades Or Intermediate Floors
4. Internal Walls to External Walls/Roof

5. Intermediate Floors

6. At Grade
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Dinning facility
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Thermal Bridges via IR Imaging

—

Army Reserve Center
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Thermal Bridges via IR Imaging
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Barracks
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Thermal Bridges via IR Imaging

Battalion HQ
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Thermal Bridges via IR Imagmg
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Tactical Equipment
Maintenance Facility
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Impact
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U 2Yo or ied bBbarre - 0 :
Window Connections
Foundation Intermediate Slabs
Head Sill Jamb
Affected Length (ft) 502 502 840 764 764
Thermal Bridge
Transmittance 0.308 0.180 0.322 0.360 0.486
(Btu/hr-ft-°F)

A. Pagdn-Vdzquez and S. Lux, " Prioritizing Thermal Bridge Mitigation Strategies,
Journalof the National Institute of Building Sciences, Vol 2, No. 4, p. 22, Aug 2014
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Quantified Impact: Studied Barracks Building

Energy spent due to thermally bridged regions

Thermal Bridging Losses
(MMBtu/yr)

100 85.98
80
60
40

20
0

Window

Building
Foundation Intermediate Floor
Slabs

Connections
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Energy loss Mitigation Catalog
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Thermal Bridge Mitigation Catalog

* Easy to use; condensed guidance for good practices

* Provides building envelope recommended Army construction
details.

* Include existing construction practice and corrected architectural
drawings.

* Emphasizes the continuity of the tri-barrier envelope system
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Catalog Page Layout

Detail Name and Description

Thermal transmission reduction resulting from

proposed thermal bridge mitigation method. Detailed

results are located in the Thermal Performance table

Detail ID —

Notes
Section

4

Close Up
Section

I = |

providing
general
background
and details of
the problems
and mitigation
method(s)

Existing Detail
lllustration of the
area on the
structure
experiencing the
thermal bridging
effects

detailed
view of
interest

Proposed Solution
lllustration of the
proposed thermal
bridge mitigation
solution with noted
changes and close

Quality Control
/ Sequencing
Section

up describing the
procedure to

implement the

thermal bridge

mitigation
method(s)
Modeling Values Thermal Performance
Table defining the assumptions Table noting quantitative improvement
used for modeling thermal bridge  following implemented mitigation
mitigation performance

method(s)
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At Grade Stem Wall
CMU or Concrete Wall with Interior Insulation

Notes

Below grade insulation can
be expanded polystyrene or extruded
polystyrene. This finish can be cement-
based stucco with corrosion-resistant
reinforcement, metal or PVC sheets.
An aesthetically appealing finish is
also often desired.

In case of damp or irrigated
landscaping, a dampprofing layer
should be attached to the foundation
before placing the insulation.

Insulation requires impact
protection, and, in the case of
foam plastics, ultraviolet radiation.
Appropriate protection can be selected
based on stucco with corrosion
resistant mesh  (polymer-modified
reinforced with glass fiber), synthetic
stucco and cement board materials.
Foam insulation can act as a protected
pathway for termite access, and hence
appropriate flashing, and termiticides
should be employed.

The exterior insulation top can
be covered using a metal flashing by
inserting into a reglet cut into the wall.

Existing Stem Wall

External Stucco

CMU Block

Interior Plaster

Gypsum Board

Crushed Stone

Vapor Barrier

Existing XPS Insulation

The thermal performance of this detail Table of Modeli ng Values

can be further increased by increasing
the thickness of the insulation and
covering more of the exterior, as well as
by adding a skirt around the perimeter
to reduce losses to the soil.

The reported W-value does
not include thermal effects associated
to the insulation protection or the top
metal flashing.

Insulation Bay with Steel Stud

Reinforced 30MPa Concrete

Reinforced 30MPa Concrete

estcase Ihermal Perrormance

AW=0.304 W/mK

Proposed Solution

Metal Flashing Capf

Exterior XPS Insulation

Insulation Cover

Damp Proofing Membrane

Air, Liquid, Vapor Control Layer

External Stucco

CMU Block

Interior Plaster

Insulation Bay
with Steel Studs

Gypsum Board

Metal Flashing Cap

Exterior XPS Insulation

Vapor Barrier

Insulation Cover

Damp Proofing Membrane

Reinforced 30MPa Concrete

Condition Clear Wall Linear Transmittance (W)
R-Value (W/m2K) Btu/hefte °F (W/mK)

Wall Clear Field R-10.3(0.552) -
Floor Clear Field R-0.84 (6.749)
As-Built Slab (no exterior or interior - -0.359 (-0.622)
insulation)
Retrofit with
12" exterior - -0.452 (-0.782)
12" exterior (x) and 12" exterior (y) - -0.471 (-0.815)
18" exterior (x) and 12" exterior (y) -0.507 (-:0.877)
24" exterior (x) and 12" exterior (y) B -0.535 (-0.926)

comparent | S | n | M|
(m?K/W) (kg/m’)

Interior Film (Wall) R-0 74 (013 RSI) €
Interior Film (Floor) - - R-0.97 (017 RSI) -
External Stucco 1" (25) 08089 (1.4) R-010 (0018 RSI) | 115(1850)
CMU 75/8" (194) 0.069 (1.2) R-0.916 (0.161 RSI) | 130 (2100)
Interior Plaster 3/4" (19) 08089 (1.4) R-008 (0014 RSl) | 115(1850)
'S"(i‘;‘:““ Bay with Steel 61/8" (156) 0.0584 (0.10) R-8.7 (1.539 RSI)
Gypsum Board /2 (13) 0092 (0.16) R-0.5 (0.08 RSI) 50 (800)
Exterior XPS Insulation 31/2° (89) 0.017 (0.029) R-17.2 (3 RSI) 18 (28)
Reinforced 30MPa concrete - 104 (2.4) g 150 (2400)
Existing XPS Insulation 2 (51) 0017 (0029) g 18 (28)
Reinforced 30MPa concrete | 6.5° (165) 104 (24) R-0.39 (0.069 RSI) | 150 (2400)
Crushed Stone 5" (127) 09245 (16) R-0 45 (0079 RSI) | 126(2000)
Exterior Film (Wall) - R-0.23 (0.04 RSI) -
ggtgrgcmm (Floor) Temp 000 (0,00 RS)

Page 30 | ERDC-CERL THermAL Bripce MiTicaTion CATALOG

Close.up

Quality Control/
Sequencing

1. Excavate around the entire
building perimeter until reaching the
foundation footing.

2. Dry-clean  the  exposed
surfaces of the foundation wall and
footing and/or remove any other
surface debris.

3. In the case of high moisture
content soil or irrigated landscaping,
apply a dampproofing material layer
to prevent water infiltration.

4. Measure and cut the selected
external foundation insulation to
size ensuring it will wraps the entire
foundation footing and wall. This
should extend from the foundation
footing above grade.

5. Use adhesive to attach the
selected exterior insulation to the
foundation wall.

6. Use protecting or cover over
the foundation insulation
7. Install flashing above the

insulation by inserting through the
reglet cut, making sure to entirely
cover the selected insulation.

| Page 31
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Roof Parapet with Concrete Roof

CMU or Concrete Wall with Exterior Insulation

Notes

The insulation choice is often
limited to products that can resist
moisture, some wind, meet fire codes,
ete. Thus the choices tend to be foam
plastics with some fire resistance and
board insulation of EPS, XPS, and
semi-rigid stone wool boards.

Adding at least 24”of interior
insulation along the interior ceiling
will reduce the heat flow through the
parapet section. Naturally, interior
building access will be required.

The thermal performance
results  incorporate the effects
associated with the interior and
exterior film coefficients, metal cap
flashing and roof finish material.

The thermal performance can
be further augmented by increasing
the insulation thickness and covering
more or all the exterior. Thermal-
breaking the heat flow by replacing
the parapet base support CMU with
a low thermal conductivity block will
provide the best thermal best parapet
thermal performance.

Existing Parapet

Table of Modeling Values

Membrane

Concrete Wall and Slab

Air Space
15/87x15/8” Steel Studs with
Top and Bottom Tracks
Gypsum Board
Insulation Board

Water Resistive Barrier Adhesive
Lamina

Flashing and Roof Finish Material

Wood Blocking
Roof Insulation and Waterproofing

. Nominal Resisitance Densit;
Component \n-E:I:\‘ ;l;r;;‘s;) Btu/thfr;tflic;I(\s\tly/m K hrft° F/Btu Ib/ft“y
(M*K/W) (kg/m)
R-0.7 (0.12 RS)) - 0578 (1) R-0523 (0.092RS)) | 110 (1800)
Gypsum Board 1/2' (13) 0.092 (0.16) R-0.5 (0.08 RSI) 50 (800)
(112{5_;} ;i{ SToftfr:'cf;”ds 18 Gauge 35.825 (62) 489 (7830)
Air in Stud Cavity 15/8" (41) - R-0.9 (016 RS) 0.076 (1.2)
Concrete Wall 8" (203) 104 (1.8) B 140 (2250)
Water Resistive Barrier
Adhesive
Insulation Board 4" (100) 0.023 (0.039) R-15 (2.64 RSI) 1(16)
Lamina 1/8"(4) 0.52 (0.9) R-0.04 (0.01RSl) | 120(1922)
Concrete Slab & Parapet 8" (203) 104 (1.8) . 140 (2250)
Roof Insulation 47 (100) . R-20 (3.5 RSl) 1.8(28)
Parapet Insulation 1" (25) R-5(0.88 RSI) 1.8(28)
Parapet Insulation - fully 3" (76) R-15(2.64 RS)) 1.8(28)
Wood Blocking 5/8" (16) 0.052 (0.09) R-1 (0.18 RSI) 27.8 (445)

Page 50 | ERDC-CERL THermAL BRiDGE MiTiGATION CATALOG

AW=0.183 W/mK

Proposed Solution

Thermal Performance*

Flashing and Roof Finish Material

‘Wood Blocking

Membrane

Concrete Wall and Slab

Air Space

15/8”x15/8” Steel Studs with
Top and Bottom Tracks

Gypsum Board

Insulation Board

Water Resistive Barrier Adhesive
Lamina

Roof Insulation and Waterproofing

Condition Clear Wall Linear Transmittance (W)
R-Value (W/m2K) Btu/hefte °F (W/mK)
Wall Clear Field R-17.6 (3.10 RSI)
Roof Clear Field R-21.9 (3.86 RSI)
As-Built Parapet 0.231 (0.400)
Retrofit with...
Fully Insulated Parapet - 0.125(0.217)

Quality Control/

Sequencing

1. Remove the parapet metal
cap (also known as the parapet
capping)

2, Remove the parapet wood
blocking

3. Remove the roof covering

(asphalt, roofing membrane, etc.) to
expose the roof insulation.

4. Add rigid insulation to the
rear vertical face of the parapet. This
vertical piece of insulation must have
contact at its bottom with the roof
insulation (they should maintain
continuity). The attached vertical
insulation should be able to reach
the top of the parapet.

5. Add rigid insulation on the
top section of the parapet. Make
sure that it is contiguous with the
insulation placed in the rear vertical
face of the parapet and the front
(already in place) exterior insulation
board of the wall.

6. Replace the entire previously
removed roof covering, so that
continuous protection to both the
roof and the parapet is restored

7. Re-attach the wood blocking
8. Re-attach the parapet metal
cap

| Page 51
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Window Sill

Steel Stud Wall with Interior & Exterior Insulation

Notes

Key to the success of this detail
is ensuring good structural attachment
of the window and alignment of the

Existing Sill

AW=0.383 W/mMK

Proposed Solution

window thermal bridge. Every window 5500 ISOWEB Window 5500 ISOWEB Window
se.ctlon is llke‘ly to have a .sllghtly o Back Dam
different solution, but all will have Sill Finish Sill Finish
clear water and air control layers Timber Timber
Steel Studs Steel Studs

identified and continuous. Designers
will also need to complete the exterior
closure to ensure that the insulation
and the air/water control layers are

Concrete Sill

Concrete Sill

Air and Water Control Layer

Quality Control/

not visible and are protected from sun Seq uenci ng ‘
and direct rain impingement. It is also 1 Remove old window Feveals
critical that the head flashing provide Brick A Brick and necessary CMU blocks, sill, and
air sealing and direct water outward. Air Cavity = Air Cavity up to 8 courses of bricks around
b oy Zelﬂadhereg Rigid Insulation (7 4 Rigid Insulation (1) ‘:mdowFasten treated timber block
membranes are nonconductive an . = ; -
can be used to comnect the swater Rockwool in Steel Studs ,;// Rockwool in Steel Studs toCMU around window opening, seal
control layer on the face of the wall to Gypsum Board = Gypsum Board corners withself-adhesive membrane,
the metal flashing. This approach must //: connect with air/water membrane
ensure that the polymeric flashing does d:‘:’:| = — 4= d:‘:’: 3. Install backdam anchor to
not sag due to unsupportive flashing, 2o = S DN = all 4 sides of reveal over installed

which can trap water within the wall.

The hollow space in open
window frames will promote an
undesired natural convective heat

plywood

4. Replace 1" rigid insulation
on top of wood buck. This insulation
should have a 45° slope for drainage

flow. This can be reduced by filling Table of Modellng Values Thermal Performance* 5. P!ace llntelO'VE?l’Wl'l'ldOWhOIE?
voids with factory installed, custom- o meaams T oemat and add sidedam to lintel sides
. ‘s Thickness Conductivity N 4 . Clearwall Linear Transmittance (W) 6. On top of window opening

shaped foam plastic or rigid stone wool Component inches (mm) | Btuznetts*F Wym k) hrit2°F/Btu I/ ft? Condition Revalus (W/m2K) Blurherts o F QR/mK) s
sections. (m*K/W) (kgym™) connect wall sheathing air/water

Often an overlooked principle, (‘:Mm:":” — ;2 = FOT4 OISR 150(;400) Wl Slesr Flaid R226 (0.251) - barrier and wind ow lintel. Attach self-

- oncrete Si - B . .
aligning the thermal control part of [—— Tooen T T Y Incorrect Fitting Situation 0.278(0481) adhesive membrane barrier from the
i i Correct Fitting Situat 0057 (0.098 top exposed wall down to the lintel.

the window frame with the thermal [ Tomr Er) 0192 (0.23) 1261 (0.222 RS) " orrect Fitting Situation ( ) P exp: o th 1 ’
control layer of the wall, is important [insuiation 17 (25) 0.0139 (0.024) R-6 (10S5 RS|) 2(32) 7"1 i €p z}ce eﬁ- complemen }:"y

i i 1” rigid insulation from ste ut
to avoid cold-weather ‘condensailon Snflth;;a\WOu\ with Steel 6 3/8"(162) 0.0370 (0.064) R14.35 (253 Rs) 2@2) 4 S e ; 4; o
T Gypsum Board 1/2" (13) 0.092 (0.16) RO.5 (0.08 RS)) 50 (800) snsure 45 ang'e s foeated at the
windows, the thermal break providesa [ 5o moor . - . - bottom edge of insulation. It must
clear indication of the thermal control |steeistuds 27.7 (48) 480(7800) 3150_ make contact with membrane
layer. For fiberglass-, vinyl-, and |Timber 0.006 (0.10) 30(450) barrier
wood-framed windows, the thermal [SS00 ISOWES WINDOW - - 8. Replace concrete brick sill
resistance of the frame is more |Plminm SilPan 92.45 (160) - 175(2800) and bricks

Seror i - RO.Z3 (004 RS) - 9. Apply sealant to reveal onto

uniform, hence thermal control layer
alignment is enhanced (as the frame is
wider than the thermal break).

backdam anchor and install window
against seal and backdam

Page 74 | ERDC-CERL THermAL BriDe Mimication CatALOG | Page 75

Energy Exchange: Federal Sustainability for the Next Decade




Construction detail sequencing
examples

Different materials, different ways to
“do the stuff”
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Material Alternatives: At Grade Solutions for Structural Thermal
Breaks

b LY
Aerated Concrete Foam Glass EPS Concrete
(courtesy of Aercon) (courtesy of Perinsul) (courtesy of Bremat)

Foam Glass (courtesy of Perinsul)

Foam Glass Gravel (courtesy of Perinsul)
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Material Alternatives: Readily Available Low Conductivity
Structural Breaks

Wood — courtesy of the
forest ©

PU structural thermal break
(image courtesy of General
Plastics)

PVC Structural thermal break
(image courtesy of Armatherm)
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Design Solutions for Structural Thermal Breaks

As per structural
e.g. 36” to 48” (900
to 1200 mm) o.c.

beam

Weld
Cast-in plate
Concrete slab

Gap < bolt diameter
Base plate
W-section
T 3
T —
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Attachment Clips for Cladding and Finishing Systems

Rubber pad connections
used as thermal breaks
(generic solution)

i’:sff'flnoﬂ%ffofl{smunaus Rubber pad Connections Thermally bl'Okell
«-':;:.! used as thermal breaks connections (image
(generic solution) courtesy of Cascadia)

Reduced steel shelf angle
support (courtesy of Fero)
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Mitigation Strategy: Wrapping

v

90%

0.428 BTU/hr.ft.F 0.039 BTU/hr.ft.F
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Mitigation Strategy: Thermal Breaking

v

100%

P2 BTUM: £ F 0.006 g
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Mitigation Strategy: Correct Window Fitting

Subsill flashing

w/ end dams
pre-shimmed glazing
tape air & water seal

/ Metal angle
S

N -

Rain shedding \

backdam & anchor

j | Finish
=

{ ,
i I
Exterior of window ; !
supported on il ol S Backup: =
cladding if g 2 exlte"La"v ;2
i B © insulated stee c
appropropriate 1R stud, wood stud, [it
il O c masonry, or
: concrete
(image courtesy of Building Science

Corporation)
Air-water

control layer
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Mitigation Strategy: Correct Window Fitting

plastic shims
plastic shelf stainless \|

clips as needed
(typ. 2 per window)

Subsill flashing
w/ end dams

Pre-shimmed glazing
tape air & water seal
Metal angle
backdam & anchor

)

Finish

(image courtesy of
Building Science
Corporation)

Insulation

Air-water
control layer

Backup:
externally
insulated steel
stud, wood stud,
masonry, or
concrete

Energy Exchange: Federal Sustainability for the Next Decade
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Construction detail sequencing
examples

Different materials, different ways to
“do the stuff”
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Parapet with Concrete Roof

Old Junction  Option 1: Insert Option 2:Wrap
thermal break the parapet

bbb
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Option 1: Insert thermal break

CMU Wall at Parapet

Problem:
Discontinuity of
insulation between wall
and roof
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Option 1: Insert thermal break

Step 1 requires the
removal of the parapet

capping
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Option 1: Insert thermal break

Next, remove flashing
and roofing asphalt to
expose the CMU parapet
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Option 1: Insert thermal break

The roofing asphalt will
have to be removed
sufficiently to expose the
insulation
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Option 1: Insert thermal break

Cut back and remove
some of the roof
insulation

The CMU parapet 1s now
fully exposed
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Option 1: Insert thermal break

Remove brick veneer
until 1nsulation 1s exposed
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Option 1: Insert thermal break

Next, remove top
insulation board
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Option 1: Insert thermal break

Next, remove top
insulation board to expose
the wall to roof junction
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Option 1: Insert thermal break

Remove the CMU parapet
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Option 1: Insert thermal break

Remove the CMU parapet
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Option 1: Insert thermal break

Add an air tightness
barrier whilst the parapet
1s removed
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Option 1: Insert thermal break

Add a course of AAC
blocks

Anchor bolts or structural
dowels should be added if
needed to reinforce the
junction
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Option 1: Insert thermal break

Extend external insulation
to provide complete
overlap with newly
inserted thermal break
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Option 1: Insert thermal break

Reinstall insulation on the
roof to abut the inserted
thermal break

The wall and roof
insulation are now
“thermally connected”
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Option 1: Insert thermal break

The exterior brick veneer
can now be replaced
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Option 1: Insert thermal break

The exterior brick veneer
can now be replaced
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Option 1: Insert thermal break

Add roof covering
waterproof layers
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Option 1: Insert thermal break

Finally, replace parapet
capping
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Option 1: Insert thermal break

Old Junction: New Junction:

0 ® 2 4 7 BTU/hr.ft.F

0. 0 1 0 BTU/hr.ft.F
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Option 2: Wrap the Parapet

CMU Wall at Parapet

Problem:
Discontinuity of
insulation between wall
and roof

Energy Exchange: Federal Sustainability for the Next Decade



Option 2: Wrap the Parapet

A4
| Aol
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Option 2: Wrap the Parapet

Old Junction: New Junction:

0.247 BTU/hr.ft.F 0.039 BTU/hr.ft.F

Energy Exchange: Federal Sustainability for the Next Decade



Parapet with Concrete Roof

Old Junction Option 1: Insert  Option 2:Wrap
thermal break the parapet

A3

0'247 BTU/hr.ft.F 0-010 BTU/hr.ft.F 0’039 BTU/hr.ft.F

Energy Exchange: Federal Sustainability for the Next Decade



At Grade Transition/ Building Foundation

At Grade Transition

Energy Exchange: Federal Sustainability for the Next Decade




At Grade Transition/ Building Foundation

44

PN Py
b
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At Grade Transition/ Building Foundation

The remaining soil
can then be added

This may also be
an opportunity to
add a gravel drain
depending on site
conditions

Energy Exchange: Federal Sustainability for the Next Decade



Steel Stud Building Windows

_lix N

RN

Window Head, Jamb and Sill
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Steel Stud Building Windows

No thermal break in the
existing window will
cause very high losses

Thermal bridge result
will be dubious as there
1s huge losses from the
frame itself

Condensation may occur
on the inside of this
frame 1n cold weather

BTU/hr.ft.F
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Steel Stud Building Windows

A 1.5” thick timber
break can be used to
bridge the insulation
layer to the thermal break

@ in the window
0.045

BTU/hr.ft.F

Energy Exchange: Federal Sustainability for the Next Decade



Steel Stud Building Windows

Energy Exchange: Federal Sustainability for the Next Decade



Steel Stud Building Windows
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Steel Stud Building Windows

Thus the detail 1s
complete
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 Thermal bridges are liable to occur where a path
between the two sides of the building envelope is
present.

* Infra-red (IR) reveled opportunities for that Army
facilities improvements.

e Overall TB impact varies from building detail.

 The mitigation catalog provides potential energy
solution

* Next steps: incorporate catalog recommendations in
future Army guidelines
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Thanks for your attention!
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