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Course / Learning Objectives

« Build a foundation for understanding thermal bridging in buildings
and how excess heat loss impacts building energy consumption,

durability, and health.

« Learn how to use the free software LBNL THERM to execute typical
architectural-envelope simulations on areas such as steel-stud
assemblies, corner details, and balcony penetrations.

 Compare details and material thermal properties, learn how to
examine details for common thermal bridges, and how to classify
and calculate detail ‘PSI-Values’ for your own projects.

« Study effective thermal bridge mitigation techniques, and learn how
to solve common design problems through iteration and simulation.
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Outline

 Introduction to Thermal Bridges

« THERM Libraries, Underlays, Geometry

« THERM Materials & Boundary Conditions
« THERM Simulations

« Calculating Psi-Values:
— Qutside Corners
— Parapets
— Windows
— Slab on Grade
— Heated Basement
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From ISO 10211

“thermal bridge: part of the building envelope where the otherwise uniform
thermal resistance is significantly changed by full or partial penetration of the
building envelope by materials with a different thermal conductivity, and/or a
change in thickness of the fabric, and/or a difference between internal and
external areas, such as occur at wall/floor/ceiling junctions"

Thermal bridges, which in general occur at any junction between
building components or where the building structure changes

composition, have two consequences compared with those of the
unbridged structure:

1. a change in heat flow rate, and
2. a change in internal surface temperature.

Although similar calculation procedures are used, the procedures are

not identical for the calculation of heat flows and of surface
temperatures.
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Any place in the building envelope where the otherwise uniform
thermal resistance is significantly changed due to:

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

and/or
a change in thickness of the insulating layers

and/or

a difference between internal and external areas, such as
‘ occurs at wall/floor/ceiling junctions.
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Simulating Thermal Bridges
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THERM (LBNL)

https://windows.lbl.gov/tools/therm/software-download

THERM

THERM 6.3 LR :
For NFRC Certification and modeling complex glazing systems For modeling vacuum glazing, deflected glass, vertical venetian blinds, cellular shades

and perforated screens
Forum Forum
For questions about THERM For questions about THERM
Knowledge Base Knowledge Base
(Check here first if you are a problem with th (Check here first if you are a problem with th
Documentation Documentation

THERM 7.4 Tutorials Tutorials

Last Updoted: 10/03/2015
Two-Dimensional Building Heat-Transfer Modeling

If you find bugs, or have comments about this version, we now have a

questions and respond to questions by others. Getting feedback from THERM is a state-of-the-art computer program developed at Lawrence Berkeley National Laboratory (LBNL) for use by building ers, students,
architects, and others interested in heat transfer. Using THERM, you can model two-dimensional heat-transfer effects in building components such as windows, walls, foundations, roofs,
and doors; appliances; and other products where thermal bridges are of concern. THERM's heat-transfer analysis allows you to evaluate a product’s energy efficiency and local temperature
patterns, which may relate directly to problems with condensation, moisture damage, and structural integrity.

THERM 7 contains many new modeling features, including:

« Deflection Model

. Vacu.um Glazing i THERM'’s t i i ion heat-t fer analysis is based on the finite-element method, which can model the complicated geometries of building products. See Components for
« Vertical Louvered Blinds more details.

« Perforated Screens i

. H“"EV‘_""‘" s_hades . . THERM can be used with the Berkeley Lab WINDOW program. THERM's results can be used with WINDOW's center-of-glass optical and thermal models to determine total window product
* Dynamic Glazing (Thermochromic and Electrochromic) U-factors and Solar Heat Gain Coefficients. These values can be used, in turn, with the RESFEN program, which calculates total annual energy requi in typical resi gl

the United States.

Latest Version Components
'(l;l:ES:?M 743 System Requirements
(10/03/2015)

Sample Screen Shots

Release Notes -- Please read these before running this version !

This version is compatible with WINDOW 7.4.6. Click on image to view the screen shot.

« Ifyou try to import THERM 7.4.3 files into earlier versions of WIN
case upgrade to this latest version of WINDOW 7.4

Knowledge Base
Forum

Documentation

Get a copy of WINDOW 7.4 to accompany THERM 7 - NOTE: WINDOW 7.4 is n
the latest version of WINDOW 7.4 if you want to use THERM 7.4 with WINDO

Last Updated: 06/10/2015




THERM Mocdel

A model is made of the
construction assembly
and the conductivities /
resistances are added for
the relevant materials

The model is overlaid with
a mesh and all elements
are calculated. The
thermal behavior of the
construction elements
can be calculated
according to the ‘grain’ or
scale of the mesh.
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|ISO Reference Standards

BRITISH STANDARD BS EN ISO BRITISH STANDARD BSENISO

10211:2007

1%2?2%5 BS EN ISO 13788:2012

Thermal bridges in Thermal performance
building construction of buildings — Heat \ e -~
— Heat flows and transfer via the ground = ™ e |
surface temperatures g — Calculation methods BS| Standards Publication
— Detailed S (ISO 13370:2007)
calculations (ISO § Hygrothermal performance

10211:2007)

of building components and
building elements — Internal
surface temperature to avoid
critical surface humidity and
g interstitial condensation —
Calculation methods (ISO
13788:2012)

H —-—one
raising standards worldwide™

ISO 10211 ISO 13370 ISO 13788
* Thermal bridges in » Heat transfer via * Hygrothermal
building construction. the ground. performance of
components
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Fen-BC Window Guide

http://www.fen-bc.org/uploads/BC_Reference_Procedure_PHPP_Window Values_Using THERM_(1.1).pdf

luation of Comfort Criteria for more details on this
ieating, the PHPP estimates the number of hours
bove 25°C. To mitigate the risk of overheating during
clude shading devices, optimal window erientations,
tion, or mechanical cooling.

B.C. Reference Procedure for Using THERM to Determine
Window Performance Values for Use with the Passive House
Planning Package

ses all comfort criteria. It is also possible that satisfying
th lower installed U-values than would be required to

ion terminology used in this procedure. Note that ¥, and
window rough opening perimeter lengths respectively.

nerally consists of recreating window geometry in a

and performing calculations on the software output
odology outlined in this document assumes a general
specifically with THERM. For information about using
ition Manual.

A Public Resource Prepared for the British Columbia Ministry of Energy, Mines &
Petroleum Resources with funding from the BC Innovative Clean Energy Fund

Prepared by RDH Building Science Inc. and Peel Passive House Consulting Ltd.

Window Height
(lw. Upce)

Installation
(Winstatr)

the thermal

Version 1.1
Window w/
tion Panel

50 10077)

WINDOW

Programs

Window w/
ce Window
S0 10077)

Wall Height
(twatts Uyair)

of the PHPP Components worksheet in PHPP showing the field
ance characteristics are entered.

indow Install
10211)

© 2019 Fenestration Association of BC

www.fen-bc.org

UweAw+E ¥ neau-linsealt
A

10986_001 - BC Reference Procedure PH Window Madels {v1.1).docx

10986_001 - BC Reference Procedure PH Window Madels fv1.1).docx Page 12
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How much to model?

ISO 10211 Section 5.2.2 and 5.2.3
have detailed rules about how far to
model, and where to ‘cut’ the model in

order to ensure accurate simulation

<1000

<1 000

results.

« at least 3-ft from the central element if
there is no nearer symmetry plane

« at a symmetry plane if this is less
than 3-ft from the central element

* ‘Rule of thumb’; use at least 3x the
wall thickness for length of the detail
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Materials and Conductivity Values

BRITISH STANDARD

BRITISH STANDARD BS EN ISO
7

Building materials
and products —
Hygrothermal
properties - Tabulated
design values and

Building components
and building

elements — Thermal
resistance and thermal

transmittance —
procedures for Calculation method
determining declared (ISO 6946:2007)
and design thermal
values

ISO 10456 ISO 6946
« Building Materials « Thermal resistance and
and Products thermal transmittance
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2x6 Stud Wall (Typ.)

For the ‘normal’ clear field
assembly, we use THERM to
give us an effective whole
assembly U-Factor. This takes
into account the effect of the
repeating bridges (studs).

Plywood Sheathing
(R-1.2/in)

44— 26 Wood Studs, 16" OC
(R-1.11/in)

Fiberglass Insulation
(R-3.2/in)

(R-0.65/in)

Our energy model’s
Transmission Heat Loss
calculations are all executed
using this value.

U-Factor = 0.0570 (Btu / hr-ft>-F)
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Structural Steel Thermal Bridge

Bridged ‘Typical’
EXAMPLE: For Assembly Assembly
structural reasons, at

several locations in the %

Plywood Sheathing
(R-1.2/in)

building the engineering

team wants to insert

steel columns in the

walls which support RS

beams above. They ——— %

2x6 Wood Studs, 16” OC
(R-1.11/in)

Fiberglass Insulation
(R-3.2/in)

(R-0.65/in)

Column

propose adding '2” of ~ ®oozin |
XPS foam to the
exterior as a thermal %
break. What is the

impact of adding these
columns to the wall?
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Calculating the PSI-Value

The PSI-Value (V)
accounts for the actual
heat loss at the detail vs.
the "Typical’ assembly —
the one we used in the
numerical energy model

The steel columns’
disruption to this ‘typical’
construction will mean

additional heat loss at this
area

Actual Heat Loss -

Bridged ‘Typical’

Assembly Assembly

‘Typical’ Heat Loss = Psi-Value




Setting Up THERM Libraries

.../Users/Public/LBNL/Therm7.7/lib/...
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7 | lib

|
Home Share View
ra

v P > ThisPC » Local Disk(C:) » Users » Public » LBNL » THERM7.7 » lib

00_Python + N

Mame

s

Date modifi

& Downloads
Documents

[&] Pictures

& iCloud (Mac)

@ Photo Stream (Mac)

[ BC-Arch.lib

E] gas.lib

Ij material.lib

| ] Material-Arch.lib

| ] material-NFRC.lib
[ ] UFACTOR.LIB

[ ] UFACTOR-Arch.lib

dropbox
& Dropbox (Mac)

O U S ¢

& Google Drive (Mac)
03DD
151112

I Desktop

Fixtures
¢& OneDrive

3 This PC
[ Desktop
Documents
4 Downloads
B Movies
j Music
[&] Pictures
‘i Local Disk (C:)

9items  1item selected 4.90 KB

4/71112:53 PM
11/13/1511:06 AM
11/13/15 11:06 AM
4/11/11 9:35 PM
9/23/10 3:59 PM
11/13/1511:06 AM
4/12/11 12:49 PM

LIB File 1KB
LIB File 1KB
LIB File 8 KB
LIB File 5KB
LIB File 4KB
LIB File 1KB
LIB File 1KB

A lot of the important information
in THERM is stored in the
‘Libraries’. Its important we know
where to find these.




[ = Tib - O X

Home Share View - 0

< v N 5> ThisPC > Local Disk (C:) > Users » Public > LBNL > THERM7.4 > lib v 0 Search lib P
. 00_THERM * N Name - Date modified Type Size
b 00_REVIT * (] attributes.lib 11/13/1511:06 AM  LIB File 1KB
| bldgtyp * []BCLB 11/13/1511:06 AM  LIB File 2KB
& Downloads #* [] BC-Arch.lib 4/7/1112:53 PM LIB File 1KB
Documents - [ gaslib 11/13/1511:06 AM  LIB File 1KB
&) Pictures » [ material.lib 11/13/1511:06 AM  LIB File 8 KB
& iCloud (Maq) » D Material-Arch.lib 4/11/11 9:35 PM LIB File 5KB
| ] material-NFRC.lib 9/23/10 3:59 PM LIB File 4KB
u'sa'afnfl---—"‘--‘ - VI, Tt T A oY — T " e
| ] material.lib 11/13/1511:06 AM  LIB File 8 KB
" | Material-Arch.lib 4/11/11 9:35 PM LIB File 5 KB

material-NFRC.lib LIB File

[ Desktop

Foures This is the ‘Material’ Library
@ Oncbrive where all the conductivity

[ This PC .
9 Desktop properties are stored
Documents
; Downloads
B Movies
ﬁ Music
[&] Pictures
‘s Local Disk (C:)

9/23/10 3:59 PM

9items  1item selected 4.90 KB
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I 4 ] =lib - m] X

Home Share View : 0

| v 1 > ThisPC » Local Disk (C:) » Users » Public » LBNL > THERM74 > lib v O Search lib P

~

00_THERM A~ Name Date modified Type Size
00_REVIT * (] attributes.lib 11/13/1511:06 AM  LIB File 1KB
bldgtyp * [ BCLB 11/13/1511:06 AM LB File 2KB
3 Downloads y 7] BC-Arch.lib 47/111253PM  LIBFile 1KB
D BC.LIB 11/13/1511:06 AM LIB File 2 KB
| | BC-Arch.lib 4/7/11 12:53 PM LIB File 1KB
| ] gaslib 11/13/1511:06 AM  LIB File 1KB

| 03DD

151112

B Desop ‘BC’ refers to the ‘Boundary
Conditions’ — this is library which

¢& OneDrive

N stores all the temperature
o information (design temps for
& Dol inside and outside) as well as
Y, surface film resistances

[&] Pictures

‘i Local Disk (C:)

9items  1item selected 4.90 KB
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K THERM m] X
File View Help

NeHEG BE|lLoe - e-<ir .4

THERM 7.4 has the ability to model windows with shading layers, dynamic glazing, vacuum glazing and glazing
deflection. The selection of shading systems has been expanded and besides venetian blinds and woven shades,
which were included in THERM B.3, it now also includes cellular shades, vertical louvered blinds, perforated screens
and shades with measured BSDF. For further information see http://windows. Ibl. gov/software /window

xy 0000.00,0000.00 |dx,dy 0000.00,0000.00 |len000000 |Step00O00D [inches [h,w,a
Ready |Retrieving Cross Section Type... |U-factor results [




IR THERM 7.4 - [Untitled-1]

- [m] X

,.';E, File Edit View Draw Libraries Options Calculation Window Help - (& %
DESE& BE|lyC  setMateial W% B

Set Boundary Condition F5 j

~ Material Library Shift-F4

Boundary Condition Libi Shift-F35 H H H

oy e First thing we always do is

Select Mate iaI/Bound-arv Cond.iticfn. Load th e ri g ht M ate ri aI

Glazing Sys{ Material Definitions X . .

Library file...

| material lib
Create Link
Remove Liny

L«

xy-34881752  |dxdy0.921,0.634 |len 1.1

MHS ccFoam [RE.5/in] v Close

[ T In the top menu bar choose
" Frame Cavity New ‘lerarIeS’ then ‘Mate”al
" Glazing Cavity . ’
o E:lttem:al F!adi—ation Enclosure pelete L I b ra ry fro m th e d ro p d own
Rename

— Solid Properties
Conductivity |0.013 Btu/h-ft-F

Emissivityllls - Souedib.

Load Lib

Click ‘Load Lib’

— Cavity Properties

- l-q

Edit Material conductivities and display colors

Radiation Mode | | e
Cavity Model I L]
as Fill I ;I
[T Protected




IR THERM 7.4 - [Untitled-1]
,.!E‘ File Edit View Draw  Libraries Options Calculation Window Help

Dﬁﬂé|]|_‘-,[ Set Material F4 IU|%|I j
Set Boundary Condition F5
Boundary Condition Library Shift-F5
Gas Library . Open X
Select Material/Boundary Condit| N |« Users > Public > LBNL > THERM7.4 > lib v &  Searchlib p
Glazing Systems Organize v New folder v ™ @
UFactor Names I Desktop A Name - Date modified Type
Create Link || Fidtures [] attributes.lib 11/13/1511:06 AM LB File
Remove Link 7 OneDrive D BC.LIB 11/13/1511:06 AM  LIB File
D BC-Arch.lib 4/7/1112:53 PM LIB File
B3 This PC [ gaslib 11/13/1511:06 AM LB File
I Desktop PRI T p—— . . -
Documents | ] Material-Arch.lib S I t M t I_ A h I b
Lo l:LB- e elecC aterial-Arcn.li
l Movies D UFACTOR.LIB 11/13/1511:06 AM LIB File
. D UFACTOR-Arch.lib 4/12/11 12:49 PM LIB File
‘b Music
[&] Pictures
i, Local Disk (C:)
Q DVD Drive (E:) CDROM
== Google Drive on 'Mac' (U:)
== Dropbox on 'Mac' (V:)
== Photo Stream on 'Mac' (W:)
== iCloud on 'Mac' (X:)
== Home on 'Mac' (Y:)
AllFiles on 'Mac' (Z:
= . v < >
File name: | Material-Arch.lib v || UB files (~ib, *.csv) v|

L
xy-3.488,1.752  |dx.dy 0.921,0.634
Edit Material conductivities and display colors

llen 1118 [Step 0.394 |inches

|sill




B, THERM 7.4 - [Untitled-1] -0

,5, File Edit View Draw Libraries Options Calculation Window Help - (& %
DEeE& E| L Set Material F4 u|'F/,;|| j
Set Boundary Condition F5 ZI
Material Library Shift-F4
Boundary Condition Library Shift-F5
Gas Library Shift-F6
Select Material/Boundarv Condition

Material ndi_n_iﬂn_"s

Conductivity info for
each material in the FEE—————— -] [ cos-
library can be viewed _ Cancel |
and set here LA

4 Delete

" Estemal Radiation Enclosure

)} Rename

r.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.ﬂ
— Solid Properties I-t-—-—-—-—-—- YO Uucana I SO
Conductivity [0.013 Btu/htF li' _C_olz _ |I chan ge the color of
Emissivity IU.S j SaveLib Asl .
| materials

m‘m_‘,#‘m[ﬁfﬁ?-------------‘
R adiation Maodel | ~|
Cavity Model | ~|
as Fill I LI

L L L L L Xl

iK1
xy-34881752  |dxdy0.921,0.634 |len 1.1
Edit Material conductivities and display colors

I_ Protected




Conductivity?

Note: Conductivity (k) is a measure of the material properties
measured over 1 inch of thickness, measured in Btu-in/hr-ft2-F

By default Therm uses 1D Conductivity values, rather than the 2D
Transmittance values (k) we are probably more familiar with. You'll
need to convert all your materials to a 1D value to be able to input

them into a new Therm material.

Resistivity Conductivity (2D) Conductivity (1D)
hr-ft2-F/Btu-in Btu-in/hr-ft2-F — Btu/hr-ft-F
5 —> 1/5 = 020 — 0.20 /112&  0.017

Note: In order to use in THERM, first convert your material R/in values
to a conductivity value, then divide by 12 inch / foot to correct the units

A o il bldo



Them File Options | Snap Settings I Updates

File Edit View Draw Libraries Options Calculation Window Hel . . = .
3, B £ Preferences | Drawing Options | Simulation

DEES E|5O& || Preferencesn S5 7€ u %[
Switchilits ¥ Save program settings on exit

™ Prompt for saving libraries on program exit

™ Automatic WINDOW 4 Export on Save

[ Automatic XML Export on Save

¥ Auto Recover every |5_jminut&¢

V¥ Automatically display results after simulation

V¥ Ask before automatically adjusting points

— Unit System

i % Inch-Pounds

5

If you prefer, in [ERR R em===e==-
Options/Preferences/... you | & mereaar :

CAN change the input to 2D e
conductivity units though... 1™ Alow eding f Frame Caviy he flow and temperstres

[~ Windows 95

[~ Radiance Mode

Results Display
™ Display R-Values instead of U-Factors
™ Heat Flow
™ Heat Flux

Simulation directory:
|C:\Users\Puinc\LBNL\TH ERM7.4\Sim ChangeI

1]
xy 4.776,1.929 |dx,dy 14.618,-7.913  [len 16.623 [Step 0.394 |[inches |
Set program preferences I_ lUse Them 6 file format

| 0K I Cancel Apply




IR THERM 7.4 - [Untitled-1] - ] X

,.I,E‘ File Edit View Draw Libraries Options Calculation Window Help - & X
DEE §|‘|_'-| O Set Material F4 u ‘%” LI
Set Boundary Condition F5

Material Library Shift-F4

e S Next load the Boundary

e ——— Condition Library file...
X
Glazing Sysi
Uractr N - oo |
— =l — In the top menu bar
Convection/Linearized Radiation New C h O O S e ‘ L i b ra ri e S, th e n

Temperature |69.8 F

Delete

‘Boundary Condition
Library’ from the drop
down

Film Coefficient |1760.93 Btush-ft2-F

Rename

Save Lib

Save Lib As

Click ‘Load Lib’

p Protected

iKY
[xy-0.610,1.724  |[dxdy3.799,0.606 |len 3.&
Edit Boundary Condition properties and display cc

Relative Humidity:l 50 %




,.',E‘ THERM 7.4 - [Untitled-1]
,!E‘ File Edit View Draw Libraries Options Calculation Window Help

D@ﬂé|||_‘-,l: Set Material IU|VC|I LI
Set Boundary Condition & Open X
% A || « Users > Public > LBNL > THERM7.4 > lib v | | Searchlib o
Gas Library Organize v New folder =~ [ e
A
. | bld A .
Select Material/Boundary L1 bldgtyp * Name Date modified Type
) | ¥ Downloads * [ attributes.lib 11/13/1511:06 AM LB File
Glazing Systems Documents *
= = ‘ -'_B,% cwaie__+ - Select ‘BC-Arch.lib’
Create Link || dropbox »* gee -
S 030D [] material.lib 11/13/1511:06 AM  LIB File
0 151112 [] Material-Arch.lib 4/11/119:35 PM LIB File
‘ Dt [ material-NFRC.lib 9/23/10 3:59 PM LIB File
B Desktop [7] UFACTOR.LIB 11/13/1511:06 AM  LIB File
i Fodures [] UFACTOR-Arch.lib 4/12/111249PM  LIBFile
‘@& OneDrive
[ This PC
I Desktop
Documents
& Downloads
B Movies
D Music
[&] Pictures
%2, Local Disk (C:)
. . v < >
BC-Arch.lib v| U lin) v|
I Open I I Cancel I

L«

[xy-0.610,1.724  |dxdy3.799,0.606  |len3.847 [Step0.394 |[inches |
Edit Boundary Condition properties and display colors




Importing Underlays
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,!‘E‘ THERM 7.4 - [Untitled-1]

r!g‘FiIe Edit View Draw Libraries

C New
Open...

Ctrl+N
Ctrl+O

Ctrl+P

Options  Calculation Window Help

A S OE|FE UK ~|

-

Drawing in THERM can be tricky, so we
use ‘Underlays’ from CAD wherever

4]

possible so that we can trace.

Under File, click ‘Underlay...’

|xy-89.8, 55.5 | dy -44.2, 46.2

Properties for gas

4 AIA
=4 New York

llen 639 [Step 100 |[mm
[sil
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B, THERM 7.4 - [Untitled-1] - O X
1.',‘E,File Edit View Draw Libraries Options Calculation Window Help - & X

T New CeN @ < aQ Q8 [ FEu % ~]

Open... Ctrl+0 -
Close j
Save Ctrl+S
Save As...

Underlay... [
Export.. Underlay X

Import...

=

Properties...

Report... .
File Browse

Page Setup
Print... Ctrl+

Print Preview Type j R emove

Print Setup...

Recent File

Bit Scaling

Horizontal {100 o8 Vertical {100 % :

Utis i [irches |5 NOTE: you can bring
res=e=me=s ot ol geometry straight from
et , CAD, but be very sure that

Underlay Origin———— DXF Filter o .

N it is clean geometry with N
5 Unis DK
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The snapping is
sometimes challenging to
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