Thermal Bridge Modeling
Using THERM+Grasshopper

Thurs, November 14, 2019. 2:30-3:30 PM
Rensselaer Polytechnic Institute
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Outline

Introduction to Thermal Bridges

THERM Libraries, Underlays, Geometry
THERM Materials & Boundary Conditions
THERM Simulations

Calculating Psi-Values
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THERM (LBNL)

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

THERM

gz sysems R perorme sreons
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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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THERM Model

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

Thermal bridges in
building construction
— Heat flows and
surface temperatures
— Detailed
calculations (ISO
10211:2007)

ISO 10211
* Thermal bridges in
building construction.

RENSSELAER | ARCHITECTURE

Thermal performance
of buildings — Heat
transfer via the ground
— Calculation methods
(ISO 13370:2007)

1ISO 13370
* Heat transfer via
the ground.

Hygrothermal performance
of building components and
building elements — Internal
surface temperature to avoid
critical surface humidity and
interstitial condensation —
Calculation methods (150
13788:2012)

— Do

ISO 13788

* Hygrothermal
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

B.C. Reference Procedure for Using THERM to Determine

Window Performance Values for Use with the Passive House
Planning Package
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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

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

Building materials
and products —
Hygrothermal
properties - Tabulated
design values and
procedures for
determining declared
and design thermal
values

ISO 10456
* Building Materials
and Products

uuuuuuuu

Building components
and building

elements — Thermal
resistance and thermal
transmittance —
Calculation method
(ISO 6946:2007)

ISO 6946
e Thermal resistance and
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 k- »
assembly U-Factor. This takes 1 [ &
into account the effect of the A T R
repeating bridges (studs). e [ novaten

16" f.c ") (OB

Our energy model’s ~ fosm
Transmission Heat Loss \ A —
calculations are all executed >
using this value.
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U-Factor = 0.0570 (Btu / hr-ft2-F)
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Structural Steel Thermal Bridge

EXAMPLE: For
structural reasons, at
several locations in the
building the engineering
team wants to insert
steel columns in the
walls which support
beams above. They Soaerts
propose adding '5” of ~ ®oomsm
XPS foam to the

exterior as a thermal

break. What is the

impact of adding these
columns to the wall?

XPS Insulation
(R-5/in)
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Bridged
Assembly

a

y
A

“Typical’
Assembly

—
—
-

Plywood Sheathing
(R-1.2/in)

2x6 Wood Studs, 16" OC
(R-1.11/in)

Fiberglass Insulation
(R-3.2/in)

GWB Int
Finish
(R-0.65/in)
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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

Bridged
Assembly

“Typical’
Assembly

i~ ><ifi

pro—ufs
i _——fi

=

=l

Actual Heat Loss - ‘Typical’ Heat Loss = Psi-Value
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Setting Up THERM Libraries

.../JUsers/Public/LBNL/Therm7.7/lib/...
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v| = | lib
Home Share View o X
<« v > ThisPC » Local Disk (C:) » Users » Public > LBNL » THERM7.7 » lib po

00_Python * A Name Date modifi

& Downloads » [ BC-Arch.lib 4/7/1112:53PM LIB File 1KB
) Documents * ] gaslib 11713 A LIB File 1K
= Pictures . ] materialib LB File &KB
B iCloud (Mad) . L] Material-Arch.ib LIB File 5KB
material-NFRC.lib LIB File 4KB
W Photo Stream (Mac) ‘ [ uraCTORLIB LIB File K8
dropbox * [ UFACTOR-Archilib LIB File 1K8
@ Dropbox (Mac) *
# Google Drive (Mac) *
030D
151112 X X N
= ocsop A lot of the important information
Fixtures . . .
@ oneoe in THERM is stored in the
= e ‘Libraries’. Its important we know
I Desktop .
 vecumens where to find these.
& Downloads
B Movies
D Music
& Pictures
2 Local Disk (C)
v
9iterns 1 item selected 4908 [EH=
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& =lie - o X
Home  Share  View (2]
<« “ A 1> ThisPC > LocalDisk(C) > Users > Public > LBNL > THERM7.4 > lib v 0| | searchiiv »

00_THERM # A Name - Date modified Type Size
00_REVIT » [] attributes.ib LIB File 18
bldgtyp » [ ecLe LIB File 2k8
& Downloads * [] BC-Archlib LIB File 1K8
[5] Documents P [ gaslib LIB File 1KB
= Pictures * [] materiallib LIB File 2K8
B iCloud (Msg) . L] Mateil-Archiib LB File 5KB
] material-NFRC.ib /23 LIB File 4K8
LGB e - et e -
[ ] material.lib 11/13/1511:06 AM  LIB File 2KB
| ] Material-Arch.lib 4/11/119:35 PM LIB File

material-NFRC.lib

I Desktop
Fixtures

9/23/10 3:59 PM

LIB File

This is the ‘Material’ Library
where all the conductivity
properties are stored

. OneDrive

[ This PC
B Desktop
[ Documents
& Downloads
B Movies
b Music

& Pictures
‘i Local Disk (C))

9items 1 item selected 490K [E=
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I & [ =lib - a X
Home  Share  View (2]
<« “ A 1> ThisPC > Local Disk () > Users > Public > LBNL > THERM7.4 > lib v 0| | searchiib »

00_THERM # A Name - Date modified Type Size
00_REVIT * [7] attributes.lib 1 06AM  LIBFile 1k8
bldgtyp * [ BCLB 3/1511:06 AM LB File 2K8
¥ Downloads * [7] BC-Archlib 47/111253PM  LBFile K8
A - e o - -
D BC.LIB 11/13/1511:06 AM LIB File 2KB
D BC-Arch.lib 4/7/11 12:53 PM LIB File 1KB
D gas.lib 11/13/15 11:06 AM LIB File 1KB

030D

= v ‘BC’ refers to the ‘Boundary
e Conditions’ — this is library which

= e stores all the temperature
= Deser information (design temps for

|5 Documents . . .

: inside and outside) as well as
Movies . .

» Musc surface film resistances

&=/ Pictures.

ocal Disk (C:)

9items 1 item selected 490 KB

RENSSELAER | ARCHITECTURE bldgtyp llc

11/13/19

10



K THERM - u] X
File View Help r
NBHGE|Lo e e-r L [ -]

THERM 7.4 hias the
deflecton. T

inTHERM 63,
d BSDF.

Xy 0000.00,0000.00 [d,dy 0000.00,0000.00 [1en000000 St
Ready [Retrieving Cross Section Type... [U-factor results | |
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R THERM 7.4 - [Untitled-1] - o
B, File Edit View Draw | Libraries Options Calculation Window Help _ex
DBE&E|lhC  setMatel TR -]

Set Boundary Condition 5 zj

e e
ey e First thing we always do is
Select Mateial/Boundarv Condition Load the right Material

Material Definitions

Glazing Sys{ .
rscr . Library file...
| materiallib
Create Link|
Remove Lin | T S LA D] Close

-~ Material Type
@ Solid
" Frame Cavity
€ Glazing Cavity
" External Radiation Enclosure

In the top menu bar choose
‘Libraries’ then ‘Material
Library’ from the drop down

Cancel

Ll

Delete

Rename |
~ Solid Propertie:
Conductivity [0.013 Btu/hftF Color
EmissivityIU.S Save Lib As]
r . .
r~ Cavity Pmpevlies—l Load Lib CI | Ck ¢ Load Ll b’
Radiation Mode [ =

Cavity Model -]
Gas Fil -]

Ll
xy-34881752  [dxdy0.921,0634  len 1.1
Edit Material conductivities and displ

colors

" Protected
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o, THERM 7.4 - [Untitled-1]
B File Edit View Draw Libraries Options Calculation Window Help

DSBS BE|l5C  SetMoterial TN
Set Boundary Condition Fs
Material Library Shift-F4
Boundary Condition Library Shift-FS.
Gas Library B, Open
Select Material/Boundary Condit [ < Users > Public > LBNL > THERMTA » fib
Glazing Systems Organize v Newfolder
UFactor Names 1 Desktop A Neme -
CreateLink Fotures [) atrbutestib
Remove Link & OneDrive
[ This PC
I Desktop
2 Documents
& Downloads
B vovies ) uracToRuB
) Muse [ vcTor achi
[ Pictures.

i Local Disk (C)
() DVD Drve (E) COROM

= Google Drive on ‘Mac' (U)
= Dropboxon Mac' ()

= Photo Stream on "Mac' (W)
= iCloud on ‘Mac' ()

= Home on "Mac' (V:)

= Alfiles on Mac' @)

v | searchlib

Date modified Type

11/13/151:06AM LB File
WI3/1S11:06AM  LIBFile
4IMI2BPM UBFile
11/13/1511:06AM LB File

11/13/1511:06AM LB File
412/111249PM  UBFile

File name: | Material-Arch.lib

o] | fies (i, cs)

Select ‘Material-Arch.lib’

Ll

Xy-34881752 |dxdy0921,0634  len1.118 [Step0394 [inches

Edit Material conductivities and display colors
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I THERM 7.4 - Untitled-1]
U, File Edit View Draw | Libraries | Options Calculation Window Help

DESE & B[y C  SetMaterial Foju %]
Set Boundary Condition Fs
Material Library Shift-F4
Boundary Condition Library Shift-FS.
Gas Library Shift-F&
Select Materal/Boundar Condition
Matazial Dafiniti

Conductivity info for
each material in the

library can be viewed
and set here

" Extemal Radiation Enclosure

New

Delete

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

Emissivity |0.9

1 Rename

Color

Cavity Model =
Gas Fil =

Ll

xy-34881752  [dxdy0.921,0634  len 1.1

Edit Material conductivities and display colors
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You can also

change the color of

materials
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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 (U-Values) we are 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 =3 1/5 = 020 =—>» 020 /{12F  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
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X
TomfeOpons | Soposos | lpdmes |
%, Fle Edt View Draw Libraries O o Window  Hel Preferences | DrawingOptions | Smuation |

D& E Loe
¥ Save program settings on exit
™ Prompt for saving libraries on program exit
I Automatic WINDOW 4 Export on Save
I~ Automatic XML Export on Save
¥ Ao Recoverevery [5 —|minutes
V' Automatically display resutts after simulation
[V Ask before automatically adjusting points

S e
. (8]
If you prefer, in gt A LI LI g
. 1| C Bumcdt
Options/Preferences/... you 1| @ mazs !

CAN change the input to 2D Defaut vl cavty st [393701 nches
Conductl\”ty unlts thOugh . I Allow editing of Frame Cavity heat flow and temperatures

[~ Windows 95

[~ Radiance Mode

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

Simulation directory:

C:\Users\Public\LBNL\THERM7 4\Sim Change

dy 146187913 flen 16,623 [Step 0394 finches

I Use Them 6 file fomat

0K Cancel
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B THERM 7.4 - [Untitled-1] - o x
B File Edit View Draw Libraries Options Calculation Window Help _ & x
DSE& B[l C SetMaterial Bojue| -]

Set Boundary Condtion s

Material Library Shift-F4

R — siess Next load the Boundary
— Condition Library file...

Select

X
Glazing Sys|
vractortel [ A ~ [ e |
coton] s [itd ] In the top menu bar

choose ‘Libraries’ then
‘Boundary Condition
Library’ from the drop
down

Convection/Lineaiized Radiation New
Temperature [838 F
Delete
Fim Coefficient [1760.93 Btu/hft2F
Rename
Color

Save Lib

Save LibAs

Load Lib

I Pr

1

Click ‘Load Lib’

Lo
xy-06101724  [dxdy37990606 flen3.84
Edit Boundary Condition properties and display cc

Relative Humidity: 50 %
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B, THERM 7.4 - [Untitled-1] - o X

B File Edit View Draw |Libraries | Options Calculation Window Help - & x
DSE&SE|laC  setMateral fow %] =
et Boundary Condition g0~ * j
ilateralCiang A« Users > Public > LBNL > THERM74 > lib v o] | searchiiv »
Boundary Condtion Libr
ey Organize v New folder B> M @
bid A Neme ° e modifc ype
Select Material/Boundan 9P 8 ~ Date modified Top
¥ Downloads * ) attibutes.ib TI13/15 1106 AM  LIB File
Glazing Systems & Documents * e
UFactor Names = i = ‘ H)
‘|[EEET Select ‘BC-Archlib
Create Link dropbox [ Tmmm===t elec ren.i
P 200 ) materialib WIS 1L06AM LB File
e [ Mateial-Avchib LeFie
[ material-NFRC.ib L File
B Desitop [ UFACTORLIB TAIIS106AM LB File
Fixtures (] UFACTOR-Arch.lib 412/111249PM  LIBFile
@ OneDrive
0 This PC
I Desitop
& Documents
& Downloads
B Movies
B Music
= Pictures
. Local Disk (C)
e v < >
File name: [BC-Archib | [uscin) )
S —
Ll _>l_I
fxy-0610,1.724 [dxdy3.799,0.606 len3.847 [Step 0394 finches | /

Edit Boundary Condition properties and display colors
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Importing Underlays
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B, THERM 7.4 - [Untitled-1) - o x
%/ File| Edt View Draw Librries Options Calculation Window Help
EC New kN [[m D LEAQ O FEU K

oo 3
.
1 Underlay... 1
o e e e -
e Drawing in THERM can be tricky, so we
- use ‘Underlays’ from CAD wherever
possible so that we can trace.
Under File, click ‘Underlay...’
~
of
:’y’::j"i:::’g“ dxdy -44.2, 462 len 639 |Step 100 mm =
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B, THERM 74 - (Untted-1)

NOTE: you can bring

geometry straight from

it is clean geometry with
no overlaps or gaps.

CAD, but be very sure that

B/Fie Edt View Dow Ubraries Options Calculation Window Help
New N [Pl aq s fEu
Open. o0
Close
swe Cules
Save s,
Underlay...
Expor. Underlay X
Import...
Propetis..
e ; Browse
Page Setup File
Print.. cut =
PintPreiew v l emove
Print Setup... Type
Recent File
Bt ~Scaling
Harizontal |100 % Vertical |100 %
Units inches v
pre======= 1
:l_ AutoConvert 1 SelColol
Underlay Origin DXF Filter
y: [0 units e |
L
ky-898,555  ldudy-442,462  len 639 [Step 100 [mm

Properties for gas

RENSSELAER | ARCHITECTURE

[sin

5, THERM 7.4 - [Untitied-1)

find the file you
want to use

B File Edt View Drow Libraries Options Calculation Window Help
New N [ EnQ 2Ok F 8 U %]
[ open. a0
Close
Save Ctrl+S.
Save s
Underlay...
Epor.. Underlay X
import
Propertie.. R
Report. . I
e File P |
prn.. cule e
Print Preview -
Print Setup... Type
Bt ~Scaling
Haorizontal |100 % Vertical |100 %
Units inches v
™ AutoConvert peltolor
Underlay Origin DXXF Filter
i) i
i units e |
1K1
[xy-898,555  [dudy-442462  lien 639 [Step 100 Imm
Properties for gas

RENSSELAER | ARCHITECTURE

B
-
[
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B, THERM 7.4 - [Untitied-1] - o X
. File| Edt View Diow Libraries Options Celculation Window Help _lex
New N (@A O FEu %] il
Open... a0 | 3
Clof
o B, Open X
sl ¢ « 4 ||« psf > Home > Dropbox > PAESP16 » PAE 810 Weekly Lectures (PPT) » 07 THERM » v & | Search 07 THERM »
bp| Orgenize > Newfolder m @
Imf # Quick access Name Date modified Type Size
Pr
“|  mDesktop * Screen Shots 3/7/16 :04PM File folder
2 .
F 3 Downloads  # ,-.-Elinmmulr i . ,
Pagl
2 & voamens < | Bseicm 0 Click ‘Steel Column.dxf
pin| & Pictures -
e Dropbox »
re bldgtyp »*
o 02 PERMIT
1B Desktop
iib
Revit
2@ OneDrive
8 This PC
¥ Network o
*& Homegroup
File name: [Steel Column | [DXFCdx), BMP(bmp) v
L j_‘
iy 898,555
Properties for gas sill [ | A
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B THERM 7.4 - (Untitied-1) - o X
B File Edt View Draw Libraries Options Calculation Window Help -8 x

DRSS E LS iladitLnand 298 |[FEuU|%|

We now have some base J
geometry we can trace

L
Xy 36,466 ldxdy 11,109
Ready

flen 110 [Step 100 [mm

[sin
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Creating Geometry

... /Share/THM files/01 Beginner/Therm Example_1_Geometry. THM

RENSSELAER | ARCHITECTURE bldgtyp llc

-

Zoom In

+ SHIFT Zoom Out

+ CTRL Zoom Extents

(w(w(»

RRRRR
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B, THERM 7.4 (Untiled-1]
B, File £t View Diw Ubrries Options Calculation Window Help

DCEE& B LOoS aqirraq Q% |fEu %]

Lets make some
geometry with the
rectangle tool...

&l
LLeJ o]
RENSSELAER | ARCHITECTURE bldgtyp llc
35, THERM 74 - (Untitied-1] - o x
B File Edit View Draw Libraries Options  Calculation Window Help B
DBE&GBELoe ! Preferences... S5 [F e u %[
Switch Units &
X
T HTTE T

First, turn on ‘Smart
Snap’ in Options /
Preferences / ...

L
xy 36,466 ldxdy 10,109 [len 110 [Step 100 [mm
Ready

¥ Snap to Vetteal
¥ Snap to Horzontal
™ Sn2pto Underiay

7 Simad Snap)
t - ’
I~ Show Gid

I~ Snapto Gid

G Spacing

Widh: [0.15685  inches ches
Hegt: [075685  inches | | Y: [0 inches

g [0 e

Coc | oo

RENSSELAER | ARCHITECTURE
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B, THERM 7.4 - (Untited-1]
B Fle Edt View Diw Ubraries Options Calculation Window Help
DEEH& ELoS i madrtal s

F&uln

el
ky 265,460 ldudy 113,34 [len 118 [Step 100 mm
Ready

The snapping is
sometimes challenging to
get accurate, but it mostly
works. Try zooming in
(right mouse button) to be
more accurate with your
drawing.

Use the underlay to help
you create all the elements
with the rectangle and
polygon tool
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Assign Material Properties

.../Share/THM files/01 Beginner/Therm Example_2_Materials. THM

RENSSELAER | ARCHITECTURE
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K, THERM 7.4 - Uniited-1)
I Fie Edt View Draw Libraries Options Calculation Window Help

DSE&GE Lo @i LalQ o FEu %[

L
y 05,827 liudy-187,208 flen 280 [step 100 mm
Ready

sil [ Y

RENSSELAER | ARCHITECTURE
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B THERM 7.4 - (Untitied-1)
B File Edt View Draw Libraries Options Calculation Window Help
DBEGE Lol aPraldso s fEU %

Insulati

Fiberglass Batt

Ll
Ny 26,469 ldudy 53,914 fien 319 [Step 100 [mm [Aren 1534
Ready

RENSSELAER | ARCHITECTURE

Gypsum, lightweight aggregate
Gypsum, sand aggregate

Hard board, med density

Hardboard (Medium Density)

Insulation Board, Nailbase sheathing
Insulation Board, Shingle backer

Insulation Fiberboard

Insulation Fiberboard (Ceiling Tile, Lay-in Panel)
Insulation Fiberboard (Ro

on, Expanded polystyrene (EPS]

of Board)
I Loose illed paper or wood pulp
ruded polystyrene (XPS)
att
on,

Mineral Fiber-Loose Fill (Rock, Slag, Glass)
Mineral Fiber-Low Density (Rock, Slag, Glass)
Mohair

Neoprene (Polychloroprene)

Particleboard (High Density)

Particleboard (Low Density)

Particleboard (Medium Density)

Perlite

First, we select the
geometry, then select
the desired material
from the drop down list

Isin [

bldgtyp lic
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B, THERM 7.4 - (Unttied-1
B, Fle Edt View Draw Librres Options Colcuation Window Help
DSH&G B LOoS-Iadlradsrdt|feuk

[Particleboard (Medium Density)

.
Ky 350,469 [ddy 173,123 [ien 213 [step 100 [mm  [Avew 160
Ready

RENSSELAER | ARCHITECTURE

Polyurethane Foam Insulation (Spray Applicd)
Polyvinylchloride (PYC) Flexible
PV

PVC

nyl - Rigid
iation Enclosure

a Gel (Desiccant) - Bulk

a Gel [Desiccant] - Loose Fill

silicone, Filled
Steel - Galvanized Sheet (0.14% C)
Steel - Stainless (Buffed)

Steel (Oxidized
Steel (Rolled, Ground)
e

Ureaformaldehyde Foam
Urethane - Thermal Break
Urethane / Polyurethane
Vermiculite

[sin

bldgtyp llic

K, THERM 7.4 - [Untitied-1]
W Fie Edt View Draw Libraries Options Colculation Window Help

DERS B Los-iadibaQsrols|[fEu %

22<multiple selection>??

K]
by 256,466 [dxdy 44,197 lien 202 [Step 100 [mm [Aress 320
Ready

Fiberglass
Foam Glass

Foam Rubber

Foam Weather Stripping
Frame Cavity - CEN Simplified
Frame Cavity NFRC 100

Frame Cavity Slightly Ventilated NFRC 100
Glass (Plate or Float)

Glass Fiber (Rigid) Roof Insulation

Glass Fiber (Se ) Sheathing

Glass Fiber (Spray Applied)

Glass Mosaic

Glass Wool

Glass-Flint (Lead), Pyrex

Glass-Quartz
Gy sum board
Gypsum, lightweight aggregate

Gypsum, sand aggregate

Hard board, med densit

Hardboard (Medium Density)

Insulation Board, Nail-base sheathing

Insulation Board, Shingle backer

Insulation Fiberboard

sil

RENSSELAER | ARCHITECTURE

bldgtyp lic
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B THERM 7.4 - (Untitied-1] - o x
B, Fle €t View Draw Libwries Options Cakulation Window Help Sex
DEE& EL06-Fad0tad S % # €U % Paideboard Medium Density -

Pan!:\ehnnvd (High Density) "

Particleboard (Low Density)
Particleboard (Medium Density)
e

iyamide [Nylon)
Polyamide 6.6 with 25% Glass Fiber

Polyethylene / Polythene HD (High Den
Polyethylene / Polythene LD (Low Density)
Polyisobutylene (PIB) u
Polyisocyanurate/Polyurethane-Faced Sheathing
Polyisocyanuratefpolyurethane-Unfaced Board
Polypropylene.

Polystyrent

Polystyrene-expanded

Polysulphide

Polytetrafluoroethylene (PTFE)

Polyurethane

Polyurethane Foam

Polyurethane Foam Insulation (Spray Applie v

by 226,457 dxdy 76,128 len 149 [step 100 [mm |wh 05, 320, 160
Ready il

RENSSELAER | ARCHITECTURE bldgtyp llc

K, THERM 7.4 - [Untitled-1] - o x
W Fie Edt View Draw Libraies Options Colculation Window Help Clex
DERS B Loe-ia 0L 29/% FE U % [Paricleboard (Medium Density) ~|

Gypsum, lightweight aggregate ~
Gypsum, sand aggregate

Hard board, med density

Hardboard (Medium Density)

Insulation Board, Nail-base sheathing

ation Fiberboard (Ceiling Tile, Lay-in Panel)
Insulation Fiberboard (Roof Board)

Insulation, Cellulose Loose Fill, Milled paper or wood pulp
Insulation, Exj polystyrene (EPS)
Insulation, Extruded polystyrene [XPS|
Insulation, Fiberglass Batt

Insulation, Mineral Fiber Blanket

Insulation, Polyurethane Foam

Mineral Fiber-Loose Fill (Rock, Slag, Glass)
Mineral Fiber-Low Density (Rock, Slag, Glass)
Mohair

Neoprene (Polychloroprene)

Particleboard (High Density)

Particleboard ensity)

Ieboard (Medium Density)

e

Parti

loy 13,467 [dy-12 187 fln 235 Step 100 lmm w03, 50, 25

Ready sil

RENSSELAER | ARCHITECTURE bldgtyp llc
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5, THERM 7.4 - (Untited-1]
B, File Edit View Draw Libraries Options Calculation Window Help

DEE&E Lo ekt ad 9% F & U|%|[Paiceboard Medium Density)

Polyvinylchloride (PVC) Flexible
PVB

PVC } Vinyl - Rigid
Radiation Enclosure

Silica Gel (Desiccant) - Bulk

Silica Gel (Desiccant) - Loose Fill
silicone

silicone Foam

Silicone, Filled

Steel - Galvanized Sheet (0.14% C)
Steel - Stainless (Buffed)

Steel - Stainless (Oxidized)

Stucco
Ureaformaldehyde Foam
Urethane - Thermal Break
Urethane / Polyurethane
Vermiculite

Wood, Coniferous (Softwoods)
\Wood, Deciduous (Hardwoods)

‘
[xy 225,857 [dxdy 39,191 [len 195" [step 100 [mm ~fwh 50, 50, 41
Ready

Polyurethane Foam Insulation (Spray Applicd)

Steel (Oxidized
Steel [Rolled, Ground]
Stone

| )

[sitl T

RENSSELAER | ARCHITECTURE

bldgtyp llic

Materials in GH

Fle Edt \View Display Soiton Hep
Params | Maths Sets Vector Curve Suface Mesh Intersect Transform Display Ladybug Butiedly Honeybee gHowl

Psi_Calc_Example_190917 [itemaized]

Materials

300 20 o

{ wood_Coniferous_(Softwood)
d 0.14019 b

cellulose_(Denspack) b

d
0.03981
d GWB_(Typ)

0.16961

RENSSELAER | ARCHITECTURE

(0}
<Material
Name=Wood_Coniferous_
(Softwood) Type=0

0 Conductivity=0.14019 D
Absorptivity=0.5
Emissivity=0.9
RGBColor=#146BEF/>

| |

NOTE! Watch the units. |
think HB + GH THERM
only work in Sl units. So
Conductivity should be
input in W/mk

bldgtyp lic
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Fie Edit View Cuve Suface Solid Mesh Dimension Transform Tools
Command: _DocumentProperties

Command:

Standard | CPlanes | SetView | Di Y ) Visibil

 Display / Select ar
DeESeTXp0~N +250807%,

Fle Edt View Display Soltion Help

[ Pornts [ Curves (] Sufaces [ Polysufaces (7] Meshes [7] Annctations [ Lights

FIAI-FOGOTE DY 75
h oo
ol
a8,
P

Sl e ARGO9J

OREDFITS S

RENSSELAER | ARCHITECTURE

crv

7b|dgtyp lic

Min. Length (d) = Larger of 3*b, or 1m

Min. Length (d) = Larger of 3*b, or 1m

121, 1/21,

v :
L.x L

RENSSELAER | ARCHITECTURE

TTSe-.__. Evenat the closest 200m level, there should be
10 gaps or breaks in the objects or linework and
all vertices and lines should be coincident

bldgtyp lic
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Assigning ‘Boundary

Conditions’

.../Share/THM files/01 Beginner/Therm Example_3 BC.THM

RENSSELAER | ARCHITECTURE

bldgtyp lic

BC + U-Factor ‘TAGS’

THERM needs us to
specify the surface
temperature, as well
as surface film-
coefficient
information. We'll
also specify some
custom U-Factor
Tags which will allow
us to measure the
amount of heat flow
later on.

RENSSELAER | ARCHITECTURE

—~ ; ‘IL’ =  We'll specify this

edge as the interior
‘gate’ and setitas a
U-Factor tag of
‘Inside’

bldgtyp lic
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Surface Film Resistances
*Note: Ceilings

over 60 degrees @
are considered N All Exterior

‘horizontal’ heat exposed
flow (like walls) surfaces

Below ground exterior surface

RENSSELAER | ARCHITECTURE bldgtyp llc

Boundary Conditions

Gl | ¢
- |
== | ¢

Exterior_Normal Interior_Normal_Horizontal

T=.10c &= 1= t-xc
Rg = 0.04 m2-k/W - : - Rg = 0.13 m2-k/W

R |
o |
| |

RENSSELAER | ARCHITECTURE bldgtyp lic

11/13/19

27



11/13/19

B, THERM 7.4 - [Untitled-1] - o X
B Fle Edit View Draw Ubraries Options Calcuation Windog®Hely _lex
DEE&ELos [adqrtal Be[feu%]
- =
[ —— = =

Drag a selection
around all the
geometry, then click
the ‘BC’ button in the
top bar

U ] ﬂ;,

Xy 10920337 [dxdy 07851455 [len 1653  [step0.394  finches
v

RENSSELAER | ARCHITECTURE bldgtyp llc

3B, THERM 7.4 - [Untitled-1] - o X
o, File Edit View Draw Libraries Options Calculation Window Help -8 x
DS BE LOS i aqrrald #O%|[FEU %
B
f—————————————— -
| |
| |
| |
| |
| |
! |
Generating Boundary Conditions X
‘When generating the new Boundary Conditions:
" Use the same library type as any existing or deleted boundary conditions, but
assign new emissivities based on material properties

* Use all of the properties of any existing or deleted boundary conditions

" Ignore all of the properties of any existing or deleted boundary conditions

0K l Cancel

-

ud (— _>llI

xy 10920337 ldxdy 07851455  len 1,653 [step 0394 [inches

RENSSELAER | ARCHITECTURE bldgtyp llc
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B THERM 7.4 - Untitled-1)

o File Edit View Draw Libraries Options Calculation Window Help
DEE&G B Lot afkLad % FE U % |adabatic -

_k—s\\

\
Now - select one ‘edge’ at J
a time and hit ‘ENTER’ on

the keyboard

enter
return
~|
1 [—| 2
y17331480  [dxdy08950217  [len0921 [Step0.394 [inches [w,h 0.000, 1.260, 0.000
RENSSELAER | ARCHITECTURE bldgtyp lic
B THERM 7.4 - [Untitled-1) - o X
B File Edit View Draw Libraries Options Calculation Window Help _ e x
DEESE LoS - akrad 29% FE U % |dabatic -
&
Boundary Condition Type X
Boundary

Condition |Adiabatic

UFactor |Adiabalic
Exterior Surnmer
Surace | ¢ i Winter

Shading system modifier | None,

Interior 45 deg. slope, heatflow Downward
Interior 45 deg. slape, heatflow Upward
Interior Horiz. su. heatflow Downward
Interior Horiz. suf. heatflow Upward
[T nterion Vertical suiface

Cancel
Boundary
Condiion Librar
UrFactor Suface
Library

\
\

=

From the drop down J
select ‘Interior
Vertical Surface’

-~ -

K]

Read

Joy 17331480 [didy 08950217 fen 0921 [Siep 0354 iches w000, 1280, 0000

RENSSELAER | ARCHITECTURE

bldgtyp lic
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B THERM 7.4 - [Untitled-1)
B, File Edit View Draw Libraries Options Calculation Window Help

DEE&G B Lot afkLad 9% FE U %|adabatic

Boundary Condition Type

Bound.
oot i Verical sutace -

X

oo [INTERIOR

| Temperature He |1.46  Btu/hft2-F

BUT — we wanted 68°F for

LI Cancel

our interior temp, so we’ll
need to create our own
Boundary Condition

We’'ll make a new BC in
the Boundary
Conditions Library

1K (|
[xy 17331480 [dxdy 08950217  [len0921 [Step 0394  finches [w,h 0.000, .260, 0,000
Read

RENSSELAER | ARCHITECTURE

bldgtyp lic

B THERM 7.4 - [Untitled-1)
B, File Edt View Draw Libraries Options Colculstion Window Help

DEE&G B LOS] e fkLad o Feul v hian

Boundary Condition Type Interior Vertical surface hd

Boundary Model |Simplified S
Conditon | EIERA

U-Factor Convection/Linearized Radiation
Suface |INTERIC

Temperatue | 70.0
Emissivity [N/A

Temperature |70 F

Film Coefficient [1.46 Btu/h-ft2-F

Delete

Rename iface

AT

Shading system modifier
New Boundary Condition name:

IS0 10211 Winter Interior:

Cancel

_ Renane_|
Color
SaveLib J
Save Lib As
LosdLib

r

Relative Humicity: [ 57 %

IR ]
[ky 17331480 [dudy 08950217 flen021 [Step 0394  finches fwh 0.00, 1260, 0,000
Read

RENSSELAER | ARCHITECTURE

bldgtyp lic
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B THERM 7.4 - [Untitled-1)
o File Edit View Draw Libraries Options Calculation Window Help
D& B Lo afkLad 0% §E U % |adabatic

Boundary Condition Type
Gerpitn
Conditon | IR
R actor i rERiD|
Temperatue [ 700
Emissivity  |N/& H
1

Shading system modifier

S0 10211 Winter Int T=68, Rsi=0.74 v
Model | Simplified >

Convection/Linearized R adiation
e

Temperature |68 F :

Film Coefficient [1.35  Btush2-F 1

4
/4
I
1
\‘ 1

Close

Cancel

Delete
i

Rename iface

EELCL ¥

Color

SaveLb J
Save LibAs

Rl Rl |

Relative Humidiy: [ 50 %

~0.74 hr-si-F/Btu -

~|
1 [—| 2
Iy17331480  [dxdy08950217  [len0921 [Step0.394 [inches [w,h 0.000, 1.260, 0.000
RENSSELAER | ARCHITECTURE bldgtyp lic
B THERM 7.4 - [Untitled-1) - o X
B File Edit View Draw Libraries Options Calculation Window Help _ e x
DEESE LoS - akrad 29% FE U % |dabatic -
&
Boundary Condition Type X
Condition | Interior Vertical surface ~|
U-Fact
Suface [Nene 5] Ceed |
-

AK|
Iy 1.733,1.480
Read

None

Emissivity

Shading systern|

Temperature | Detail_Exterior
Detail_Interior

Edge

Element 4_Ext
Element 4_lnt
Element B_Ext
Element B_Int

Boundary
Condition Librar
UFactor Suface
Library

Next,
for U-Factor, ’
select ‘Inside’

l’

¢

[Gxdy 08950217 en 021 [Siep 0394 nches w000, 128, 0000

RENSSELAER | ARCHITECTURE

bldgtyp lic
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B THERM 7.4 - [Untitled-1) - o X
R R R R 5 -
&
Select the exterior =
edge and click ‘enter’ J
\
\- - ”7
[ —
1K (—] ﬂj
RENSSELAER | ARCHITECTURE bldgtyp lic

Exterior Boundary Temp?

* ISO 10211 gives no useful guidance
* PHI says to use 20°C int. and -10°C ext.

* If using the model to evaluate RH or
condensation risk, follow ISO 13788:

4.2 External boundary conditions

4.2.1 Location

Unless otherwise specified, the external conditions used shall be representative of the location of the
building, taking account of altitude where appropriate.

NOTE Unless other information is available (for example in national standards), it can be assumed that
temperature falls by 1 K for every 200 m increase in altitude.

RENSSELAER | ARCHITECTURE bldgtyp llc
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B THERM 7.4 - [Untitled-1) - o X
o File Edit View Draw Libraries Options Calculation Window Help .8 x
DEE&G B Lot afkLad 9% FE U %|adabatic

Boundary Condition Type
Boundary

Cortior, [Esterior winter - oK
UFactor |Bdiabatic

|
X
Sutane |Esterior Summer Bzl
Boundary
Temperature | Interior 45 deg. siope. heaflow Downward Boundar
STPEIEME inteior 45 deg. slope, heatfom Upward Condiion Librar

Interior Horiz. suf. heatflow Upward UF. B aS'ullace
Enmissivity |Interior Vertical surface Y

Shading system modifier |None ﬂ

1K) [—]

[y 17331480  [dxdy08950217  [len0921 [Step0.394 [inches [w,h 0.000, 1.260, 0.000

Read, Sill Y|
RENSSELAER | ARCHITECTURE bldgtyp lic

B THERM 7.4 - [Untitled-1) - o X

B File Edit View Draw Libraries Options Calculation Window Help _ e x

DEESE LoS - akrad 29% FE U % |dabatic -]

Boundary Condition Type

Exterior Winter - Close
Boundar Model [Simplfied =
Y [Eerorwin =

Condition

&

gmcclg. ?:;:ﬁ::'gum ConvectioryLinearized Radiation &I —
Temperature [0 F
; undan
Temperature | Interior 45 Delete o
Interior 45 de  Fim Coefficient [5988  Btu/hi2F
Iterior Hun:l Rename
Interior Horiz

or Surface
ibrary

Emissivity | Interior Verti

Shading system modiier [Noi

x| Color

New Boundary Condiion name: rﬂl
Save LibAs

150 10211 Winter Ext=28, R
Load Lib
e
rotected
T
[
Relatve Humidiy: [~ 50 %
=
L | 2f
Ixy 17331480 [dxdy 08950217 [len0921 [Step 0394  finches [w,h 0.000, 1260, 0,000
Read

RENSSELAER | ARCHITECTURE bldgtyp llc
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B THERM 7.4 - [Untitled-1)
o File Edit View Draw Libraries Options Calculation Window Help
DEH&G B LOS @l La’d Lo FEu

% | [Adiabatic

Boundary Condition Type

Adiabatic
E sterior Sum|

U-Factor
Suface

Interior 45 d
Interior 45 d
Interior Horizf
Interior Horiz{ == ==

Interior Verti ,

4
I
1

\\

Temperatue

Emissivity

Shading system modifer |Nol

1
| Fim Cosfficiert [4348 Bum#izs

150 10211 Winter Ext T=28 , Rse=0. ¥

Bounca Model {Simpified -
Condn, [Eerr v

F

1

0.23 hr-sf-F/Btu

Save Lib As

1

Close.

Cancel o |

ancel

Delete indary
ion Library

Rename

Color

Save Lib

Load Lib

BBl el

or Surface
ibrary

[—
Relative Humidity: m %
1 [—|
Iy17331480  [dxdy08950217  [len0921 [Step0.394 [inches [w,h 0.000, 1.260, 0.000
RENSSELAER | ARCHITECTURE bldgtyp lic
B THERM 7.4 - [Untitled-1) - o X
B File Edit View Draw Libraries Options Calculation Window Help _ e x
DEESE LoS - akrad 29% FE U % |dabatic -
&
Boundary Condition Type X
Coreion [Eterorvier =l
1-Facte
Suface [None o] G|
A

None
Temperature [N

Detail_Interior
dge

Element A_Ext

Element A_Int

Element B_Ext

Element B_Int

Emissivity

Shading system

AK|
Iy 1.733,1.480
Read

[Gxdy 08950217 en 021 [Siep 0394 nches w000, 128, 0000

0K
Boundary
Condiion Librar
UrFactor Suface
Library

RENSSELAER | ARCHITECTURE

bldgtyp lic
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B, THERM 7.4 - (Unttied-1)
8, Fie Edt View Daw Lbraries Optons Colculaion Window _Help L ex
DEE& ELOS [adrtald Ok F&u %] ,

|
|
|
|
_____ _ .

A

1 Last, drag a selection

\ around the ‘ends’ of
the section J

K1) 2
oy 10341529 [didy 07060265  [len0.754  [Step 0394  [inches
[Reacy

RENSSELAER | ARCHITECTURE bldgtyp llc

B, THERM 7.4 - [Untitied-1)
B Fie it View Duw Librari

D& B Lo |

Options Calculation Window Help

drLad o Feulk]

K1l

Boundary Condition Type X

Condition l-P“'iN'ﬂ- = ~| 0K

L actorl e roTnmer Cancel
Suface "
E eior Witer =
Interir 45 deq. slope, heatfiow Downward oy unday
Interir 45 deq. slope, heatfiow Upward ondition Libra

Interior Horz. su. heatflow Downward
Intesior Horiz. sui. heatfow Upward M=
Emissivity |Interior Vertical surface

Shading system modifier | None ~|

‘Adiabatic’ means no
heat transfer across
this boundary

K1) Lof
oy 1041529 [dxdy 07060265  [len 0754 [Step 0394  finches
[Readyy

RENSSELAER | ARCHITECTURE bldgtyp llc
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BC's in GH

onditions

Interior_Normal Horizontal

——

RENSSELAER | ARCHITECTURE bldgtyp llc

BC’s in GH

createThermBounda ries]

RENSSELAER | ARCHITECTURE bldgtyp llc
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BC's in GH

Apply BCs: Full Detail

- =
'f ~

’

- —

RENSSELAER | ARCHITECTURE bldgtyp llic
Running the Simulation
RENSSELAER | ARCHITECTURE bldgtyp lic
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B, THERM 7.4 - [Therm Example_Steel Column. THM]
B, File Edit View Draw Libraries Options Calculation Window Hip---l - s
DEE&G E Loef adrbadsrdty §@ U %[IS010211 Winter Int T=68, Rsi=0.74 -l

=t 3

| T 1

‘
by 1621947.731 [dxdy-4950,8318  [len9.680 [Step0.394 [inches w,h 0.000, 32.000, 0.000
Reaa)

RENSSELAER | ARCHITECTURE bldgtyp llc

Fie_
DEE& Lo adr LAl st FlEun

390 490 590

We’'re seeing ‘Isolines’ that
describe the temperature
gradient through the
assembly.

RENSSELAER | ARCHITECTURE bldgtyp llc
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o THERM 7.4 - [Therm Example_Steel Column.THM]

B, File Edit View Draw Libraries Options Calculation Window Help
DERS B Lo a0 Lad 2O % | FE U %(Is010211 WinterInt T-68, Rei=0.74

2B).8
610.9
)
3414 < sila
50,9
L | o
xy 1510632738  [dxdy-6.063,-6674 [len9.017 [Step 0394 [inches w,h 0.000, 32.000, 0.000 4
Ready sill [U-factor results P
RENSSELAER | ARCHITECTURE bldgtyp llc
AR, THERM 7.4 - [Therm Example_Steel Column.THM] - o X
o, File Edit View Draw Libraries Options | Calculation Window Help -8 x
DEHES @ Lo~ m-]| Calultion r [iso 10211 T-£0 Daion 74 =
B Show Resuits Results Display Options X
Display Options ShiftsFo
Show U-factors Ctrl-F9
¥ Draw Resuls K|
Addto queue Show
;::g:ﬂ:‘:wm" " Finite Element Mesh Cancel
" Isotherms fE======
" Flux Vectors : Advanced...
" Constant flux lines | SEAEEBELE
ixel
@ Color Infrared |1 Fesolulion
S aanitude

el
xy 15.38232.821  [dxdy -5.788,-6.591
Select resultsdisplay options

Color IR Settings
Isotherm Settings

Auto

[~ Minimum: | 32.00
[~ Maximum: | 68.00
™ Interval: | 2.00

Make these program defaults |

Color Flux Settings
Constant Flux Lines

d
ondensation Potential
| tines over
flux images
emperatures
S

OK

Set Screen
Font

RENSSELAER | ARCHITECTURE

len8.772 [Step 0.394 [inches [w,h 0.000, 32.000, 0.000

il

o

[U-factor results:

bldgtyp lic
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B, THERM 7.4 - [Therm Example_Steel Column. THM] - a X
& File Edit View Draw Libraries Options Calculation Window Help -8 x
DEESG E Lo a-]0Lad 20 0%FE U %[I1S010211 Winter Int T=66, Rsi=0.74 -

L

Print the active document

RENSSELAER | ARCHITECTURE

64.0

ly 16457,32.667 |dxdy-4713,-6745 len8.228 [Step0.394 [inches w,h 0.000, 32.000, 0.000
sil

U-factor results

5

bldgtyp llic

B, THERM 74 - [Therm Example_Steel Column.THM]

X Fie Edt View Drow Libraries Options | Calculation | Window Help
DEE&E Lo -] Calulston

Show Results

Display Options

Show U-factors

<

Cale Manager
Add to queve
Stop Current Calculation

Glazing Options

L

Select results display options

RENSSELAER | ARCHITECTURE

by 1538232821 dxdy-5.786,-6.591 len8.772 [Step 0394 finches [wh 0.000, 32.000, 0.

el [T LTI TT T

Results Display Options

[V Draw Results
~ Show
¢ Finite Element Mesh
" Isotherms
 Flux Vectors
rf-ﬁwmihaaﬁms--,-_l ______
@ Caolor Infrared [1_ :jelzzlution ]
T T O T maghide T

™ Show color legend

[ Show Surface Condensation Potential
™ Show polygon outlines over
color infrared and flux images
™ Show Min/Max temperatures
™ Show Element IDS
™ Show Node IDs

Cancel
Advanced...

Set Screen
Font

' o

bldgtyp lic
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3, THERM 7.4 - Therm Example_Steel Column.THM]
B, File Edit View Drow Libraries Options Calculation Window Help
DERSG E Lo+ adrtad o8| FlE U %[IS010211 Winter nt T-68, Rsi-0.74

Color Legend

L B ju s s s 0@y 08 F _,,—I
hy 13.787,32.144  [dx,dy -7.382,-7.268  [len 10360 [Step 0.394 finches [w,h 0.000, 32.000, 0.000 4
Press any key to cancel St P [U-factor results 4

RENSSELAER | ARCHITECTURE bldgtyp llc

B, THERM 7.4 - (Therm Example.Steel Column.THM]
B, File Edit View Draw Libraries Options Calculation Window Help
DEHSE Lo i alrFra’dsdoe fleu % g

L ) g
[y 4246828358 (didy 14754, 8068 [len 16,651 [step 0394 finches
Press any key to cancel silt

[U-factor resuts [ [ Y

RENSSELAER | ARCHITECTURE bldgtyp llc
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Running the Sim in GH

o SELEwaaD @c4BU A @B SERTOORa
FIETI Y] GO GHE KRB 0 o BET o | B

w i@

This part calculates the THERM result for
your 'Full Detail' - that is: the actal detail
with all the bridging elements present.

Full Detail: Run it...

Suamel Ll e ARSI

2300 90 o

RENSSELAER | ARCHITECTURE bldgtyp llic
Calculating PSI Values (V)
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_. Total losses from
l/’ ‘typical’ assembly
Psi Value (W) = Losses,p — Lossesqp
y'\ AT ; —
Total losses from _ _e? - =
‘actual’ assembly :
Losses,p = U-factor,p x Lengthyp x AT
Losses,p = U-factor,p x Lengthp x AT
RENSSELAER | ARCHITECTURE bldgtyp llc
K. THERM 7.4 - [Untitled-1) - o X
XK Fle Edt View Draw LUbrories Options Calculation Window Hep I ]
DEE& B Lo iadotadsoln Fluk] .
[ B
Click the ‘U’ button to
szmzy - get detailed heat flow
information
. 1
9
JLﬂlm‘m dxdy02220522  [len0.567 [Step0.3%4 finche  — ﬂﬂ
RENSSELAER | ARCHITECTURE bldgtyp lic
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K, THERM 7.4 - (Untitied-1] - o X
B, File Edit View Draw Libraries Options Calculation Window Help NI

DEE&B LOos iafrra’dsoc|(fleu%| r

,~~| Note the LENGTH and dT as well |

U-Factors Y *
: Udactor §} delta T Length |
1 Blu!h-f!Z-F: F inches 1 Rotation
| EXTERIOR [0.1091 1400 [32 E|N#\ =
1
| INTERIOR [0.1091 i 40.0 [32 HID | Projected ¥ |
e 4
. V. -+ This U-Factor is what we’ll J
& U4 use to create our PSI Value
* U-factor
" R-value
% Enor Energy Nom | 8.33% ﬂl
i
i 3
L — o
xy 0.743,1.936 dx dy 0.222,0.522 len 0.567 [Step 0.394 |inches
RENSSELAER | ARCHITECTURE bldgtyp lic
U-factor
Btu/h-ft2-F
EXTERIOR |0.1091 p—
INTERIOR [0.1091 A — THERM'’s U-Factor takes
—) into account all the
= particulars of the actual
— detail and combines it into
- one value which
Lap B represents heat flow over
= the entire area
-'ﬁu—
Y >
RENSSELAER | ARCHITECTURE bldgtyp llc
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Calculate Losses,p
U-factar
Btush-ft2-F
EXTERIOR |0.0570 I
INTERIOR [0.0570 A == We also need to model
T~/ . . X s
e ——— the typical ‘clear field
—— assembly without the
- disrupting element in a
= separate THERM file to
Lip e calculate its U-Factor.
\/‘\N/
=
! ,:; —
RENSSELAER | ARCHITECTURE bldgtyp Ilc

Calculating Psi (V)

Y = (Losses,yp — Lossesqp) + AT

Losses,p = U-factoryp % Lop X AT
Losses p = U-factoryp x Lip x AT

INPUTS
U-factor,yp (Actual) = 0.1091 Btu/hr-ft2-F
U-factoryp (Typical) = 0.0570 Btu/hr-ft2-F
Lop = 2.66’ (327)
Lip = 2.66’ (327)
AT = 40°F

Losses,p = Total losses from ‘actual’ assembly
Lossesp = Total losses from ‘typical’ assembly

RENSSELAER | ARCHITECTURE bldgtyp llc
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Calculating Psi (V)

Losses,p Losses p
U-factoryp % Lop X AT U-factorip x Lip X AT
0.1091 x 2.66’ x 40°F 0.0570 x 2.66’ x 40°F

= 11.64 BTU/hr-ft =6.06 BTU/hr-ft

Y = (Losses,p — Losses p) + AT
Y = (11.64 Btu/hr-ft - 6.06 Btu/hr-ft ) + 40°F

W = 0.139 BTU/hr-ft-°F

RENSSELAER | ARCHITECTURE bldgtyp llc

Calculating Losses via Linear
Thermal Bridges

Qrp=L x ¥ x fi x G

ft x Btu x unitless x (K’F-hr)

kBtu/yr = _
(hr —ft-°F) yr

(Transmission Losses) Qrp, = Length of the Thermal Bridge (ft)
X

PSI-Value (Btu/hr-ft-°F)

X

Temp. Correction Factor (if needed)
X

Yearly Heating Degree Hours (k°F-hr/yr)
=kBtu/yr

RENSSELAER | ARCHITECTURE bldgtyp llc
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Thermal Bridge Length?

The length of the thermal
bridge is needed in order
to calculate the actual
yearly heat loss

RENSSELAER | ARCHITECTURE bldgtyp llc

Calculating Losses via Linear
Thermal Bridges

Qryp,=L x ¥ x fi x G

EXAMPLE:
NYC, G; = 117 kFh/yr
Y = 0.139 BTU/hr-ft-F
Length = 2 columns @ 10’ long each

Qrp=(2 x 10) x 0.139Btu/hr-ft-F  x 1.0 x 117 kFh/yr

Qrp= 20ft x 0.139 Btu/hr-ft-F x 1.0 x 117 kFh/yr

QT—tb= 325.26 kBtu/yr
We have to ADD an additional 325 kBtu/yr
of losses to our energy model due to the
steel columns

RENSSELAER | ARCHITECTURE bldgtyp lic
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NEW: Heat Loss Component

Calculate the actual heat loss (W/m) for the
detail being modeled, including all the bridging
elements

=
3
w
F
=
°
1
2

Then just calc the
difference betwee
the 'Prediced' he:

RENSSELAER | ARCHITECTURE bldgtyp llc

Psi-Value in GH

This part calculates the THERM result for
your 'Full Detal' - that is: the actal detail
with all the bridging elements present.

Full Detail: Run it...

Calculate the actual heat loss (W/m) for the
detail being modeled, including all the bridging
elements

Then just calc the Psi-Value by finding the
difference between the 'Actual’ heat loss and
th diced’ heat loss from the 'idealized’ Assemblies.

t’—

This part calculates the THERM result for
your ‘Clearfield' element - the imaginary
‘idealized" wall / roof / floor assembly as
its seen by the U-Value which you'd use in
the planar energy model

Clearfield Element: Run it...

Calculate the heat loss (W/m) for the ‘idealized’ clearfield U-Factor over
its length found in the 'FULL DETAIL"

RENSSELAER | ARCHITECTURE bldgtyp llc
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https://discourse.ladybug.tools/t/using-honeybee-therm-to-calculate-psi-values/3328/19

’ Using Honeybee THERM to Calculate Psi-Values

W share W resources therm, thermal-bridge, energy

Yo nosd o el v o f
fieny ik
s o o 1

Jul 2018
7. I think this i most obvious in the ‘Parapet’ example here - the roof ‘clearfield’ and the wall
‘clearfield’ would intersect at some point which is not part of any of the input geometry, nor

determinable from the input geometry without at least some small ‘tagging’ by the user:
§BT 6050 7 PR R 89000000  sauE i
19/20
Sep 18
Sep 18
4 0

0 e o 1 Bt o 0 e

If you knew something constant about the geometry (always would be X/Y, always would be
vertical, etc...) there could be a way to pull all this from the input geometry. But that geometry
could take so many forms that figuring out which clearfield goes where is tough. If you have any
ideas for that though let me know and | can try and implement them and test?

at any rate: this should hopefully work for you now. | think I've updated all the HB components to the
latest version of all and modified all my inputs to match. Take a look at the attached .gh file here though
and let me know if you have any trouble with it.

best of luckl,
Frmmmmmmmm e e me e ems s em s —————
1 & Psi_Calc_Example_190917 [Internalized].gh (804.0 KB) 1
3

=
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