
June. 16, 2020

NYPH: DesignPH Technical Workshop 1

DesignPH – U-Values & Surface Parameters
Webinar. June 16, 2020

bldgtyp

bldgtyp
2 / 55

Ed May | Partner, Building-Type, LLC
(architect, passive house consultant, teacher)
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June 16th

June 2nd

May 19th

TBD…

NYPH 2020 Technical Workshops
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Agenda [1 hour]

• DesignPH Review

• U-Values and Heat Loss

• Creating Surface U-Values

• Assemblies in DesignPH 2.0

• Surface Parameter Assignment in DesignPH 2.0

• DesignPH 2.0 Visualization Methods
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Requirements

What you’ll need:
• A copy of the DesignPH 2.0 plugin
• Sketchup 3-D modeling software
• A copy of the PHPP v.8 or 9 (and Excel)
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https://foursevenfive.com/designph-2-0/
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Sketchup
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Sketchup Extensions Manager
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Start DesignPH Plugin [Each time you run Sketchup]
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DesignPH Workflow

1) Model Geometry 3) Analyze2) Tag Model Geometry w/ Data 4) Export
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DesignPH Workflow

5) Import 6) Complete the PHPP
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U-Values and Heat Loss
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How do you calculate the
heat loss of a surface?

Heat Losssurface = Areasurface × U-Valuesurface × ∆T

In order to calculate the transmission heat loss for each surface of a building, we need to:
1. Determine the surface area (ft2)
2. Determine the surface’s U-Value
3. Determine the difference in temperature between inside and outside

( ft2 ) ( But / ft2-hr-F ) ( F )( But / hr )
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U-Values ? 

U-Values are a measurement of 

Btu/hr-ft2-F
How many Btus flow….
…. Through one square foot of surface
…. Over one hour
…. For each degree (F) of difference
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U-Values vs. R-Values

U-Values are a measure of heat flow through an assembly

R-Values are a measure of an assembly’s resistance to heat flow

U-Value = 1 / R-Value

R-Value = 1 / U-Value

For instance: R-40::  1/40  =  U-Value of 0.025

( Btu / hr-ft2-F )

( hr-ft2-F /  Btu )

U-0.025::   1/0.025  =  R-Value of 40
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Example 1: 4”  of XPS Insulation (R-20)

10’-0”

68 F

28 F

QT-surface = Areasurface × U-Valuesurface × ∆T

Areasurface = 10’ × 30’  = 300 ft2

U-Valuesurface =  0.050 Btu/hr-ft2-F

∆T =  68 F – 28 F  = 40 F

QT-surface = 300 ft2 × 0.050 Btu/hr-ft2-F × 40 F

QT-surface = 600 Btu/hr

30’-0”
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Example 2: 8”  of XPS Insulation (R-40)

10’-0”

30’-0”

68 F

28 F

QT-surface = Areasurface × U-Valuesurface × ∆T

Areasurface = 10’ × 30’  = 300 ft2

U-Valuesurface =  0.025 Btu/hr-ft2-F

∆T =  68 F – 28 F  = 40 F

QT-surface = 300 ft2 × 0.025 Btu/hr-ft2-F × 40 F

QT-surface = 300 Btu/hr
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Example 3: 16”  of XPS Insulation (R-80)

10’-0”

30’-0”

68 F

28 F

QT-surface = Areasurface × U-Valuesurface × ∆T

Areasurface = 10’ × 30’  = 300 ft2

U-Valuesurface =  0.0125 Btu/hr-ft2-F

∆T =  68 F – 28 F  = 40 F

QT-surface = 300 ft2 × 0.0125 Btu/hr-ft2-F × 40 F

QT-surface = 150 Btu/hr
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heat loss reduces by half
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NY State 2020 ECC: U-Value Requirements

Different climate zones and 
different assembly types have 
maximum U-Values that all 
projects must meet.
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NY State 2020 ECC: U-Value Requirements

a. 
“Where assembly U-factors, C-factors, and 
F-factors are established in ASHRAE 90.1 
Appendix A, such opaque assemblies shall 
be a compliance alternative where those 
values meet the criteria of this table…”

We’ll come back to this in a few minutes.
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NY City 2020 ECC: U-Value Requirements

For NYC, most max. U-Values 
are a bit lower (harder to 

meet) than the State’s ECC

Creating U-Values
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Where do U-Values come from?

1. Building Codes
2. Engineering Reference Documents
3. Numerical Models
4. 2 or 3-D Heat Flow Simulations
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NY State 2020 Energy Conservation Code

Throughout the code, we can find tables of U-Values (or R-
Values) for various types of assemblies
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ASHRAE 90.1 Appendix A

Appendix A includes more detailed tables of values which 
can be used for various assembly types
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Numerical Calculation (Sometimes)

Sometimes 90.1 Appendix A allows us to use a simplified 
numerical calculation to figure out our own U-Values
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ASHRAE HOF Chapter 25 and 27
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ASHRAE 1D Assembly U-Factor
HOF Chapter 27: 1.1
Layer R/inch Thickness Layer 

Resistance

Rse 0.17

Vinyl Siding 1.24 × 1/2" = 0.62

Bldg Paper 1.00 × 1/16” = 0.06

OSB 1.24 × 1/2" = 0.62

XPS foam 5.00 × 6” = 30

Gyp Board 0.90 × 1/2" = 0.45

Rsi 0.74

R-Value = 32.60

U-Value = 0.031
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R-Values

Wood Studs:  R-1.1/inch

Plywood Sheathing: R-1.3/inch

Denspack Cellulose: R-3.2/inch

Mineral Wool: R-4/inch

Drywall: R-0.2/inch

3” Mineral Wool

5-½” Denspack
Cellulose w/ Wd. Stud 
Framing 16” o.c.

3-½” Mineral Wool

½” Drywall

½” Plywood Sheathing

ASHRAE 2D Assembly U-Factor Methods

Int.

Ext.
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ASHRAE 2D Assembly U-Factor – Parallel Path
Parallel Path Method

R-per-Inch Thickness Total Resistance 
(hr·ft2·°F/Btu)

(hr·ft2·°F/Btu) (inches) PATH 1 PATH 2
Rsi (Int. Wall) 0.74 0.74

Drywall 0.2 × 0.5 = 0.1 0.1

Mineral Wool 4.0 × 3.5 = 14 14
Cellulose 3.2 × 5.5 = 17.6 -
Wood Stud 1.1 × 5.5 = - 6.05
Ext. Sheathing 1.3 × 0.5 = 0.65 0.65
Mineral Wool 4.0 × 3 = 12 12
Rse (Ext. Wall) = 0.23 0.23

RPATH = 45.2 33.7
UPATH = 0.0221 0.0296

Area % = 90.6% 9.4%
Uweighted 0.02 0.0028

Utotal 0.0228 (Btu/hr·ft2·°F)
Rtotal 43.9(hr·ft2·°F/Btu)

+

× ×

= =

Path 1 Path 2
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ASHRAE 2D Assembly U-Factor – Isothermal Plane

+
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ASHRAE 2D Assembly U-Factor – Isothermal Plane
Isothermal Plane Method

R-per-Inch Thickness

(hr·ft2·°F/Btu) (inches) R-Value U-Value Area% Uweighted Utotal R-Value

Rsi (Int. Wall) 0.74 0.74

Drywall 0.2 × 0.5 = 0.1 0.1

Mineral Wool 4.0 × 3.5 = 14 14

Cellulose 3.2 × 5.5 = 17.6 0.057  × 90.6%  = 0.0515
0.0670 14.92

Wood Stud 1.1 × 5.5 = 6.05 0.165  × 9.4%  = 0.0155

Ext. Sheathing 1.3 × 0.5 = 0.65 0.65

Mineral Wool 4.0 × 3 = 12 12

Rse (Ext. Wall) 0.23 0.23

R-Value 42.5

U-Value 0.0235

+
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So… 
Parallel Plane Method gives us a U-Value of 0.0228 Btu/hr-ft2-F
Isothermal Plane Method gives us a U-Value of 0.0235 Btu/hr-ft2-F

Which is right?

Neither. So we take the average of the two methods. This is exactly 
what the PHPP is doing in the background

0.0228 + 0.0235 / 2 = 0.02315 Btu/hr-ft2-F
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PHPP / DesignPH Includes Numerical Calculators

Each calculator is used to create an R-Value 
‘type’. By default, the PHPP / DesignPH
includes room for up to 82 unique ’types’ in a 
single project file’s catalog.
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PHPP Numerical Calculator
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DesignPH Numerical Calculator
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TYPE IP UNITS CONVERSION METRIC UNITS

Conductivity (k) Btu / hr-ft-F x    1.731     = W/mk

U-Value Btu / hr-ft2-F x    5.678     = W/m2-K

Resistivity (R/inch) hr-ft2-F / Btu-in x    6.933     = mk/W

R-Value hr-ft2-F / Btu x    0.176     = m2-k / W

The metric system is the tool of the devil! My car gets forty 
rods to the hogshead and that's the way I likes it.

- Abraham ‘Grandpa’ Simpson

Note: 1 hogshead = 79 US gallons 
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5.678 � 0.189 = R-30.04 hr-ft2-F/Btu
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Numerical Calculation Limits
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2 or 3-D Simulation

For many assembly types (steel stud walls, complex 
assemblies) we will not be allowed to use a numerical 
calculation. We can then turn to 2D simulations in 
order to establish our clear field assembly U-Value.  

bldgtyp
46 / 55

Material Information Sources

1. ISO 6946 / ISO 10211
2. BR 443
3. Material Datasheets
4. ASHRAE HOF (Chapter 33)
5. ASHRAE 90.1 Appendix A
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Assigning Surfaces
in DesignPH 2.0
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Right-Click

Surface Assembly Type
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Assembly Catalog

Pre-Certified
Assemblies

User-Determined 
Assemblies
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User-Determined Assemblies?
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Just like PHPP, build them one layer at a time.
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Or just calculate in 2D Simulation
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Assembly Catalog
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Assembly U-Values
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Render by 
Component ID
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Surface Component ID (Assembly) Types

‘Wall Type A’

‘Wall Type C’
‘Roof’ ‘Wall Type D’

‘Cellar Floor
(XPS)’

‘Wall Type C’
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