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Designing for Heat at the Edge: Validating Surface Temperature
Predictions for Air Barrier Tie-ins

Learning Objectives

Explain the importance of accurate rooftop surface temperature prediction
critical for selecting appropriate air and water barrier tie-in materials at roof-
to-wall interfaces.

Describe a validated simulation workflow to estimate rooftop and parapet
surface temperatures.

Analyze the impact of environmental variables on roof surface temperatures.
Stan Gatland
Manager, Building Science + Comfort . Interpret field study results and quantify the influence of reflected solar
Saint-Gobain / CertainTeed radiation on roof and parapet temperatures to inform resilient design
strategies.
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Introduction

* The rqof-to—wall interface
experiences extreme
environmental loads

 Air and water control layers rely on
flashings and tie-ins to maintain
continuity between roofing and
facade systems

* Upper service temperature limits
range between 180°F and 300 °F

e Accurately predicting rooftop
surface temperature extremes is
critical for speciinnﬁ appropriate
membrane and flashing materials

abaa::
enclosure
conference




Literature Survey

» Stephenson (1963) predicted a black
roof membrane surface’s temperature - i -

msitivity Analysis of Error

might exceed 230°F due to direct and
reflected solar radiation

* Low slope roof surface temperature
research limited to comparing black
membranes with cool, green and
adaptive roofing system technologies

* Dupuis (2014) published the most
comprehensive low slope roof surface
temperature study comparing
measurements to a predictive heat
transfer simulation
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Research Project Timeline

Perform roof and parapet heat transfer simulations l

Task 2 : Finalize simulations and measurement plan

Task 3 : Install roof and reflective objects

Task 4 : Install rooftop surface temperature instrumentation
Task 5 : Collect surface temperature data

Task 6 : Perform data analysis and report results

Task 7 : Compare measured and simulated data

Task 8 : Validate and improve simulation methodology

Buildings XVI Conference

nhaa September 2025 i

December 2025

ggg‘g 9 We bl n a r ASHRAE. g:riﬁ::ig:ahmiury CO nfe rence

building
enclosure
conference




Surface Temperature Modeling (CS-FEA)

* Combination of a solar radiation map
simulation workflow with finite element
analysis heat transfer module to simulate
rooftop surface temperature

* Create a 3D geometric model with
specified surface material physical R
properties Nl sunace

 Solar radiation analysis generates total
surface irradiance values using historical,
typical meteorological year (TMY)
weather data files

* Rooftop surface radiative heat flux values
used as boundary conditions to perform
1D and 2D heat transfer simulations

* Predicts rooftop surface temperatures

| st

Adiabatic Boundary
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Solar Radiation I\/Iapplng (Location: Phoenix AZ - No Reflection)

Annual Total Solar Radiation o O i

Jan ec
0 Whim* Irradiance 1200

March 23 (12 pm) 911 Whim?

Annual Direct Solar Radiation

March 23 (12 pm) 796 Whim?

Annual Indirect Solar Radiation

March 23 (12 pm) 115 Whi/m?
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Dupuis Roof Membrane Temperature Research (2014)
Roof Membrane Comparison in Manhattan, KS (August 2010)

1D Center Panel
Heat Transfer Analysis Gypsum Expanded
Roof Membrane Cross-Section Location ~ Coverboard  Polystyrene
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Polypropylene-Scrim-Kraft (PSK) Structural Standing Seam
Faced Fiberglass Insulation Batt Metal Roof

Figure 3  Test bed facility overview and roof membrane system assembly details — Manhattan, KS (Dupuis 2014).

Dupuis 2014, “Sensitivity Analysis of Error in a Roof Membrane Temperature Model Versus Input
Data”, PhD Dissertation, University of Wisconsin - Madison
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Rooftop surface temperature model validation
Heat Transfer Analysis Simulation Matrix

Table 4. Heat Transfer Analysis Simulation Matrix

Total Surface Radiation  Air Temperature ~ Wind Speed ~ CHTC Equation

Method Weather Data Date/Hour G (W/'mz) Ta (°C) V,, (m/s) h (W /mz)
A Measured Actual CS Radiation Map Measured Measured Dupuis (1)
B ™Y Selected CS Radiation Map ™Y ™Y Lui + Harris (2)
h, (W/m?) = 1.773*V,+ 7.1864 (1)
h, (W/m?) = (0.90*V ;) + 3.28 (leeward) (2)

TMY = typical meteorological year
CHTC (hc) = convective heat transfer coefficient [W m-2 or Btu h-1 ft-2]
Vr = wind speed measured 1 m above the roof surface [m s-1 or mi hr-1 (mph)]
V10 = wind speed measured 10 m above the ground [m s-1 or mph]
TA = outdoor air temperature [°C or °F]
Ts = rooftop surface temperature [°C or °F]

Buildings XVI Conference: Predicting Rooftop Surface Temperature Extremes and Impact on Air Barrier Tie-Ins — December 2025
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CS-FEA Surface Temperature Simulation Methods (A + B)
Model Validation with Dupuis Results (Black Roof)
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Figure 4 Black EPDM roof membrane surface temperature comparison, Actual and Modeled (Dupuis), Method A
and B Simulated (CS-FEA)

Buildings XVI Conference: Predicting Rooftop Surface Temperature Extremes and Impact on Air Barrier Tie-Ins — December 2025
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CS-FEA Surface Temperature Simulation Methods (A + B)
Model Validation with Dupuis Results (White Roof)
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Figure S
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Buildings XVI Conference: Predicting Rooftop Surface Temperature Extremes and Impact on Air Barrier Tie-Ins — December 2025
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Surface Temperature Simulation Matrix
CS Radiation Mapping of Rooftop Surface with and without Reflective Object

Table 1. Roof Membrane and Parapet Coping Cover Extreme Surface Temperature Simulation Matrix

Location Climate Zone Roof Color Reflective Object
) Black Yes / No
Phoenix, AZ 2B .
White Yes /No
. Black Yes / No
Colorado Springs, CO 5B )
White Yes /No

31.70m

31.70m

7.5 ft HVAC to
roof-side parapet
Aluminum Cladding wall suffac:ep
(64.7% reflectance)

Buildings XVI Conference: Predicting Rooftop Surface Temperature Extremes and Impact on Air Barrier Tie-Ins — December 2025
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Table6  Black and White Roof Membrane
Surface Temperature Comparison
(Phoenix, Arizona)

Table6 Black and White Roof Membrane
Surface Temperature Comparison
(Colorado Springs, CO)

Surface Temperature, Ts (°F)

=

105.1 =
3

=

-

[

2

Air Temp Black NR Black R White NR White R g
[y

Roof Surface Membrane Conditions— No Reflection (NR) / Reflection (R) § 89.1

o

=

(%]

Air Temp Black NR Black R White NR White R

Roof Surface Membrane Conditions— No Reflection (NR) / Reflection (R)

Buildings XVI Conference: Predicting Rooftop Surface Temperature Extremes and Impact on Air Barrier Tie-Ins — December 2025
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2-D Parapet Coping assembly Heat Transfer Model

Coping Cover Surface Temperature

Parapet Coping Assembly

| = |

Standard Brick =
Black Roof Membrane
urSpace T Gypsum
PISO Insulation Board “’ . Coverboard
Continuous Insulation == - J
' T T T~ vk
WRB/ABS - 4 - == ==~ Gypsum Sheathing
Gypsum Sheathing - - - @ 4= === Cavity Insulation
Cavity Insulation = --- - Steel 1

Figure 6

Parapet roof-wall intersection.

Parapet Coping (Black Aluminum)
Self-Adhered Transition Membrane

Ply Wood
Insulation Board

Plywood

Adiabatic Boundary

Figure 7  Parapet coping assembly model details and steady-state heat transfer simulation image.

Buildings XVI Conference: Predicting Rooftop Surface Temperature Extremes and Impact on Air Barrier Tie-Ins — December 2025
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Table 7 Black Matte Coping Cover
Surface Temperature Comparison
(Phoenix vs. Colorado Springs)

105.1

Surface Temperature, Ts (°F)

Air Temp NR R Air Temp NR R

Black Matte Coping Cover Surface Conditions— No Reflection (NR) / Reflection (R)

Buildings XVI Conference: Predicting Rooftop Surface Temperature Extremes and Impact on Air Barrier Tie-Ins — December 2025
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Visualizing Air Temperature & Solar Radiation
Phoenix, Arizona Example

Temperature T G ey

Total Global Radiation

Temperature

Radiation
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Parametric Analys
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White Roof Membrane
Surface Temperature Comparison

Black Roof Membrane
Surface Temperature Comparison
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Black Roof / No Reflection (NR)
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Black Roof / Reflection
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White Roof / No Reflection (NR)
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White Roof / Reflection (R)
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Extreme Rooftop Surface Temperature
Research Project Partner Selection Process

* Partner with the Colorado School of Mines, wone
Golden, Colorado (Denver)

* Cold and dry climate with high seasonal air
temperatures and extreme solar radiation

* 30+ people involved (Building Science,
Product Management, R&D, Sales, Finance,
EnFineering School, Facilities, EHS, Corporate
Relations & Foundation, Roofing Contractor)

COLD / VERY COLD

B 4
B MIXED-HUMID

HOT-DRY / MIXED-DRY

Rooftop Experiment
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Southeast Corner of Brown Building Rooftop
Parapet Coping Flashing Membrane Install and Roof Surface Preparation

N1 7 ¢ Téfx 3 y ~yd 10 S . y P A £ p e Aa st b AV ERAL
Stone ballast and embedded stone White + Black Roof Membranes Parapet cap removed, surface coated Corner Roof Membrane
removed, and asphalt surface torched with adhesive primer, tie-in flashing Parapet Coping Cap

installed, and parapet cap replaced
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Roof Surface Measurement Sensors
Brown Hall Engineering Building Rooftop Measurements

Five (5) resistance temperature detectors * Weather station

* Air temperature
Relative humidity
Barometric pressure
Wind speed

Wind direction
Solar radiation

One (1) heat flux sensor

Solar (short-wave) radiation sensors
* Two (2) pyranometers facing up (Incoming)
* Two (2) pyranometers facing down (Reflected)

Thermal (long-wave) radiation sensors
* Two (2) pyrgeometers facing up (Incoming)
* Two (2) pyrgeometers facing down (Emitted)
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Colorado School of Mines — Dr. Paulo Tabares
Brown Hall Engineering Building Rooftop Measurements

Key
® RTD
@@ Pyranometer (up and down)

®@ Pyrgeometer (up and down)

@ Pyranometer (Hukseflux, up) 1429 " 1627 B6
@ Pyrgeometer (Hukseflux, up) @
<{ Heat Flux :A16 ® BE4TB.5
| ® o Roof Parapet @®@_B10e eB9
7' 6200
3856 1628 3857
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Southeast Corner of Brown Building Rooftop
Measurement Locations for Parapet Coping Cover and Roof Surfaces

Vertical Reflective Surface Roof membranes with adjacent vertical
Mounting Frames on Unistrut Sleds reflective panel surface
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Rooftop Drone Photos
Colorado School of Mines Brown Engineering Building
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Roof Surface Energy Balance

Ts ky

. Incoming

Thermal Radiation

(Long Wave)
EJ (W/m?)
Total Incoming Outgoing A
Surface Radiation Incoming Outgoing Thermal Radiation
5.+ I, (Wm?) Solar Radiation  Solar Radiation (Emission)
e (Short Wave) (Reflection) L. (W/m?)
S S, (W/m?) S, (W/m?)
I
—Wine-Speed—] T,
— (mph-oerm/s) ] RH
J TSurface
Surface

Absorption

Roof Albedo
0=235,/5;,(Wm?
(Surface Solar Reflectance)

Convection
Radiation
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Roof Surface Energy Balance
Solve for Surface Temperature, T,

Qrad - Qconv - Qcond =0
Qrad =1-p) ASi—eco A (Ts4 - Ts4ky)

Qconv =hA (T, - Tsky)
h=(090V,,) + 3.28

)cona = -K A (T, - T.) # 0 (negligible)
(1-p)ASi—eoA(Td—Tshy) — ((0.90 V) + 3.28)) * (T, - Tg,) =0

sky
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One-Dimensional Geometric Roof Model

160 mil SBS-Modified Bitumen Roof Membrane
Black or White Cap Sheet (Torch Applied)

11/16” Built-Up
Asphalt Roof

1” Perlite Insulation
Cover Board

7-%" Polyisocyanurate
Roof Insulation Board

3” Concrete Deck
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Rooftop Experimental Setup
Colorado School of Mines Brown Engineering Building
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Near Roof Wind Speed, V, (m/s)

Wind Speed Correction

Mean Wind Speed / No Reflective Panels
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Near Roof Wind Speed, V, (m/s)

Mean Wind Speed / Reflective Panels
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August 5, 2025

212 Black Base Roof Membrane
Surface Temperature Comparison
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August 5, 2025 =
Black Roof Membrane with Reflected Solar Radiation
Surface Temperature Comparison
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August 5, 2025 g
White Roof Membrane with Reflected Solar Radiation
Surface Temperature Comparison
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Two-Dimensional Parapet Geometric Model

Y4 Zinc
Coping Cap

Y8 Self-Adhered
Flashing Membrane

Roof
Membrane

¥ Plywood
Sheathing
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Two-Dimensional Geometric Model - Parapet

T_amb=293.15 K, T_sky=273.4 K, v_wind=0.9, E_rad=369 W/m? Surface: Temperature (°C)

in T T T T T T T T T T T T T T T T T T 3
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August 5, 2025
Parapet Cap / Reflection
Surface Temperature Comparison
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Parapet Cap / No Reflection
Surface Temperature Comparison
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Conclusions

* CS-FEA rooftop surface temperature simulation methodology can
successfully predict surface temperatures impacted by extreme conditions

* CS-FEA simulation method was validated and optimized with the measured
data from the rooftop surface temperature experiment

» Reflected solar radiation significantly increases surface temperature up to
18.5°F during peak conditions

* Surface color, air temperature and wind speed influence the final roof
surface conditions

* Locations with similar solar radiation exposure can have very different
surface temperatures due to air temperature and wind speed

* Identifying the parameters controlling climate specific, rooftop surface
temperature extremes will help designers specity the thermal performance
requirements for flashing membranes
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