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Dirty Secrets of Façade Design
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“How much does your building 
weigh?”

R. Buckminster Fuller to Norman Foster, 1978
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“How much does your building 
wear?”

2019
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Unexpected local weather.



Exterior Glass Railing 

Atlanta, GA





Temperature 57F

Dewpoint 52F

RH 83%.

The adjacent materials create a 
microclimate with  an  “undesigned
result”.





Lobby

Houston, Texas



Temperature 81F

Dewpoint 73F

RH 77%.

The mechanical system creates a  
designed result in the interior and 
an “undesigned“ result on the 
exterior.



Coffee Shop

Houston, Texas



Coffee Shop

Houston, Texas



Coffee Shop

Houston, Texas
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WUFI what?



Apartment Building

Atlanta, GA



Stud Spacing Cold Spots

Temperature 55F

Dewpoint 50F

RH 86%.



Observations of Patterns

Clearly the same issue.



Parking Deck 

Houston





Temperature had swung 30 
degrees over 2 days.

Temperature 66F

Dewpoint 63F

RH 89%.
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It’s Houston.
Stuff gets wet and stays wet.



Office Tower

Houston, TX

Stainless steel wall support 
under  cover of soffit..

Dirt Buildup



Office Tower

Houston, TX

Mullion caps under  cover of 
soffit..



Microclimates cause organic 
growth



University Campus

Houston, TX

The tree is the culprit..



The tree is not the culprit..

University Campus

Houston, TX



Doesn’t see much sunlight

University Campus

Houston, TX



Not sure if this was a good 
idea.

University Campus

Houston, TX



Surely, this pattern was not 
intended.

Clinic Building

Houston, TX

This detail may be headed 
for the same fate..



Museum Building

Houston, TX



Museum Building

Houston, TX

Less than a year in.
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Research, Reference



Considerations

Composition of the Air

Climate / Prevailing Winds

Surrounding Development

Façade Material

Biological Soiling

Viable Particles in the Air

Bacteria 

Algae

Fungi

33

“Soiling and Cleaning of Facades”

RILEM - International Union of Laboratories and Experts in Construction Materials, Systems and Structures

Non-biological Soiling

Airborne Particulate Matter

Atmospheric pollution of the façade

Attachment of particles to the façade

Rainfall run-off

Report of Technical Committee 62SCF RILEM, 1988
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Ideas



Example:

University of Miami

Coral Gables , Florida



Simple Horizontal Concrete Shades.



Reveals in  precast cladding 
designed to direct water..





Soiling at vertical joints as 
intended.

Face of precast remains 
clean.



Façade soiling is a 
sustainability issue.

Water usage.
Chemical cleaners.
Chemical Sealants.
Loss of Revenue.



We admire wear in 
nature.

The Sonoma Coast



In old world countries 
we find aged facades 
quaint.

Sienna, Italy



Barn. Hondo Texas

We are delighted 
occasionally by 
unexpected patterns 
in utilitarian and rural 
construction.



Like winemaking, we 
should be studying 
and teaching the 
natural aging of our 
buildings to create 
deliberate effect.

Warehouse. Houston Texas



Andrew Blocha

Dirty Secrets of Façade Design



		   l i z  mccormick 
RA l  LEED AP l  CPHC

Assis tant  Professor
Uni vers i t y  of  Nor th Caro l ina Char lo t te

Façade Tectonics Inst itute Forum, Houston,  2019

hot humid c l imates 
access & innovat ion







hot-humid cl imates



urbanIZING populat ionsurbaniz ing regions



urban populat ion



high income economies



computat ional  approach

WUFI
(moisture)

THERM
(thermal gradients)

Energy Plus
(energy)



test ing procedures

photo from scient i f icservices.eu

build:
commercial  hotbox apparatus

~$800K - 1.2M

test:
~$20,000 per sample 

may take several  months



test ing procedures

photo from scient i f icservices.eu



materials
2”DOW XPS foam
2’ x 8’ x 2”

5/8” CDX plywood
4’ x 8’ x 5/8”

1/8” Sheet Neoprene
24” x 24” x 1/8”

5/16” Clear Acrylic
22” x 18” x 5/16”
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1

2

1

26.00

48.00

14.86

28.00

$

$

$

$

52.00

48.00

29.72

28.00

$

$

$

$

hardware
box of wood screws

1/4”-20 x 2 coarse hex bolts

1/4” Hex Screws

1
20

20

8.47
.62

.18

$
$

$

8.47
12.40

3.60

$
$

$

accessories
gorilla tape

3M building tape

vinyl tubing

1
1

1

4.88
12.50

4.93

$
$

$

$
$

$
USB cable

power adapter

heat shrink

1
1

1

5.49
5.99

3.30

$
$

$

$
$

$

jumper cables 1 7.99$ $

4.88
12.50

4.93

5.49
5.99

3.30

7.99

electronics
Arduino Uno

breadboard

2-channel relay

1
1

1

21.99
8.99

6.79

$
$

$

$
$

$
DHT22 sensors

LCD screen

weatherproof lampholder

2
1

1

9.95
18.99

3.98

$
$

$

$
$

$

extension cord 1 -$ $

21.99
8.99

6.79

19.90
18.99

3.98

-

appliances
humidifier

heat lamp

power strip

1
1

1

35.99
9.99

16.99

$
$

$

$
$

$

commercial sensors
4-Channel External Data Logger

Hobo - temp/RH with probe

1
2

249.00
189.00

$
$

249.00
378.00

$
$

35.99
9.99

16.99 $370 
(not including sensors)

test ing procedures



environment box

unconditioned
interior

hot/humid 
exterior



hot/humid 
exterior

unconditioned
interior



sensors & controls

hotbox (exter ior)uncondi t ioned

ambient 
temp / RH

surface 
temp

heater

humidifier



Bui ld Test 
Iterate Repeat

www.bui ldtes tbu i ldtes t .com

par t  bu i ld ing sc ience 
par t  fabr icat ion 

par t  representat ion

goal :  democrat ize bu i ld ing 
sc ience research and facade 
innovat ion through low -cost , 

low - tech tes t ing methods





Ana Sandoval  & Michel le  Barret t
“ low- fab dehumid i f icat ion”

Sil ica	         Clay	    Charcoal 	         None	    Outside,  AVG



Hanna Li
“cool ing mater ia ls”

concrete s late asphalt

r idged steel white meta l g lass



Chew ys Parra Paul ino
“pass ive shading”
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thank you.



U-Factor Matters 
In Hot Climates
Helen Sanders
Technoform North America

Façade Tectonics Institute Forum, Houston, 2019

Facade Tectonics Forum, Houston, October 2019 1
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U-factor matters in hot as well as cold 
climates



Energy Saving Potential of Thermally 
Broken Aluminum Frames in Tropical 
Climates 

For
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Research Project Conducted by:

Supported by



Frames Tested
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Non-thermally 
broken

Low 
Performance 

thermally 
broken

Moderate 
Performance 

thermally broken

High Performance 
thermally broken

Increasing metal separation



Solar Irradiance: 690 W/m2

Outdoor Air Temperature: 37 oC

Solar Energy Research Institute of Singapore (SERIS) 2014, Pilot Study on Energy Saving Potential of Thermally Broken 
Aluminium Frames in the Tropical Climate. 

Interior frame temperatures:  
Singapore

Dark and light colored frames



Mean Daily Heat Gain Through Frame: Singapore
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48oC (118oF)

43oC (109oF)
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35oC (95oF)

Aluminum light color Low performance thermal
break light color

Medium performance
thermal break light color

High performance thermal
break light color
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27% difference in terms of frame indoor surface temperature! 

Indoor Surface Temperature

High performance frame = better energy efficiency and comfort

Solar Irradiance: 690 W/m2

Outdoor Air Temperature: 37oC/99oF

Interior frame temperature: Singapore



Impact of Temperature on Productivity 
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Temperature, oC
From LBNL report 60946

>12% 
productivity 
loss



U-Factor impact on Building Energy 
Performance:  Hot humid climate (Singapore)
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Indoor temp: 24oC
Floor area: 8,290 m2

WWR:  44%
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building (U=2.8
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broken aluminum
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W/m2K)
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Impact of U-factor on building cooling load and ETTV

Total cooling load (MWh) ETTV (W/m2)

4.3%

6.8%

1.7%

Calculations by Building System & 
Diagnostics (BSD) for Technoform



Box Spacer

Primary Sealant Primary Sealant

Glass Pane

Secondary Sealant

The Edge of Glass 
U-factor Matters 
Too

Warm edge spacer 
reduces heat flow 

between inside and 
outside glass panes



Case Study:  The Space Needle Renovation
Thermal + structural
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Olson Kundig -
Architects
Front Inc – Façade 
Engineers
Arup – Energy analysis
Herzog Glass – Glazier
Pulp Studio – Insulating 
Glass (IG)
Technoform – IG Warm 
Edge Spacer



Case Study:  The Space Needle Renovation
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Plastic hybrid stainless 
steel warm edge spacer 
key to

• Hitting thermal 
targets

• Chiller sizing

• Meeting structural 
needs

Exterior mullions 
are heat sinks



Case Study:  The Space Needle Renovation
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Plastic hybrid stainless steel  
warm edge spacer key to

• Hitting thermal targets

• Meeting structural needs

Butt joints thermal weak link
Unsupported edge condition 
required rigid warm-edge spacer



Conclusions

• Non-thermally broken frames admit a significant amount of heat
• By solar absorptance and uncontrolled conduction from outside to inside
• Frame SHGC strongly correlated with its U-factor and solar absorptance

• Frame and edge of glass U-factor strongly influence energy performance and 
thermal comfort in hot climates and in summer

• Recommendation:

• Use high performance thermal breaks and warm-edge spacer in all climate zones

14
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