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Dirty Secrets of Facade Design



“How much does your building
weigh?”

R. Buckminster Fuller to Norman Foster, 1978



“How much does your building
wear?”

2019



Unexpected local weather.



Exterior Glass Railing

Atlanta, GA






The adjacent materials create a

microclimate with an “undesigned

result”.

Temperature 57F

Dewpoint 52F

RH 83%.






Lobby

Houston, Texas



The mechanical system creates a
designed result in the interior and

an “undesigned* result on the

exterior.

Temperature 81F

Dewpoint 73F

RH 77%.



Coffee Shop

Houston, Texas



Coffee Shop

Houston, Texas



Coffee Shop

Houston, Texas



WUFI what?



Apartment Building

Atlanta, GA



Stud Spacing Cold Spots

Temperature 55F

Dewpoint 50F

RH 86%.



Observations of Patterns

Clearly the sameissue.



Parking Deck

Houston






Temperaturehadswung 30
degrees over 2 days.

Temperature 66F

Dewpoint 63F

RH 89%.



It's Houston.
Stuff gets wet and stays wet.



Dirt Buildup

Stainless steel wall support
under cover of soffit..

Office Tower

Houston, TX



Mullion caps under cover of
soffit..

Office Tower

Houston, TX



Microclimates cause organic

growth




The tree is the culprit..

University Campus

Houston, TX



The tree is not the culprit..

University Campus

Houston, TX



Doesn’t see much sunlight

University Campus

Houston, TX



Notsureif this was agood
idea.

University Campus

Houston, TX



Surely, this pattern was not
intended.

This detail may be headed
forthesamefate..

Clinic Building

Houston, TX



Museum Building

Houston, TX



Lessthan a yearin.

Museum Building

Houston, TX



Research, Reference



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

“Soiling and Cleaning of Facades”

Report of Technical Committee 62SCF RILEM, 1988

Non-biological Soiling

Airborne Particulate Matter
Atmospheric pollution of the fagade
Attachment of particles to the facade

Rainfall run-off

Biological Soiling

Viable Particles in the Air
Bacteria

Algae

Fungi

Considerations

Composition of the Air
Climate / Prevailing Winds
Surrounding Development

Facade Material

33
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Example:

University of Miami

Coral Gables, Florida



Simple Horizontal Concrete Shades.



Revealsin precastcladding
designed to direct water..
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Soiling at vertical jointsas
intended.

Face of precast remains
clean.



Facade soiling is a
sustainability issue.

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




We admire wear in
nature.




In old world countries
we find aged facades
quaint.




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.




Andrew Blocha

Dirty Secrets of Facade Design

Perkins &Will
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Assistant Professor
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Facade Tectonics Institute Forum, Houston, 2019
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computational approach

Location: Pittsburgh, ASHRAE Year 1,

THERM WUFI Energy Plus

(thermal gradients) (moisture) (energy)



testing procedures

build:
commercial hotbox apparatus
~$800K - 1.2M

test:
~$20,000 per sample
may take several months

photo from scientificservices.eu



testing procedures

photo from scientificservices.eu



materials

2"DOW XPS foam

Do 2 $ 26.00|$ 52.00
5/8” CDX plywood

P G 1 $ 4800 | % 48.00
1/8” Sheet Neoprene

2 % g 2 $ 1486 | $ 29.72
5/16” Clear Acrylic

50" 187 % 5/16" 1 $ 2800 |% 2800
hardware

box of wood screws 1 $ 847 |% 847
1/47-20 x 2 coarse hex bolts 20 $ 62| $ 1240
1/4” Hex Screws 20 $ .18| 8 3.60
accessories

gorilla tape 1 $ 488 |8 4.88
3M building tape 1 $ 1250 | % 12.50
vinyl tubing 1 $ 4938 493
USB cable 1 $ 5498 549
power adapter 1 $ 599 |% 599
heat shrink 1 $ 330|% 330
jumper cables 1 $ 799 |8 7.99
electronics

Arduino Uno 1 $ 2199 | 8% 21.99
breadboard 1 $ 899 |% 899
2-channel relay 1 $ 6798 679
DHT22 sensors 2 $ 9958 19.90
LCD screen 1 $ 1899 | $ 18.99
weatherproof lampholder 1 $ 398 |8 398
extension cord 1 $ -8 =
appliances

humidifier 1 $ 3599 |8 3599
heat lamp 1 $ 999 |% 9.99
power strip 1 $ 1699 | $ 16.99
commercial sensors

4-Channel External Data Logger 1 $ 249.00 | $ 249.00
Hobo - temp/RH with probe 2 $ 189.00 | $ 378.00

testing procedures

$370

(not including sensors)



environment box

hot/humid
exterior

unconditioned
interior



unconditioned
terior
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sensors & controls

heater
ambient i = humidifier
temp / RH 52
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www.bulldtestbuildtest.com

part building science
part fabrication
part representation

goal: democratize building
science research and facade
iInnovation through low-cost,
low-tech testing methods



BUILD, TEST, ITERATE, REPEAT

Course Announcement
ARCH 4050/6306, Spring 2020

Instructor: Liz McCormick

Contact: lizmccormick@uncc.edu
Storrs 243, 704-687-0111
buildtestbuildtest.com

Prerequisite: ARCH 4302 or Equivalent

Course Description:

Often design and building science are considered separate fields with entirely different languages.
Designers explore ideas through sketches, models, and renderings yet principles of building
science are communicated through complicated models and equations. By combining students
from across the UNCC campus, this interdisciplinary course strives to bridge the gap between
design and hard science. Students will explore ways to understand, visualize and communicate
basic thermodynamic phenomena in physical and tangible ways.



Ana Sandoval & Michelle Barrett
“low-fab dehumidification”
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Temperature (AoF)

Hanna Li
"‘cooling materials”
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Chewys Parra Paulino
“passive shading”
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U-Factor Matters
In Hot Climates

Helen Sanders
Technoform North America

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

© Minneapolis Happening Magazine © Marriott



Energy Saving Potential of Thermally TECHNOFORM
Broken Aluminum Frames in Tropical
Climates

Research Project Conducted by: ‘

SERIS

>
For TECHNOFORM Solar Energy Research

Institute of Singapore

Supported by

Building and Construction » Authority //F““"/‘IQDT @

e shape a safe, H’h l]'.‘ﬂlh‘l" sustainable and Priendly bull cnvironenent

SINGAPORE

GREEN

BUILDING
COUNCIL




Frames Tested TECHNOFORM

Increasing metal separation

Non-thermally @@ Performance MEEEIEIE High Performance

broken thermally PEREITTEINEE thermally broken
broken

thermally broken




Interior frame temperatures: TECHNOFORM
Singapore

Dark and light colored frames

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



Mean Daily Heat Gain Through Frame: Singapore TECHNOFORM
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Interior frame temperature: Singapore TECHNOFORM

High performance frame = better energy efficiency and comfort

27% difference in terms of frame indoor surface temperature!

W)
48°C (118°F)
‘%‘ Solar Irradiance: 690 W/m?
= Outdoor Air Temperature: 37°C/99°F
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= 38°C (100°F)
=
w . B
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S
3
v
Aluminum light color Low performance thermal Medium performance High performance thermal
break light color thermal break light color break light color

m Indoor Surface Temperature



TECHNOFORM

Impact of Temperature on Productivity

100%
98%
96%
94%
92%
90%
88%
86% <
84%

82%
80%

>12%
productivity
loss

Relative Productivity

15.0 17.0 19.0 21.0 23.0 25.0 27.0 29.0 31.0 33.0 35.0

Temperature, °C
From LBNL report 60946



U-Factor impact on Building Energy
Performance: Hot humid climate (Singapore)

Total cooling load, MWh

1020

1000

980

960

940

920

900

880

Impact of U-factor on building cooling load and ETTV

Base case "typical"”
building (U=2.8
W/m2K)

7%
3%
Non-thermally Low thermally ~ Medium thermally
broken aluminum broken (U=2.4 broken (U=2.0
(U=3.0 W/m2K) W/m2K) W/m2K)
mmm Total cooling load (MWh) ~ =—ETTV (W/m2)

8%

High thermally
broken (U=1.6
W/m2K)

TECHNOFORM

43.5

43

42.5

385 Indoor temp: 24°C
Floor area: 8,290 m?2
WWR: 44%

Calculations by Building System &

Diagnostics (BSD) for Technoform 9



The Edge of Glass
U-factor Matters
Too

Warm edge spacer
reduces heat flow
between inside and
outside glass panes

S
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7
e
P
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7

Box Spacer

Primary Sealant

Desiccant

Primary Sealant

Glass Pane

Secondary Sealant




Case Study: The Space Needle Renovation TECHNOFORM
Thermal + structural

Olson Kundig -
Architects

Front Inc - Facade
Engineers

Arup - Energy analysis
Herzog Glass - Glazier

Pulp Studio - Insulating
Glass (IG)

Technoform - IG Warm
Edge Spacer




Case Study: The Space Needle Renovation

Exterior mullions
are heat sinks

i
i
LU

it

ourtesy of Olson Kundig

TECHNOFORM

Plastic hybrid stainless
steel warm edge spacer
key to

 Hitting thermal
targets

« Chiller sizing

» Meeting structural
needs




Case Study: The Space Needle Renovation TECHNOFORM

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 TECHNOFORM

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 comfortin hot climates and in summer

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

14



FACADE TECTONICS

FACADE SYSTEM CONSIDERATIONS FOR HOT AND HUMID CLIMATE M
HOUSTON, OCTOBER 10TH, 2019
BANGKOK THAILAND MIXED USE PROJECT

OLIVIER BROUARD
SUSTAINABILITY ENGINEERING TEAM LEADER
ASSOCIATE, PE, LEED AP BD+C



DESIGN ETHOS

BEAUTY

ARCHITECTURAL SIMPLICITY

PERFORMANCE

NTEGRATION

FACADE TECTONICS FORUM: HOUSTON 2019



HOLISTIC INTEGRATED APPROACH

CLIMATE =) PASSIVE STRATEGIES wmp ACTIVE STRATEGIES wp RENEWABLES
®  J  J

b b b b

Cooling / Heating Degree Days Massing Context HVAC System Photovoltaics
Sky Coverage Massing Shape Lighting System
Sun Path Massing Orientation
Sun Radiation Envelope

Humidity / Rain Fall
Psychrometric Chart

FACADE TECTONICS FORUM: HOUSTON 2019
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DESIGN CONCEPT

Office + Ecclesiastical Office + Meeting House + Podium + Office Identity

Temple Tower/Temple

o
/
[
.
N\
N
/
V%
- Extended |dentity: N
Gard \ Sun Shad
araens 1ews From Roof Garden to Facade, unwhading
FACADE TECTONICS FORUM: HOUSTON 2019 Facade to Front Garden

SKIDMORE, OWINGS & MERRILL LLP

Temple Identity

Program Stacking

Project Gardens

Optimized Views
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BUILDING LAYOUT
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MASSING EFFICIENCY RESEARCH

Office Building Massing Shape Comparison - Annual predicted Energy Use Intensity (pEUI in kBtu/ft2)
(500,000 GSF - 70%WWR - ASHRAE 90.1 2010)

Climate Zone / Climate Type / City
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Source: ANSI/ASHRAE Standard 169-2006, Climatic Data

BANGKOK CLIMATE PROFILE
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'WORLDWIDE CLIMATE ZONES COMPARISON TOOL (MAJOR CITIES INDEX MATCH)
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THERMAL LOADS

conduction I

L__ lights

ventilation air
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CLIMATE PROFILES

Beijing
(Cold) - 4A

10
Drybulb Temperature (*C)

Houston
(Hot Humid) — 2A

Humidity Ratio (kg/kg)

15 20
Drybul Temperature ("C)
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Umiversal Thermel Climate index (°C)

San Francisco
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Bangkok
(Very Hot Humid) - 1A

Humidity Ratio (kg/kg)
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Source: klimaat.ca/epw (Meiring Beyers)



BANGKOK CLIMATE
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SUNAZIMUTH AND ALTITUDE
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WINDOW DIRECT TRANSMITTED BEAM AND DIFFUSE RADIATIONS

5000

4000

3000

Heat Gain [W]

2000

1000

5000

4000

w
o
<]
S

Heat Gain [W]

N
o
]
]

1000

FACADE TECTONICS FORUM: HOUSTON 2019
SKIDMORE, OWINGS & MERRILL LLP

9

March 21th

Heat Gain [W]

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

June 21th

12 13

Heat Gain [W]

14 15 16 17 18 19 20 21 22 23 24
—=&— North Window [Direct] —@— South [Direct]
---@--- North Window [Diffuse] ---@--- South [Diffuse]

5000

4000

3000

2000

1000

5000

4000

3000

2000

1000

September 21th

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

20 21 22 23 24

December 21th

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
—@&— East [Direct] —&— West [Direct]

20 21 22 23 24

---@--- East [Diffuse] ---@--- West [Diffuse]



FACADE DESIGN
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DESIGN SOLUTIONS

Tom Bongaerts/Facebook

FACADE TECTONICS FORUM: HOUSTON 2019



OVERALL THERMAL TRANSFER VALUE (OTTV)

Due to increasing demand of Air Conditioning in South Asia, energy governments have enforced
through local code regulations that the heat gain shall be reduced to a specific limit.

The Overall Thermal Transfer Value (OTTV) is:
a local code prescriptive requirements

- ameasure of the average heat gain through the building envelope measured in W/m2.

The Local Bangkok Ministerial Regulation regulates the rate of combined heat of external wall of
the office, shouldn't exceed 50W/m2 for the fagcade and 15W/m?2 for the roof.

FACADE TECTONICS FORUM: HOUSTON 2019

Ministerial Regulation
Prescribing Type or Size of Building and
Standard, Criteria and Procedure in
Designing Building for Energy
Conservation
B.E. 2552

Department of Alternative
Energy Development and Efficiency
( ) MINISTRY OF ENERGY



SOLAR REDUCTION - EAST/WEST FACADE

1. flush 2. overhang . fi 4. combination 5. optimization

IO ‘
— 425
I Baseline

850
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SOLAR REDUCTION - SOUTH FACADE

1. flush 2. overhang 3. Uniformization 4. Optimization

— 425

Baseline

-
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FACADE PERFORMANCE EVALUATION @P
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FENESTRATION THERMAL TRANSMITTANCE

Exterior Wall Shadow Box

U wall: 0.32W/m?2 U spandrel: 0.26W/m?2

ASHRAE 90.1 2007 minimum performance:
Fagade - U-Wall (Steel-Framed): 0.705 W/m2.K
Roof - U-Roof (Metal Building): 0.369 W/m2.K

FACADE TECTONICS FORUM: HOUSTON 2019
SKIDMORE, OWINGS & MERRILL LLP

Not Thermally Broken
U frame: 19.4W/m?

Thermally Improved

U frame: 18.4W/m?

Thermally Broken

U frame: 7.7W/m?




DATA ANALYTICS

PIE CHART TROUBLE
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FENESTRATION PERFORMANCE COMPARISON
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PASSIVE DESIGN EXPLORATION

pEUI (kWh/m2-year)

Glazing U-Value Efficiency Evaluation
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pEUI (kWh/m2-year)

Fenestration Solar Control (Shading or SHGC) Evaluation
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ENERGY CONSERVATIVE MEASURES

Energy End-uses Distribution
ASHRAE 90.1 2007 Baseline

Annual Energy Performance of ECM - pEUI (kBtu/ft2-year)
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RENEWABLES ASSESSMENT

Roof free area available
for PV:135m2

OVERALL FLOOR PLAN - ROOF 1 6
SCALE: 1:200
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FACADE RESILIENCY

Dark Blue / green Dark
Monolithic Laminated Double pane insulated Double pane insulated Double pane insulated w/ low-¢e
tinted w/ low-e w/ low-e Electrochromic Glass

view
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