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Outdoor Sculpture

Location, Location, Location
Climate zones in North America
Freeze-Thaw cycles.

Freeze-Thaw Damage
How does Ice form in porous structures?
Testing and evaluation (water absorption, freeze-thaw)
Examples.

Body Design
Dense versus porousi heat transfer/ s
The myth of glaze



Location, Location, Location

Maps of the U.S. (North America)
Different views, same idea

cConcrete
Agriculture
IECC

(International Energy Conservation Code)



Concretelndustry Viewpoint

A simplified view?
Not j ustt mdw

This view considers
precipitation and
duration below
freezing.




USDA Plant Heartiness Map

Average Annual Extreme
Minimum Temperature
1976-2005
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International Energy Conservation Code
Climate Zone Map

Dry (B) Moist (A)

Warm-Humid
below white line

All of Alaska is in Zone 7 except for
the following boroughs in Zone 8:

Bethel, Northwest Arctic, Dellingham,

Southeast Fairbanks, Fairbanks N. Star, Zone 1includes Hawaii,
Wade Hampton, Nome, Yukon-Koyukuk, Guam, Puerto Rico, and
North Slope the Virgin Islands




North America Climate Zones
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American Society of Heating, Refrigerating, and Air-Conditioning Engineers




Temperature climate data

2 ways to look at climate

Freeze-thaw
Number of times that the temperature drops
below freezing and raises above freezing.

Sufficient time below freezing
Concrete industry looks at how long it takes
cold to penetrate concrete.



Denver, CO 141
Chicago, IL 96
Minneapolis, MN 76
New York, NY

Atlanta, GA

Houston, TX

D. Herschfield

J. Applied Meteorology
13 [4], p348-54 (1974)




Freeze-Thaw Damage

How does Ice form in porous structures?

Testing and evaluation
(water adsorption, freeze-thaw)

Examples.



lce formation

Ice crystals can be huge
(2 meters in diameter)

Great presentation:

nNUnderstanding Fros

2008 Della Roy Lecture

George Scherer
American Ceramic Society
(ceramics.org)
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Ice volume increases 9% compared to the water volume.



Testing
Water Adsorption (ASTM C-20)

Freeze-Thaw & nSat ur atAsTMmEes7)C o

Nl mmer si on t est
Saturate the sample by boiling in water (5 hours).
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nSaturati on C

qﬂ"’ Designation: C 67 — 99a

ASTM C67 ——>

Standard Test Methods for
Sampling and Testing Brick and Structural Clay Tile'

Ratio of cold water abs. to boiled water abs.

Sample fully immersed at room temp, 24 hrs.
Sample bolled, fully immersed, 5 hrs.

(&5 & )

Saturation Coefficient ( — )
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Freeze-Thaw Testing

Saturate with water: st and

Freeze (20 hrs); Thaw (water bath: 4 hrs) i REPEAT
50 cycles (ASTM C67); 100-300 typical

Evaluate periodically
Weight loss
Breakage (corner loss, spalling, etc.)
Cracking



Freeze-Thaw Testing

C67 Freeze specificatiord16 ¢ (d9 &)
Our conditions: -2 ¢ (19€)

Z C(JE(E I E ~*_ ASE]Juu E-]}ve
C67 Thaw specification: =10 & (24€15.5 )
Our conditions: 7@ (21€) with circulating water bath




