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§ Granite
§ Marble
§ Limestone
§ Sandstone
§ Travertine
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Typical Stone Paving Selections



§ Material Characteristics
§ Variability
§ Strength Loss due to Weathering
§ Durability
§ Sealant Stain Resistance
§ Material Properties
§ Erosion
§ Discoloration
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Stone Paving Selections



§ Material Characteristics (Voids, Veining)
§ Density
§ Absorption
§ Abrasion Resistance
§ Compressive Strength
§ Freeze-thaw Resistance
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Stone Durability



§ Salt Crystallization Resistance
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Stone Durability



§ History of poor performance in Northeast United States
§ Exterior Cladding
§ Exterior Paving
§ IMI warning
§ ASTM warning 
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Travertine 



§ Due to low abrasion resistance 
travertine will become more 
polished and slip resistance will 
be decreased.

§ More traffic = Less slip 
resistance
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Abrasion Resistance of Travertine



§ Travertine is naturally more absorptive than granite.
§ Greater absorption can be an indication of more freeze-thaw distress.
§ Greater absorption leads to more of a chance for salt crystallization 

within the pores of the stone, further weakening the outside surface of 
the travertine.

§ International Marble Institute does not recommend Travertine for 
exterior paving applications where de-icing salts are used.

§ Cannot control de-icing salts entering site from adjacent roadways; 
pedestrians and vehicles at loading docks will bring in de-icing salts 
from other sources.
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Absorption of Travertine



§ Cracks and full depth veins through travertine allow moisture 
into the setting bed, thereby increasing the likelihood of freeze-
thaw deterioration of the mortar setting bed.
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Freeze-thaw Durability of Setting Bed



§ As underlying mortar setting bed 
deteriorates, the stone has to span 
over loose areas of setting bed and 
flexural strength becomes critical.
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Flexural Strength of Travertine



§ Recommended Industry Standard Safety Factors based on  the 
natural variability of the stone:
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Stone Flooring and Paving Selection

Stone Type
Flexural Strength 

Safety Factor
Granite (NBGQA) 3
Limestone (ILI) 8
Marble (MIA) 5
Travertine (MIA) 8
Sandstone (MIA) 8
Slate (MIA) 5
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Proposed Section Through Plaza
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Freeze-Thaw Distress
OUTSIDE FACE OF 
STONEEXPANSIVE FORCE

TYPICAL PORE 
PARTIALLY FILLED

INTERCONNECTED PORES

ICE LENSING

Credit: Superstructures
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Climate Comparison
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Average Annual # Freezing days in NYC vs. Rome

§ By contrast, In 
Rome, low 
temperatures drop 
to freezing or below, 
on average, 28 days 
out of the year. 
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§ In NYC, low temperatures drop to freezing or below, on average, 66 days 
out of the year. 

https://protect-us.mimecast.com/s/p_o1C9rpWZukGnzKS3Z1YN?domain=ncdc.noaa.gov
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Avg Annual Freeze-Thaw Cycles - NYC vs. Rome

§ By contrast, based on analysis of data collected by the Italian 
Meteorological Service between 1951 to 1996 at the Ciampino Airport (13 
km SE of the centre of Rome), the average annual number of freeze-thaw 
cycles in Rome was 21. https://www.int-res.com/articles/cr/16/c016p145.pdf

§ Based on a study of meteorological data collected at JFK Airport between 
1973 and 1996, the average annual number of freeze-thaw cycles in NYC
was 39. ftp://ftp.ncdc.noaa.gov/pub/data/EngineeringWeatherData_CDROM/engwx/new_york_jfk_ny.pdf

https://www.int-res.com/articles/cr/16/c016p145.pdf
ftp://ftp.ncdc.noaa.gov/pub/data/EngineeringWeatherData_CDROM/engwx/new_york_jfk_ny.pdf
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Travertine-Paved Plaza/Sidewalk with Trench Drain

Grace Building Solow Building 140 Broadway

Travertine Pavers – Exposed Area 

approximately 5,300 sq. ft.

Travertine Pavers – Exposed Area 

approximately 21,000 sq. ft.

Pavement to be replaced 

28,800 sq. ft.
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Travertine-Paved Plaza/Sidewalk with Trench Drain

Grace Building
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Travertine-Paved Plaza/Sidewalk with Trench Drain

Solow Building
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Travertine-Paved Plaza/Sidewalk with Trench Drain

140 Broadway



§ Due to its inferior material properties when compared to granite 
and other stone paving materials, travertine is not recommended 
for use in an exterior plaza assembly such as 140 Broadway
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Conclusions



Page 22

Appendix
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140 Broadway - Conditions
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Historical Context



§ Serviceability
§ Vertical Load Resistance
§ Impact Resistance
§ Weather Resistance
§ Chemical Resistance
§ Repair/Replacement/Maintenance 

(Attic Stock)
§ Resistance to Soiling/Ease of Cleaning
§ Slip Resistance
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Stone Paving Selections



§ High Absorption Stone
§ Long Spans
§ Large Formats
§ Irregular Joint Patterns
§ Changes in Bearing, Depth
§ Improper Mortar Types
§ Inadequate System Depth
§ Un-accommodated Volume Changes
§ Cracks/Discontinuities in Substrates
§ Substrate Deflections over L/600
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Conditions to Avoid



§ Dynamic Loads
§ Pedestrian
§ Vehicular
§ Cleaning Equipment

§ Static Loads
§ Planters
§ Bollards
§ Threat Protection Barriers

§ Impact Loads
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Loading Conditions



§ Natural Defects
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Stone Durability



§ Stain Resistance
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Stone Durability



§ Confirm appropriate physical 
properties.

§ Consider orientation and exposure.
§ Avoid stones not suitable for a 

particular use.
§ Stones for use in vertical 

applications may not be 
appropriate for horizontal 
applications.

Page 30

Stone Durability
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Average Temperature In NYC and Rome
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https://protect-us.mimecast.com/s/p_o1C9rpWZukGnzKS3Z1YN?domain=ncdc.noaa.gov


A public open space and primary pedestrian thoroughfare, 140 Broadway’s plaza is subject to variable loads,  including 
intermittent vehicular loading, as well as to climatic extremes and de-icing applications. The plaza also  functions as a roof deck to 
the occupied cellar below.

§ STRENGTH: Granite has more than twice the strength of travertine, in both compressive and flexural strength, making 
granite pavers less vulnerable to cracking and breakage than travertine.

§ SLIP RESISTANCE: Granite, finished for exterior applications, offers greater slip resistance than travertine, and will hold its 
slip-resistant quality longer than travertine.

§ FREEZE-THAW: Granite is less absorptive than travertine, and therefore less vulnerable to deterioration caused by freeze-
thaw cycles in northern climates. Travertine typically includes veins, voids and inclusions at its surface which must be filled 
with cement or synthetic  materials prior to use as a paving material. Fillers are prone to failure due to the combination of
water intrusion and freeze-thaw cycles in northern climates.

§ DE-ICING: The Marble Institute of America recommends against the use of travertines in exterior locations where de-icing 
salts or  other chemicals are used.

§ STAINING: Travertine is more porous than granite, and will stain more easily.

§ MAINTENANCE: Sealants and fillers must be applied frequently to travertine to modify its natural porousness and 
absorption.
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Additional Information
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Additional Information

TRAVERTINE (ASTM C1527-09) TUDOR GOLD GRANITE

Density 144 lb/cu.ft. 163 lb/cu.ft.

Compressive Strength 7,500 psi 19,800 psi

Flexural Strength 500 psi 1,500 psi

Absorption, by weight 2.5% 0.27%


