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Tire-Derived Aggregate (TDA)




Chicago Grade Landfill, May 1999




Test Track Installation

Santa Clara Valley Transportation Authority
San Jose, CA
February 2001




TDA Compaction
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Average Attenuation at VTA Test Area




Vasona Line
Santa Clara Valley Transportation Authority
San Jose, California

March & May 2005
August 2006
April 2009
February 2020
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Cross Section of TDA Underlayment
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Field Installation of TDA

Relocated RR Track

TDA for One Track

Geotextile Fabric
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Field Installation of TDA

Relocated RR Track

TDA for One Track i Geotextile Fabric
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Field Measurements — Site 1

West Side Measurement
Locations (Behind Wall)

Railroad Track

NB Track

SB Track
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March & May 2005
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Average Attenuation: Site 1
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Average Attenuation: Site 3




Average Attenuation: Site 4




Global Averages Based on Lv
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2020 Site Averages Based on FDL
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Comparison of Analysis Methods




Compare to Other TDA Installations

N—A Confidential Client
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Compare to Other Mitigation Measures




Strain Gage Installation
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Optical Rail Deflection Measure Device
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Deflection
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Report Tables

				2005														2006														2009														2020														Difference 2009 - 2020												2020 - ABS

				Speed		Strain Over Tie - µϵ1				Strain Between - µϵ1				Deflection - inches				Speed		Strain Over Tie - µϵ1				Strain Between - µϵ1				Deflection - inches				Speed		Strain Over Tie - µϵ1				Strain Between - µϵ1				Deflection - inches				Speed		Strain Over Tie - µϵ1				Strain Between - µϵ1				Deflection - inches				Strain Over Tie - µϵ1				Strain Between - µϵ1				Deflection - inches				Strain Over Tie - µϵ1				Strain Between - µϵ1

						Rail Head		Rail Foot		Rail Head		Rail Foot								Rail Head		Rail Foot		Rail Head		Rail Foot								Rail Head		Rail Foot		Rail Head		Rail Foot								Rail Head		Rail Foot		Rail Head		Rail Foot						Rail Head		Rail Foot		Rail Head		Rail Foot						Rail Head		Rail Foot		Rail Head		Rail Foot

				TDA1 - southbound														TDA1 - southbound														TDA1 - southbound														TDA1 - southbound

				15 mph		-80		65		-80		65		0.06				15 mph		-65		65		-65		65		0.07				15 mph		-70		65		-70		60		0.05				15 mph		-70		70		-70		55		0.045				0		5		0		-5		-0.005				70		70		70		55

				30 mph		-70		65		-70		65		0.06				30 mph		-60		65		-60		55		0.065				30 mph		-70		65		-70		55		0.05				30 mph		-65		65		-70		55		0.045				5		0		0		0		-0.005				65		65		70		55

				50 mph		-65		80		-70		65		0.05				50 mph		-60		60		-55		60		0.07				50 mph		-65		65		-60		55		0.055				50 mph		-60		70		-65		55		0.050				5		5		-5		0		-0.005				60		70		65		55

				TDA3														TDA3														TDA3														TDA3

				15 mph		-50		50		-80		58		0.085		NB		15 mph		-50		50		-65		65		0.03				15 mph		-50		50		-70		65		0.025				15 mph		-70		80		-80		60		0.020				-20		30		-10		-5		-0.005				70		80		80		60

				30 mph		-40		55		-70		60		0.09				30 mph		-45		45		-65		60		0.04				30 mph		-45		45		-75		50		0.02				30 mph		-60		60		-80		60		0.020				-15		15		-5		10		0.000				60		60		80		60

				50 mph		-45		48		-80		62		0.07				50 mph		-40		50		-60		55		0.037				50 mph		-50		45		-80		55		0.02				50 mph		-75		60		-80		55		0.025				-25		15		0		0		0.005				75		60		80		55

				TDA4														TDA4														TDA4														TDA4

				15 mph		-70		50		-90		62		0.081				15 mph		-55		55		-80		55		0.067				15 mph		-70		55		-90		55		0.067				15 mph		-80		65		-100		55		0.050				-10		10		-10		0		-0.017				80		65		100		55

				30 mph		-65		55		-85		62		0.081				30 mph		-55		50		-80		55		0.06				30 mph		-70		50		-90		55		0.055				30 mph		-75		55		-90		55		0.055				-5		5		0		0		0.000				75		55		90		55

				50 mph		-65		52		-85		62		0.081				50 mph		-65		52		-85		62		0.06				50 mph		-70		50		-90		55		0.057				50 mph		-70		60		-110		55		0.055				0		10		-20		0		-0.002				70		60		110		55

						averages include more data than shown here														averages include more data than shown here														averages include more data than shown here

						-63		61		-83		65		0.071						-55		56		-70		59		0.053						-61.3		54.2		-79.6		55.4		0.042						-69		65		-83		56		0.041				-8		11		-3		1		-0.001				69		65		83		56

				Control 1														Control 1														Control 1														Control 1

				15 mph		-55		55		-65		50		0.025				15 mph		-37		45		-55		50		0.034				15 mph		-45		50		-55		45		0.02				15 mph		-45		45		-70		50		0.03				0		-5		-15		5		0.010				45		45		70		50

				30 mph		-45		50		-58		50		0.022				30 mph		-30		45		-50		40		0.036				30 mph		-40		50		-65		40		0.02				30 mph		-35		45		-75		50		0.03				5		-5		-10		10		0.010				35		45		75		50

				50 mph		-40		50		-60		55		0.018				50 mph		-30		45		-35		30		0.037				50 mph		-45		45		-75		45		0.02				50 mph		-40		45		-70		45		0.03				5		0		5		0		0.010				40		45		70		45

				Control 2														Control 2														Control 2														Control 2		Ch3		Ch4		Ch1		Ch2

				15 mph		60		65		-80		60		0.062				15 mph		-65		70		-70		50						15 mph		-70		55		-85		50		0.035				15 mph				65		-70				0.03						10		15				-0.005						65		70

				30 mph		-55		65		-78		60		0.055				30 mph		-65		60		-60		50						30 mph		-65		55		-85		50		0.03				30 mph				65		-70				0.03						10		15				0.000						65		70

				50 mph		-65		75		-82		58		0.06				50 mph		-60		60		-65		45						50 mph		-65		60		-85		55		0.035				50 mph				70		-70				0.03						10		15				-0.005						70		70

						averages include more data than shown here														averages include more data than shown here														averages include more data than shown here

						-63		69		-78		64		0.046						-48		54		-56		44		0.036						-55		52.5		-75		47.5		0.027						-40		56		-71		48		0.030				15		3		4		1		0.003				40		56		71		48

						0%		-12%		6%		2%		54%						15%		4%		25%		34%		47%						11%		3%		6%		17%		56%		0.0323809524				74%		16%		17%		16%		35%																MIN		35

																																												0				*throw out Rail Head/ Tie data for Control 2, should be lower than between ties																								MAX		110

																																																*throw out Rail Foot between ties, looks too high compared to old data





Strain - Graphs

		

				TDA1 - southbound												TDA3												TDA4												Control 1												Control 2

				15 mph		2005		2006		2009		2020				15 mph		2005		2006		2009		2020				15 mph		2005		2006		2009		2020				15 mph		2005		2006		2009		2020				15 mph		2005		2006		2009		2020

				Over Tie - Rail Head		89		65		70		70				Over Tie - Rail Head		50		50		50		70				Over Tie - Rail Head		70		55		70		80				Over Tie - Rail Head		55		37		45		45				Over Tie - Rail Head		60		65		70

				Over Tie - Rail Foot		65		65		65		70				Over Tie - Rail Foot		50		50		50		80				Over Tie - Rail Foot		50		55		55		65				Over Tie - Rail Foot		55		45		50		45				Over Tie - Rail Foot		65		70		55		65

				Between Ties - Rail Head		80		65		70		70				Between Ties - Rail Head		80		65		70		80				Between Ties - Rail Head		90		80		90		100				Between Ties - Rail Head		65		55		55		70				Between Ties - Rail Head		80		70		85		70

				Between Ties - Rail Foot		65		65		60		55				Between Ties - Rail Foot		58		65		65		60				Between Ties - Rail Foot		62		55		55		55				Between Ties - Rail Foot		50		50		45		50				Between Ties - Rail Foot		60		50		50

				30 mph		2005		2006		2009		2020				30 mph		2005		2006		2009		2020				30 mph		2005		2006		2009		2020				30 mph		2005		2006		2009		2020				30 mph		2005		2006		2009		2020

				Over Tie - Rail Head		70		60		70		65				Over Tie - Rail Head		40		45		45		60				Over Tie - Rail Head		65		55		70		75				Over Tie - Rail Head		45		30		40		35				Over Tie - Rail Head		55		65		65

				Over Tie - Rail Foot		65		65		65		65				Over Tie - Rail Foot		55		45		45		60				Over Tie - Rail Foot		55		50		50		55				Over Tie - Rail Foot		50		45		50		45				Over Tie - Rail Foot		65		60		55		65

				Between Ties - Rail Head		70		60		70		70				Between Ties - Rail Head		70		65		75		80				Between Ties - Rail Head		85		80		90		90				Between Ties - Rail Head		58		50		65		75				Between Ties - Rail Head		78		60		85		70

				Between Ties - Rail Foot		65		55		55		55				Between Ties - Rail Foot		60		60		50		60				Between Ties - Rail Foot		62		55		55		55				Between Ties - Rail Foot		50		40		40		50				Between Ties - Rail Foot		60		50		50

				40 mph		2005		2006		2009		2020				50 mph		2005		2006		2009		2020				50 mph		2005		2006		2009		2020				50 mph		2005		2006		2009		2020				50 mph		2005		2006		2009		2020

				Over Tie - Rail Head		65		60		65		60				Over Tie - Rail Head		45		40		50		75				Over Tie - Rail Head		65		65		70		70				Over Tie - Rail Head		40		30		45		40				Over Tie - Rail Head		65		60		65

				Over Tie - Rail Foot		80		60		65		70				Over Tie - Rail Foot		48		50		45		60				Over Tie - Rail Foot		52		52		50		60				Over Tie - Rail Foot		50		45		45		45				Over Tie - Rail Foot		75		60		60		70

				Between Ties - Rail Head		70		66		60		65				Between Ties - Rail Head		80		60		80		80				Between Ties - Rail Head		85		85		90		110				Between Ties - Rail Head		60		35		75		70				Between Ties - Rail Head		82		65		85		70

				Between Ties - Rail Foot		65		60		55		55				Between Ties - Rail Foot		62		55		55		55				Between Ties - Rail Foot		62		62		55		55				Between Ties - Rail Foot		55		30		45		45				Between Ties - Rail Foot		58		45		55
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Deflection - Graphs
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Deflection - for TRB
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						2005		2006		2009		2020

		TDA 1		15mph		0.06		0.07		0.05		0.045

				30mph		0.06		0.065		0.05		0.045

				40mph		0.05		0.07		0.055		0.050

		TDA 3		15mph		0.085		0.03		0.025		0.020

				30mph		0.09		0.04		0.02		0.020

				50mph		0.07		0.037		0.02		0.025

		TDA 4		15mph		0.081		0.067		0.067		0.050

				30mph		0.081		0.06		0.055		0.055

				50mph		0.081		0.06		0.057		0.055

		Control 1		15mph		0.025		0.034		0.02		0.03

				30mph		0.022		0.036		0.02		0.03

				50mph		0.018		0.037		0.02		0.03

		Control 2		15mph		0.062				0.035		0.03

				30mph		0.055				0.03		0.03

				50mph		0.06				0.035		0.03
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						2005		2006		2009		2020

		30mph		TDA 1		0.06		0.065		0.05		0.045

				TDA 3		0.09		0.04		0.02		0.020

				TDA 4		0.081		0.06		0.055		0.055

		Control 1		Control 1		0.022		0.036		0.02		0.03

				Control 2		0.055				0.03		0.03
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Report Tables

				2005														2006														2009														2020														Difference 2009 - 2020												2020 - ABS

				Speed		Strain Over Tie - µϵ1				Strain Between - µϵ1				Deflection - inches				Speed		Strain Over Tie - µϵ1				Strain Between - µϵ1				Deflection - inches				Speed		Strain Over Tie - µϵ1				Strain Between - µϵ1				Deflection - inches				Speed		Strain Over Tie - µϵ1				Strain Between - µϵ1				Deflection - inches				Strain Over Tie - µϵ1				Strain Between - µϵ1				Deflection - inches				Strain Over Tie - µϵ1				Strain Between - µϵ1

						Rail Head		Rail Foot		Rail Head		Rail Foot								Rail Head		Rail Foot		Rail Head		Rail Foot								Rail Head		Rail Foot		Rail Head		Rail Foot								Rail Head		Rail Foot		Rail Head		Rail Foot						Rail Head		Rail Foot		Rail Head		Rail Foot						Rail Head		Rail Foot		Rail Head		Rail Foot

				TDA1 - southbound														TDA1 - southbound														TDA1 - southbound														TDA1 - southbound

				15 mph		-80		65		-80		65		0.06				15 mph		-65		65		-65		65		0.07				15 mph		-70		65		-70		60		0.05				15 mph		-70		70		-70		55		0.045				0		5		0		-5		-0.005				70		70		70		55

				30 mph		-70		65		-70		65		0.06				30 mph		-60		65		-60		55		0.065				30 mph		-70		65		-70		55		0.05				30 mph		-65		65		-70		55		0.045				5		0		0		0		-0.005				65		65		70		55

				50 mph		-65		80		-70		65		0.05				50 mph		-60		60		-55		60		0.07				50 mph		-65		65		-60		55		0.055				50 mph		-60		70		-65		55		0.050				5		5		-5		0		-0.005				60		70		65		55

				TDA3														TDA3														TDA3														TDA3

				15 mph		-50		50		-80		58		0.085		NB		15 mph		-50		50		-65		65		0.03				15 mph		-50		50		-70		65		0.025				15 mph		-70		80		-80		60		0.020				-20		30		-10		-5		-0.005				70		80		80		60

				30 mph		-40		55		-70		60		0.09				30 mph		-45		45		-65		60		0.04				30 mph		-45		45		-75		50		0.02				30 mph		-60		60		-80		60		0.020				-15		15		-5		10		0.000				60		60		80		60

				50 mph		-45		48		-80		62		0.07				50 mph		-40		50		-60		55		0.037				50 mph		-50		45		-80		55		0.02				50 mph		-75		60		-80		55		0.025				-25		15		0		0		0.005				75		60		80		55

				TDA4														TDA4														TDA4														TDA4

				15 mph		-70		50		-90		62		0.081				15 mph		-55		55		-80		55		0.067				15 mph		-70		55		-90		55		0.067				15 mph		-80		65		-100		55		0.050				-10		10		-10		0		-0.017				80		65		100		55

				30 mph		-65		55		-85		62		0.081				30 mph		-55		50		-80		55		0.06				30 mph		-70		50		-90		55		0.055				30 mph		-75		55		-90		55		0.055				-5		5		0		0		0.000				75		55		90		55

				50 mph		-65		52		-85		62		0.081				50 mph		-65		52		-85		62		0.06				50 mph		-70		50		-90		55		0.057				50 mph		-70		60		-110		55		0.055				0		10		-20		0		-0.002				70		60		110		55

						averages include more data than shown here														averages include more data than shown here														averages include more data than shown here

						-63		61		-83		65		0.071						-55		56		-70		59		0.053						-61.3		54.2		-79.6		55.4		0.042						-69		65		-83		56		0.041				-8		11		-3		1		-0.001				69		65		83		56

				Control 1														Control 1														Control 1														Control 1

				15 mph		-55		55		-65		50		0.025				15 mph		-37		45		-55		50		0.034				15 mph		-45		50		-55		45		0.02				15 mph		-45		45		-70		50		0.03				0		-5		-15		5		0.010				45		45		70		50

				30 mph		-45		50		-58		50		0.022				30 mph		-30		45		-50		40		0.036				30 mph		-40		50		-65		40		0.02				30 mph		-35		45		-75		50		0.03				5		-5		-10		10		0.010				35		45		75		50

				50 mph		-40		50		-60		55		0.018				50 mph		-30		45		-35		30		0.037				50 mph		-45		45		-75		45		0.02				50 mph		-40		45		-70		45		0.03				5		0		5		0		0.010				40		45		70		45

				Control 2														Control 2														Control 2														Control 2		Ch3		Ch4		Ch1		Ch2

				15 mph		60		65		-80		60		0.062				15 mph		-65		70		-70		50						15 mph		-70		55		-85		50		0.035				15 mph				65		-70				0.03						10		15				-0.005						65		70

				30 mph		-55		65		-78		60		0.055				30 mph		-65		60		-60		50						30 mph		-65		55		-85		50		0.03				30 mph				65		-70				0.03						10		15				0.000						65		70

				50 mph		-65		75		-82		58		0.06				50 mph		-60		60		-65		45						50 mph		-65		60		-85		55		0.035				50 mph				70		-70				0.03						10		15				-0.005						70		70

						averages include more data than shown here														averages include more data than shown here														averages include more data than shown here

						-63		69		-78		64		0.046						-48		54		-56		44		0.036						-55		52.5		-75		47.5		0.027						-40		56		-71		48		0.030				15		3		4		1		0.003				40		56		71		48

						0%		-12%		6%		2%		54%						15%		4%		25%		34%		47%						11%		3%		6%		17%		56%		0.0323809524				74%		16%		17%		16%		35%																MIN		35

																																												0				*throw out Rail Head/ Tie data for Control 2, should be lower than between ties																								MAX		110

																																																*throw out Rail Foot between ties, looks too high compared to old data





Strain - Graphs

		

				TDA1 - southbound												TDA3												TDA4												Control 1												Control 2

				15 mph		2005		2006		2009		2020				15 mph		2005		2006		2009		2020				15 mph		2005		2006		2009		2020				15 mph		2005		2006		2009		2020				15 mph		2005		2006		2009		2020

				Over Tie - Rail Head		89		65		70		70				Over Tie - Rail Head		50		50		50		70				Over Tie - Rail Head		70		55		70		80				Over Tie - Rail Head		55		37		45		45				Over Tie - Rail Head		60		65		70

				Over Tie - Rail Foot		65		65		65		70				Over Tie - Rail Foot		50		50		50		80				Over Tie - Rail Foot		50		55		55		65				Over Tie - Rail Foot		55		45		50		45				Over Tie - Rail Foot		65		70		55		65

				Between Ties - Rail Head		80		65		70		70				Between Ties - Rail Head		80		65		70		80				Between Ties - Rail Head		90		80		90		100				Between Ties - Rail Head		65		55		55		70				Between Ties - Rail Head		80		70		85		70

				Between Ties - Rail Foot		65		65		60		55				Between Ties - Rail Foot		58		65		65		60				Between Ties - Rail Foot		62		55		55		55				Between Ties - Rail Foot		50		50		45		50				Between Ties - Rail Foot		60		50		50

				30 mph		2005		2006		2009		2020				30 mph		2005		2006		2009		2020				30 mph		2005		2006		2009		2020				30 mph		2005		2006		2009		2020				30 mph		2005		2006		2009		2020

				Over Tie - Rail Head		70		60		70		65				Over Tie - Rail Head		40		45		45		60				Over Tie - Rail Head		65		55		70		75				Over Tie - Rail Head		45		30		40		35				Over Tie - Rail Head		55		65		65

				Over Tie - Rail Foot		65		65		65		65				Over Tie - Rail Foot		55		45		45		60				Over Tie - Rail Foot		55		50		50		55				Over Tie - Rail Foot		50		45		50		45				Over Tie - Rail Foot		65		60		55		65

				Between Ties - Rail Head		70		60		70		70				Between Ties - Rail Head		70		65		75		80				Between Ties - Rail Head		85		80		90		90				Between Ties - Rail Head		58		50		65		75				Between Ties - Rail Head		78		60		85		70

				Between Ties - Rail Foot		65		55		55		55				Between Ties - Rail Foot		60		60		50		60				Between Ties - Rail Foot		62		55		55		55				Between Ties - Rail Foot		50		40		40		50				Between Ties - Rail Foot		60		50		50

				40 mph		2005		2006		2009		2020				50 mph		2005		2006		2009		2020				50 mph		2005		2006		2009		2020				50 mph		2005		2006		2009		2020				50 mph		2005		2006		2009		2020

				Over Tie - Rail Head		65		60		65		60				Over Tie - Rail Head		45		40		50		75				Over Tie - Rail Head		65		65		70		70				Over Tie - Rail Head		40		30		45		40				Over Tie - Rail Head		65		60		65

				Over Tie - Rail Foot		80		60		65		70				Over Tie - Rail Foot		48		50		45		60				Over Tie - Rail Foot		52		52		50		60				Over Tie - Rail Foot		50		45		45		45				Over Tie - Rail Foot		75		60		60		70

				Between Ties - Rail Head		70		66		60		65				Between Ties - Rail Head		80		60		80		80				Between Ties - Rail Head		85		85		90		110				Between Ties - Rail Head		60		35		75		70				Between Ties - Rail Head		82		65		85		70

				Between Ties - Rail Foot		65		60		55		55				Between Ties - Rail Foot		62		55		55		55				Between Ties - Rail Foot		62		62		55		55				Between Ties - Rail Foot		55		30		45		45				Between Ties - Rail Foot		58		45		55
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Deflection - Graphs

		



2005

2006

2009

2020

Strain - microstrains

TDA 1 - 30 MPH



Deflection - for TRB
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						2005		2006		2009		2020

		TDA 1		15mph		0.06		0.07		0.05		0.045

				30mph		0.06		0.065		0.05		0.045

				40mph		0.05		0.07		0.055		0.050

		TDA 3		15mph		0.085		0.03		0.025		0.020

				30mph		0.09		0.04		0.02		0.020

				50mph		0.07		0.037		0.02		0.025

		TDA 4		15mph		0.081		0.067		0.067		0.050

				30mph		0.081		0.06		0.055		0.055

				50mph		0.081		0.06		0.057		0.055

		Control 1		15mph		0.025		0.034		0.02		0.03

				30mph		0.022		0.036		0.02		0.03

				50mph		0.018		0.037		0.02		0.03

		Control 2		15mph		0.062				0.035		0.03

				30mph		0.055				0.03		0.03

				50mph		0.06				0.035		0.03
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						2005		2006		2009		2020

		30mph		TDA 1		0.06		0.065		0.05		0.045

				TDA 3		0.09		0.04		0.02		0.020

				TDA 4		0.081		0.06		0.055		0.055

		Control 1		Control 1		0.022		0.036		0.02		0.03

				Control 2		0.055				0.03		0.03
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Conclusions

= After 15 years of service, no appreciable change in
vibration reduction performance

= Also studied and found to be satisfactory
- Rail strain
= Rail and tie deflections
- Track elevation
- Stray current control

= TDA approved by Federal Transit Administration (FTA)
for use in federally-funded transit projects
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