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Topics of Discusson

• Desirable surface properties 

• Refinished surface textures and achieving desired properties

• Pavement Preservation Tool kit



Why I Love RPUG

• The Vision of RPUG: “RPUG is a  source for knowledge and 
informa tion on functiona l cha racteristics of traveled surfaces for 
public agencies, contractors, consultants, a cademia , and other 
relevant industries.”

• The Mission of RPUG: “RPUG provides a  forum for the dissemina tion 
of knowledge concerning the collection, ana lysis, and a pplica t ion of 
informa tion rela ting to functiona l cha racteristics of traveled 
surfaces.”

Data is great, but only if we do something with it!



What are Functional Characteristics?

•Ride Quality- User comfort
•Friction and Macro Texture- Safety
•Highway Noise- Urban sound pollution

Multiple sources of research have verified that 
machined resurfacing of pavement and can improve 
all the desired functional attributes of pavements



Diamond grinding- What is it?



Diamond Grinding

• Relatively inexpensive to install
• $3-5 per square yard
• About $30k per lane mile (medium 

aggregate hardness, about 15 lane 
miles in size)

• Optimal ride-quality

• Excellent macro-texture

• Desirable noise attributes

Looks like 
corduroy, rides 
like silk



Rough pavement



Repaired pavement



Safety Grooving

Transverse

• Good Macro-texture
• Great for stopping
• Not optimal for ride-quality
• Loud
• Very popular in commercial 

airports world wide
• Reduces hydroplaning

Longitudinal

• Good Macro-texture
• Optimal for ride-quality

• Grooving alone does 
not improve ride 
quality of existing 
pavements

• Quiet
• Reduces hydroplaning and 

tire spray



Grooving Promotes directional stability



How NASA's Space Shuttle 
Paved the Way for Safer 
Roads - Neil Degrasse 
Tyson on JRE #1159

https://www.youtube.com/shorts/2WhAcqMXBgg
https://www.youtube.com/shorts/2WhAcqMXBgg
https://www.youtube.com/shorts/2WhAcqMXBgg
https://www.youtube.com/shorts/2WhAcqMXBgg


Asphalt Safety Grooving

• Several states have deployed 
asphalt safety grooving  

• National Center for Asphalt 
Testing (NCAT) currently has a test 
section in place 



California SR 58 QP Test Sections
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Caltrans Research

• Significant reduction in accidents

• FHWA has a goal of zero highway 
deaths

• While this is likely impossible to 
achieve, small changes can save lives



PennDOT data

Yellow boxes represent 5 year 
old diamond grinding on polish 
prone aggregates

Teal boxes represent those 
same highway sections (same 
age and aggregate) with safety 
grooving applied to the 
diamond grinding texture  



Next Generation Concrete 
Surface (NGCS)

• Optimal ride-quality

• Optimal friction

• Optimal noise

• Optimal Fuel economy

Three step process
1. Achieve approximately 70 in/mi through 

good building or conventional diamond 
grind 

2. Production grind using and NGCS head
3. Safety groove for surface drainage

Developed by Purdue University



States with NGCS Construction



Reduces noise by 5 to 10 dB

Costs roughly $20-51 per square 
foot of wall ( $2-3.9 million per 
mile)

Reduces noise by 6 dB 

Costs roughly $8-10 per square 
yard of pavement ( <$100,000 
lane mile)

How to mitigate highway noise?

Block the  noise  with  noise  wall

Preven t noise  with  NGCS



Rough 
Pavement



Smooth 
Pavement



World Bank’s Evaluation

Transport Notes from the World Bank evaluated 
the relationship between maintenance timing 
and cost on South African highways. 
• It was determined that 3 years of maintenance neglect 

resulted in 6 times the repair cost. 
• 5 years of neglect resulted in up to 18 times the repair 

cost. 



Rehabilitation Timing



Sound benefit



Noise vs. Friction
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Fun Fact!

Marquette University Transportation Research Center



Other benefits of Diamond Grinding



Improve International Roughness Index by 50-70%
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		Location		Dallas County, TX

		TEXDOT Project:		C 2374-1-145

		Area Engineer		Pete Garza, P.E.

		Contract Amount		$4,199,820

		SY Diamond Grinding		492,968

		SY PCCP Texturing		579,484

		LF Joint Sealing		400,000

		The IRI information presented is for approximately 3.54 Miles.





K1

		135		141		75		65

		135		141		67		65

		138		141		56		65

		127		141		65		65

		180		141		63		65

		156		141		84		65

		146		141		88		65

		186		141		75		65

		236		141		35		65

		145		141		52		65

		164		141		58		65

		183		141		62		65

		157		141		67		65

		154		141		75		65

		143		141		75		65

		179		141		75		65

		156		141		58		65

		159		141		67		65

		171		141		89		65

		221		141		65		65

		168		141		71		65

		144		141		68		65

		200		141		64		65

		111		141		58		65

		99		141		64		65

		108		141		71		65

		108		141		55		65

		89		141		62		65

		100		141		57		65

		77		141		64		65

		105		141		53		65

		92		141		63		65

		102		141		67		65

		101		141		57		65

		100		141		59		65

		110		141		53		65



Before Grinding 154 Bumps

After Grinding 5 Bumps

Before

Before Average

After

After Average

Average IRI

I - 635
WB Lane K1



K2

		164		137		69		58

		141		137		54		58

		170		137		53		58

		152		137		66		58

		130		137		75		58

		161		137		70		58

		168		137		57		58

		190		137		17		58

		211		137		61		58

		148		137		52		58

		144		137		73		58

		142		137		65		58

		149		137		56		58

		141		137		75		58

		139		137		62		58

		155		137		67		58

		155		137		67		58

		185		137		74		58

		166		137		53		58

		243		137		55		58

		163		137		58		58

		153		137		61		58

		154		137		51		58

		119		137		42		58

		72		137		53		58

		89		137		47		58

		86		137		49		58

		71		137		59		58

		90		137		50		58

		72		137		54		58

		93		137		57		58

		84		137		56		58

		107		137		65		58

		122		137		72		58

		104		137		48		58

		107		137		56		58



Before Grinding 139 Bumps

After Grinding 3 Bumps

Before

Before Average

After

After Average

Average IRI

I - 635
WB Lane K2



K3

		189		160		27		60

		194		160		85		60

		180		160		67		60

		180		160		97		60

		186		160		72		60

		207		160		88		60

		208		160		63		60

		243		160		67		60

		215		160		74		60

		155		160		78		60

		144		160		59		60

		211		160		66		60

		193		160		61		60

		197		160		56		60

		196		160		76		60

		210		160		65		60

		213		160		54		60

		229		160		54		60

		146		160		52		60

		175		160		52		60

		143		160		58		60

		165		160		51		60

		230		160		58		60

		128		160		52		60

		94		160		49		60

		97		160		55		60

		99		160		47		60

		92		160		45		60

		95		160		45		60

		109		160		46		60

		97		160		49		60



Before Grinding 192 Bumps

After Grinding 11 Bumps

Before

Before Average

After

After Average

Average IRI

I - 635
WB Lane K3



K4

		155		170		68		69

		183		170		78		69

		195		170		81		69

		179		170		88		69

		231		170		64		69

		215		170		90		69

		267		170		86		69

		205		170		97		69

		247		170		24		69

		191		170		81		69

		163		170		59		69

		179		170		102		69

		168		170		116		69

		195		170		89		69

		147		170		79		69

		184		170		87		69

		197		170		69		69

		210		170		70		69

		196		170		87		69

		201		170		80		69

		224		170		50		69

		242		170		52		69

		239		170		51		69

		120		170		65		69

		106		170		55		69

		100		170		50		69

		105		170		53		69

		105		170		47		69

		111		170		61		69

		124		170		65		69

		105		170		53		69

		120		170		61		69

		107		170		58		69

		138		170		72		69

		126		170		56		69

		135		170		54		69



Before Grinding  260 Bumps

After Grinding 10 Bumps

Before

Before Average

After

After Average

Average IRI

I - 635
WB Lane K4



All WB Lanes

		160.75		152		59.75		61

		163.25		152		71		61

		170.75		152		64.25		61

		159.5		152		79		61

		181.75		152		68.5		61

		184.75		152		83		61

		197.25		152		73.5		61

		206		152		64		61

		227.25		152		48.5		61

		159.75		152		65.75		61

		153.75		152		62.25		61

		178.75		152		73.75		61

		166.75		152		75		61

		171.75		152		73.75		61

		156.25		152		73		61

		182		152		73.5		61

		180.25		152		62		61

		195.75		152		66.25		61

		169.75		152		70.25		61

		210		152		63		61

		174.5		152		59.25		61

		176		152		58		61

		205.75		152		56		61

		119.5		152		54.25		61

		92.75		152		55.25		61

		98.5		152		55.75		61

		99.5		152		51		61

		89.25		152		53.25		61

		99		152		53.25		61

		95.5		152		57.25		61

		100		152		53		61

		98.5		152		45		61

		106.5		152		47.5		61

		119.5		152		50.25		61

		109.5		152		40.75		61

		117		152		40.75		61



Before Grinding 698 Bumps

After Grinding 29 Bumps

Before Average

Average

After Average

Average

Average IRI

I - 635
WB Lanes K1, K2 K3 & K4



Lane Designation

		I - 636 Lane Designation

		I - 635 WB										I - 635 EB

		K1		K2		K3		K4				K4		K5		K6		K7





Data

		

		K1								K2								K3								K3										All WB Lanes Combined																																						Avg.

		Before		Before Average		After		After Average		Before		Before Average		After		After Average		Before		Before Average		After		After Average		Before		Before Average		After		After Average				Before Average		Average		After Average		Average

		135		141		75		65		164		137		69		58		189		160		27		60		155		170		68		69				161		152		60		61

		135		141		67		65		141		137		54		58		194		160		85		60		183		170		78		69				163		152		71		61

		138		141		56		65		170		137		53		58		180		160		67		60		195		170		81		69				171		152		64		61

		127		141		65		65		152		137		66		58		180		160		97		60		179		170		88		69				160		152		79		61

		180		141		63		65		130		137		75		58		186		160		72		60		231		170		64		69				182		152		69		61

		156		141		84		65		161		137		70		58		207		160		88		60		215		170		90		69				185		152		83		61

		146		141		88		65		168		137		57		58		208		160		63		60		267		170		86		69				197		152		74		61

		186		141		75		65		190		137		17		58		243		160		67		60		205		170		97		69				206		152		64		61

		236		141		35		65		211		137		61		58		215		160		74		60		247		170		24		69				227		152		49		61

		145		141		52		65		148		137		52		58		155		160		78		60		191		170		81		69				160		152		66		61

		164		141		58		65		144		137		73		58		144		160		59		60		163		170		59		69				154		152		62		61

		183		141		62		65		142		137		65		58		211		160		66		60		179		170		102		69				179		152		74		61

		157		141		67		65		149		137		56		58		193		160		61		60		168		170		116		69				167		152		75		61

		154		141		75		65		141		137		75		58		197		160		56		60		195		170		89		69				172		152		74		61

		143		141		75		65		139		137		62		58		196		160		76		60		147		170		79		69				156		152		73		61

		179		141		75		65		155		137		67		58		210		160		65		60		184		170		87		69				182		152		74		61

		156		141		58		65		155		137		67		58		213		160		54		60		197		170		69		69				180		152		62		61

		159		141		67		65		185		137		74		58		229		160		54		60		210		170		70		69				196		152		66		61

		171		141		89		65		166		137		53		58		146		160		52		60		196		170		87		69				170		152		70		61

		221		141		65		65		243		137		55		58		175		160		52		60		201		170		80		69				210		152		63		61

		168		141		71		65		163		137		58		58		143		160		58		60		224		170		50		69				175		152		59		61

		144		141		68		65		153		137		61		58		165		160		51		60		242		170		52		69				176		152		58		61

		200		141		64		65		154		137		51		58		230		160		58		60		239		170		51		69				206		152		56		61

		111		141		58		65		119		137		42		58		128		160		52		60		120		170		65		69				120		152		54		61

		99		141		64		65		72		137		53		58		94		160		49		60		106		170		55		69				93		152		55		61

		108		141		71		65		89		137		47		58		97		160		55		60		100		170		50		69				99		152		56		61

		108		141		55		65		86		137		49		58		99		160		47		60		105		170		53		69				100		152		51		61

		89		141		62		65		71		137		59		58		92		160		45		60		105		170		47		69				89		152		53		61

		100		141		57		65		90		137		50		58		95		160		45		60		111		170		61		69				99		152		53		61

		77		141		64		65		72		137		54		58		109		160		46		60		124		170		65		69				96		152		57		61

		105		141		53		65		93		137		57		58		97		160		49		60		105		170		53		69				100		152		53		61

		92		141		63		65		84		137		56		58		98								120		170		61		69				99		152		45		61

		102		141		67		65		107		137		65		58		110								107		170		58		69				107		152		48		61

		101		141		57		65		122		137		72		58		117								138		170		72		69				120		152		50		61

		100		141		59		65		104		137		48		58		108								126		170		56		69				110		152		41		61

		110		141		53		65		107		137		56		58		116								135		170		54		69				117		152		41		61

										137.2222222222				58.3055555556				160.25				60.2580645161				169.8611111111				69.3888888889						152.1458333333				61.125







Kentucky PCC Interstate Improvement Project



Costs and 
Impact

IRI Improved from 112.1 to 74.5 in 5 years

Lowest recorded average IRI ever covering 536 
miles

$188,000 per lane mile

Diamond grinding had an avg. cost of $2.75 per 
sq. yd. in KY over a 5-year period

Reconstruction cost would have been $1.5 - 
$2.5 million/lane mile

Preservation saved over $1 Billion



Use-phase is the primary 
environmental impact

• Minor adjustments can show 
major impact

• When we save on use-phase 
carbon (fuel consumption) we also 
save our taxpayers at the pump

Construction-
phase carbon 
saving potential

Use-phase 
carbon saving 
potential



www.igga.net



Cost/Carbon Savings Calculator- Actual Project Data

• What is the environmental and Financial benefit of IRI 
improvement?

• Fuel/Carbon Savings Calculator - IGGA | The International Grooving and 
Grinding Association

Example project
• Initial IRI: 98 in/mi
• Actual Final IRI: 43 in/mi
• AADT:39,152
• Percent trucks: 15%
• Length:6.6 miles
• Width: 4 lanes
• Cost to Grind: $4.60 sqyd

https://calculators.igga.net/
https://calculators.igga.net/


Revisiting 
Kentucky’s 

Preservation 
effort

IRI Improved from 112.1 to 74.5 in 5 years

Lowest recorded average IRI ever covering 536 
miles

$188,000 per lane mile

Diamond grinding had an avg. cost of $2.75 per 
sq. yd. in KY over a 5-year period

Reconstruction cost would have been $1.5 - 
$2.5 million/lane mile

Preservation saved over $1 Billion





How Good is it?

Pavement Diamond Grinding is 
the only highway treatment 
that can be cost and carbon 
negative!

MIT’s Concrete Sustainability 
HUB suggests that grinding and 
pavement repair should be 
conducted every 15-20 years to 
optimize carbon impact



Why Is It The Most Cost-Effective 
Preservation Technique?

Material 
mining

Material 
hauling 

Smaller crew 
than asphalt 

paving

Rolling road 
closures 



Before Grinding Deploy Proper Repairs

• Rut repair

• Spray seal



Rut Repair

I-80 headed toward Lake Tahoe



Preparation

Low Shrink, high early strength material





Interactive CPP 
Toolkit

• Helps DOT’s and Designers select 
the appropriate repairs for PCC 
pavement to help optimize repair 
spending. 



Learn About the Repair

Images, information, 
and resources on the 
appropriate repair



Other resources 

Pavement repair guides produced by the 
National Concrete Pavement Technology 

Center (CPTECH Center)



DIAMOND GRINDING AND 
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