DIAMOND GRINDING AND
SAFETY GROOVING

NicHoOLAS DAviS, IGGA/ACPA
DIRECTOR OF TECHNICAL SERVICES
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Topics of Discusson

» Desirable surface properties
 Refinished surface textures and achieving desired properties
« Pavement Preservation Tool kit



Why | Love RPUG

* The Vision of RPUG: ‘RPUG is a source for knowledge and
Information on functional characteristics of traveled surtaces for

public agencies, contractors, consultants, academia, and other
relevant industries.”

* The Mission of RPUG: ‘RPUG provides a forum for the dissemination
of knowledge concerning the collection, analysis, and application of

miformation relating to functional characteristics of traveled
surfaces.”

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

. RPUG




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

. RPUG
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Diamond grinding- What is it?

i

L RPU



Diamond Grinding

Looks like
oorolwoﬁ , rides

ke SILK




Rough pavement




Repaired pavement




Safety Grooving

Longitudinal

Transverse
» Good Macro-texture

« Good Macro-texture ' "'"'""'. rm « Optimal fo.r ride-quality
 Great for stopping il ffl” ““\ . * Grooving alone does
« Not optimal for ride-quality not ll.rtnpr?ve .rlge
* Loud quality of existing
» Very popular in commercial . pavements

airports world wide * Quiet

» Reduces hydroplaning and
tire spray

» Reduces hydroplaning




Grooving Promotes directional stability




WHY’ DON'TIWE
GROOVE THE<RORAD

/, A's Space Shuttle

7

Paved the Way for Safer
ds - Neil Degrasse
~ Tyson on JRE #1159

- RBPUG



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




California SR 58 QP Test Sections
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Caltrans Research

16. ABSTRACT

Grooving has proved to be one of the most cost-effective safety programs of the Department of Public Works. Grooving has

contributed greatly to savings in lives, injuries and dollars for the travelling public. Rainfall is comparatively moderate in California
« Significant reduction in accidents but the accident rate is four times greater on wet pavement than on dry pavement. This is one of the problem areas for which a

positive solution has been found.

 FHWA has a goal of zero highway The Department of Public Works' accident experience reveals that grooving has yielded a:

deaths

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

1) 20 percent reduction in total accidents
2) 50 percent reduction in fatal accidents
3) 70 percent reduction in wet pavement accidents

Motorcycle accident reports were reviewed from both grooved and ungrooved sections. Abstracts of these reports are given in the
following pages. They show little evidence that grooves consitute a hazard to the cyclist.




PennDOT data

Skid Test Results Summary

Test Tire Average High Low Number
Segment ¥ Date | - Direction bl Lane ~ Type ~ SN bl SN |~ SN |~ Of Skids | ~
10 1072512023 East Travel SMOOTH 19 27 16 7
20 10/25/2023 East Travel SMOOTH 19 21 18 7
30 10/25/2023 East Travel SMOOTH 17 24 14 5 Ye”OW bOXGS represent 5 year
40 10/25/2023 East Travel SMOOTH 38 40 s 5 i & .
50 101252023 East Travel | SMOOTH 2 35 20 5 old diamond gl’lndlng on p0||3h
60 10/25/2023 East Travel SMOOTH 34 37 25 9
prone aggregates
10 10/25/2023 East Pass 1 SMOOTH 20 22 18 6
20 10/25/2023 East Pass 1 SMOOTH 2 28 19 7
Teal boxes represent those
30 10/25/2023 East Pass 1 SMOOTH 25 29 23 s . .
40 1012502023 East Pass 1 SMOOTH 40 42 40 5 same hlghway sections (Same
50 10/25/2023 East Pass 1 SMOOTH 35 38 31 5 .
60 10/25/2023 East Pass 1 SMOOTH 42 48 29 9 age and aggregate) with Safety
grooving applied to the
61 10/25/2023 West Travel SMOOTH 33 36 24 8 d d . d text
51 10/25/2023 West Travel SMOOTH 25 26 25 5 lamon grm Ing exture
41 10/25/2023 West Travel SMOOTH 30 34 28 5
3 10/25/2023 West Travel SMOOTH 15 16 14 5
21 10/25/2023 West Travel SMOOTH 17 19 15 7
1 102572023 West Travel SMOOQTH 18 19 16 6
61 10/25/2023 West Pass 1 SMOOTH 42 48 34 8
51 10/25/2023 West Pass 1 SMOOTH 35 39 29 5
41 10/25/2023 West Pass 1 SMOOTH 44 46 43 :
3l 10/25/2023 West Pass 1 SMOOTH 23 25 21 s
21 1072512023 West Pass 1 SMOOTH 26 30 23 7
11 10/25/2023 West Pass 1 SMOOTH 25 29 22 5




Next Generation Concrete
Surface (NGCS)

Developed by Purdue University




States with NGCS Construction




How to mitigate highway noise?

===

Block the noise with poise wall

R et a 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)



Rough
Pavement

Profile

Wheel 27F kips -
Load

18 kips -

wavelength

amplitude
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Smooth
Pavement P
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World Bank’s Evaluation

>
Transport Notes from the World Bank evaluated
the relationship between maintenance timing

\and cost on South African highways.

~

4

e It was determined that 3 years of maintenance neglect
resulted in 6 times the repair cost.

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

(RBUG



Rehabilitation Timing
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Noise vs. Friction Trafficked Pavements
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Fun Fact!

Diamond Grinding- Fun Fact

In Wisconsin, overall accident rates for ground
surfaces were 40% less than for un-ground
surfaces over a 6-year period, 57% in wet weather
conditions
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Marquette University Transportation Research Center



Other benefits of Diamond Grinding

L’.-'srhmulcd[" P

Layer

CO: + Ca(OH ) =i Ca(C O3 + H:0

Year O to 10: 6298Ibs of carbon sequestered

Albedo is the ability of surfaces to Year 10 to 20: 2609lbs of carbon sequestered
reflect sunlight




Improve International Roughness Index by 50-70%

Before
Grinding

After
Grinding

([ RPUG




Project Data

		

		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
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Costs and
Impact



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

Use-phase
arbon saving
otential




Fuel/Carbon Savings Calculator

Rigid Pavement Savings

Calculator
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IGGA

International Grooving
& Grinding Association
Your Pavement Preservation Resource® since 1972

MIT

csun | MIT Concrete Sustainability Hub

b

MIT Fuel/Carbon Savings Calculator

This app was developed using the concepts and models discussed in Journal of Cleaner Production in 2016. The Fuel/Carbon Saving App looks at an instantaneous
improvement in IRI for a set amount of traffic on a daily basis. This daily savings can then be used to estimate annual savings for a set period of time. Estimating
actual IRI for future years was considered but not used due to the fact that the estimates could never be confirmed. Allowing the user to extrapolate the findings

on a daily level to an annual level was seen as the best estimate. Users should understand these are only estimates based on current traffic and smoothness
calculations.

Estimated IRI Pre-Grind Estimated IRI Post-Grind
. o Calculations
12 in/mi 75 in/mi

Cars Per Day 27,000
Traffic Speed Average Daily Traffic

60 30000 Trucks Per Day 3,000

Daily Fuel Savings Per Mile  $74.08
Percent Trucks

Annual Fuel Savings Per $27,040.13
10 Mile




Cost/Carbon Savings Calculator- Actual Project Data

« What is the environmental and Financial benefit of IRI

improvement?
(]
Cost Carbon Benefit Table m

Example project o

s . . 10 Year Benefit )
 [Initial IRI: 98 in/mi Benefi
« Actual Final IRI: 43 in/mi Carbon Carbon

Cost ($) (Metric Cost ($) (Metric

° AADT: 39 ’ 1 52 Tons) Tons)
> Percent trUCkS: 1 5% Fuel Savings for IRI $3,918,999.72 455963 $7,837,999.45 9119.27

* Length:6.6 miles
« Width: 4 lanes
« Cost to Grind: $4.60 sqyd

($854,937.60)

$3,064,062.12  4329.51 $6,983,061.85  8897.76

i

(RPU


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

Revisiting
Kentucky’s
Preservation
effort

e

(RPU



Estimated IR| Pre-Grind

12 in/mi

Traffic Speed

60

Percent Trucks

10

Gasoline Cost Per Gallon

$ 35 USD

Length Of Road

536 miles

Diamond Grinding Per
Cost Yard

$ 2.75

Estimated IRl Post-Grind

75 in/mi

Average Daily Traffic

30000

Diesel Cost Per Gallon

$ 5 UsD

Total Project Lane
Width (Cost

Estimate)

12

Cost Carbon Benefit Table

Category

Fuel Savings for IR

Carbon Sequestration

Cost of Grinding

Total (savings)

10 Year Benefit

$144,935,113.43

($10,376,960.00)

$134,558,153.43

Carbon
(Metric
Tons)

345246.12

4910.48

(10188.29)

339968.32

20 Year Benefit

$289,870,226.85

($10,376,960.00)

$279,493,266.85




How Good is it?

y

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

negative!

\

~

/MlT’S Concrete Sustainability

HUB suggests that grinding and
pavement repair should be
conducted every 15-20 years to

optimize carbon impact

\
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Why Is It The Most Cost-Effective

Preservation Technique?

Material

mining

G

((RPU

Material
hauling

Smaller crew
than asphalt
paving

Rolling road
closures




Least Invasive Moderately Invasive Most Invasive

* Joint and crack sealing
* Prevents subbase degradation
* Faulting Dowel Bar retrofits
* Rocking Slabs
* Corner breaks Cross stitching

Partial depth repairs * Full depth pavement repair

» Spray seal * Slab jacking

Before Grinding Deploy Proper Repairs



Rut Repair

|-80 headed toward Lake Tahoe



Preparation

Low Shrink, high early strength material






Identify your pavement'’s problem area. Click on the photo that represents your pavement problem:

Interactive CPP
Toolkit

'Subsurface Voids

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

Cracked éiabs o Low-Severity Longitudinal ' Low—Seerity Transverse
Cracks or Joints Cracks

Hydroplaning on Pavement




Learn About the Repair

Images, information,
and resources on the
appropriate repair

CRACKED SLABS

If you have cracked slabs, you need to perform:

Full-Depth Repairs

Full-depth repair is the removal and replacement of full slab thickness sections of deteriorated pavement. Length can vary
based on conditions present. Acommon minimum patch size is four to six feet long and a full lane width wide. This type of
repair can be completed on both jointed and continuously reinforced concrete pavement. On jointed pavement, the
transverse construction joints at the patch ends are typically doweled and/or tied to restore load transfer across the joints.
Additionally, on longer patch sections, dowel bar assemblies are placed at intervals to coincide with the existing transverse
joint pattern present. On continuously reinforced concrete, the reinforcing steel pattern of the existing pavement is removed
and replaced with new steel within the repair section. The transverse repair boundaries are first sawed and jackhammered to



Other resources

Pavement repair guides produced by the
National Concrete Pavement Technology
Center (CPTECH Center)

GUIDE FOR

Concrete Pavement Distress
Assessments and Solutions

IDENTIFICATION, CAUSES, PREVENTION & REPAIR

National Concrete Pavement
Technology Center c\
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DIAMOND GRINDING AND
SAFETY GROOVING

NicHoOLAS DAviS, IGGA/ACPA
DIRECTOR OF TECHNICAL SERVICES
NDAVIS@IGGA.NET
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