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Presentation Objectives

* FDOT Usage of Open-Graded Friction Courses (OGFC)
* History of OGFCs
» Benefits and Challenges
* Future of OGFC

« Early Detection of Raveling Conditions with 3D Imaging System and
Future Open-Graded Only Resurfacing Program
+ Digitize raveling detection
* Replace manual surveys with automated 3D imaging
* Leverage Al for OGFC analysis
» Propose a cost-saving resurfacing strategy using new technology
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Open-Graded Friction Courses (OGFC)

» Special type of asphalt surface mixture
» Designed to improve safety by allowing water to pass through the pavement
layer
» Composed primarily of coarse aggregate
» Only a small portion of fine aggregate,
* Air void content ~20% vs 4% for dense-graded asphalt mixtures

* Typically placed on high-speed multi-lane roadways to reduce the
risk of hydroplaning and improve visibility in wet conditions (minimize
splash and spray)

* In Florida, we currently call OGFC FC-5
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Dense-Graded Pavement Surface
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Open-Graded Pavement Surface
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OGFC in Florida (FC-5)
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OGFC in Tennessee

FDOT Usage of OGFC

» Highway Safety Act of 1966

» States were required to develop “...standards for
pavement design and construction with specific
provisions for high skid-resistant qualities”

» Late 1960s: FDOT constructed 17 test sections
to evaluate the frictional characteristics of 12
different aggregate types
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FDOT Usage of OGFC

* 1973 Specifications for Wearing Course (WC)
Mixtures

» June 1975 Supplemental Specifications
» WC-1 Modified Type Il Asphalt Concrete - Slag
+ WC-2 Modified Type Il Asphalt Concrete - Granite
» WC-3 Modified Type Il Asphalt Concrete - Gravel
» WC-4 Special Sand Asphalt Hot Mix
* WC-5 Open-Graded Mix (Oolite)
* WC-6 Open-Graded Mix (Slag)
* WC-7 Open-Graded Mix (Granite)
+ WC-8 Open-Graded Mix (Gravel)

* Wearing Course mixtures were placed 1” thick

FDOT Usage of OGFC

» Due to poor performance, the wearing course
specifications were modified in the late 1970s and early
1980s

* 1982 Specifications
* Open-graded wearing courses (WC-5, WC-6, WC-7, and WC-8)
consolidated and became FC-2
* FC-2:
+ Based on FHWA recommendations for plant-mixed seal coats
» 3/8” top-sized aggregate
* Placed 3/8 to 1/2-inch thick
» Used unmaodified asphalt cement (AC-20)
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Highway Safety
Act of 1966
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FDOT Usage of OGFC

» Late 1990’s developed the FC-5 OGFC
+ Based on Georgia DOT’s OGFC
* 1/2” top-sized aggregate
+ Placed 3/4” thick
» Uses modified binder (ARB-12 and then PG 76-22)
along with stabilizing fibers, liquid anti-stripping
additives, and hydrated lime (for granite mixtures)
+ Significantly improved performance over FC-2
and Wearing Course mixtures
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Timeline of OGFC

‘1965 ‘1970 |1975 ‘1980 |1985 ‘1980 |1995 ‘2000 ‘2005 ‘201[] ‘2015 ‘202[] ‘2025 ‘2030 ‘

Open-Graded

Open-Graded Open-Graded Open-Graded

Friction Courses
(FC-5&FC-7)

Friction Course
(FC-5)

Wearing Courses Friction Course
(WC-5,6,7,8) (FC-2)
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FDOT Usage of OGFC

* Policy
* OGFC used on high-speed Arterials and Limited
Access. Multilane roadways 55 mph or greater
* 48% of FDOT'’s roadways are OGFC (~22,000 lane
miles)
* Why Florida uses it:
+ Safety: Reduces hydroplaning potential and splash &
spray when the pavement is wet
» Shorter Pavement Life
* On average 14-year service life
* OGFC deteriorates by raveling
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Design of OGFC Mixtures

* Open texture — More oxidation and aging
of the binder

+ Which leads to raveling and cracking

* Need enough asphalt binder in the mixture

for good durability, however,

» Too much binder will create construction s
problems (draindown or bleeding), or it will :
fill up the texture in the pavement, or both!

ON

Too Rich - Bleeding
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FDOT Design of OGFC e

Determining the Optimurm Asphalt Binder Content of an
Open-graded Friction Course Mixture Using the Pie Plste
Mathod

Designation: FM 5680

Loosely based on a 1990 FHWA design
procedure
+ Technical Advisory T5040.31: Open Graded Friction
Courses

Gradation is selected based on gradation band
and available aggregates

Binder grade and mix temperature is fixed

Pie Plate method sets the optimum binder
content
* Visually

+ Verified with Cantabro test (durability test)

No Draindown Desired Draindown Excessive Draindown
Increase Mixing Temp Optimum Mixing Temp Decrease Mixing Temp
Figure 5. FHWA Test for Draindown Characteristics (FHWA, 1990)
INMIYT2 WL ML WY
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OGFC Design - Current
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The Balancing Act with OGFCs

Safety

Performance

h —
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Safety

* OGFCs improve the safety of high-speed roadways

Safety Benefit of PFC in Japan

(£ ]

3]

Fatality Rate per 100
Million Miles Traveled
Fadt Ry
T
%

&
Sunny Days Rainy Days

=}

K Standard Mix BEPFC

Fatality Reduction on Rainy Days (Shimero & Tanaka, 2010)
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Reduced Splash & Spray

(Watson et al. 2018) ~ IRANSPORTATION

Performance
» Open-Graded Friction Courses are Typical Service Life of State DOT OGFC Mixtures
safer, but their long-term 10
performance is not as good as @ g
dense-graded friction courses < .
« This is true in Florida and in other states g
. . w 4
* In Florida, its ~14 years vs. 17 years S
for dense-graded mixes. z 2 .:
o 1N i
<6 6-8 8-10 10-12 >12
Typical Service Life, Yrs
“‘ |“ ’ NCAT Report 16-04 Phase V (2012-2014) NCAT Test Track Findings
.,uj” hllm“ TRANSPORTATION
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Raveling FC-5

TRANSPORTATION
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So how can we improve the longevity of FC-5
without compromising safety?
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OGFC Design Optimization with Al

Mix Design: 20286
t

Aggregate: Granite
08C Imaging Systes:  6.13613
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NCAT Research on OGFCs in Suburban Environments

» Looked at various mixture types:
* FC-5 (control)
» FC-5 with High Polymer binder
* 9.5 mm OGFC (FC-7) FDOT ContactNebher BEBIS
Open-Graded Friction Courses Suitable for Suburban Environments

« “Alternate” Friction Course PR
+ Stone Matrix Asphalt (SMA)

» Considered the following factors:
 Durability
+ Permeability
+ Drainability
» Cracking Resistance
» Rutting Resistance

* Friction
* Macrotexture I ncatas
SYMPOSIUM
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Summary of NCAT Research

Factor Durability | Permeability | Drainability | Cracking Res. | Rutting Res. | Friction | Macrotexture
FC-5 O 0} o (0] o o o
HP Sy O 0] s 0O (0) 0)

9.5 mm OGFC i (0] (0) (0] (0] (0] 0]
AFC ++ = = + + + =
SMA ++ - = + ++ + -

Notes:
O = No change;

+ Positive effect;
- Negative effect
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FC-7

* FC-7 is a new OGFC with a 9.5 mm aggregate size
+ Similar to FC-5 but with a smaller aggregate size (9.5 mm vs. 12.5 mm)
+ Placed 3/4” thick

» Will contain fibers, liquid antistrip, and hydrated lime (granite)

* Research shows FC-7 has better durability than FC-5
+ Slightly lower permeability

» Usage: Multi-lane Arterials with design speed 55 mph or greater
+ District option to use FC-5 or FC-7 in those areas

» To-date it has been placed on:
* US-19 Levy County (2010) — Quiet Pavement Study
* US-301 Clay County (2024) — Asphalt Test Road
* US-1 Monroe County (2025)
TRANSPORTATION
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FC-5 & FC-7

NMAS: 12.5 mm NMAS: 9.5 mm

Binder: PG 76-22 PMA Binder: PG 76-22

Binder Content: 6.28% (Production Mix) Binder Content: 6.79% (Production Mix)
Friction: 51.8 (FN40R) Friction: 48 (FN40R)

Texture: 0.056 Texture: 0.045

Permeability: 58,956 x 10-5 cm/s Permeability: 34,082 x 10-5 cm/s

30
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Permeability
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FC-7 Adoption

* Flexible Pavement Design Manual changes currently being reviewed
* Publication date: November 1, 2025
« Effective date: January 1, 2026

» Construction Specification (Section 337) currently being reviewed by FHWA
» Will become effective July 2026 Letting
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* FDOT has been using OGFCs since the mid-1970s
* OGFCs historically have a shorter life expectancy than dense-graded mixtures

» The design of OGFC mixtures is based on a visual determination of the optimum binder content
» Future designs will be based on Artificial Intelligence assessment of binder content.

» The FC-7 is a new alternative to FC-5.
« Should have improved durability (raveling resistance) and is recommended to be placed on Arterials.

+ Since they have slightly better permeability, FC-5 mixtures are still going to be placed on Limited

Access facilities.

* Visually there will be minimal differences in the mixtures.
* Material costs for FC-7 should be roughly $2-$3/ton more than FC-5

TRANSPORTATION
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Early Detection of Raveling Conditions
with 3D Imaging System and Future
Open-Graded Only Resurfacing

Program

Mateo Carvajal, P.E.

Florida Department of Transportation S
Website
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Presentation Objectives

- Highlight goals:
o Replace visual surveys with automated 3D imaging
o Digitize OGFC raveling detection
o Leverage Al for Open Grade Friction Course (OGFC) analysis

o Propose a cost-saving resurfacing strategy using new technology
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Assessment of Raveling

- Balance

o Safety, Performance, & Longevity
- Raveling:

o Primarily in OGFC

o Monitor loss of aggregate

o Determine decay rate of
aggregate loss

o ldentify hazards

v Can cause windshield damage
from loose aggregates

TRANSPORTATION
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Old Method: Raveling Limitations of Visual Surveys

- Subjective distress ratings

- Slower Process
(frequency/cost/time)

- Safety and labor constraints (MOT)

- Poor resolution of data (Chunk
Data)

- Lack of data verification (images)

TRANSPORTATION
SYMPOSIUM

Business Need: Automating Pavement Surveys
for Raveling

- Objective surveys and data driven decisions
- Digitize Pavement Surveys

- Tools - Allows for early resurfacing (raveling) intervention/project
selection

- Pavement lifecycle (provides cheaper resurfacing cost options)

- Early detection would provide maintenance strategies options and

resurfacing solutions which are timely and cost effective

TRANSPORTATION
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Solution: Introducing the New 3D Automated Distress
Measurement System

B

+ 3D laser-based collection for cracking,
raveling, rutting, & faulting

* Pavement Smoothness

» Cross-slope & grade

» Forward/Downward imaging (20 ft)
* GPS (sub-meter accuracy)

20



11/10/2025

Pavement Data: Digital Transformation

* Leveraging Computing and Analytics E= =E==EE=-=EE=EE= i
Tools =lll I= l!l )

. . . 8 PR G R RS S R R M T A R

o High-resolution 3D digital data, automate data e e e A T R SRS R s e Bl e

analysis, reduce field verifications, and 5I-II=I.= III=.I ]

increase data accuracy. S - # I Al S

K s S PR

Automated Pavement Condition Survey
Program

* Collect 100% Annual Survey

o Measuring Crack, Rut, Ride and
Raveling

o Forward Imaging
025,000 lane miles tested per Year

» Department has five 3D systems
o4 Production Systems

* Implemented full automated reporting in y Ty

42
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How is Artificial Intelligence used to Detect Raveling?

* Role of Al in Pavement Analysis
. Pattern recognition with Machine
Learning

. Feature extraction from 3D images

. Continuous learning model

TRANSPORTATION
SYMPOSIUM

Machine Learning Development for Raveling Detection

+ FDOT Research Project
» Building Al model (Machine Learning)

o Utilized 3,000+ downward images (ground truth)
from FDOT network

o Convert each 3D image into a raveling category:
v None, Low, Medium, and Severe

» Accuracy — 84% Confidence

TRANSPORTATION
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Machine Learning Development for Raveling Detection

Actual: Low, Predicted: Low Actual: Medium, Predicted: Medium Actual: Severe, Predicted: Severe

TRANSPORTATION
SYMPOSIUM

« Using laser-based technology, pixel 138
values are identified and cataloged ;

» High resolution Image (~1.5M pixels)
» Approximately 200 tiles

* Random Forest Raveling model

combined with statistical information from 2t
the pixel values in each tile are used as
the input for the category (none, low,
medium, severe)
TRANSERRTATION
- 0000000000000
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Implementation of Categories on a Statewide Level for
Raveling (2.3 Million Images for OGFC)

| None |
. Low |
| Medium |
| Severe |

} 3
e RS
| 3 ¥
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Statewide Raveling Map (All Raveling)

[ CLEAR ALL FILTERS J L Miles of Raveling Raveling in Map Below is Exaggerated
2 K at Lower Map Resolutions
District "
Al E Raveling Map by Severity
\ V. $to
Roadway ID Corridor A Sayannah
. Low Raveling Moderate Severe Raveling GEORGIA
All (Miles) Raveling (Miles) (Miles)
1.392.94 178.09 17.43 (obile
Access Type County J
Limited Access A % of Low % of Moderate % of Severe
i Ravel Ravel
Non-Limited Access Raveling 2 ‘i‘“ 8’;
Pavement Age
District Low Moderate  None  Severe  Total
1 20 1 236,978 33.862 1,034929 4485 1,310.254
(\ q 2 297.362 30408 1,125.198 4622 1,457.590
) { )/ =
N 3 281.565 48.750 809.340 1.262 1,140.917
Raveling Type 4 127.092 13.431 760908 0423 901.854
Select all 5 228572 25294 1362683 2634 1,619.183
6 23.464 1919 333355 0.118 358.856 ( .
Low
7 124636 18195 636776 3404 783.011 Mitapost I o=
Moderate 8 73273 6231 862299 0479 942.282 rida Strart
Severe Total | 1,392,942 178.090 6,925.488 17.427 8,513.947 0.016 63.675 RTATION
J - ’ e | IM
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[ CLEAR ALL FILTERS ] ‘ Miles of Raveling | Raveling in Map Below is Exaggerated
- 20 17.427. at Lower Map Resolutions
District g
All ~ F 10 Raveling Map by Severity
. o ®severe
Severe L.
Roadway ID Corridor b =g Ssavannah
B Al Low Raveling Moderate Severe Raveling y
All ™ (Miles) Raveling (Miles) (Miles)
g .-r s - i
(Blank) (Blank) 17.43 phleNamlt £ J rinre e s e
Access Type County
Limited Access Al . % of Low % cg Mo:’_era(e %Ror Sel_vere ' "': - 8
P Ravelin aveling aveling -
Non-Limited Access 9 A
0.0 0.0 99.8 Pt A
Pavement Age .‘-
District  Severe  Total ongF:
1 20 1 4485 4.485 .
2 | 4622 4622 Tom
[ - 9 tres 1262 2 West P: Bea
3 .26 . - o
Raveling Type 4 | 0423 0.423 4
[=] select all 5 2.634 2.634 "ami
6 0118 0.118 . &
J Low 7 | 3.404 3.404 ( Milepost | <
[] Moderate 8 | 0479 o0.479 ) ida Strait
W scvere Total | 17.427 17.427 0.016 63.675
; it Microzan Comparation Terme

50

25



11/10/2025

Raveling Segmentation

FDOT State Materials Office - LCMS Image Viewer SY2025

3D Images

GPS Coordinates

27.592427| -82.560£'7

Raveling Plot
@Severe Raveling ® Moderate Raveling ®Low Raveling Raveling Jll Cracking

Display Milepost Navigator A

FDOT) T State Materials Office - LCMS Iage Viewer SY2025
-
istrict Roadway 1D Search Milepost SMw/HdeM-w
,;nl § - Y, 4 R o pmow CLEAR FILTERS Both Images Range Images 3D Images

5

= Milepost

F’/C_ 4.460

GPS Coordinates

29.018191 | -82. 1551"7

Raveling Plot
®Severe Raveling ® Moderate Raveling ®Low Raveling Raveling

A B AP 5 ol SN P a4 2

Display Milepost Navigator A

Ravebg Severty

evn
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Resurface Efficiency Goal: Using Technology for
Data Driven OGFC Only Policy

TRANSPORTATION
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Open Grade Friction Course Only Policy

» The 2025 Resurfacing Program modernizes FDOT’s approach with
adding Al, OGFC-only resurfacing, and digital rating tools

« Statutory goals, cost efficiency, and predictive planning form the
foundation for the program

* The program remains in a refinement phase—calibration and
validation are ongoing

» Support and collaboration are key to building a smarter, resilient
resurfacing system

TRANSPORTATION
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PCS Raveling Rating — 4" Dimension

» Today — Identify Distress
. Rating of three Characteristics: Crack, Rut, and Ride
. Ravel is embedded in crack rating
* Tomorrow — Identify Distress
- Standalone ravel metric for a “3+1” dimension system
Crack . ﬁ
RUt CW & CO Crackin,
Ride tatons

|

Raveling
Equation

Ravel CW & CO Cracking RAV Deduct
Deducts
[ CRACKRATING =10-(cW +C0) | [ RAV RATING = 10 - (RAV Deduct) |

55

Evolution of Building an OGFC Only Program

Before 2025 2025-2027 2028 and Beyond

¢ No OGFC Only Resurfacing * Implement Raveling » Develop OGFC Friction Course Only Project Level
Program Detection Process
« Develop Raveling Model with * Cure Severe Raveling Area * Counts as Resurfacing Lane Miles
Automated Data Equipment Concerns, Isolated Spots « Cost Saving Resurfacing Initiative
e 528’-1/4 Mile Minimum
Segment Length

|I|l Data Digitalization Data Storages

OGFC Only

Resurfacing
Al-based Prediction gi A
Algorithm utomated PCS
TRANSPORTATION
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OGFC Only - A Targeted and Agile Program

Future: Project Response with Strategic Impact

+ Surface-Level Opportunity:

o Only friction course layer replaced (mill and fill 17)
o Structural layer must be in good condition

» Smarter Project Selection

o Al + 3D Imaging: Machine learning pinpoints surface-only raveling.

o Focus: Filters out structural issues—targets only what needs OGFC
treatments.

o Efficient Segments: Uses flowcharts and segmentation logic to define
smart, workable sections.

* Delivery Flexibility: Construction, Maintenance, or Asset Management

TRANSPORTATION
SYMPOSIUM
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OGFC Only - Mainstream into Resurfacing

+ FY28: Transition from reactive, emergency repairs (band-aid) to planned and full-size resurfacing
projects; district collaboration

* Credited: OGFC Only projects will count for LM targets

Not a Candidate Standard
Resurfacing

OGFC Only
Maintenance

Determine
Project
Scale

Resurfacing ID OGFC Candidate District

Budget Candidates Feedback

OGFC Only
Full Projects

29
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Proposed OGFC Only Resurfacing (Core)

* Project Level

* Full Lane Width
* Full Project Length pfie .
- All Lanes V2 e, 3
* Cost Effective

* Minimum Plans
* Acceptance

* Warranty

« Smoothness h

TRANSPbRTATION
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* Projects with minimum or & o &
discrete structural issues Gainesville A

Williston
* OGFC only but allows isolated - "
deeper milling repairs for these

areas
TRANSPORTATION
SYMPOSIUM
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Proposed OGFC Only Resurfacing (Hybrid Option)

» Conventional resurfacing

prOjeCtS. Add OGFC Only to Mill and Resurface Segments
projects where it makes sense
OGFC Only
* Example: Candidate
Segments

oBased on 3D Imaging

olnside lanes of a six-lane
interstate resurfacing project.

oQuter lanes will be standard
mill and resurface

. Cost Comparison Between Traditional
« FY 25-26 Cost Estimate Resurfacing and OGFC Only

o Isolated/Discrete raveling $600,000
projects
053% Reduction in paving
costs/mile
* FY 27
o Pending programming projects

* FY 28
o Anticipate longer full project level

o Anticipate further reduction in
paving costs/mile s0

W OGFC Only FY25 W OGFC Only FY26
OGFC Only Avg Standard Allocation FY26

62

$500,000

$400,000

$300,000 §
-

$200,000
g

Cost Per Lane Mile

$100,000
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Continuous Improvement

11/10/2025

+ All aspects of the OGFC Only
program will be continuously

revised and improved based on
feedback:

oLeverage District relationships
and coordination

oRetrain the Machine Learning
model for detecting raveling

oRevise the project selection
flowchart to better identify
projects

Thank you! Any Questions?

SMO Selects
Projects
District
Feedback
|

Refine Projects

TRANSPORTATION
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Improve Project

Section Criteria

Retrain Raveling
Detection
Algorithm

DRIVE SOBER OR GET PULLED OVER

TRANSPORTATION
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Contact Us @)

State Materials Office

Jim Musselman, P.E.
State Asphalt Materials Engineer
Jim.Musselman@dot.state.fl.us

Mateo Carvajal, P.E.
Concrete Materials Engineer
Mateo.Carvajal@dot.state.fl.us

TRANSPORTATION
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2%
October 28-29, 2025 vagsmg:;ﬁHAnon
© Orlando, FL @

©5
Zj Please be sure to certify your attendance before leaving this event
or no later than Friday, November 21*, in order to receive PDH/CEC.
Detailed instructions are available on the Transportation Symposium website.

Transportation Symposium
Website
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