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INTRODUCTION

Why should we care about pavement friction?
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INTRODUCTION

YEARS OF PROGRESS

. ]
o 2025 Trend: The National Safety Council (NSC) reported at approx. 37,810 in

traffic deaths in 2025, indicating continued challenges in roadway safety.

« 2026 Projections: Early forecasts for January-March 2026 anticipated 5,980
total traffic deaths.
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INTRODUCTION (CONT.)

e FATALITY RATE IN RURAL AREAS REMAINS 2.4 TIMES HIGHER THAN THAT IN URBAN
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ROADS, DEMONSTRATING THE SIGNIFICANT DIFFERENCE IN ASSESSING SAFETY BETWEEN
ROADWAYS AND SITE TYPES. NHTSA, 2021

e SAFETY IMPROVEMENTS MUST ADDRESS ALL ROADWAY FUNCTIONAL CLASSIFICATIONS.

- Rural Interstate 2024 4= Rural Interstate 2025

- Urban Interstate 2024 == Urban Interstate 2025
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INTRODUCTION (CONT.)
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Traveling Road Geometry Traffic Exposure Pavement Surface  Roadway

properties Classification
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OBJECTIVES
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HONORING THE PAST. PAVING THE FUTURE.

e SUPPORT REDUCING ROADWAY CRASHES AND IMPROVE SAFETY THROUGH.
e DEVELOP A UNIFIED FRICTION—MACROTEXTURE SAFETY INDEX

e ASSESS FEASIBILITY OF A NEW PAVEMENT SAFETY METRIC THAT INTEGRATES
FRICTION AND MACROTEXTURE ACROSS DIFFERENT ROADWAY TYPES

e ENABLE NETWORK-LEVEL FRICTION MANAGEMENT USING THE PROPOSED
COMBINED PERFORMANCE INDICATOR
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HONORING THE PAST. PAVING THE FUTURE.

THIS STUDY ALIGNS CLOSELY WITH THE SAFE SYSTEM APPROACH, ADDRESSING A
CRITICAL ASPECT OF HIGHWAY SAFETY BY INTEGRATING PAVEMENT SURFACE
CHARACTERISTICS INTO SAFETY MODELING.

e PROPOSE A NOVEL APPROACH:

e PROPOSES A NOVEL APPROACH TO ESTIMATE THE AVAILABLE FRICTION AT
THE FACILITY OPERATING SPEED

e |NDEX CAPTURES SPEED-DEPENDENT INTERACTION OF FRICTION &
MACROTEXTURE
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METHODOLOGY B

* AADT

HONORING THE PAST. PAVING THE FUTURE.

|

|

: * Crash history

' * Roadway Geometry

|

FRAMEWORK j « Friction (SFN4O)
| » Macrotexture (MPD)
|

FOR SPEED-DEPENDENT SPF |
DEVELOPMENT: v

| Analysis Approach |

1. ANALYS|S FRAMEWORK OVERVIEW . Estimated available friction at different speeds |
i [FRS] ;
i ASTM E1960-07 !

Develop Alternative Safety Performance

SPEED-DEPENDENT FRICTION-BASED S i
SPF DEVELOPMENT ' » Evaluate goodness-of-fit & parameter :

significance

Model Selection
* Compare AIC & R?
* Evaluate overdispersion

 Validate using CURE plots 122D
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HONORING THE PAST. PAVING THE FUTURE.

lllustrating Crash Elasticity (Friction/Performance Improvement Example)

60% - . .
| Less Elastic Region |

. | | lllustrative point
e e A Sl i

Less Elastic Region #&

FRAMEWORK (CONT.)

40% —

WHAT IS CRASH ELASTICITY:

ax Elastic Region (High)

MEASURES HOW MUCH CRASHES
CHANGE WHEN FRICTION IMPROVES

lllustrative points

20% J I ' e %A Crashes ||
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Percentage Reduction in Predicted Crash Frequency
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Percentage Improvement in Performance/Condition (e.g., Pavement Friction)
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LOCATION

Total Network Analyzed: ~7,000 miles

Validation Dataset; 5 States | > 300,000 Crashes

L - s friction o
—P g (0.1-mile segments) m

11 ¢
-

Freeways: 2,447 miles

Rural Highways: 2,468
miles

Arterial: 2,076 miles
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DATA OVERVIEW

Data for SPF development:

Distribution of pavement surface mix types
Included in the SPF analysis

Pavement Surface Mix Types

2
=~
§ Pavement & Geometric Variables
3 Sideway-force Friction [SCRIM
£ ETHMACO ESMA (SFN(40))]
& aSlurry Seal BOGFC Macrotexture [Mean Profile Depth
. (MPD, mm)]
EM OLatex .
o e O Vertical Grade (%)
BDGAC

O Cross-slope (%)
O Horizontal Curvature (1/m)
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SURFACE CHARACTERISTICS
BY MIX TYPE

Key Insights
« Mix types exhibit distinct friction & macrotexture
* No single metric fully captures safety performance

 Joint consideration of MPD and friction is required
Macrotexture (MPD) by Mix Type Friction (SFN40) by Mix Type
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RESULTS (CONT.)

Crash Elasticity of Speed-Adjusted FRS by Facility Type

FRS Index
Bl FRS65
20 B FRS89
3 B FRS113
* PAVEMENT CONDITION SENSITIVITY °
3
e OPTIMAL INVESTMENT ALLOCATION ‘o:)
Q
_§ 10
B
* MODEL INSTABILITY EXPLAINED: THE &
8 5
®]
FRS denotes the combination of friction and macrotexture, illustrative data.
The 1-SD increase refers to the standard deviation of each FRS index.
0

Freeways Rural Two-Lane Urban/Suburban
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MODEL EVALUATION

*  SFN(40) HAS LIMITED SENSITIVITY TO MACROTEXTURE

e MACROTEXTURE PLAYS A STRONGER ROLE AT HIGHER OPERATING SPEEDS

80
21
70 " P ®
60 Lo ] ®
— 15
2 50 @
= : = 12
o 40 @ %
o
30 ®DGAC = 9 @ DGAC
® OGFC 6 @® OGFC
20 @ Microsurfacing @ Microsurfacing
10 D Slurryseal 3 Slurryseal
» SMA SMA
0 0
04 05 06 07 08 09 1 11 12 13 14 04 05 06 07 08 09 1 11 12 13 14
Macrotexture (MPD mm) Macrotexture (MPD mm)

VIRGINIA TECH 22
TRANSPORTATION INSTITUTE




INVESTIGATORY LEVEL

Freeway Roads
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HONORING THE PAST. PAVING THE FUTURE.
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 |LLUSTRATIVE EXAMPLE OF INVESTIGATORY THRESHOLD ESTIMATION FOR FREEWAYS.
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BENEFIT-COST ANALYSIS

e SAFETY AND ECONOMIC IMPACT OF FRS113 IMPROVEMENTS ON FREEWAYS

BASELINE: Observed Performance (3-Year Period) SOLUTION & RESULTS: FRS113 Enhancement

Mix: DGAC 4 Mix: 0GFC 4

rrs=674 [ #) we FRS=32 [ £
o am | e
Ma:crotexture D 5.3 0.79

§1,356,800 /3

il

i) i == Treatment Costs
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FINDINGS

e |NTRODUCES A NOVEL FRAMEWORK:

HONORING THE PAST. PAVING THE FUTURE.

 AS AN ESTIMATION OF AVAILABLE FRICTION,

 ENABLES:
» ESTIMATION OF SAFETY BENEFITS (CMF)

e EVALUATE THE EFFECTIVENESS OF FRICTION IMPROVEMENT TREATMENTS (B-C
ANALYSIS)

e HELP DEFINING HIGH RISK, FRICTION-DEFICIENT SEGMENTS (IL VALUES)
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CONCLUSIONS

e THE WORK OF THIS DISSERTATION SUPPORTS REDUCING CRASHES:

* % 3 RS ! :‘.‘
HONORING THE PAST. PAVING THE FUTURE.

A UNIFIED SAFETY METRIC CAPTURES THE COMBINED EFFECTS OF FRICTION AND
MACROTEXTURE ACROSS DIFFERENT ROADWAY TYPES AND OPERATING SPEEDS.

FRS113 —> FREEWAYS
FRS65 - RURAL TWO-LANE, TWO-WAY HIGHWAYS
SFN40 & MPD - URBAN & SUBURBAN ARTERIALS
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FUTU RE WORK

INCORPORATE SEGMENT-LEVEL SPEED DATA (POSTED OR OPERATING SPEEDS)Freommre
— IMPROVE ACCURACY OF FRICTION ADJUSTMENT

» CONDUCT BEFORE—AFTER (TREATMENT-BASED) STUDIES
— UNDERSTAND CAUSAL IMPACT OF FRICTION IMPROVEMENTS ON CRASHES

e EXPAND DATASETS TO INCLUDE:

WIDER RANGE OF TRAFFIC VOLUMES (AADT)
SPEED LIMITS

BROADER GEOGRAPHIC REGIONS
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