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"I don't want to point any fingers," Gray said, "but it is coincidental that it
all started in or around when they did the paving."

1\
"It seems to be a strange coincidence that the uptick started in August of

2020." Hussey said. "That's when NCDOT paved that specific area, there have
been questions raised as to whether the new pavement is to blame."

CAUSES OF CRASHIES

l

Source: Hussey and Basden, WCTI12, 2021



Outline

dHow does friction and texture contribute to wet crashes
and how do we measure this impact?

dWhat compositional factors contribute to better or worse
friction and texture performance?

QHow might limits on friction and texture contribute to
Improved safety?
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Outline

dHow does friction and texture contribute to wet crashes
and how do we measure this impact?
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Texture

Texture Wavelength
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Friction and Texture

Source: Steve Karamihas
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Friction and Texture
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Source: Schleppi 2020, RPUG
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Friction and Texture

Flintsch,
Mcghee,
Izeppi, Najafi
2012

The Little
Book of Tire
Pavement
Friction
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Friction and Texture Measurements

Measurements
I

Core Acquisition and Lab
Measurements

Continuous Friction
Measurement Equipment
(CFME)

[] DOT Divisions

Site Type
@® With Pre-Construction Obs.
A Just After-Construction Obs.
Cores?

Yes

High-Speed Laser Profiler

1 Seven sites with Pre
and After construction
measurements.

JField cores collected in
10 sites.




Measurements

Continuous Observations

ST oo | speed | ocaion | Paameter

- Friction _ Moventor .?sl-rsr,]itp:s) Friction value
e Skyddometer reported every
W &A= Bv-11  A0-mph - .outermost  3m (9.8 f)
| | (some sites)  |5pe
il - Right wheel
path (RWP)  Texture indices
—i AMES *Centerofthe  onqrted every
‘ e Engineering  Posted speed  1an€ (CL) 3 m (9.8 ft)
e Texture HSIP limit « MPD
= (spot laser) « Skewness

» Kurtosis

SN 4:3;“
]

' ' ’ CFME: Continuous Friction Measurement Equipment E
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Measurement Processing

CFME Texture
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5 out 10 sites with lower
friction after the overlay
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Results

Field Friction After an Overlay
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Results

Field Texture After an Overlay

O out 10 sites with lower

texture after the overlay.

After-Construction
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What do these results mean to wet crash rates?

Total Lane Lane Departure

Lane Configuration Total Wet Departure Wet
2-Lane -77.08 -100.00 -54.17 | -100.00 1
Qd The crash rates and the average 2Lane 10000 833 p 10000 )
: ‘ ) 2-Lane 1550.00  340.00 | : |
vehicle speeds before’ and 2-Lane 175.00 14063 | 45000 |
¢ ) 2-Lane 480.00 |
after’ an overlay were 2-Lane s 0 : |
Compared. 4-Lane Divided Highway 118.18 196.97  129.09 : 281.82 |

4-Lane Divided Highway 118.57 440.00 - -

. 4-Lane Divided Highway 48125 23214 | 222500 |
Number Of CraSheS per month after 4-Lane Divided Highway 5.77 175.00 -8.33 312.50 l
the overlay was placed were +-Lane Divided Highway 718 | 28636

. 4-Lane Divided Highway -18.24 -3.33 -13.78
generally higher for dense graded 4-Lane Freeway | '
. 4-Lane Freeway 11250 175.00 11389 | 24375 |
mixtures. 4-Lane Freeway -12.33 | 15532 |
4-Lane Divided Highway 126.21 266.67
° The UTBWC/OG FC seems 1o 4-Lane Freeway 455.56  137.04 : 733.33 :
- 6-Lane Freeway -74.26 -100.00 -100.00 -100.00
provide better safety performance. 6 anc Froeway | 20.95 179 4226 N 2020 |
i 4-Lane Freeway -7.75 -14.06 -42.92 I -42.71 l
4-Lane Freeway -14.43 -51.67 -0.16 -30.00 |
4-Lane Freeway -18.06 -19.40 | -14.06
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What compositional factors contribute t
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Friction Evolution
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Understanding Volumetric Relationships
Aftecting Friction and Texture

3D Surface

Length (mm)

1]

Textus Height ()

Core Extraction

- Raw Data
R -
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- % 2.5 percentile
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Effect of Volumetric Composition on
Field Texture

A model that relates the as-designed mixture composition with the representative
field friction and texture is proposed.

© Observations ——LOE
1.4
R2=0.92
As-Designed Production Construction 1.2 0% ©
Volumetrics Variability Variability €1.0 ©
&
n 0.8
o
TEXTURE Representative Field Values E 0.6
@ /”-~\
.LEL 0.4 i \
‘\O /,
0.2 ~===f
0.0

MPD =1.22—0.009><VFA+0.087><CC—0.046><(AC%~Dense) 00 02 04 06 08 10 12 14

Observed MPD (mm) ﬁ

representative
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Effect of Volumetric Composition on
Field Friction

J A model that relates the as constructed

: " 0.80

mixture composmon and surface parameters,
with the representative field friction and 0.70
texture is proposed. L

5 0.60
Friction;,, =0.619+0.172x(Cc + Peak +Valley ) —0.0060 x ( AC x P,y ) 5

= 0.50

o
Friction;, 4 = Avg friction (CFME) in 0.1-mile length, o
Cc = gradation coefficient of curvature, 0.40
Peak = average peak height (positive texture elevation), in mm,
Valley = average valley depth (negative texture elevation), in mm, 0.30 , , , ,
St Slellis sl veh Culs 030 040 050 060 070 0.80
P2oo = percent passing sieve No. 200.

Observed CFME
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Important Volumetric Factors

Fine Gradation

Asphalt Binder
Content

Source: VA Asphalt Association

VS

Coarse Gradation

Source: VA Asphalt Association

Source: VA Asphalt Association

Filler Content
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How have mixture composition decisions
affected dense mix texture over time?

0.9

08 O Medium Volume Routes |

@ High Volume Routes
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How might limits on friction and texture
contribute to improved safety?
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Safety Implications of Texture and Friction

\ \ Histogram
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Safety Implications of Texture and Friction
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Safety Implications of Texture and Friction

Cost-Benefit Analysis

.
Step 2.
Friction/texture Estimation of Step 3. Conduct
prediction (Do Number of an Benefit-Cost
nothing vs. Crashes and Analvsis
Intervene) Intervention y
Costs
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Safety Implications of Texture and Friction

Cost-Benefit Analysis

Pavement
Age .
Intervention
Thresholds .

Maintenance

Costs

s cos
e |
Treatments .
Discount Rate
.

Dense mix: 12 years
OGFC: 5-10 years (Note 1)
UTBWC: 7-10 years (Note 2)
Friction: 0.53
MPD: 0.5, 0.6, 0.7-mm
Risk, P(R<10): 45%, 55%, 65%
The cost of treatment per 0.1-mile-lane segment
is:
$7,500 for asphalt overlay
$3,700 for OGFC
$3,400 for UTBWC
$2,100 for Skidabrader
An asphalt overlay is applied before an
OGFC/UTBWC.

$218,000 USD (Lane departure crashes)

UTBWC: Western Divisions: 11 to 14
OGFC: Eastern Divisions: 1 to 10

3,5, and 7%
40 years, starting at 2022

O The Group-3 sites were used to demonstrate
the proposed PFMP framework.

O A relationship between SCRIM and BV-
11/AMES HSTP was established.

Busmess As Usual (Sl)

~ -

Atreatment 5 trlggered based ona N
maximum service life.

Maintenance-With-Safety (S2)

In addition to age, a treatment is triggered
either by texture or friction.

= e = -

Safety-Risk-Balance (S3)

(

In addition to age, a treatment is triggered
based on the concept of allowable risk.

= —— —— - — —— —— >

Note 1: Three possible OGFC treatment variations evaluated.
Note 2: Two possible UTBWC treatment variations evaluated.
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Safety Implications of Texture and Friction

Cost-Benefit Analysis
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Costs and
benefits

IX design

Slippery
when wet
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Shane Underwood
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Measurements

Wheel Path Selection
LWP CL RWP  Shoulder

A Friction should be measured in the |
lane/wheel path with the highest traffic
exposure.

a According to the FHWA circular advisory
(T 5040.38), the left wheel path in the
outer most lane is generally considered to
have the most traffic.

0 Based on experience from historical
measurements, the LWP does not seem

to be the critical one, at least in North il EiSED E3
’

Carolina. ' ﬁ
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Measurements
Wheel Path Selection

a It was found that friction and texture,
most of the time, are the lowest In the
outer most lane.

a Also, within the outer most lane, the right
wheel path is the one that shows the
lowest friction and texture values more
often.

a In general, testing in the RWP gives the
best chance to locate potential texture
and friction problems and reduce wet
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Measurements
Wheel Path Selection

a It was found that friction and texture,
most of the time, are the lowest In the
outer most lane.

a Also, within the outer most lane, the right
wheel path is the one that shows the
lowest friction and texture values more
often.

a In general, testing in the RWP gives the
best chance to locate potential texture
and friction problems and reduce wet

weather crashes. Microsurface
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