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Enhancing Pavement Surface Macrotexture Characterization by Using the Effective Area for Water Evacuation

Objective

= propose an enhanced macrotexture
characterization index that:

(a) estimates the Effective Area for Water
Evacuation (EAWE) better than current
Mean Profile Depth method, and

(b) provides stronger correlations with the
corresponding pavement surface properties
affected by macrotexture (friction and
rolling noise).
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Enhancing Pavement Surface Macrotexture Characterization by Using the Effective Area for Water Evacuation

Methodology

« 32 Sites (1/2): Virginia Smart Road & vorip

Virginia Smart Road

Sections
E-F-G-H-I-J-K-L

§ gt . - 12 of the 32 sites

A-SMA-12.5D B-SM-9.5D C-5M-9.5E D-SM-9.5A E-5M-9.5D F-5M-9.5D

J-SM-9.5D K-OGFC L-SMA-12.5D

H-SM-9.5D I-SM-9.5A
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Enhancing Pavement Surface Macrotexture Characterization by Using the Effective Area for Water Evacuation

Methodology
= 32 SlteS (2/2) Virginia Smart Road &VQP'P
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Section names:

SR-199 SMA 95 —-E
SR-199 SMA 95 - W
SR-288 SMA 95 -N
SE-288 SMA 955

S5F-199 AR-PFC95-E
SE-199 AR-PFC 95 -W
SE-288 AR-PFC95-N
SE-288 AR-PFC95-5

SR-199 PFC 95 —-E
SE-199 PFC 95 -W
SR-288PFC953-N
SE-288 PFC95—-5

SR-199 PFC 125 —-E
SE-199 PFC 125 —-W
SR-288PFC 125-N
SE-288PFC 12.5-58

SR-286 SMA 125 -N
SE-286 SMA 1258

SE-286 AR-PFC 125 -N
SR-286 AR-PFC 1258
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@nhancing Pavement Surface Macrotexture Characterization by Using the Effective Area for Water Evacuation

= Equipment

At least 10 on SR i

with each CTMeter:
- at least 20.

At least 5 on VQPIP,
each section (e.g.
SMAZ9.5), each
direction (e.g. N),
each location (e.g.

Methodology

83X

SR199).

(a) CTMeter (4)

12 runs on SR

3 runs on VQPIP,
each section, each
direction, each
location.

40 mph, every 3ft.
16% slip speed
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10 runs on 12
sections at SR,

3 runs on 20
sections at VQPIP,

Total 180 runs

64 kHz
Continuous/ 0.5 mm

SR:

2 valid runs -> K

3 valid runs -> A,L

5 valid runs -> B

7 valid runs -> E,F,G,H

VQPIP:
At least 3 valid runs
each section.
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Presentation Notes
four criteria stated in the standard for coherence, pressure-intensity (PI) index, direction of the sound intensity vector, and standard deviation.
Coherence: “The coherence of sound pressure between the two microphones of the sound intensity probe shall be equal to or greater than 0.8 for each one-third octave band with a center frequency between 400 and 4000 Hz and equal to or greater than 0.5 for the one-third octave band with a center frequency of 5000 Hz.” 
Pressure Intensity (PI) Index: “The PI index shall be less than 5.0 dB in each one-third octave band with a center frequency between 400 and 5000 Hz.”  
The direction of the sound intensity vector “must be positive for each one-third octave band with a center frequency between 400 and 5000 Hz.” 
Standard deviation: “The standard deviation of the overall ILs from the multiple valid runs shall be no greater than 0.6 dB(A)” and, “The standard deviation of the IL from the multiple valid runs within any one-third octave band with a center frequency between 400 and 5000 Hz shall be no greater than 1.2 dB(A).” 



Enhancing Pavement Surface Macrotexture Characterization by Using the Effective Area for Water Evacuation

Methodology

To compute the EAWE index (in mm?)

1) Conduct sp
Define Enve
profile that t

Ke-removal process over the 2)
oping profile, which is the

ne tire creates when in contact

with the surface of the pavement, and

2) Compute EAWE index (and the correspondent
effective depth for water evacuation [EDWE]).
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Enhancing Pavement Surface Macrotexture Characterization by Using the Effective Area for Water Evacuation

Results

2) Enveloping profile calculation
720 enveloping profiles = calculate proposed index (EAWE)

Different values for d* (0.054, 0.027, 0.01) in mm/mm? were obtained by von-Meier
during his empirical experimentation with different artificial surfaces (containing peaks
and valleys with different amplitude and longitude).

o.!m.!ouooo o.!o !!)OO OO OO

For this study, very small values for d* (e.g., 0.001, representing significantly stiffer
rubber tires) are also used in addition to the d* values used by von Meier et al. to test
the hypothesis about overestimation of the EAWE when using MPD

Therefore, the enveloping profile analysis was performed for all 180 denoised profiles
using four different d* values (0.054, 0.027, 0.01, 0.001, which can be related to
medium soft, medium hard, stiff, and significantly stiff tires, respectively)
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Enhancing Pavement Surface Macrotexture Characterization by Using the Effective Area for Water Evacuation

Results

2) Enveloping profile calculation
Enveloping profile illustration calculated for different tire stiffnesses for a porous
asphalt mix (e.g., 100 mm for Section K - OGFC):

N
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Enhancing Pavement Surface Macrotexture Characterization by Using the Effective Area for Water Evacuation

Results

2) Enveloping profile calculation
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Enhancing Pavement Surface Macrotexture Characterization by Using the Effective Area for Water Evacuation

Results

3) EAWE Assesment of Macrotexture Indices
2
CTMeter MPD
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Smart Road & VQPIP Sections
Sensitivity analysis (varying tire stiffness) confirms the hypothesis, = MPD models the area
similar to EAWE only when relatively no tire rubber deformation is allowed which is not what
really happens.
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Enhancing Pavement Surface Macrotexture Characterization by Using the Effective Area for Water Evacuation

Results

3) EAWE & E DW Sectiona Macrotexture Friction| Noize
MPD (mm) EAWE (mm) EDWE (mm) GN IL
CTMeter) HSLD 0.054 | 0,027 0.010 0,001 0054 | 0,027 0.010 0.001 dBA
L-5AALLZS 116 112 2329 |533.09] 4914 3933 0.23 033 049 0.89 033 1011
K-OCGFC 1.9 LT3 3054 4456 6B43 | 12949 0.31 043 0.68 1.29 207
J-SA9.5D 1.1% 1.15 2192 | 3130 46352 2085 0.22 031 047 0.90 0357
I-SMO9.2A 052 097 1972 | 28,14 | 4134 T1.78 0.20 028 041 0.78 0.66
H-5M9.5D 1L.09 102 2000 [2B34] 4175 7958 0.20 028 042 0.80 1023
C-5A9.5D 059 0.96 1913 | 2744 | 4040 T1.07 0.19 027 040 0.77 1023
F-5M9.5D 094 0.33 1842 | 2363 3710 &67.40 0.18 028 037 0.87 1023
E-SMY.5D 0.96 095 1972 | 27.86 | 40.73 74.93 0.20 028 041 0.73 102.3
Sections MhMacrotextore Friction| Noize

MPD (mm) EAWE (mm) FDWE (mm) CN IL

CTMeter] HSLD | 0.054 (0,027 0.010 | 0,001 | 0.054 | 0.027 | 0.010 | 0.001 dBA
L-5MAl25 1.16 1.12 23.2% | 5309 4914 | 8933 0.23 0.33 049 0.89 0.53 101.1
Lo s T Al = g 1 on 1 7% In L4 id 5L £0 473 150 An [N mi AL fi £ 1 Wk o 7

SRI199 PFC9.5-W 2 117 3158 [4236] 3741 | 54.00 0.32 0.43 057 054 068 100.1

SR199PFC125-E 12 12 3020 [40.72] 3497 | 5236 0.30 [ 041 .55 0.52 0.67

SRI99PFC11.5-W 138 124 3208 [42151| 3684 | 5831 0.32 0.43 0.59 0.98 068 100.%

SRI86 AR-PFCI25-N 131 124 3158 [41.06] 3674 | 5933 0.32 042 .57 055 937

SR 2186 AR-PFC12.5-5 136 121 3254 [4318] 3554 | 5850 0.33 0.43 )60 055 068 975

SR 286 SMA 125 -N 052 084 1968 |26.531| 3B.66 | 63.32 0.20 [ 027 0.39 0.63 0.67 103.1

SR IS65MA12.5-5 051 036 2306 [2651] 3877 | 6428 0.23 027 039 0.64 062 1032

SRI885MAS5-N 088 0.7z 1860 | 2485 3432 | 5751 015 [ 025 034 0.58 0.66 1033

SRIBBEMASS-5 0.8 072 1885 | 2530 34.94 | 38.09 015 [ 025 .35 0.38 0.60 103

SR 288 AR-PFCH5-N 144 14 3310 [4646| 6528 | 11188 | 033 046 063 112 067 100.%

SR IBS AR-PFCS55-5 126 135 3388 (4322 6321 | 10840 | 034 | 043 0.63 1.03 0.70 1012

SRIBEPFCH5-N 1.21 119 30.17 [40.10] 3614 | 5318 0.30 [ 040 0.56 0.95 0.69 10017

SR 288 PFCH.5-5 127 116 2835 [39.00| 3460 | 53.03 035 [ 0539 053 0.93 067 102.2

SR28BPFC125-N 117 12 3006 [39.86] 3565 | 5484 030 [ 040 056 0.53 0.70 1012

SRISBPFC115-5 1.06 116 2398 |3B.33] 3396 | 5265 025 [ 0359 0.54 0.93 0.64 100.6
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Results

Macrotexture vs Friction

HSLD MPD vs. GN

S 0.30 Y=0.1154x+0.5233
kS Correl. Coef. = 0.419
L
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High Speed Laser Device Mean Profile Depth in mm.
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Enhancing Pavement Surface Macrotexture Characterization by Using the Effective Area for Water Evacuation

Results

Macrotexture vs Friction

EAWE (for d*=0.027) vs. GN
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Enhancing Pavement Surface Macrotexture Characterization by Using the Effective Area for Water Evacuation

Results

Macrotexture vs Friction

EAWE (for d*=0.001) vS. GN

o

G

S 030 VY =0.0015x +0.5231
g Correl. Coef. =0.423
L
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Effective Area for Water Evacuation (EAWE) in mm?.
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Enhancing Pavement Surface Macrotexture Characterization by Using the Effective Area for Water Evacuation

Results

Macrotexture vs Noise

HSLD MPD vs. OBSI - IL
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Results

Macrotexture vs Noise

EAWE (for d*=0.027) vs. OBSI - IL
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Results

Macrotexture vs Noise

EAWE (for d*=0.001) vs. OBSI - IL
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Enhancing Pavement Surface Macrotexture Characterization by Using the Effective Area for Water Evacuation

Conclusions

|t was possible to define a new index for
characterizing macrotextureusing EAWE
v' has some advantages when compared with
MPD
o Comparisons between MPD and EAWE confirmed
that:
v MPD overestimates the ability of the pavement
to drain water under a real tire

 EAWE correlates better with friction and noise
measurements than MPD
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Recommendations

For future research:

A sensitivity analysis to determine the optimal base lengths for
results presentation
v Support macrotexture measurements at a network level.

Experimentally investigate different d* values over real
pavement surfaces

Investigate another enveloping methodologies

Implement the method using 3D laser devices, as this laser
technology improves and become more available
- A new index based on the Effective Volume for Water
evacuation (EVWE)?
3 VirginiaTech
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