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Presentation Outline
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® Pavement Condition Survey
e MTO Pavement Network

e Acquisition of Pavement Condition Data
—Pavement Distress

—Pavement Roughness

® Evaluation of Pavement Distresses
e Distress Manifestation Index (DMI)
e DMI Definition
 Rationalize DMI
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Pavement Condition Survey

N
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~ ® MTO Pavement Network consists of five
pavement types:

® Hot mix asphalt, AC

® Concrete, PCC

® Composite, COM

® Surface treated, ST

® And gravel roads

® Currently, there are 1706 pavement
mgmt sections in the provincial network,
t1'6?< average length of each section is
m

® Each pavement section is uniform in
terms of performance and pavement
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MTO Pavement Network
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Surface
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14.8%
Composite PCC: 206
5.7% L ‘
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Pavement Condition Survey
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Acquisition of Pavement Condition Data:

e Pavement Distress (DMI)

e Pavement Ride Quality (IRI)
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Pavement Distress
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" ® pavement Distress is subjectively
evaluated by MTO regional pavement
evaluators in the field using reference
Manuals for Pavement Condition Rating

® Depending pavement type, there are 13 to
16 individual distresses to be evaluated in
the field for each pavement section

® Pavement distresses are summarized using
a Distress Manifestation Index (DMI) for
each section
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Sample Individual Distresses
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Sample Individual Distresses
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List of Distress Components

N

Asphalt Concrete Pavement (AC)

Portland Cement Concrete (PCC)

Ravelling and Coarse Aggregate Loss

Ravelling and Coarse Aggregate Loss

Flushing Polishing
Rippling and Shoving Scaling
Wheel Track Rutting Potholing

Distortion Joint and Crack Spalling
Longitudinal Wheel Track: Sing. / Multi. Faulting

Longitudinal Wheel Track: Alligator Distortion

Longitudinal Meandering and Midlane Joint Failure

Transverse: Half, Full and Multiple

Longitudinal Joint Separation

Transverse: Alligator

Longitudinal and Meandering Cracking

Centreline: Single and Multiple

Transverse Joint Creep

Centreline: Alligator

Transverse Cracking

Pavement Edge: Single and Multiple

Joint Sealant Loss

Pavement Edge: Alligator

Diagonal Corner and Edge Crescent

Random/Map

“D” Cracking
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iIstress Manifestation Index (DMI)

N

N
%

15
DMI = 2w, (s+e)

I = individual distress types
W. = weighting factor of distress (i)
(0.5 to 3.0)

S: = severity of distress (1 to 5)
€. = extent of distress (1 to5)
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Scale for Severity Rating
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® Five (5) severity Levels for AC, PCC
and COM type of pavement, ranging

from1lto5

(VerySlight, n =1
Slight n=2
Moderate n=3
Severe n=4

N~

\VerySevere,n =5

® Three (3) severity Levels for ST

pavement

Ontario

/\

(light n=2)
Moderate,n =3
\Severe n= 4)

V
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Scale for Density Rating

N
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® Five (5) Density/Extent levels for AC,
PCC and COM pavement, in terms of
percentage %

(0-20%, n=1)
20—40%, n =2
D.(n)=140-60%, n=3
60—80%, n=4
80-100%,n =5

® Three (3) Density/Extent levels for ST

pavement (0-20%, n=2
Di(n):< 20—-50% n=3

50-100%,n=4
) Ministry of Transportation
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Goal and Objectives
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The goal is to reduce number of distresses
in pavement condition survey at network
level

Examine how individual surface distress
contributes to the overall assessment of
pavement condition

Identify and eliminate individual distresses
that have minor impacts on DMI

Provide inputs and technical guidelines for
developing and applying automatic data
collection technology
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Technical Approach
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® Identify individual distress’
impact/contribution to DMI value

® Eliminate the distresses that have
minor impacts on DMI without
affecting historic and current
pavement condition assessment

® Verify and confirm analysis results
by applying additional data and
information
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Weights of Individual Distresses

Asphalt Concrete Pavement Weight Portland Cement Concrete Weight
(AC) (W) (PCC) (Wi)
Ravelling and Coarse Aggregate Loss 3 Ravelling and Coarse Aggregate Loss 0.5
Flushing 1.5 Polishing 1.5
Rippling and Shoving 1 Scaling 1.5
Wheel Track Rutting 3 Potholing 1
Distortion 3 Joint and Crack Spalling
Longitudinal Wheel Track: Sing. / Multi. 1.5 Faulting 2.5
Longitudinal Wheel Track: Alligator 3 Distortion 1
Longitudinal Meandering and Midlane 1 Joint Failure 3
Transverse: Half, Full and Multiple 1 Longitudinal Joint Separation 1
Transverse: Alligator 3 Longitudinal and Meandering Cracking 2
Centreline: Single and Multiple 0.5 Transverse Joint Creep 0.5
Centreline: Alligator 2 Transverse Cracking 2
Pavement Edge: Single and Multiple 0.5 Joint Sealant Loss 0.5
Pavement Edge: Alligator 1.5 Diagonal Corner and Edge Crescent 2.5
Random/Map 0.5 “D” Cracking 3




Weights of Individual Distresses (Cont’)

Composite Pavement Weight Surface Treated Weight
COM (W) ST (W)

Ravelling and Coarse Aggregate Loss 3 Cover Aggregate Loss 3
Flushing 1.5 Flushing 2
Spalling 2 Streaking 1
Tenting/Cupping 2.5 Potholing 1
Wheel Track Rutting 3 Rippling and Shoving 2
Joint Failures 3 Wheel Track Rutting 3
Distortion and Settlement 1 Distortion 3
Longitudinal Meandering (Single & Multiple) 2 Longitudinal Cracking 1
Transverse: Single 1 Transverse Cracking 0.5
Transverse: Multiple 1

Pavement Edge Break 2
Transverse Joints: Sawed 0.5

Pavement Edge Cracking
Transverse Joints: Reflective 2

Alligator Cracking 3
Centreline: Single 0.5
Centreline: Multiple 1.5
Diagonal, Corner and Edge Crescent 2.5
Random/Map 0.5




Re-definition of DMI (#)

N
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DMI(#) standards for DMI that is calculated
by use of the existing formula but excluding
individual distresses that have weight
factors lower than #

— DMI(1) contains distresses with weight >=1
— Similar definition for DMI(1.5), DMI(2) and
DMI(3)
® DMI(C) and DMI(C&R) include only cracking
|/ cracking & rutting as distresses

® DMI (T) is the original DMI (including all
distresses)
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Analysis of Re-defined DMI (#)

N
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" ® Use six years historic data (from 2001 to
2006) extracted form MTO pavement
management databases

® DMI (#) were calculated and then
compared with the DMI (T) to produce an

error percentage

® Note that the sample size varies
significantly between the four pavement
types:

— 1344 AC Sections, 26 PCC Sections, 22 COM
Sections, and 271 ST Sections
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Results for AC Pavement

avg
AC AC AC AC AC AC avg |err|
01 err% | 02 err% | 03 err% | 04 err% |05 |err% | 06 err% | err% %
8.1
DMI (T) 8.26 8.24 8.16 8.17 9 8.19
8.2
Avg DMI(1) 8271 02% | 826 | 0.2% | 818 | 0.2% | 8.19 | 0.2% 21 03% | 821 | 0.2% 0.2% | 0.2%
8.2
Avg DMI(1.5) | 8.31 | 0.6% | 829 | 06% | 8.22 | 0.7% | 8.23 | 0.8% 6 09% | 826 | 0.9% 0.7% | 0.7%
- - - -| 8.1 -
Avg DMI(2) 818 1 1.0% | 815 | 1.1% | 807 | 1.1% | 8.10 | 0.9% 3108% | 812 | -0.9% -1.0% | 1.0%
- - - - 74 -
Avg DMI(3) 7551 87% | 751 | 88% | 740 | 93% | 742 | 9.1% 6| 89% | 745 -9.0% -9.0% | 9.0%
8.6

AvgDMI(C) | 8.70 | 53% | 8.68 | 54% | 8.61 | 5.6% | 8.63 | 5.6% 3| 54% | 862 | 53% 54% | 5.4%

Avg 8.4
DMI(C&R) 850 | 29% | 849 | 3.0% | 841 | 3.1% | 842 | 3.0% 3| 29% | 840 | 2.6% 29% | 2.9%




Results for AC Pavements (Cont’)

ACY%Errors
5%
mACO1
0% ﬂﬂw OACO3
0AC 04
BAC05
AvgDMI(1)  AvgDM(L5)  AvgDMI2)  [Akg DME®)|  AvgDMIC)  AvgDMI(CER) | DACO6

-5%

-10%

Comparison between errors from each modified DMI (AC)



Results for PCC Pavement

/AR
N
PC PC PC PC PC PC avg avg
01 err% | 02 err% | 03 err% | 04 err% | 05 err% | 06 err% | err% | |err%
T_DMI 7.95 7.65 7.81 8.32 8.16 8.49
Avg DMI(1) 781 18% | 749 | -21% | 768 | -16% [ 818 | -1.6% 8.02 | 1.7% | 837 | 14% | -1.7% 1.7%
Avg
DMI(1.5) 778 | 22% | 744 | -26% | 7.65 | -21% | 8.20 | -1.4% 804 | -1.5% | 838 | -1.3% | -1.8% 1.8%
Avg DMI(2) 774 | -26% | 738 | -34% | 756 | -31% | 812 | -2.3% 795 | -26% | 834 | -1.8% | -2.6% 2.6%
Avg DMI(3) 924 | 16.2% | 885 | 158% | 9.03 | 15.7% | 8.83 | 6.1% 884 | 83% [ 917 | 8.0% | 11.7% 1.7%
Avg DMI(C
) 798 | 05% | 764 | -01% | 765 | -21% | 8.27 | -0.5% 798 | -22% | 835 | -1.6% | -1.0% 1.2%

Ontario
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Results for PCC Pavement (Cont’)

M
N
PC %Errors
15% -
10%
@PCoO01
mPCO2
OPC 03
5% OPC04
mPCO05
@PC 06
” Wﬂ]r[ﬂr T
S Avg DMI(1) Avg DMI(1.5)  Avg DMI(2) Avg DMI(3) Avg DMI(C)
- 0

Comparison between errors from each modified DMI (PC)
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Results for COM Pavement

JdAY
N
avg
CO CcoO CcoO CcO CO CcoO avg |err]|
01 ern% | 02 err% | 03 ernr% | 04 err% | 05 ern% | 06 enr% |er% | %
DMI (T) 8.67 8.84 8.70 8.72 8.73 8.55
Avg D|V||(1) 8.68 0.1% 8.83 | -0.1% 8.69 | -0.1% 8.71 | -0.1% 8.71 | -0.1% 854 | -0.1% -0.1% 0.1%
Avg
D|\/||(1.5) 8.68 0.1% 8.85 0.2% 8.70 | -0.1% 8.73 0.1% 8.74 0.2% 8.56 0.1% 0.1% 0.1%
Avg DM|(2) 8.58 | -1.1% 874 | -1.1% 8.56 | -1.6% 8.61 | -1.3% 8.64 | -1.0% 846 | -1.1% -1.2% 1.2%
Avg DM|(3) 7.55 | 12.9% 7.86 | 11.0% 753 | 13.4% 7.67 | 12.1% 7.75 | 11.2% 744 1 13.0% | -12.3% | 12.3%
Avg DMI(C
) 8.96 3.3% 9.14 3.5% 9.17 5.3% 9.07 4.0% 9.02 3.4% 8.82 3.2% 3.8% 3.8%
Avg
DMl(C&R) 8.86 2.1% 9.08 2.8% 9.05 4.0% 8.96 2.7% 8.93 2.3% 8.61 0.7% 2.4% 2.4%

Ontario
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Results for COM Pavement (Cont’)

CO %Errors

5% -
0% = | = | ! | i mCO02

O0Coo03

AvgDM(1)  AvgDMI(15)  AvgDM(2) DMI)  AvgDMI(C)  AvgDMI(C&R) | DCO0
50 mCOO05

OCOO06

-10% -

-15%

Comparison between errors from each modified DMI (COM)



Results for ST Pavement

N
N

ST ST ST ST ST ST avg avg

01 err% | 02 err% | 03 err% | 04 err% | 05 err% | 06 err% | err% lerr|%
DMI(T) 438 4.66 4.67 4.69 6.74 6.84
Avg DMI(1) 440 | 05% | 486 | 43% | 469 | 05% | 471 | 05% | 674 | 00% | 685 | 0.1% 1.0% 1.0%
Avg
DMI(1.5) 431 | 16% | 468 | 05% | 462 | -11% | 467 | -04% | 669 | -08% | 680 | -0.7% -0.7% 0.9%
Avg DMI(2) 422 | 37% | 450 | -33% | 455 | -26% | 463 | -13% | 663 | -1.7% | 674 | -15% -2.4% 2.4%
Avg DMI(3) 415 | 53% | 448 | -38% | 442 | -53% | 496 | 57% | 655 | -28% | 659 | -3.7% -2.5% 4.4%
Avg DMI(C
) 531 | 212% | 559 | 201% | 586 | 256% | 573 | 223% | 765 | 134% | 833 | 21.7% 20.7% 20.7%
Avg
DMI(C&R) 461 | 51% | 490 | 52% | 503 | 78% | 571 | 218% | 710 | 53% | 7.82 | 14.3% 9.9% 9.9%
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Results for ST Pavement (Cont’)
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Summary and Conclusions
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e DMI(2) produces good results for all
pavement types, which results in a
maximum average deviation from DMI
(T) of about 3%

e maximum magnitude of error in DMI(2) in

any year for any type was only 3.7% (ST
2001)

e maximum average error for a type over the
Six years was 2.6% (in PCC)
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Summary and Conclusions

N
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e Using DMI(2) will result in a reduction of
50% individual distresses currently
evaluated

e DMI(C&R) may be considered to replace
DMI(T) for AC and COM pavements,
particularly where automated data
collection is planned

o DMI(3) shows severe deviations from
DMI(T) for all pavement types

e DMI(C) shows large variations from DMI (T)
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Two-tailed Z test

N
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e The following formula was used:
( \

p(value) =2*P| Z > X
o)
\ / Jn
e A lower p-value translates to higher confidence

that the null hypothesis (no systematic bias exists)
needs to be rejected

e A High p-value signifies the deviation of a modified
DMI from DMI(T) could have happened naturally

Ministry of Transportation
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Z-test Results (Cont’)

p-value |Interpretation

>10% No evidence against null hypothesis
5%-10% | Weak evidence against null hypothesis
1%-5% | Some evidence against null hypothesis
0.1%- Strong evidence against null hypothesis
1%

<0.1% |Very strong evidence against null

hypothesis

Ontario
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Z-test Results (Cont’)

SP
AC PCC COM ST
DMI (T) 8.1944 8.1616 8.7273 6.7417
DMI(1) 8.2160| 60.03%| 8.0243| 38.00% 8.7143| 96.76%| 6.7427| 99.12%
DMI(1.5) | 8.2643| 9.00%| 8.0362| 42.26% 8.7404| 96.73%/| 6.6863| 54.28%
DMI(2) 8.1254| 9.42%)| 7.9454| 16.68% 8.6360| 77.53%)| 6.6298| 21.94%
DMI(3) 7.4640( 0.00%| 8.8352| 0.00% 7.7514| 0.23%)| 6.5529| 3.83%

Results of 2-tailed z-test, 0=1.0

Ontario
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Remaining Distress Components of
DMI(2) for AC Pavement

Asphalt Concrete Pavement (AC)

Weight (Wi)

Asphalt Concrete Pavement (AC) Weight
Ravelling and Coarse Aggregate Loss 3 (Wi
Flushing 1.5 Ravelling and Coarse Aggregate Loss 3
Rippling and Shoving 1 Wheel Track Rutting 3
Wheel Track Rutting 3 Distortion 3
Distortion 3 Longitudinal Wheel Track: Alligator 3
Longitudinal Wheel Track: Sing. / Multi. 15 Transverse: Alligator 3
Longitudinal Wheel Track: Alligator 3 Centreline: Alligator 2
Longitudinal Meandering and Midlane 1
Transverse: Half, Full and Multiple 1
Transverse: Alligator 3
Centreline: Single and Multiple 0.5
Centreline: Alligator 2
Pavement Edge: Single and Multiple 0.5
Pavement Edge: Alligator 15
Random/Map 0.5




Remaining Distress Components

of DMI(2) for PCC Pavement

/
v Portland Cement Concrete (PCC)

Ontario

Weight (Wi)
: Portland Cement Concrete (PCC) | Weight (Wi)

Ravelling and Coarse Aggregate Loss 0.5

— Joint and Crack Spalling 2
Polishing 1.5

: Faulting 2.5
Scaling 1.5
: Joint Failure 3

Potholing 1

: : Longitudinal and Meandering 2
Joint and Crack Spalling Cracking
Faulting 2.5 Transverse Cracking 2
Distortion - Diagonal Corner and Edge Crescent 2.5
Joint Failure 3 “D” Cracking 3
Longitudinal Joint Separation 1
Longitudinal and Meandering 2

Cracking

Transverse Joint Creep 0.5
Transverse Cracking 2
Joint Sealant Loss 0.5
Diagonal Corner and Edge Crescent 2.5
“D” Cracking 3
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Verification by Applying 2007 Data

N
&V
AC PCC COM ST
DMI Error DMI Error DMI Error DMI Error
Avg. % Avg. % Avg. % Avg. %
DMI 8.16 8.85 8.72 8.06
DMI(1) 8.19 | 0.3% 8.82 -0.3% 8.71 -0.1% 8.04 -0.3%
DMI(1.5) 8.24 | 0.1% 8.85 0.0% 8.76 0.4% 7.79 -3.4%
DMI(2) 8.10 | -0.7% 8.80 -0.5% 8.68 -0.4% 7.79 -3.4%
DMI(3) 7.95 | -2.7% 9.56 8.1% 8.50 -2.5% 7.34 9.0%
DMI(C) 8.61 5.4% 8.62 -2.5% 8.70 -0.2% 9.25 14.7%
DMI(C&R) 8.38 | 2.7% _ _ 8.60 -1.4% 8.21 1.8%

Ontario
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Verification by Applying 2007 Data
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