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Structure of presentation

Review current road condition measurements
collected automatically from high speed surveys;

Describe new measurements being introduced In
the UK and NZ;

Describe the current performance indicator used
by central government in the UK;

Explain how the current measurements are also
used in the UK for asset management;

Show how the measurements can be used to create
works programmes linked to asset value and the
performance indicator.
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Measurements currently recorded

Macrotexture;
Transverse profile and rut depths;

Roughness;

Alignment — horizontal radius, gradient and
crossfall;

Cracking;
Video images.
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Measurement of Macrotexture

 Mean profile depth;
e Sensor measured texture depth.
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Mean profile depth, MPD

The Mean Profile Depth, MPD, is the arithmetically averaged
two peak levels minus the average (profile) level over a
baseline of 100mm = 10 mm length of Road
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Sensor Measured Texture Depth, SMPD

The Sensor Measured Texture Depth Is the
standard deviation of the profile amplitudes,
measured by a sensor over a 300 mbd mm
length of road. The effect of vehicle bounce is
removed by appying a best-fit parabolic trend
curve to the data obtained over the 300 mm
length: the standard deviation is calculated using
the deviations of the Texture Profile from the
trend curve.



SMTD measurement 1



SMTD measurement 2.



Comparison of MPD and SMTD

SMTD value
(same as above)




Measurement of roughness

e |RI;
* Profile variance 3m wavelength;
 Profile variance 10m variance.



The IRI



The IRI Is Influenced by wavelength
between 1 and 50m

50m Im



Calculation of profile variance.
The sum of squares of deviations from a moving average.
The moving average acts as a filter to remove deviations
due to wavelengths longer than the moving average.



Apply a moving average to remove long
wavelengths.



Moving averages of 10 and 3m are used. In
concept it is like applying a straight edge.




Apply throughout the whole survey length.
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Select mid-point of each straight edge. This
IS the moving average datum.

10m MAL

3m MAL




Transverse Profile

 Rut Depth



Measurement of rut depth. Conventionally
a 2m straight edge Is used and rules
applied to eliminate false ruts due to kerbs
etc.



Rutting is not a new problem but what level of
Intervention was used by the Romans?



Measurement of cracking. Four digital
cameras cover 3.2m width.



Measurement of area of cracking.



Example output of cracking — intensity of
cracking every 10m.



he new measurements

e Texture
— Root mean square texture depth and texture
variability;
— Alternative measures of MPD.
 Roughness
— Measurement of Bumps.
* Transverse profile

— Enhanced rut depths, Transverse
roughness, Edge roughness, Edge drop



Root Mean Square Texture, RMST

This measure of texture uses the transverse
laser heights to calculate texture on each laser
line (20 across the transverse width)

The root mean square value is calculated for
each .1m;

The measurement are used to give average
texture in the two wheel paths and centre of
the lane (each 300mm wide) and to give a
variance value and the 5 and 95 percentile
texture;

All sensor outputs can be used to define the
variance and percentile values.
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Mean profile depth, MPD

Alternative measures are being collected to try and identify a
predictor of flushing.

Length and number of peaks a
fixed height above the average

texture height \




Measurement of bumps

Raw profile 23 m length

(o)
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Slope between successive pairs of profile points.

Slope between successive measures of slope.

400
300
200
100

-100
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-300

Both slope measures must exceed threshold values to define a bump




Transverse profile: the enhanced measures
are based on average profiles every 100mm
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First step is to bring together the raw
transverse profiles

Offset Raw 100mm profiles




Second stage is to smooth the profiles and
produce measurements at 100mm intervals

Resampled Raw Prof




Third stage produce the average profile

(m




Fourth stage uses first derivative of smoothed
transverse profile to identify the location of theedge
of the road.

First Derivative

dy/dx

Resample Count



Enhanced ruts

» Uses a straight edge with the cleaned profile with
100 mm spacing of points excluding any points to
the left of the location of the edge of the road



Edge roughness

Transverse profiles, up

v to 0.1 m longitudinally
Sensor paths

Inner boundary of 0.5m

-+ === edge strip
Points where variance

Located road edge
value is used by this
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method

0.6m Moving

Average
Length
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Edge Step, calculated from a best fit through
valid transverse profile points on the

carriageway.

Measured output is proportion of 10m length with
step size greater than predefined level e.g. 50mm.



Transverse variance

e Calculation of the variance of the valid
transverse profile points to give an
alternative measure of deterioration on
roads which do not develop conventional
ruts. Measurements are recorded for whole
lane and nearside and offside.



UK Best Value Performance
Indicator, BVPI.

(of all 10m lengths that have a
condition indicator value showing the
need for maintenance)

the length surveyed




What influences the BVPI?

o Currently Six defects —rut depth, cracking in Wiseel
track, whole carriageway cracking, 3m variance, 10m
variance and texture;

 Each defect is converted into a condition indexcivh
can take a value from O to 40 or 50 for less ingourt
defects and those whose measurements are more
variable to O to 90 for those defects that arecailit
and can be measured repeatable and accurately;

e the condition indices for the defects are added
together to produceflRoad Condition Index, RCI,
which can take a value from 0 to 370. Any 10m langt
which has an RCI 100 contributes to the BVPI;



Interpretation
Maintain
/ 100
0
0 10 20
Rut depth - mm
Maintain /' 100
0
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Texture depth - mm

Condition indicator

Max contribution
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Interpretation Condition indicator

o Max contribution
Maintain
/ 100 -

I_ i
0

0 4 7.5 0 4 10
3m Variance — mm?

Max contribution

100 - 60

0 21 56
10m Variance — mm?2



Interpretation Condition indicator
Max contribution

Maintain
/ 100 f 50
0 - 0
0 0.15 2.0 o) 0.15 2.0
Whole carriageway cracking Whol_e carriageway Max contribution
- % cracking - %
100 A 40
0 - 0

0 05 5.0
Wheel track cracking - %

For a 10m length to contribute to Pl sum of
Condition indicator must be 100



The RCI

Defect Importance | Reliability |Max value
Rut depth |.9 1 90
Texture D 1 o0

Profile 3m |.8 1 80

Profile 10m| .6 1 60
Cracking |.9 .55 50
carriageway

Cracking |.9 44 40

wheel track

Total possible scorag70




Asset Management.
What information do we use?

Information on network condition:

Specification of treatments with
expected life for all defects;

Unit cost for each treatment;

Established rules for condition
projection.



Defining the treatment rules for each
defect requiring maintenance.



Road condition index — actual data
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1) SLURRY SEAL 10 yr Design Life

RUT 3m 10m WT CRACK WC CRACK TEXTURE

==
A Py

2) THIN SURFACING 20 yr Design Life

RUT 3m 10m WT CRACK WC CRACK TEXTURE

OR OR

msisl
Py Py



3) THIN OVERLAY 40 yr Design Life
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5) THICK OVERLAY 50 yr Design Life
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6) MEDIUM OVERLAY 40 yr Design Life

ALL REMAINING SUBSECTIONS ABOVE THE SELECTED
RCI INTERVENTION LEVEL.



Condition projection — the crux of the
matter.
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Establis

ning a deterioration model

RL 0 4 10 20 0 .
RCI 100 80 60 20 ; .
50 Year Design Life
100 &:
80 \\ y= 0.048x? - 4.3383x + 98.384
S 7 > > —o— RCI
R \\ Poly. (RCI)
0 ‘ ‘ ‘ . |
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Residual Life Yrs




2006

2016

Data treatment rules: use of RCI.

20% defective

Network length

80% non defective

Part of
backlog T Actual
treated Proportion of dist.ributio.n of
high RCI residual lives
lengths /
treated
<« Arrest the
deterioration.
S} % Defective

100%

2006

2056



2016

Data treatment rules after steady state Is

reached.

Network length

o .
5% defective 95% non defective

After steady state is
reached a specified
proportion of high
value RCI treated
each yeatr.
« —— Maintaining
the BVPI.
To 2026-6
0 5 % Defective

100%

2006

To 2026-66
2066



Spreadsheet showing 10 years distribution of
Residual Life for 2006 (first year of moving RCI
from 12 to 5% over a 10 year period)

Equiv . .| 2006

rc | ResidualLife m Red T | Red NE | Amb T | Amb NE
0.0 0 94598 6502

5.9 1 14753 44| 4426 0
101 2 13640 41| 4092 0
14.2 3 6796 20 | 2039 0
18.2 4 7612 23 | 2284 0
22.1 5 6545 19 0 84
25.9 6 7696 23 0 99
29.6 7 6779 20 0 87
33.3 8 6942 21 0 89
36.8 9 13678 41 0 176
40.2 10 9041 27 0 116

Introducing the concept of effective and non-
effective maintenance



Spreadsheet showing 20 years distribution of
Residual Life for 2006 and 2007 (first 2 years of
moving RCI from 12 to 5% over 10 year period)

BQuiv | o esidual Life 2006 2007

RCI m Red T| Red NE | Amb T | Amb NE m Red T| Red NE | Amb T | Amb NE

0.0 0 94598 6592 98289 6592

5.9 1 14753 44 4426 0 9507 28 4754 0
10.1 2 13640 41 4092 0 4737 14 2369 0
14.2 3 6796 20 2039 0 5306 16 2653 0
18.2 4 7612 23 2284 0 6441 19 3221 0
22.1 5 6545 19 0 84 7574 23 0 95
25.9 6 7696 23 0 99 6672 20 0 84
29.6 7 6779 20 0 87 6832 20 0 86
33.3 8 6942 21 0 89 13462 40 0 170
36.8 9 13678 41 0 176 8898 27 0 112
40.2 10 9041 27 0 116 5875 18 0 74
435 11 5969 18 0 77 7325 22 0 92
46.8 12 7415 22 0 95 16715 50 0 210
49.9 13 16958 50 0 218 8879 27 0 112
52.9 14 9009 27 0 116 7943 24 0 100
55.9 15 8057 24 0 104 6709 20 0 84
58.7 16 6816 20 0 88 9056 27 0 114
61.5 17 9201 27 0 118 7343 22 0 92
64.2 18 7460 22 0 96 10144 30 0 128
66.7 19 10307 31 0 132 5758 17 0 72
69.2 20 5849 17 0 75 11141 33 0 140




DRC - £

Influence of treatment strategy on DRC to achieve a  change in
BVPI 223 from 21 to 5%
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Process for ldentifying Maintenance
Schemes Using Information from
Surveys to achieve a required trajectory
of the BVPI.



Objective of the Scheme Identification
Procedure

e Maximise the impact on the BVPI

e Therefore:

— Select areas of road that have a high
RCI (>60).



Overlay on Vector Map showing
areas with RCI > 60



Potential Schemes Selected Using
Visual Assessment of Clusters



Overlay Map Expanded and Start and End
Positions of a Possible Scheme ldentified.



Selecting Multiple Schemes From
the Overlay Data



Scheme Builder

e The detalls for each of the selected schemes are
entered Iinto a scheme builder:

 These schemes can be individually mapped
against a map backgrounds to provide details for
an Engineering review;

 The data held for each scheme can be interrogated
to calculate how much the scheme will contribute
to the BVPI and the benefit cost ratio of the
scheme.



Landline Map of Urban Area



Calculating the treatment pro

nortions.

Cracking [Cracking Subsection Wt wcC
Rut |Lpv3 |Lpvl0 [wt wcC Texture |Values Length |>=100 |>=80<100 |>=60<80 |Rut 3m 10m |Crack |Crack |Texture

0|l 0.0 0.0 0.0 0.0 0.0 0.0 11 0 0 0|G G G G G G
0] 0.0 60.0 39.6 22.7 0.0 122.3 10 10 0 0|G G R R A G
0|l 0.0 0.0 30.8 6.7 0.0 37.5 10 0 0 0|G G G A A G
0| 80.0 20.7 39.6 17.4 0.0 157.7 10 10 0 0|G R A R A G
0| 80.0 60.0 39.6 9.4 0.0 189.0 10 10 0 0|G R R R A G
0| 26.7 0.0 0.0 0.0 0.0 26.7 10 0 0 0|G A G G G G
0| 45.3 0.0 13.2 1.3 0.0 59.9 10 0 0 0|G A G A A G
0| 80.0 23.3 0.0 9.4 0.0 112.7 10 10 0 0|G R A G A G
0| 80.0 7.5 0.0 0.0 0.0 87.5 10 0 10 0|G R A G G G
0| 80.0 16.1 0.0 0.0 0.0 96.1 10 0 10 0|G R A G G G
0|l 0.0 0.0 0.0 0.0 0.0 0.0 10 0 0 0|G G G G G G
0|l 0.0 0.0 0.0 0.0 0.0 0.0 10 0 0 0|G G G G G G
0|l 4.0 0.0 0.0 0.0 3.3 7.3 10 0 0 0|G A G G G A
0|l 0.0 0.0 0.0 0.0 0.0 0.0 11 0 0 0|G G G G G G
0| 80.0 31.0 39.6 36.1 0.0 186.8 10 10 0 0|G R A R A G

980 272 70 85

27.8% 7.1% 8.7%

WE 27.8% 3.6% 2.2%

WE Total 33.5%

R 0.0%] 25.0%]| 17.0%]| 15.0%]| 1.0% 0.0%

A 7.0%]| 29.0%]| 34.0%]| 12.0%]| 30.0% 4.0%

G 92.0%| 45.0%| 48.0%| 72.0%| 68.0%| 95.0%
Rut 3m 10m |Wt Cra{WC CrdTexture




Ranking Schemes

Scheme |Road/Section |Approx Lane Thin Thin |Moderate Wieghted |Treatment

Name Code Chainage [Length (m) |Surfacing [O/L |O/L Recon |Efficiency |Cost BC
ASS1 A359/00485 [300 to 460 14.32
ASS1 A359/00510 [0to 220 759 0.72| 0.28 0 0 0.51 £27,033| 14.32
ASS2 A371/00195 [0 to 260 12.73
ASS2 A371/00205 [0 to 100 729 0.42| 0.5 0.08 0.55 £31,501| 12.73
ATDS A38/390 0 to 440 440 0 1 0 0 0.65 £23,100( 12.38
AWS7 A396/00210 [750 to 900 324 0| 0.98 0.02 0 0.64 £17,055| 12.16
ASS3 A259/00230 [0 to 400 913 0.97| 0.03 0 0 0.33 £27,165| 11.09
ASS3 A359/00220 [800 to 860 11.09
ASS6 A357/00120 [0to 470 942 0.88] 0.08 0.04 0 0.35 £30,280] 10.89
AWS1 A396/00280 [750 to 830 9.76
AWS1 A396/00290 |[0to 980 2112 0| 0.89 0.11 0 0.52] £112,506| 9.76




Conclusions

« EXisting measurements from high speed surveys can
be used not only to monitor performance but to drive
asset management plans and influence scheme
selection;

 If the reality is going to match expectation then it is
essential that the rules and concepts incorporated into
the asset plan are reflected in the management of
maintenance programmes;

e Considerable work is ongoing to develop a wider
range of indicators from the high speed surveys that
will allow treatment selection to further improve.



Thank you.



