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Abbreviations and acronyms

AADT Average Annual Daily Traffic

AF Adjustment Factor

AP Asset Preservation

BCR Benefit Cost Ratio

CAS The Transport Agency’s ‘Crash Analysis System’

dTIMS Deighton Total Infrastructure Management System

ESC Equilibrium SCRIM Coefficient

HSDC High Speed Data Collection

IL Investigatory Level for Skid Resistance

ILM Investigatory Level for Macrotexture

MPD Mean Profile Depth i.e. a measure of macrotexture in mm

NLTP National Land Transport Programme

NMA The Transport Agency’s ‘Network Management Area’

NZTA New Zealand Transport Agency (‘The Transport Agency’)

PSV Polished Stone Value

RAMM The Transport Agency’s ‘Road Asset Maintenance Management’ database

RAPT The Transport Agency’s Review and Prioritisation Team

RV Residual value i.e. difference between the measured SAL skid/texture value and the
IL/ILM value applying to the SAL. A negative RV indicates the IL/ILM has been
breached.

2 Coefficient of determination

SAL Skid Assessment Length

SC SCRIM Coefficient

SCRIM Side-way Force Coefficient Routine Investigation Machine

SFC Side-way Force Coefficient i.e. a measure of skid resistance

STAG The Transport Agency’s ‘Skid Technical Advisory Group’

TINT Time to subsequent intervention

TL Threshold Level for Skid Resistance

TLM Threshold Level for Macrotexture

YFI First Year of Intervention
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Executive summary

This report details how safety management has been incorporated into NZ-dTIMS, a modelling
system used to perform deterioration modelling and life-cycle cost analyses of the New Zealand
state highway network. In the context of this report, safety management pertains to surfacing
treatments related to maintaining appropriate levels of braking and cornering performance for
road users under wet conditions. Therefore, safety management concerns the provision of adequate
levels of skid resistance, as this affects the level of wet friction provided, and road surface texture,
as this affects the rate wet friction reduces with increasing vehicle speed.

The report also presents the results of modelling three scenarios 20 years into the future covering
the period 2015 to 2024. The scenarios considered were:

1.

Immediate treatment of breaches of skid resistance and macrotexture values as specified in the
Transport Agency’s T10 specification for state highway skid resistance management termed
network safety need.

$100 million per annum asset preservation works programme as generated by dTIMS, termed
network asset preservation need.

The unlimited safety and $100 million capped asset preservation works programme combined
within dTIMS, termed the network combine need.

The key findings are summarised as follows:

By basing the safety modelling on skid assessment lengths (SAL), which range in length from
10 m to 100m, it was possible to combine established models for estimating the decay of skid
resistance and macrotexture due to trafficking with model constants and scalars derived from
skid resistance and macrotexture time histories pertaining to a SAL that minimised the
difference between the predicted and actual values. Accordingly, each of the 330,000 or so
SALSs had unique model calibrations. The resulting safety modelling framework gave predicted
deterioration rates that closely matched those observed. Also, false positives, i.e. when a
condition is not met but the model predicts it is, were kept in check so that the predicted
breaches of skid resistance and macrotexture threshold levels resulted in cumulative lengths
that were within a factor of 0.7 (flushing) and 1.4 (skid resistance) of that actually observed. It
also correctly predicted about 40% of skid resistance and macrotexture breaches at the
individual SAL level. The predictive ability of the safety modelling framework can therefore be
considered adequate for the purposes of budget forecasting.

Combining safety and asset preservation programmes generates a number of benefits
including:

- A maintenance cost saving of the order of $5.2 million per annum when compared to
managing the programmes separately

- Aredistribution of safety need which sees the peak need occurring in 2022 reduce from
1065 lane-km to 539 lane-km

Treating SAL’s with breached threshold levels was shown to be a very cost effective safety
measure, reducing the crash density from 4.51 wet crashes per lane-km to 1.7 wet crashes per
lane-km. This corresponds to an estimated social cost saving of $30.2 million per annum.
Therefore, the benefit cost ratio for treating SAL’s with breached skid resistance/macrotexture
values under the safety only scenario is 4 and under the combined scenario it is 5.

5-29E58.00 | March 2016 Opus International Consultants Ltd
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1 Introduction

This report details how safety management has been incorporated into NZ-dTIMS, a modelling
system used to perform deterioration modelling and life-cycle cost analyses of the New Zealand
state highway network. In the context of this report, safety management pertains to surfacing
treatments related to maintaining appropriate levels of braking and cornering performance for
road users under wet conditions. Therefore, safety management concerns the provision of adequate
levels of skid resistance, as this affects the level of wet friction provided, and road surface texture,
as this affects the rate wet friction reduces with increasing vehicle speed.

Incorporation of safety management into NZ-dTIMS was one of a number of projects undertaken
to enhance the coverage and reliability of forecasting work performed to support the NLTP
submission for the 2018/21 programme.

1.1  Context

NZ-dTIMS has the ability to predict pavement deterioration caused by defects such as cracking,
rutting and roughness. However, during its development, modelling of skid resistance and surface
texture loss was not attempted as this was considered to be a seal design issue rather than a
pavement management issue. A further complicating factor was that both skid resistance and
texture loss are addressed as local defects resulting in treatment lengths that vary between 10 m
and 100 m. In comparison, the NZ-dTIMS analysis and forecasting framework is based around
uniformly performing contiguous sections of state highway, giving treatment lengths for pavement
related defects that range from a minimum of 5 m to a maximum of 500 m.

In practice, a substantial amount of resurfacing and rehabilitation works that is undertaken is to
address skid resistance and flushing issues, where flushing is an extreme case of texture loss in
chipseal surfaces brought about by the bitumen binder rising to the top of the sealing chip. The
flushing condition is assumed to represent the normal end of life of a chipseal or a potential asset
preservation issue i.e. seal instability. A large proportion of asset preservation related resurfacing
work forecast by NZ-dTIMS will, therefore, address skid resistance and texture issues prior to
them manifesting themselves as a safety concern. However, there is no way at present for
separating out the amount of resurfacing and rehabilitation works forecast by NZ-dTIMS that is
safety related from that which is asset preservation related and determining the impact on state
highway network skid resistance and texture profiles.

1.2 Project Objective

The objective of the model development detailed in this report is to allow the effect of different
investment levels on network skid resistance and texture levels and the associated impact on
casualty crashes to be quantified. This in turn will enable the portion on the NLTP that is safety
works related to be quantified and also the funding level required to achieve a specified safety
outcome in terms of percentage change in casualty crashes.

In order to achieve this objective, the following key questions needed to be answered:

e What is the surface driven safety need of the state highway network i.e. how much of the
state highway network falls below the skid resistance and texture threshold levels given in
the T10:2013 Specification for state highway skid resistance management?

¢ How much of this safety need is addressed by asset preservation works before becoming a
candidate for immediate intervention?

5-29E58.00 | March 2016 Opus International Consultants Ltd
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e What is the casualty crash profile on state highway sections where the skid resistance and
texture threshold levels have been breached?

1.3 Report Scope

This report, in overview, presents the findings of a first attempt to integrate two surfacing issues,
namely skid resistance and texture loss, into the NZ-dTIMS modelling system. The layout of the
report is as follows.

To provide context to the modelling approaches adopted, section 2 backgrounds the Transport
Agency’s safety management policy and section 3 presents historical trending of skid assessment
lengths SAL’s over the three year period 2014 to 2016, and state highway skid resistance and
texture values over the 14 year period 2003 to 2016. Section 4 details the approaches adopted for
modelling skid resistance and texture loss. Section 5 covers the calibration and validation of the
new surfacing related models. Section 6 summarises the results of applying the models over the 20
year period 2015 to 2034. Key conclusions and recommendations for further work are given in
section 7.

5-29E58.00 | March 2016 Opus International Consultants Ltd
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2 Safety Management of State Highways

2.1 Ti0 Specification

One of several critical elements of the Transport Agency’s safety management of sealed sections of
the state highway network is the T10 Specification: 2013*. This specification is concerned with the
cost-effective provision of road surfaces that have an appropriate level of wet friction for all road
vehicles. Appropriate wet friction is determined by reference to investigatory and threshold levels
of both skid resistance, as measured by the sideway-force coefficient routine investigation machine
(SCRIM), and macrotexture, which is required to minimise the progressive loss of skid resistance
with increasing speed.

The investigatory level for skid resistance (IL) and the investigatory level for macrotexture (ILM)
are maintenance priority indicators for programming treatment. These levels have been set with
the objective of equalising the personal risk of a wet road skidding crash across the state highway
network while maintaining an economic balance between the cost of their provision and the
resulting savings in crashes.

Personal risk or crash rate is a measure of the number of crashes that have happened per 100
million vehicle kilometres of travel on the road. Crash rates reduce with increasing skid resistance.
However, while the general shape of this relationship is the same for all sites, the actual crash rate
may vary significantly between different types of site. For example, approaches to controlled
intersections have a higher crash rate than event-free divided carriageways. This differential crash
rate is addressed through a different IL value being allocated to each of the 5 site categories
adopted in the T10 Specification.

A continuous length of state highway with a single site category description is referred to as a skid
site. These sites are normally not less than 50 m long but can be several kilometres in length.

IL and ILM’s are set at levels where there is adequate skid resistance and texture respectively. If the
skid resistance or texture at a site is found to be at or below the investigatory level, this piece of
information is only one of several used in deciding whether or not maintenance of the road surface
is required. The other factors to be considered are roughness, rutting, flushing, maintenance cost
and recent crash history.

The threshold levels for skid resistance (TL) and the threshold level for macrotexture (TLM) are
skid resistance and texture maintenance trigger levels. They are the point at which action is likely
to be taken (i.e. the site is given priority for urgent remedial work). The urgency of the remedial
work is dependent on the location of the particular site and the extent to which the skid resistance
or texture is below the threshold level.

2.2 Annual Surveys

An annual survey of the entire state highway network, corresponding to a survey length of about
22,000 lane kilometres is undertaken to measure skid resistance in terms of SCRIM Coefficient
(SC) and texture, in terms of mean profile depth (MPD), which has units of millimetres. These
measurements are via the Transport Agency’s High Speed Data Collection Contract2. The SC and
texture measurements are made in both wheelpaths and are averaged over a length of 10 m. As part

1 https://www.nzta.govt.nz/assets/resources/skid-resistance-investigation-treatment-selection /docs/T10-
skid-resistance-investigation-treatment-selection-201306.pdf, accessed on 10th May 2016.

2 https://www.nzta.govt.nz/roads-and-rail/road-composition/pavement-condition-surveys/, accessed on
10th May 2016.
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of the annual survey, other high-speed road condition statistics, such as rutting and roughness, and
road geometry (gradient, crossfall and horizontal curvature) are also collected.

The annual survey is undertaken in most lanes, though the default lane is the outer lane i.e. the
lane furthest from the centreline or median.

As the skid resistance varies with time (primarily due to rainfall and traffic numbers), the data is
seasonally corrected for both with-year and between-year variations to produce the equilibrium
SCRIM coefficient (ESC). This is then used as a factor for prioritising surface maintenance for skid
resistance and texture via the investigatory and threshold values appropriate to the site category or
according to the risk of a skidding crash at the site.

2.3 Exception Reporting

As the seasonal corrections required to calculate the ESC cannot be generated until the end of the
summer period, a skid resistance and texture exception report (referred to as an ‘exception report’)
is produced immediately following the survey of each Transport Agency management area to
enable prompt initial assessment and programming of treatment to address 10 m road sections
where the SC and/or macrotexture are less than the TL or TLM.

Each 10 m length is assigned to priority A or B for investigation. Priority A sites are those that have
had at least two wet skid crashes within 250 m of the site in the previous five years or are flushed or
breach the threshold level by a significant margin. All other 10 m lengths are assigned to a priority
B.

All 10 m lengths that are in priority A are investigated. This investigation may include adjacent
10 m lengths in the same treatment length to ensure the most appropriate treatment or
maintenance will be undertaken. Where treatment is found necessary, it is carried out in the
current survey season, where practicable. Otherwise, it is programmed for the following season.

For treatment sites where surfacing is the best option but seasonal constraints prevent this, interim
action to ensure the site is safe during winter is considered. This may include removal of excess
binder (e.g. waterblasting), rejuvenating the microtexture of the roading aggregate (e.g. scabbling)
or signage.

2.4 Prioritising Sites for Treatment

In April, shortly after the annual survey is completed, the skid resistance data is seasonally
corrected to give ESC values and populated in the Transport Agency’s road assessment and
maintenance management (RAMM) database. This ESC data is used to confirm sections of lanes to
be investigated for treatment or maintenance and their prioritisation as more sites will be included
in the exception report than can be investigated as a priority.

When using this ESC data to prioritise sections of lanes, IL’s are for the mean ESC value within an
appropriate averaging length. This length is referred to as the Skid Assessment Length (SAL). The
SAL for each of the 5 skid site categories adopted in the T10 Specification: 2013 is given in Table 1
along with the base IL.

With reference to Table 1, lengths of SAL’s vary from a minimum of 10 m to a maximum of 100 m.
However, whenever the length of a feature of interest is less than the SAL, the actual length is
averaged and considered.

5-29E58.00 | March 2016 Opus International Consultants Ltd
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Table 1: Skid assessment length by T10 skid category

Site sl
Catego Assessment | Base
gory Skid Site Description Length, IL
SAL (ESC)
(m)
Approaches to:
a. Railway level crossings
b. Traffic signals
c. Pedestrian crossings
1 d. Stop and Give Way controlled intersections (where 60 0.55
state highway traffic is required to stop or give way)
e. Roundabouts
One lane bridges:
a. Approaches and bridge deck
a. Urban curves < 250 m radius
5 b. Rural curves < 250 m radius
c¢. Rural curves 250 m — 400 m radius 50 0.5
d. Down gradients > 10%
e. On ramps with ramp metering
3a State highway approach to a local road junction 60 0.45
Down gradients 5% - 10%
3band 3¢ Motorway junction area including on/off ramps 50 0-45
3d Roaundabouts, circular section only 10 0.45
4 Undivided carriageways (even-free) 100 0.4
5 Divided carriageways (event-free) 100 0.35

The scoring system summarised in Table 2 is used for prioritising sites that are below the IL or
ILM. The score for each parameter listed in Table 2 is calculated for each SAL under consideration
based on the average ESC and macrotexture for the SAL, and then summed to give the total SAL
score. The priority ranking is highest to lowest SAL score.

Table 2: Scores for investigating SAL priority

Parameter Scores and Criteria

Number of wet skid crashes

One crash zero points, two or more crashes 80 points for each crash
over past 5 years

o points if IL_RV = 0

4 points for each 0.01 between IL_RV = -0.01 and IL,_RV=-0.05
10 points for each 0.01 between IL._RV =-0.06 and IL._RV=-0.10
15 points for each 0.01 below IL-RV =-0.10

Difference between SAL ESC
and ILi.e. skid residual value
(IL_RV)

Difference between SAL
Texture and ILM i.e. texture
residual value (ILM_RYV)

o points for ILM_RV > o
5 points for each 0.1 between ILM_RV = -0.1 and -0.3
10 points for each 0.1 when ILM_RV < -0.3

Annual Average Daily Traffic
(AADT)

1 point for each AADT/1000

5-29E58.00 | March 2016
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When calculating the SAL score for texture, rounding to a single decimal place applies so if the 2rd
decimal place of ILM_RVis a 1,2,3,or4 round up (i.e. make less negative) . However, if the 2nd
decimal place of ILM_RV is a 5,6,7,8,9 round down (i.e. make more negative).

The following two examples illustrate how the scoring regime in Table 2 is applied in practice:

Example 1 Skid Resistance:

If the IL pertaining to the SAL of interest is 0.55 ESC and the measured ESC averaged over the SAL
is 0.38 ESC, the residual value (IL_RYV) is 0.38-0.55 = -0.17 ESC. Therefore the contribution to the
SAL score (sal_esc_rv_score) = 4x5+10x5+15x7 = 175.

Example 2 Texture:

If the ILM pertaining to the SAL of interest is 1.0 mm MPD and the measured MPD averaged over
the SAL is 0.76 mm, the residual value (ILM_RV) is 0.76-1= -0.24, which rounds up to -0.20.
Therefore, the contribution to the SAL score (sal_ilm_rv_score) = 10. However, if the measured
MPD = 0.74 mm, ILM_ RV= 0.74-1=-0.26, which rounds down to -0.3. In this case, the
contribution to the SAL score = 15. Say, the ILM_RV= -0.434, rounded up this equals -0.4 so the
sal_ilm_rv_score = 40.

These two examples highlight two important points:
1. The SAL score is more sensitive to a deficiency in skid resistance than a deficiency in texture.

2. The SAL texture value has to be at least 0.3 mm MPD below the ILM to have any significant
impact on the SAL score.

Currently, the TL has been set at a skid resistance level of 0.1 ESC below the IL or a minimum value
of 0.3 ESC, whichever is higher. Therefore, the SAL score of a SAL where only the TL has just
breached is 70 for T10 site categories 1 to 4 and 20 for T10 site category 5.

The TLM for chipseal surfaces, which is the predominant surfacing type on the state highway
network, is set at a macrotexture level of 0.3 mm MPD below the ILM. Therefore, the SAL score of
a SAL where only the TLM has just breached will be 15.

A fully flushed section of road is defined when both the skid resistance is < 0.35 ESC and the
macrotexture is < 0.7 MPD3. Therefore, for an IL=0.55ESC (i.e. T10 site category 1), the presence
of flushing will give a SAL score of 235, whereas for an IL=0.5ESC (i.e. T10 site category 2) the SAL
score reduces to 160.

For the 2015 SCRIM* survey (2014/15 summer), the funding made available for treating SAL’s that
were below the IL or ILM was NZ$13.5 million. This funding allowed SAL’s with a SAL score of 140
or greater and an average ESC value that is equal or less than IL-0.05 of to be treated,
corresponding to a total length of about 397 lane-km’s or 1.8% of the entire sealed state highway
network.

The process of generating SAL’s and associated SAL scores for each annual survey has been
automated since the 2014 SCRIM* survey. This information is readily accessible via the “Skid
Assessment Length” table in RAMM.

In summary, the SAL score process has been formulated to target those lengths of state highway
where there is a potential problem with skid resistance rather than lengths that have adequate skid
resistance but a history of wet road crashes. Its intent is to identify sites where lower skid

3 Whitehead,D., Donbavand,J. and Mitchell, J. (2011), Developing an Objective Measure for Flushing, 3rd
International Surface Friction Conference, Safer Road Surfaces — Saving Lives, Gold Coast, Australia, 2011
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resistance may be contributing to the crash rate that can be addressed by the available SCRIM
sealing budget.

The expectation is that as the industry gains more experience with skid resistance management and
appropriate maintenance work is undertaken, the number of SAL’s requiring investigation will
reduce significantly allowing the SAL score threshold of 140 to be lowered, provided funding for
SCRIM sealing remains at around current levels.
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3 Trend analysis

To better understand the impact of historical maintenance funding levels and practices, trending of
state highway network skid resistance and texture values over the 14 year period 2003 to 2016 and
SAL'’s over the three year period 2014 to 2016 has been performed. The key findings are presented
below.

3.1 State Highway Skid Resistance and Texture Trends

Boxplots have been employed to help visualise how the condition of sealed sections of the state
highway network has changed between 2003 and 2016, with regard to lane averaged skid
resistance and texture (i.e. the average of left and right wheelpaths). For each year, the box shows
the upper quartile, the median, and the lower quartile. Therefore, 50% of the 10 m average
readings lie within the box. The vertical lines (the whiskers) run from the 10 percentile value to the
90 percentile value. Therefore 80% of the 10 m average readings lie between the two short
horizontal bars. If the data was normally distributed, the distance between each of these short
horizontal bars and the nearest edge of the box should be the same as should the height of the box
above and below the median line.

3.1.1 Skid Resistance

The skid resistance trending has been based on SCRIM coefficient (SC) values rather than ESC
values. This was done to eliminate any possible distortions that may be introduced by the seasonal
correction procedure.
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Figure 1: Trending of state highway lane skid resistance
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With reference to Figure 1, 2008 is clearly an anomaly, possibly caused by the survey taking place
later in the season than usual because of delays in getting the SCRIM* machine from the UK.
Therefore if 2008 is discarded, it can be seen that over the period 2003 to 2007, the network skid
resistance remained fairly stable, with a median value at about 0.53 SC. From 2009 to 20014, the
network skid resistance reduced at a rate of 0.005 SC/year, before stabilising over 2015 and 2016
around a median value of 0.50 SC.

Since the introduction of the revised T10 specification in 2013, there is also an upward trend in the
10 percentile value from 0.40 SC to 0.42 SC, indicating that the SAL score pr