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This paper documents an assessment of some aspects of network and project level
performance for the PSMC 001 contract. Current performance base contracts are
moving toward a 25 year design life criteria for assessing contract rehabilitation
performance. One of the main problems with this trend is that current design
methods have not been proven to be adequate. These methods do not necessary
provide a guarantee that the rehabilitation will deliver the expected performance in
the field. In order to test current methodologies, a case study of the PSMC 001
contract has been used to assess actual performance and effectiveness of
rehabilitation. The analysis showed that the inclusion of a post-construction
assessment of structural capacity is definitely meaningful and contributes to
monitoring conformance to the intent of the contract. It is of special concern that —
despite a significant proportion of the network being rehabilitated within the
maintenance period — there has been no appreciable improvement in the network
condition as far as roughness and rut depth is concerned. Performance of these
roads suggest a need to calibrate or re-assess aspects of the FWD analysis and ME
methodology used to assess the post-construction structural capacity.




Aspects of the PSMCO001 Network Performance
Rehabilitation Projects & General Network Condition Indicators Gerhard van Blerk

INTRODUCTION

This paper documents an assessment of some aspects of network and
project level performance for the PSMC 001 contract. This contract was
awarded in January 1999 and was the first ten-year lump-sum performance
specified maintenance contract (PSMC) for New Zealand. One of the intents
of the PSMC contract is to significantly improve the structural capacity of
weaker segments of the network, thereby decreasing the long-term
maintenance needs. To ensure this, the PSMC contract stipulates that fifty
percent of the road network should be rehabilitated. In addition, the
rehabilitation work should provide a road product with a 25-year design-life.
The assessment of project performance is based on high speed data (HSD)
collected by Transit New Zealand as part of its annual network surveillance
efforts. Thus, to assess the effectiveness of this component of the PSMC
contract, it is of special concern to determine whether the network is being
consumed or preserved during the contract period. The objectives of the
analysis reported here is thus to:

e Assess performance of some project level rehabilitation projects
completed in the first three construction seasons. Roughness and rut
depth are used to assess past performance and to provide an indication of
future performance.

e Determine the effectiveness of the rehabilitation actions to meet the 25-
year design-life requirement, and the impact of rehabilitation work
performed to date on the overall roughness and rut depth of the network.

The paper provides Transit New Zealand and design engineers with
information to better understand the complexity involved with the mechanistic-
empirical (ME) design method and with the risks associated with a 25-year
design-life guarantee. It is shown that design assumption used in the ME
method to satisfy a 25-year design criterion do not necessarily provide a
guarantee that the rehabilitation will deliver the expected performance in the
field. Recommendations are made for improving the method for evaluating
the 25-year design-life criterion and the associated risk for long-term
maintenance contracts; specifically from a research and development
viewpoint.
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2.1

2.2

PERFORMANCE OF REHABILITATION PROJECTS

GENERAL

The analysis of the performance of individual rehabilitation projects was
based on a selection of projects completed in the first three construction
seasons. Projects that exhibit a range of performance (ie. poor to good) were
selected to provide a broad assessment of key aspects related to project
performance and post-construction evaluation. The assessment of project
performance is based on high speed data (HSD) collected by Transit New
Zealand as part of its annual network surveillance efforts.

The PSMC contract specifies that the ME method should be used for the
pavement design of rehabilitation. It is important to note that all
rehabilitation design satisfied a 25-year design-life criterion (Austroads
Pavement Design Guide and New Zealand Supplement). In addition, the
PSMC contractor specified that the ME method should be used to assess
post-construction conformance of rehabilitation work to the 25-year design-life
criterion. The method is implemented using an analysis of post-construction
Falling Weight Deflectometer (FWD) data (normally collected within one year
after rehabilitation is completed). The analysis of FWD data provides an
indication of attained layer stiffnesses, which are then used on conjunction
with the design layer thicknesses and the ME method to determine the
structural capacity and design-life of the rehabilitated pavement.

In the following analysis, most of the selected projects did meet the 25-year
design-life criterion on the basis of post-construction FWD analysis.
However, some projects, which did not meet this criterion are also included.
For the purpose of the paper three projects are discussed in separate sub-
sections to follow.

MANAROA STREAM

This rehabilitation was completed in April 1999 and consisted of a 250 mm in-
situ cement treatment of the upper pavement layers. Before rehabilitation,
roughness was high, with an 85" percentile greater than 130 Naasra counts.
Rut depths were relatively low, with an 85" percentile rut depth of less than
10 mm. It therefore seems that this rehabilitation was triggered by severe
roughness. The post-construction evaluation for this project did not satisfy
the 25-year design-life criterion.

Network condition data were measured roughly one year after construction
and showed a significant decrease in roughness and a small decrease in
rutting. Condition parameters are summarised in Table 1.
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Table 1: Performance Indicators for Manaroa Stream

Parameter Median | 85"™ Percentile
Rut depth after rehabilitation (mm) 4 6
Roughness after rehabilitation (Naasra) 64 79
Latest Rut depth (mm) 9 16
Latest Roughness (Naasra) 75 103
Average Annual Rut Increment (mm) 0.8 1.7
Average Annual Roughness (Naasra) 1.8 4
Extrapolated Rut Depth at 15 Years (mm) 16 31
Extrapolated Roughness at 15 Years 91 139
(Naasra)

2.3

The data in Table 1 and the trends in the performance summary plot in
Appendix A, show a severe increase in rutting and a steady increase in
roughness. The increase in rut depth is of special concern and this is
reflected in the latest measured data that indicates that the 85" percentile rut
depth exceeds 15 mm. Thus, roughly five years after rehabilitation, the rut
depth exceeded the rut before rehabilitation. This rehabilitation is thus
deemed to have failed effectively five years after construction, based on the
rutting assessment.

MAHOENUI SCHOOL

This rehabilitation was completed in April 1999 and consisted of a 250 mm
depth, in-situ cement treatment of existing granular layers. Roughness prior
to construction was marginal with an 85" percentile greater than 115 Naasra
counts. Rut depths were similar with an 85" percentile rut depth of less than
10 mm. The post-construction evaluation for this project failed the 25-year
design-life criterion.

The network condition data shown in the table below were measured a year
after construction.  The roughness measurements show a significant
improvement in roughness. Condition parameters are summarised in Table
2.

Table 2: Performance Indicators for Mahoenui School
Parameter Median | 85™ Percentile
Rut depth after rehabilitation (mm) 3 5
Roughness after rehabilitation (Naasra) 46 62
Latest Rut depth (mm) 7 12
Latest Roughness (Naasra) 98 139
Average Annual Rut Increment (mm) 0.8 1.4
Average Annual Roughness (Naasra) 10.4 15.4
Extrapolated Rut Depth at 15 Years (mm) 15 26
Extrapolated Roughness at 15 Years
(Naasra) 202 293

The data in Table 2 and the trends in the performance summary plot in
Appendix A, show an exponential increase in roughness and rutting. The
extrapolated values in Table 2 clearly predict premature failure, and this is
confirmed by field observations, as the rehabilitation was reworked five years
after completion. It is important to note that in this case the outcome showed
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2.4

2.5

a good correlation between the predicted and actual pavement performance.
The latest roughness and rut data in Appendix A show renewed values
measured after completion of rework in 2005.

PuTI BLUFFS

This rehabilitation construction was completed in December 1999 and
consisted of a 240 mm in-situ lime treatment of the base and sub-base.
Before rehabilitation, roughness was very high, with an 85" percentile greater
than 189 Naasra counts. It therefore seems that this rehabilitation was
triggered by severe roughness. Rut depths were marginal, with an 85"
percentile rut depth of less than 10 mm. The post-construction evaluation for
this project satisfied the 25-year design-life criterion.

Network condition data were measured four months after construction and
showed a significant decrease in roughness and rutting.  Condition
parameters are summarised in Table 3.

Table 3: Performance Indicators for Puti Bluffs
Parameter Median 85" Percentile
Rut depth after rehabilitation (mm) 2 3
Roughness after rehabilitation
(Naasra) 62 78
Latest Rut depth (mm) 2 2
Latest Roughness (Naasra) 58 74
Average Annual Rut Increment (mm) No Change No Change
Average Annual Roughness (Naasra) No change No Change
zEnZ(que;polated A Bisjpin el 79 Vet Not Calculated | Not Calculated
Extrapolated Roughness at 15 Years
(Naasra) Not Calculated | Not Calculated

The data in Table 3 and the trends in the performance summary plot in
Appendix A, show a stable performance over the past six years. The data
show that this project is performing well no indication of deterioration
observed after six years in service.

SUMMARY OF PROJECT PERFORMANCE

Table 4 shows a summary of the performance of nine projects assessed in a
similar manner as the three examples in the preceding sub-sections. In
essence, the summary data show a good correlation between the post-
construction ME assessment and actual performance (which amounted to
premature failure) in the field. In general, the selected projects which satisfied
the 25-year design-life assessment based on post-construction FWD analysis
showed satisfactory performance in the field.

However, it is of concern that two of these projects show marginal predicted
performance based on extrapolated roughness and rut depth values after 15
years. In this regard, it should be noted that the extrapolated performance is
performed up to 15 years - thus ten years less that the actual 25-year
requirement. This leaves some uncertainty regarding the performance in the
last ten years. However, at this stage it is felt that extrapolating beyond 15
years in service would not be meaningful given the range of available data.
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It is recommended that:

The projects showing a marginal extrapolated performance at 15 years
should be closely monitored in future. Since these projects passed the
25-year design-life criterion - assessed on post-construction data -
unsatisfactory performance of these roads in the near future would
suggest a need to calibrate or re-assess aspects of the FWD analysis and
ME methodology used to assess the post-construction structural capacity.

Given the novelty of the PSMC contract, it is recommended that the
analysis presented here be expanded to include more projects, and
specifically those projects which passed the 25-year design evaluation.
Such assessments may provide invaluable information that could be used
to refine the post-construction evaluation methodology to provide greater
reliability and better protection of the network asset.

The analysis showed that the inclusion of a post-construction assessment
of structural capacity is definitely meaningful and contributes to monitoring
conformance to the intent of the contract. The analysis also showed that
elements of the analysis are working as intended but can be refined and
improved upon with further analysis of the PSMC network performance.
One aspect that may be reconsidered is the choice of a 25-year design
criterion, as opposed to (say) a 15-year design criterion. Conformance to
a 25-year design criterion is difficult to measure and assess, even at the
end of a 10-year maintenance contract. The use of a shorter design
period may be more meaningful.
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Table 4: Summary of Rehabilitation Project Assessments
Pre - Post - Subjective
Construction Construction: | Construction: | Assessment
Project Tvoe 25-Year 25-Year Based on Comments
yp Design Design Performance
Criterion Criterion To Date
175 mm Rutting and roughness distributions are widening each
Pio-Pio Granular Pass Pass Marginal year. Extrapolated rut and roughness at 15 years is
Overlay unacceptable.
Manaroa 250 mm In-situ _ . A severe increase in _rytti_ng and roughng_ss was
Stream Cement Pass Fail Fail pbseryed after rehabilitation. Pre-rehabilitation levels
Treatment in rutting and roughness are already exceeded.
125 mm T . . N
North Hunts The rehabilitation is performing well with no significant
Road Granular Pass Pass Pass deterioration recorderzj to da’(e.g °
Overlay
Owaikura 260 mm In-situ _ . A severe i.ncrease in ruttiln.g was obser\{ed aff[er
Road West Cement Pass Fail Fail rehabilitation. Pre-rehabilitation levels in rutting are
Treatment already exceeded.
Mahoenui 250 mm In-situ _ . An exponential incre§1§e [n roughness ar]q rqtting was
School Cement Pass Fail Fail observed a}fter rehabilitation. The_ rehabilitation was
Treatment reworked five years after completion.
Mapara North 300 mm In-situ The rehabilitation is performing well. However,
R Cement Pass Pass Pass extrapolated rut depth values at 15 years after
oad L :
Treatment rehabilitation are marginal.
150 mm The rehabilitation is performing weII. aIthougr?hthe rut
Uriti Factory granular overlay Pass Pass Pass depth is showing a visible increase in the 85
percentile value.
. 240 mm In-situ The rehabilitation is performing well with no significant
Puti Bluffs Lime Treatment Pass Pass Pass deterioration observgd to dateg °
Anso Road 340 mm In-situ _ Roughness and rutting are showing a steady increase
Intersection Cement and Pass Pass Marginal each year. Extrapolated roughness and rut depth at
Lime Treatment 15 years is unacceptable.
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3 EVALUATION OF NETWORK ROUGHNESS
PERFORMANCE

The preceding section focused on the performance of individual rehabilitation
projects. In this section and the next, the analysis focuses on the overall
network performance in terms of roughness and rutting, respectively. For this
section, the roughness values of sub-networks within the PSMC network were
analysed for each assessment year. Plots that illustrate key roughness
performance trends on the various sub-networks are shown in Appendix B,
and are summarised in Figure 1 and Figure 2.

The plots shown in Appendix B represent the distribution of roughness data
recorded at different times. The lower bar represents the 15" percentile, the
middle dot the mean and the upper bar the 85" percentile of the distribution.
Thus, the trend exhibited by the blue dots represent changes in the central
tendency of the roughness distribution over different years, while the trend in
the upper bar represents the change in the right tail of the distribution which is
indicative of the poorest 15 percent of the network in any given year.

It should be noted that the PSMC 001 performance-based contract started in
January 1999 and was tendered using the performance of the network in
1998 as benchmark. Thus the data shown in Appendix B and Figure 1 and
Figure 2 include data for two years prior to the start of the PSMC 001
contract.

The figures in Appendix B, as well as Figure 1 and Figure 2, show that over
the long term the roughness over each of the various sub-networks is either
stable or improving (as in the case of the East-West network). In the case of
the Southern and Northern sub-networks, the short-term trend between 2004
and 2005 suggests a slight increase in roughness. This applies to the central
tendency and the poorest 15 percent of these networks. However, it should
be noted that this apparent increase in roughness is relatively small and
surveys in further years will be needed to determine if this trend is significant.
It is perhaps in response to this apparent trend that the contractor is planning
to embark on a significant rehabilitation program on the Southern sub-
network.

Overall, it is felt that the roughness trends on the PSMCO001 network are
satisfying and do not suggest a significant consumption of the road asset in
terms of roughness. However, it is of concern that - except for the East-West
sub-network - there is no significant improvement in the roughness condition
of the various sub-networks.

Figure 3 shows the approximate percentage of each network that was
rehabilitated by July 2005. This figure clearly shows that, on the East-West
network, the percentage length rehabilitated was the greatest, and this is
clearly reflected in the decreased roughness of this sub-network. However,
on the South and North sub-networks, there is no appreciable decrease in the
roughness despite the fact that approximately 20 percent of these network
lengths have been rehabilitated to a 25-year design-life standard. This casts
some doubt on the effectiveness of the rehabilitation actions to upgrade the
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road asset to a 25-year design-life and its impact on the overall roughness of
the network. This observation may be indicative that the rehabilitations are
not as effective as expected and that the standard for evaluating the 25-year
design-life criterion should be refined.

Mean Roughness for Network
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Figure 1: Network Mean Roughness Value over Different Years
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85th Percentile Roughness for Network
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Figure 2: Network 85™ Percentile Roughness Value over Different Years
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4 EVALUATION OF THE NETWORK RUT DEPTH
PERFORMANCE

The left wheel path (LWP) mean rut depth values of sub-networks within the
PSMC network were analyzed for each assessment year. Plots that illustrate
key rut depth performance trends on each sub-network are shown in
Appendix C, and are summarised in Figures 4 and Figure 5. The plots shown
in Appendix C represent the distribution of rut data recorded at different times.
The lower bar represents the 15" percentile, the middle dot the mean and the
upper bar the 85" percentile of the distribution. Thus, the trend exhibited by
the blue dots represents changes in the central tendency of the rut depth
distribution over different years. Similarly, the trend in the upper bar
represents the change in the right tail of the distribution that is indicative of the
poorest 15 percent of the network in a given year.

The figures in Appendix C, as well as Figure 4 and Figure 5, show that over
the long term the LWP mean rut depth of each sub-network is slowly
increasing, with the exception of the East West sub-network. This is most
clearly shown in the case of the Southern and SH39 sub-networks. This
applies to the central tendency and the poorest 15 percent of these networks.
It is of concern that the Southern sub-network is showing a slight increase in
the mean and 85" percentile rut values. The latest network survey shows
that on the Southern sub-network, the 85" percentile rut is 9mm. This
suggests that roughly 15 percent of the network length has a rut depth greater
than 10 mm, which could pose safety hazards in wet weather. This is despite
the fact that roughly 20 percent of the sub-network length has been
rehabilitated within the maintenance period. Again, this casts some doubt on
the efficacy of the rehabilitation work and this issue should be closely
monitored.

Overall, the rut depth trends over the various sub-networks suggest that the
PSMC 001 network has not deteriorated significantly during the maintenance
contract period. However, as noted above, it is of concern that - despite a
significant proportion of the network being rehabilitated within the
maintenance period - there has been no appreciable improvement in the
network condition as far as rut depth is concerned.

Indications are therefore that the status quo is maintained with no appreciable
improvement or deterioration of the network during the contract period. This
is most apparent on the East-West sub-network, where the rut depth has
stayed essentially unchanged despite the fact that nearly 50 percent of the
network has been rehabilitated within the maintenance period. This is
especially worrying if it is taken into account that all rehabilitation work should
conform to a 25-year design criterion and should thus show a lowered and
stable rut distribution over at least the first 10 years after rehabilitation is
completed. This is clearly not always the case, as was discussed in Section
3. Again, it is recommended that the method for evaluating conformance to
the 25-year design criterion should be continually assessed, re-evaluated and
improved.

11
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Figure 4: Network Mean Rut Depth Value over Different Years
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5 SUMMARY AND CONCLUSIONS

The report presents an assessment of network level rutting and roughness
data collected on the PSMC 001 network over roughly the past ten years.
The data were evaluated in the context of individual rehabilitation projects and
also in terms of the overall performance of sub-networks within the PSMC 001
network.

The assessment of specific rehabilitation projects suggests that the
methodology for evaluating post-construction FWD data and determining the
structural design-life is meaningful. For the selected projects, all of the
projects which were deemed to have failed the 25-year post-construction
design-life criterion did indeed exhibit performance that supported this
assessment. On the other hand, those selected projects which met the 25-
year design-life criterion generally showed stable performance over time.

It is of concern that some of the projects which met the 25-year design
criterion show a marginal performance, as based on the extrapolated 15-year
rut and roughness values. Thus trends in the available data suggest that
some of the projects which met the 25-year design criterion may not exhibit
the desired field performance. This suggests that the methodology for
assessing the 25-year design-life criterion should be improved and calibrated.
It is believed that such improvement can be achieved through continual
evaluation of project performance coupled with judicious improvements in the
FWD analysis and ME design evaluation methodologies.

The roughness values of sub-networks within the PSMC network were
analysed for each assessment year. Overall, it is felt that the roughness
trends on the PSMC 001 network are satisfying and do not suggest a
significant consumption of the road asset in terms of roughness. It is of
concern, however, that - except for the East-West sub-network - there is no
significant improvement in the roughness condition of the various sub-
networks.

The left wheel path (LWP) mean rut depth values of sub-networks within the
PSMC network were analysed for each assessment year. Overall, the rut
depth trends over the various sub-networks suggest that the PSMC 001
network has not deteriorated significantly during the maintenance contract
period. However, it is of concern that the southern sub-network shows a
slight increase in the mean and 85" percentile values.

However, as noted above, it is of concern that — despite a significant
proportion of the network being rehabilitated within the maintenance
period — there has been no appreciable improvement in the network
condition as far as roughness and rut depth is concerned.

It is recommended that:
e The projects showing a marginal extrapolated performance at 15 years

should be closely monitored in future. Since these projects passed the
25-year design-life criterion, unsatisfactory performance of these roads in

13
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6

the near future would suggest a need to calibrate or re-assess aspects of
the FWD analysis and ME methodology used to assess the post-
construction structural capacity.

Given the novelty of the PSMC contract, it is recommended that the
analysis presented here be expanded to include more projects, and
specifically those projects which passed the 25-year design evaluation.
Such assessments may provide invaluable information that could be used
to refine the post-construction evaluation methodology to provide greater
reliability and better protection of the network asset.

The analysis showed that the inclusion of a post-construction assessment
of structural capacity is definitely meaningful and contributes to monitoring
conformance to the intent of the contract. The analysis also showed that
elements of the analysis are working as intended but can be refined and
improved upon with further analysis of the PSMC network performance.
One aspect that may be reconsidered is the choice of a 25-year design
criterion, as opposed to (say) a 15-year design criterion. Conformance to
a 25-year design criterion is difficult to measure and assess, even at the
end of a 10-year maintenance contract. The use of a shorter design
period may be more meaningful.
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Appendix A

Rehabilitation Projects — Performance Summaries

A-1
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1997-05-10  1998-05-17  1999-03-27  2000-04-15  2001-03-14  2002-02-03  2002-12-15  2003-12-15  2004-12-13  2005-12-30
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Median ¥alue 112 112 124 B2 59 £g cg E7 £7 cg
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Number of Obs. 242 242 242 242 242 242 242 242 242 242
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15th Percentile 40 41 43 41 41 42 41 41 41 40 40 40
Mean ¥alue G 67 0 69 67 67 GE 63 67 65 G 65
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Maxinium ¥alue ERE] 415 432 L7a E20 999 403 315 434 250 311 216 315

Roughness Condition Summary

T‘m :’T Southern Network

Rubicon Toolbox: High-Low Comparer [ Vet Undefined [ {Unficencad)

B-3



Aspects of the PSMCO001 Network Performance

Rehabilitation Projects & General Network Condition Indicators Gerhard van Blerk
1
—— I"
150 T '1
140 T \
'_I — —
130 | ——
Il L
120 + L == = ;
E 11|:| i -.I — Jf/ \._ —— — gepps
% Il. ! "
g 100 \ e .
b - -
90 1 §---- P Pm . -
@it S ... P
80 1 R ®-------- R ERRT
0T+
B0 A A e
EI:I —— — — —— — — —
40 ; } ; t t : : : : : : :
Approx. Approx. Approx, Approx. Approx, Approx, Approx. Approx. Approx. Approx. Approx. Approx.
EEETE] 1997 s 0z 159950514 19990327 20000415 20010309 200202103 200212115 200302122 200312115 200412112 200512129
15th Percente 154 5z 57 EE 53 E4 52 50 10z 50 % 48
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Network Rut Depth Performance Summaries
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15th Percentls 2 1 2 1 1 1 1 2 2 2 1 2
Mean Yalue & E| 4 E| 4 E| E| 4 E 4 4 4
85th Percentile ] [ [ g [ [ g [ 7 [ [ 7
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