Road Maintenance,  Spend More - Pay Less
The art of intelligent intervention.

1. Introduction

One of today’s challenges for the Road Maintenance Engineer is to maintain the road network that is growing older and busier by the day, with a road maintenance budget that is constantly under attack from politicians and inflation. Prudent financial management is therefore critical.

As a part of prudent financial management many “procurement models” are used to engage road maintenance contractors. The various models offer alternative frameworks but each has the aim of engaging intelligent network maintenance management with the objective of optimising pavement performance.
So what is intelligent network maintenance management? This paper acknowledges that “cost” or “operational efficiency” is important but what other variables should we be managing to get the maximum performance from our pavements and value from our budgets? This paper models several variables using the road maintenance records from three New Zealand Road Networks. The modelling results help value variables other than cost and may provide the key elements defining the art of intelligent intervention. 
Unit rates are a simplistic measure of operational efficiency or financial competitiveness. They are used in conjunction with estimated annual quantities of work to build up contract tender totals.
The issue with unit rates is that they are only one of the factors in the equation that determines the final cost of a repair. The other factor in the equation is the area or size of each individual job. So in evaluating the Unit Rates by multiplying them by the estimated annual quantities at the time of awarding the Contract there is no knowledge of what each repair will actually cost. 
The drivers to achieve lower unit rates are to either optimise operational efficiency and / or complete larger areas of work. This need to repair larger areas, to make low unit rates work is counterproductive and can greatly affect the asset owners funding requirements, or conversely reduce the number of defects that can be repaired on the network.

The actual cost of each repair is influenced by time. (Is time a greater influence than the unit rate?) Time will allow a defect to grow in size and complexity. The rate of growth (size and complexity) of a defect over time is influenced by the environment that the defect lives in. Seal condition, traffic volume and weight, weather, pavement construction and ground water level are a few examples of the environment variables. It is important to recognise that a defect has a life cycle with no definable destiny. Therefore the time lapse from ‘observation to repair’ is a major factor in determining the final cost of the defects repair.
The treatment selection or appropriateness of the proposed remedy is critical. The objective of a pavement maintenance repair is to restore the defective area to the same condition / life expectancy to that of the surrounding pavement. Treatment selections need to address all the issues present i.e. a pothole repair needs to address issues including the integrity of the pavement structure, shape of the final surface, and integrity of the seal coat. Rework is a waste of operational resource which eventually reflects in the cost to maintain the network. Equally inefficient is the application of an overly robust solution.

The statements made above need some relevance so I have looked into the road maintenance records of three Councils and tried to model the alternative behaviours to test and or value the statements.
2. Modelling Data
When information has been modelled and options discussed in this paper, the base data has been provided from the 2007/2008 road maintenance records of three Road Controlling Authorities in New Zealand. (Hutt City Council, Porirua City Council and Franklin District Council) The total annual work quantity completed in this period is represented in over 11,000 data entries. Each entry represents a completed work activity. The roads were managed by three National Contracting Companies under four separate Contracts.
3. Modelling

The paper now looks at remodelling the data based on three statements made in the introduction.

3.1 Unit Rates.
3.1.1 Introduction
Unit Rates should be a measure of operational efficiency. This can only be the case if the quantity per repair site is defined. Multiplying the unit rate by the estimated annual quantity provides no indication of operational efficiency.

This example looks at the sensitivity of reducing the treatment area of a structural repair. (dig-out)

3.1.2 Example

Structural repairs (Dig-outs)

Base Data

Average area 28.95m2

Average cost per m2 $42.45

Average cost of a dig-out $1,228.93
This information can be broken down into four component parts.
Profit 

$85.62  estimated at 7% of the revenue
Materials 
$405.30

Surfacing 
$202.65

Direct costs 
$529.57 (Labour, plant and Overheads)
If the repair was completed earlier (at 20m2 instead of 28.95m2) but the same costing structure applied then the unit rate (average rate per m2) will be more, but the average cost of a dig-out repair reduced. i.e.
Average area 20.00m2

Profit

$70.86

Materials
$280.00

Surfacing 
$202.65 Note no change here due to the high capital cost and low material cost of sealing small areas

Direct cost $
529.57 Note no change here due to the logistics of completing more work in a day on small pavement repairs

Average cost of a dugout 
$1,083.07

Average cost per m2 
$54.15

Under this example the amount of the unit rate is more but the cost of the repair is less. This demonstrates that the individual defect repair area is a very significant factor in evaluating the effect of a unit rate. 
The influence of this over a full year on the as built data is…

2007/2008

2,482 Structural repairs completed

Actual cost to the asset owner 2482 x 28.95m2 x $42.45m2 =  $3,035,827

Remodelled cost 2482 x 20.00m2 x $54.15 = $2,688,187

A saving of $347 639pa (11% of the funds spent on Structural failures)

3.1.3 Conclusion

This dispels the myth that Unit Rates when multiplied by the average annual quantities reflect operational efficiency. Comparative operational efficiency can only be measured if the defect repair area relating to the unit rate is also defined.

Hence the title “Spend more – Pay less.” A more accurate measure of operational efficiency is the total cost per repair type.
3.2 Time

3.2.1 Introduction
Defects grow in size (area or length) with time, they also grow in complexity. An untreated crack or seal defect will grow to be a surface defect and an untreated surface defect will grow to be a structural defect.

This example looks at the sensitivity of treatment timing. i.e. Treatment at the earliest opportunity and before the defect becomes more complex.

3.2.2 Base Data
The annual work activity has been summarised into four work items (potholes, cracking, surface repair and structural repair) because they represent the life cycle of the defect. (From loss of waterproofness through to structural failure)

Financial (Actual expenditure)

The average unit rate per item

Pothole

$ 30.23 ea 

Crack


$   7.03 m

Surface repair

$ 28.00 m2

Structural repair
$ 42.45 m2

The average quantity of each treated defect

Pothole

  1.0   ea

Crack


57.0   lm

Surface repair
  
  7.9   m2

Structural repair
28.95 m2


The average cost per repair = average cost x average area

Pothole

$      30.23 

Crack

$    400.71

Surface repair

$    221.20

Structural repair
$ 1,228.93

The total number of defects repaired

Pothole

7,435

Crack

    
   145

Surface repair
   
   585

Structural repair
2,482

The total quantity of defects repaired

Pothole

   7,435 ea

Crack

              8,253 lm

Surface repair
   
  4,624 m2    (= 6.4% of structural repair area)

Structural repair
 71,847 m2

The total annual expenditures (2007/2008) were...

Pothole

$    224,758
    5.8%

Crack


$      58,023
    1.5%

Surface repair

$    129,471
    3.3%

Structural repair
$ 3,049,895
  78.1%
Other


$    441,857
  11.3%

Total                           $ 3,904,004
100.0% the total expenditure on pavement  

                                                                         maintenance for the year.

3.2.3 Example One
From the data collected it is possible to re-evaluate the costs if a change to the time of intervention was implemented.

In the first example one defect in five has been shifted to the previous defect category. 

The total number of defects repaired




Was

Now

Pothole

 7435

7,435

Crack

    
   145

   262

Surface repair
   
   585

   964

Structural repair
 2482

1,985

The average unit rate per item

Pothole

$ 30.23 ea 

Crack


$   7.03 m

Surface repair

$ 28.00 m2

Structural repair
$ 42.45 m2

The average quantity of each treated defect

Pothole

  1.0   ea

Crack


57.0   lm

Surface repair
  
  7.9   m2

Structural repair
28.95 m2

The five main defect categories were...

Pothole

$    224,758
    6.6%

Crack


$    104,986  
    3.1%

Surface repair

$    213,237
    6.2%

Structural repair
$ 2,439,421  
  71.2%
Other


$    441,857
  12.9%

Total                            $ 3,424,259
100.0% 

Previous total
 
 $ 3,904,004

Saving 

 $    479,745

Note this savings figure is 12.3% of the total money spent by these three Councils on the pavement maintenance for the year.  

3.2.4 Example Two
In this example two defects in five have been shifted to the previous defect category.

The total number of defects repaired




Was

Now

Pothole

 7435

7,435

Crack

    
   145

   379

Surface repair
   
585

1,343

Structural repair
 2482

1,489

The average unit rate per item

Pothole

$ 30.23 ea 

Crack


$   7.03 m

Surface repair

$ 28.00 m2

Structural repair
$ 42.45 m2

The average quantity of each treated defect

Pothole

  1.0   ea

Crack


57.0   lm

Surface repair
  
  7.9   m2

Structural repair
28.95 m2


The five main defect categories were...

Pothole

$    224,758
     7.6%

Crack


$    151,869  
     5.2%

Surface repair

$    297,072
   10.1%

Structural repair
$ 1,829,873  
   62.1%
Other


$    441,857
   15.0%

Total                            $ 2,945,429
 100.0% 

Previous total

$ 3,904,004

Saving 

$    958,575

Note this savings figure is 24.6% of the total money spent by these three Councils on the pavement maintenance for the year.  
3.2.5 Conclusion

This clearly demonstrates that the time of intervention is critical in optimising the value obtainable from the financial resources. A defect should not be left to grow in size and more importantly complexity.
3.3  Treatment Selection

3.3.1 Introduction

The appropriate treatment selection should be applied to each defect in a timely manner. The correct treatment will restore the defective area to the same condition and life expectancy of the surrounding area. To be cost effective the treatment should be the final treatment. Holding treatments need to be considered if they limit the growth of a defect pending further investigation or to provide for road user safety during this period.

The as built data summarised on an annualised basis is…

Pothole

$    224,758
    5.8%
 7,435 sites
Crack


$      58,023
    1.5%
    145 sites
Surface repair

$    129,471
    3.3%
    585 sites
Structural repair
$ 3,049,895
  78.1%
 2,482 sites
Other


$    441,857
  11.3%

Total                            $ 3,904,004
100.00%
From this data some general observations can be made.

Potholes (Reactive maintenance) are a significant activity of the maintenance regime. The data provided does not define the rework element or subsequent effect of losing the integrity of the seal coat. But the quantity of potholes suggests that the effective repair of potholes must be an important strategy.
Preventative maintenance (crack sealing and surface repair) accounts for only 4.8% of the total expenditure. This would suggest that preventative treatment strategies are not aggressively pursued.

Crack sealing as a road maintenance activity (excludes the reseal programme) accounted for 1.5% of the pavement maintenance expenditure and a total of 145 sites were treated. This would suggest little commitment towards maintaining the integrity of the seal coat.

The majority (78.1%) of all maintenance work is left until the pavement requires structural repair. In this work activity the defect size (area requiring repair) is the largest, and the rate the most expensive, making the structural repair the most costly defect type to repair. This would suggest that defects are left too long before an intervention action is deployed.
3.3.2 Objective

Treatment selections that support effective preventative maintenance practice and earlier intervention need to be introduced as and where appropriate. Proactive treatment regimes should turn the work triangle in the base data (based on the number of work sites treated) upside down.
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      Proactive Treatment Regime
Treatment selections such as the BRP Road Patch allow intervention at the earliest opportunity. If a road maintenance crew can effectively restore the integrity of the seal coat at the time a defect in the seal coat is observed then optimum intervention has been achieved.

The BRP Road Patch a prefabricated chip seal manufactured with a bitumen binder including 22% recycled rubber, has greatly influenced the ability to improve the intervention strategies.

A Proactive Treatment Regime focussing on preserving the integrity of the seal coat will have the effect of reducing the number of structural repairs and therefore allow more defects to be repaired for the same budget.
3.3.3 Conclusion

Maintenance works need to focus on preserving the integrity of the seal coat. For every defect nipped in the bud a surface repair of Structural failure is avoided. The net effect is to reduce the area and complexity of the defect allowing more defects to be treated by the available budgets. The total number of defects repaired for the budget is an important indicator and one that should track aggressively upwards if proactive treatment regimes are being rigorously pursued.
4.0 Environmental
The environmental benefit of achieving best practise in road maintenance is to reduce the amount of fossil fuels burnt (plant and machinery) and materials (production and cartage) required to complete pavement repairs.
This is achieved by minimising the area of a repair, completing a repair at the earliest opportunity in the defects life cycle and selecting the optimum treatment.

It has not been possible to calculate the amount of fossil fuel saved by the alternatives modelled in this paper. The financial savings discussed do relate to reduced consumption of labour, plant and materials so the reduced demands on the environment would be significant.

5.0 Safety

By treating defects when they are smaller in area and earlier in their life cycle there will be less unsealed defects on the network. The financial savings also allow more work to be achieved again removing more unsealed defects from the network. The net effect is providing the user with a network with a sound stable sealed pavement which is consistent and therefore predictable.
6.0 Summary

This paper asked the question “What is Intelligent Network Maintenance Management?”

From the road maintenance records, provided by the three Council’s we have been able to model the effect of changing some of the factors. These changes have provided significant improvements in the cost of road maintenance, environmental impact of road maintenance work, and road user safety.

From this work my conclusion is…

Management is a very broad term and a road network is a very complex asset. Intelligent Network Maintenance Management is a combination of behaviours that monitor and improve four key result areas.

1. Operational efficiency “Well skilled, highly motivated people, planning and completing work that optimises the use of the inputs relative to the agreed objectives. (This is not necessarily represented in the unit rates.)
2. The cost of the defect repair. “Focus on finding the lowest cost per defect repaired rather than the lowest unit rate.”

3. Timely intervention. “Minimising the opportunity for a defect to grow in size and complexity.”

4. Treatment Selection “Correct treatment selections with an emphasis on proactive treatments that address all the issues raised by a defects occurrence.”
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