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Performance Measurement Template  
 

Define                
 

General Information                                                                      .                                                                          

Benchmark name: as short as possible 

Version: concept/final 

Definition: description of benchmark based on theory (starting point) and 
practice (finalise) 

Asset type: road/quay wall/etc. 

 

 

Guiding Principles: Theoretical Constructs to Position the Benchmark . 

Focus of Asset Managers: position of the benchmark in relation to Asset 
Management objectives. The triangle of performance, costs and risk.  

Place the cross on the spot to show what the benchmark measures  
 
 

 

Processes of Asset Managers: position of the benchmark in processes 
involved when managing assets. Performance measurement framework. 

Mark the boxes grey to show what type of variable is measured 
                                                                   
  
                          
 
 
 
 
 
 
 
 
 
 
 
 
Note: examples can be found in Appendix I 
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Control of Asset Managers: hierarchical structure of the organisations and 
the position of asset management, asset managers and assets. Relations 
quantities should be controlled by the asset manager, or in co-operation.  

Discuss port control model, and decide what number is applicable and why  

 
Select at least one of the numbers: (1), (2), (3) or (4)  
 

Number: (1), (2), (3), (4) 
 
Explain why it is applicable to the benchmark 
 

Explanation: justification of the selected option, and in case one of the 
examples is applicable also mention this. 

 
 
 
 
 
 
 
 
 
Note: examples can be found in Appendix II 
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Goal                                                                                             .   

Purpose: describe the rationale of the measurement, it should enable asset 
managers to monitor and stimulate improvement. Performance measurements 
should relate to specific goals. The measurements should be relevant for asset 
managers, as they aim for continuous improvement.  

 Measure              
 

Mathematical Formula                                                                   .             

Main formula  benchmark overview:  

 

 

 

 

Simple example calculation 

 

Appendix #: example in Excel sheet using real asset data.  

 

Formula  after clicking on benchmark:  

 

 

 

 

Simple example calculation 

 

Appendix #: example in Excel sheet using real asset data.  
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International Comparison                                                              . 

Cross-port: write down arrangements in case applicable. Does every port 
measure the required data in the same way? In case not add appendix with 
explanation and scaling. Explain how benchmarking group handles with the 
differences and make share all ports agreed upon this solution to ensure data 
quality. More information: Appendix #   

Cross-country: same idea as on port-level. Identify difference in case 
necessary. Check if every unit measured in the same units (example: 
currencies for cost units). More information: Appendix #.   

Data Collection Frequency                                                             . 

Frequency: all ports should collect data required for the benchmark annually. 
In this manner the performance can be recorded and reported, which allows 
asset managers to monitor the development of the benchmark.  

Required Data                                                                              . 

Data table: variable names (counts) which can be found in the 
 template, field name should 

match with the column names in the shape file or Excel sheet, definition 
obtained from properties file. Shape or Excel must contain the following data:  

Data Field name  Definition 
Port Port_Area Port name 
Year BM_Year Year  

  Asset ID of the Quay Wall/Road 
  Quay Wall/Road type as defined 

   
   
   
   

   
   

   
   
   

   
   
   

 
Note: the information can be found in the properties file, in which all data characteristics 
(fieldname, fieldname shapefile and explanations can be found) 
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Analyse                
 
Dashboard: possibility to make suggestions or the dashboard development. 
Initial plan for visualisation to inform users, usually some sort of graph or chart 
that demonstrates the overall direction or level of performance over some 
period of time (or for one year) in a comparative way. Examples of how the 
results should be presented in the dashboard. More information: Appendix #   

Improve               
 
Useful insights: explain why the analysis of this benchmark contributes to 
continuous improvement. Has to be in line with the goal . Identify how reasons 
for poor or good performance that can be subtracted from the dashboard. Also 
add limitations, as many results can be context specific. Next to this many 
improvement options required further research.   

Note: improvement and actions are the responsibility of each port and the asset managers 
individually. The goals explains what information can be derived from this benchmark.    

Control                
 
Data: 

 Data checks will take place both automatic and 
manual. Shape files shall be given the preference over Excel files, as it is highly 
compressed, portable, and less prone to errors.  
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Appendices            
 

Appendix I                                                                                   .  

Processes of Asset Managers  Examples  

As asset managers have to manage their asset, they deliver input to the assets which 
results in a certain output of the assets. These input and outputs can be measured:   
 

 Define Measure  Asset* 
Input Preventive maintenance Methods (description) G 

Frequencies (#/year) G 
Costs ( ) G 

Corrective maintenance Methods (description) G 
Costs ( ) G 

Inspections Methods (description) G 
Frequencies (#/year) G 
Costs ( ) G 

etc.   
Output Availability of the asset % Available (%) G 

Condition of the asset Rating G 
etc.   

Influencing 
factors 
 

Climate conditions Temperature (°C) G 
Salinity of the water Gram/parts (ppt) Q 
Demand Throughput (tonnes/year) G 

Intensity (veh/h) R 
Port Calls (#/year) Q 

Requirements Budget (  G 
Port vision (#,% or description) G 
Rules & Regulations 
(description) 

G 

Age of assets EOL range G 
etc.   

*Quay wall (Q), Road (R), Generic (G) 
Note: additional variables can be determined in the column Define 

Mark the cells in case they examples are relevant for this benchmark.  

Appendix II                                                                                   . 

Control of Asset Managers  Examples 

Controlled/influenced by the asset manager? 

(1) Information 
Maintenance costs 

- Preventive maintenance costs 
- Corrective maintenance costs 
- Inspection costs (+testing and monitoring) 

(2) Information 
Performance of assets 

- Availability 
- Condition (visual or constructive) 
- Risks 
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(3) Control 
Maintenance activities 

- Preventive maintenance: methods/activities, frequencies 
- Corrective maintenance: methods/activities 
- Inspections: methods/activities, frequencies 

Not (direct) controlled/influenced by asset manager?  
(4) Information 
Requirements 

- Budget 
- Port vision: goals (environmental, etc.) 
- Rules and regulations (international, national and port specific) 

 

Appendix #                                                                                  . 

Text 
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Performance Measurement Template  
 

Define                
 

General Information                                                                      .                                                                          

Benchmark name: Maintenance costs 

Version: final 

Definition: average maintenance costs per m2 road. The development of the 
2 execution costs of the work onsite  labor of the 

contractor, materials and inspection costs) spend on the roads (top layers) over 
several years (y). The total maintenance costs are defined as the sum of:   
Preventive maintenance costs: maintenance what is done before a failure has 
occurred. That task can be aimed at preventing a failure, minimising the 
consequence of the failure or assessing the risk of the failure occurring. 
Corrective maintenance costs: maintenance executed after a failure has occurred 
(basically reinstating equipment functionality). To be clear, corrective 
maintenance can be the result of a deliberate run-to-failure strategy.  
Inspection costs: costs for performing inspections. Information about the current 
state of assets is derived from inspection results.  
- The cost allocation, methods and frequencies can be found by clicking on the 
benchmark 

Asset type: road 

 
Guiding Principles: Theoretical Constructs to Position the Benchmark . 

Focus of Asset Managers: position of the benchmark in relation to Asset 
Management objectives. The triangle of performance, costs and risk.  

Place the cross on the spot to show what the benchmark measures  
 
 

 

 

 

 

 

 

 

 

 

 

     Performance Risk 

Costs 
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Processes of Asset Managers: position of the benchmark in processes 
involved when managing assets. Performance measurement framework. 

Mark the boxes grey to show what type of variable is measured 
                                                                   
  
                          
 
 
 
 
 
 
 
 
 
 
 
 
Note: examples can be found in Appendix I 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Input 

In
flu

e
n
cin

g
 

fa
cto

rs 

 

Physical Assets 
(Portfolio) 

 

Output 



benchmark set up  road  maintenance costs 

3 
 

Control of Asset Managers: hierarchical structure of the organisations and 
the position of asset management, asset managers and assets. Relations 
quantities should be controlled by the asset manager, or in co-operation.  

Discuss port control model, and decide what number is applicable and why  

 
Select at least one of the numbers: (1), (2), (3) or (4)  
 

Number: (1), (3) 
 
Explain why it is applicable to the benchmark 
 

Explanation: (1) maintenance costs; (3) maintenance activities: 
methods/concept/activities and the frequencies. The costs are costs a 
share of the total costs of the port as organisation and the budget. Budget 
constraints will follow from strategic decisions (4). Asset managers focus 
on managing assets. They can control their assets by performing 
maintenance. Information of interest for asset managers are certain 
maintenance (part of maintenance costs) and the frequencies on a yearly 
basis. 

 
 
 
 
 
Note: examples can be found in Appendix II 
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Goal                                                                                             .   

Purpose: as user (asset managers) of the benchmarking model I can compare 
the maintenance costs per surface (m2) so I can see what costs which port has 
per road type (material) and what ratio between the different type of 
maintenance costs are: preventive maintenance, corrective maintenance and 
inspections. This allows ports to compare their maintenance costs on roads with 
other ports and seek for improvements in order to create an optimal 
maintenance concept. Next to the costs, and the shares on the different types 
of costs, as a user I also want to know which type of maintenance activities 
(methods) are performed per maintenance type.  For example what methods 
(or type of activities) are involved when performing inspections (e.g. 
conserve/preserve, mill and inlay, cold asphalt, repavement etc.). Next to this I 
want to know the frequency of the activities performed in order to execute 
maintenance (either for preventive, corrective and inspections).  

 Measure              
 

Mathematical Formula                                                                   .             

Main formula  benchmark overview:  

 

 

 

 
With  = road ID,  = total number of road IDs (of a certain range) 

 
Explanation new formula: 

1. Cost per unit (surface) 
For each asset calculate the maintenance costs per square meter, being the sum of the 
three cost types divided by the surface: 

 

2. Weight 
This costs per unit (surface) need to be multiplied by a weight, being the surface of that 

asset divided by the total surface of all road assets:  

3. Average maintenance costs  
The sum of all assets gives the average costs of the asset portfolio (al roads included in 

weight.  

 
Appendix III: example in Excel sheet using real asset data.  
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Formula  after clicking on benchmark:  

For all maintenance types (preventive, corrective and inspection), define the type of 
activities to do/execute maintenance and the corresponding frequencies.  

Table overview different type of maintenance: 

Road material Preventive 
maintenance 
methods 

Corrective 
maintenance 
methods 

Inspections 

Asphalt Conserve/preserve 
(add a top 
layer/coating) 

Crack filling General visual 
inspection (global) 

Mill and inlay Mill and inlay Skid resistance 
measurements 

Reconstruction  Cold asphalt Falling weight 
deflection 
measurements 

 Hot asphalt (hot box) Safety inspection 
(daily inspection) 

Concrete Conserve/preserve 
(local repair) 

Crack and gap fill/ 
corner recovery 

General visual 
inspection (global) 

Plate 
replacement/mill/pr
ess 

Plate 
replacement/mill/pre
ss 

Skid resistance 
measurements 

Reconstruction   Safety inspection 
(daily inspection) 

Pavement (partly) 
repavement 

(partly) repavement General visual 
inspection (global) 

Reconstruction  Safety inspection 
(daily inspection) 

 
The frequencies can be found in the data files: excel sheets and shape files. 
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International Comparison                                                              . 

Cross-port: ports have agreed upon the different maintenance methods. 

that all ports should be able to allocate the methods to the methods defined in 
this template.    

Cross-country: all ports should submit their costs in euro. For now only Port 
of Hamburg, North Sea Port and Port of Rotterdam join. Therefore the currency 
does not need to be converted. In case other ports join they should also make 
sure the costs are in euro.   

Data Collection Frequency                                                             . 

Frequency: all ports should collect data required for the benchmark annually. 
In this manner the performance can be recorded and reported, which allows 
asset managers to monitor the development of the benchmark.  

Required Data                                                                              . 

Data table: variable names (counts) which can be found in the 
 template, field name should 

match with the column names in the shape file or Excel sheet, definition 
obtained from properties file. Shape or Excel must contain the following data:  

Data Field name  Definition 
Port Port_Area Port name 
Year BM_Year Year  
Road ID Road_ID Asset ID of the road 
Surface Surface Surface of the road (m2) 
Road material Material_Type Material type as defined: asphalt, 

concrete, (block) pavement 
Construction Year Constr_Yea Year of construction of the 

foundation 
Soil type Soil The natural underground: peat, 

clay, sand, gravel 
Maintenance costs  Sum of all costs of all types of 

maintenance (preventive, 
corrective, and inspections) 
Note: other benchmark, enables to 
analyse the relation between 
maintenance cost (input) en 
condition (output) 

Preventive costs Prev_Main Costs related to maintenance done 
before a failure has occurred. That 
task can be aimed at preventing a 
failure, minimising the consequence 
of the failure or assessing the risk 
of the failure occurring.   

Preventive maintenance 
asphalt conserve/preserve 
(add a top layer/coating) 

Prev_ Asph_Cons Frequency of this preventive 
maintenance method  

Preventive maintenance 
asphalt mill and inlay 

Prev_ Asph_Mill Frequency of the method 
Preventive maintenance asphalt 
mill and inlay 

Preventive maintenance 
asphalt reconstruction 

Prev_ Asph_Rec Frequency of the method 
Preventive maintenance asphalt 
reconstruction 
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Preventive maintenance 
concrete conserve/preserve 
(local repair) 

Prev_ Con_Cons Frequency of the method 
Preventive maintenance concrete 
conserve/preserve (local repair) 

Preventive maintenance 
concrete plate 
replacement/mill/press 

Prev_ Con_Repl Frequency of the method 
Preventive maintenance concrete 
plate replacement/mill/press 

Preventive maintenance 
concrete reconstruction 

Prev_ Con_Rec Frequency of the method 
Preventive maintenance concrete 
reconstruction 

Preventive maintenance 
pavement (partly) repavement 

Prev_ Pav_Repav Frequency of the method 
Preventive maintenance pavement 
(partly) repavement 

Corrective maintenance costs Cor_Main Costs related to maintenance 
executed after a failure has 
occurred (basically reinstating 
equipment functionality). To be 
clear, corrective maintenance can 
be the result of a deliberate run-to-
failure strategy.   

Corrective Maintenance 
asphalt crack filling 

Cor_Asph_Crack Frequency method, Corrective 
Maintenance asphalt crack filling 

Corrective maintenance 
asphalt mill and inlay 

Cor_Asph_Mill Frequency method, Corrective 
maintenance asphalt mill and inlay 

Corrective maintenance 
asphalt cold asphalt 

Cor_Asph_Cold Frequency of method, Corrective 
maintenance asphalt cold asphalt 

Corrective maintenance 
asphalt hot asphalt (hot box 

Cor_Asph_Hot Frequency of method, Corrective 
maintenance asphalt hot asphalt 
(hot box) 

Corrective maintenance 
concrete crack and gap 
fill/corner recovery 

Cor_Con_Crack Frequency of method, Corrective 
maintenance concrete crack and 
gap fill/corner recovery 

Corrective maintenance plate 
replacement/mill/press 

Cor_Con_Repl Frequency of method, Corrective 
maintenance plate 
replacement/mill/press 

Corrective maintenance 
pavement (partly) repavement 

Cor_Pav_Repav Frequency of method, Corrective 
maintenance of block pavement 
(partly) repavement 

Inspection costs Insp_Cost Costs related to inspections 
Inspections visual Insp_Visual_Insp Frequency of Inspections skid 

resistance measurements 
Inspections skid resistance 
measurements 

Insp_Skid_Insp Frequency of Inspections falling 
weight deflection measurements 

Inspections falling weight 
deflection measurements 

Insp_Weight_Meas Frequency of Inspection, Safety 
inspections (daily or general visual 
inspections) 

Inspection, Safety inspections 
(daily or general visual 
inspections) 

Insp_safety_Insp Frequency of Inspections skid 
resistance measurements 

 
Note: the information can be found in the properties file, in which all data characteristics 
(fieldname, fieldname shapefile and explanations can be found). Next to this all frequency are a 
number per year as al files are per year.  
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Analyse                
 
Dashboard: maintenance costs can be analysed by comparing different ports, 
over different years, over different types of costs (preventive, corrective and 
inspections) and per material type. Next to this information about the shares of 
the different activities involved with a certain type of maintenance are 
displayed, and the corresponding frequencies of this type of maintenance 
activity. Examples/suggestions of how this benchmark could be presented are 
attached in the Appendix. More information: Appendix IV  

Improve               
 
Useful insights: after analyses, ports can decide if there are optimisations 
possible in their maintenance execution. They can see how the maintenance 
costs are calculated and which type of activities are performed for the different 
types of maintenance, and even more detailed the user can also see what the 
frequencies of the different activities are. In this way the user has a complete 

in line with this contribution. 

Note: improvement and actions are the responsibility of each port and the asset managers 
individually. The goal explains what information can be derived from this benchmark.    

Control                
 
Data: each port has to deliver the 

 Data checks will take place both automatic and 
manual. Shape files shall be given the preference over Excel files, as it is highly 
compressed, portable, and less prone to errors.  
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Appendices            
 

Appendix I                                                                                   .  

Processes of Asset Managers  Examples  

As asset managers have to manage their asset, they deliver input to the assets which 
results in a certain output of the assets. These input and outputs can be measured:   
 

 Define Measure  Asset* 
Input Preventive maintenance Methods (description) G 

Frequencies (#/year) G 
Costs ( ) G 

Corrective maintenance Methods (description) G 
Costs ( ) G 

Inspections Methods (description) G 
Frequencies (#/year) G 
Costs ( ) G 

etc.   
Output Availability of the asset % Available (%) G 

Condition of the asset Rating G 
etc.   

Influencing 
factors 
 

Climate conditions Temperature (°C) G 
Salinity of the water Gram/parts (ppt) Q 
Demand Throughput (tonnes/year) G 

Intensity (veh/h) R 
Port Calls (#/year) Q 

Requirements Budget (  G 
Port vision (#,% or description) G 
Rules & Regulations 
(description) 

G 

Age of assets EOL range G 
etc.   

*Quay wall (Q), Road (R), Generic (G) 
Note: additional variables can be determined in the column Define 

Mark the cells in case they examples are relevant for this benchmark.  

Appendix II                                                                                   . 

Control of Asset Managers  Examples 

Controlled/influenced by the asset manager? 

(1) Information 
Maintenance costs 

- Preventive maintenance costs 
- Corrective maintenance costs 
- Inspection costs (+testing and monitoring) 

(2) Information 
Performance of assets 

- Availability 
- Condition (visual or constructive) 
- Risks 
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(3) Control 
Maintenance activities 

- Preventive maintenance: methods/activities, frequencies 
- Corrective maintenance: methods/activities 
- Inspections: methods/activities, frequencies 

Not (direct) controlled/influenced by asset manager?  
(4) Information 
Requirements 

- Budget 
- Port vision: goals (environmental, etc.) 
- Rules and regulations (international, national and port specific) 

 

Appendix III                                                                               . 

Example Average Maintenance Costs using Real Data 

Excel sheet: <not included due to confidentiality> 

 

Appendix IV                                                                                . 

Dashboard  Example Visualisation 

Idea of how to present the benchmark after clicking in the general overview in which all 
benchmarks for the Road asset presented: 
 

 
 

 

 

 

 

 

Rotterdam 
 

 

Preventive

Inspections

Corrective

Hamburg  
 

 

Corrective

Inspections

Preventive
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By clicking on for example the red pie, you get an overview (in a new window) of all 
maintenance methods (activities) on corrective maintenance for Rotterdam, and next to 
that the columns of the selected ports:  
 
 

 

 

 

 

 

 

Note: All the dimension presented on page 4 should be a filter option, so a larger variety 
of filters (not only filter on port and material): ports, year, material, preventive 
maintenance costs, etc.  In the example only port and nautical depth are filters (included 
the picture of quay wall, but off course nautical depth should be material for Road 
Performance Measures/Benchmarks) 

 

  
 

Preventive maintenance -Methods 

Rotterdam Hamburg 
Activities (description)  Activities (description)  

 -  - 
    
    

 
Corrective maintenance  -Methods 

Rotterdam Hamburg 
Activities (description)  Activities (description)  

 -  - 
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Performance Measurement Template  
 

Define                
 

General Information                                                                      .                                                                          

Benchmark name: Condition 

Version: final 

Definition: condition of the road is the present state of the asset, for this 
benchmark it is related to the appearance (visual). The condition is determined by 
the degree of damage and deterioration, extracted from visual inspection. 

Asset type: road 

Guiding Principles: Theoretical Constructs to Position the Benchmark . 

Focus of Asset Managers: position of the benchmark in relation to Asset 
Management objectives. The triangle of performance, costs and risk.  

Place the cross on the spot to show what the benchmark measures  
 
 
 
 
 
 
 
 
 
  
Note: can also contribute to the risk level, road asset managers agreed upon performance 

 

Processes of Asset Managers: position of the benchmark in processes 
involved when managing assets. Performance measurement framework. 

Mark the boxes grey to show what type of variable is measured 
                                                                   
  
                          
 
 
 
 
 
 
 
 
 
 
 
 
Note: examples can be found in Appendix I 
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Control of Asset Managers: hierarchical structure of the organisations and 
the position of asset management, asset managers and assets. Relations 
quantities should be controlled by the asset manager, or in co-operation.  

Discuss port control model, and decide what number is applicable and why  

 
Select at least one of the numbers: (1), (2), (3) or (4)  
 

Number: (2) 
 
Explain why it is applicable to the benchmark 
 

Explanation: following from actions performed (control) or managed by 
the asset manager, the condition of the asset can be monitored by asset 
managers. The asset managers receive feedback, information (2), of the 
assets as they have a certain visual condition. The condition is important 
when it comes to the availability of the road. Next to this a bad condition 
can results in dangerous situations or high costs for preventive 

assets are in a certain condition if customers want to make use (drive on 
the road) the assets.  

 
 
 
 
Note: examples can be found in Appendix II 
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Goal                                                                                             .   

Purpose: as a BAM user I want to know what the condition of the assets is, by 
mapping/monitoring the condition the results can be used to make 
interpretations of other benchmarks such as maintenance costs. The condition 
of the assets say something about the output or performance of the asset 
managers.  

 Measure              
 

Mathematical Formula                                                                    .             

Main formula  benchmark overview:  

 
For every road ID you find the condition (green, yellow, orange, and red). After that you multiple it 
with the surface (this is a weight) of that road ID, and then you divide the total surface of all road 
IDs by the total surface. To define an average condition for a certain selection (made with filters) 
the colours should be linked to numbers: green (4), yellow (3), orange (2), red (1). Note: this is 

data use and defining the average.  
Question: what is the average colour (condition) of my assets?  
 

 

Formula  after clicking on benchmark:  

For every category: 

To define the shares in a certain condition, so how many square meters are in a certain condition. 
For every condition (there are four) you sum al the square metres in that condition rate/category.  
Question: how many square meters are of a certain condition, defined in a percentage of the total 
number of square meters (=surface)?  

 

 

 

With  = road ID,  = total number of all (or for one condition range) road IDs 

Where: 

-  = condition of road ID i 
-  = surface in square metres of road ID i 
-   

The condition ranges between 4 and 1. The following definitions should be presented in the 
dashboard: 

- New = green (4) 
- Good = yellow (3) 
- Poor = orange (2) 
- Critical = red (1)  

Appendix IV: additional information on condition definitions   
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Simple example calculation: 

Example 1 - calculation of the (average) condition of one port (A-D are all assets):  

Road ID Condition Surface (m2) 

A 1 10 

B 2 20 

C 3 20 

D 1 30 
 

 

 

Note: 0,5 will be rounded to 1 and 0,45 will be rounded to 0 

 
Example 2 - calculation of the total square meters in each condition, example condition green (1):  

 

 

 

 
Dashboard  after clicking on benchmark: 

More options to filter, and compare the condition of the assets: 

- Per port for the selected year(s) (average of selected years of conditions of one year) 
presented in pie charts. Taking into account the weights (surface road/total length all 
roads) 

- Development over the years (in the general overview the conditions shares are 
compared with the average of the selected ports) 

- In relation to other benchmarks (e.g. the benchmark maintenance costs) 

 

Appendix III: example in Excel sheet using real asset data.  
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International Comparison                                                              . 

Cross-port: conditions is categorised in a different way for each port. For this 
reason conditions needs to be compared, and scaled in such a way that all 
ports can allocate their own condition to a generic condition. Ports have agreed 
upon four ranges. For each range (green, yellow, orange, red) both a definition 
and the standards ports use within their own company. More information: 
Appendix IV. 

Cross-country: the conditions vary by port. Ports can use the same standards 
but still there are differences in interpretation on port-level. For this reason 
only the cross-port differences are relevant.  

Data Collection Frequency                                                             . 

Frequency: all ports should collect data required for the benchmark annually. 
In this manner the performance can be recorded and reported, which allows 
asset managers to monitor the development of the benchmark.  

Required Data                                                                              . 

Data table: variable names (counts) which can be found in the 
 template, field name should 

match with the column names in the shape file or Excel sheet, definition 
obtained from properties file. Shape or Excel must contain the following data:  

Data Field name  Definition 
Port Port_Area Port name 
Year BM_Year Year  
Road ID Road_ID Asset ID of the road 
Road material Material_Type Material type as defined: asphalt, concrete, 

(block) pavement 
Surface Surface Surface of the road (m2) 
Construction year Constr_Yea Year of construction of the foundation 
Soil type  Soil The natural underground: peat, clay, sand, 

gravel 
Condition Condition Condition of the road of the road (condition 

categories in Appendix IV) 
Maintenance costs  Sum of all costs of all types of maintenance 

(preventive, corrective, and inspections) 
Note: other benchmark, enables to analyse the 
relation between maintenance cost (input) en 
condition (output) 

Preventive costs Prev_Main Costs related to maintenance done before a 
failure has occurred. That task can be aimed at 
preventing a failure, minimising the 
consequence of the failure or assessing the risk 
of the failure occurring.   

Corrective maintenance 
costs 

Cor_Main Costs related to maintenance executed after a 
failure has occurred (basically reinstating 
equipment functionality). To be clear, 
corrective maintenance can be the result of a 
deliberate run-to-failure strategy.   

Inspection costs Insp_Cost Costs related to inspections 
 
Note: the information can be found in the properties file, in which all data characteristics 
(fieldname, fieldname shapefile and explanations can be found) 
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Analyse                
 
Dashboard: condition can be analysed by comparing different ports, over the 
years. The share of the total assets in a certain condition is presented in a pie-
chart. Next to this the relation between maintenance costs and condition is 
presented, in this manner the input and output benchmarks are combined. 
Filters enable asset managers to compare assets with the same characteristics. 
For example the age of the asset can be interesting. It can be expected that 
ageing assets require a higher maintenance frequency. Of course 
characteristics like climate, budget of the port/department, usage (intensity or 
percentage heavy vehicles/load), are also of influence. More information: 
Appendix V.     

Improve               
 
Useful insights: after analysing, port can decide if they want to improve their 
condition. Are the results in line with their strategy, objectives and the 
expected results considering the maintenance concept. The results obtained, 
costs or the relation between costs and condition, can be a trigger to adapt or 
revise their maintenance strategy. Next to this many improvement options 

benchmark.    

Note: improvement and actions are the responsibility of each port and the asset managers 
individually. The goal explains what information can be derived from this benchmark.    

Control                
 
Data: 

 Data checks will take place both automatic and 
manual. Shape files shall be given the preference over Excel files, as it is highly 
compressed, portable, and less prone to errors.  
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Appendices            
 

Appendix I                                                                                   .  

Processes of Asset Managers  Examples  

As asset managers have to manage their asset, they deliver input to the assets which 
results in a certain output of the assets. These input and outputs can be measured:   
 

 Define Measure  Asset* 
Input Preventive maintenance Methods (description) G 

Frequencies (#/year) G 
Costs ( ) G 

Corrective maintenance Methods (description) G 
Costs ( ) G 

Inspections Methods (description) G 
Frequencies (#/year) G 
Costs ( ) G 

etc.   
Output Availability of the asset % Available (%) G 

Condition of the asset Rating G 
etc.   

Influencing 
factors 
 

Climate conditions Temperature (°C) G 
Salinity of the water Gram/parts (ppt) Q 
Demand Throughput (tonnes/year) G 

Intensity (veh/h) R 
Port Calls (#/year) Q 

Requirements Budget (  G 
Port vision (#,% or description) G 
Rules & Regulations 
(description) 

G 

Age of assets EOL range G 
etc.   

*Quay wall (Q), Road (R), Generic (G) 
Note: additional variables can be determined in the column Define 

Mark the cells in case they examples are relevant for this benchmark.  

Appendix II                                                                                   . 

Control of Asset Managers  Examples 

Controlled/influenced by the asset manager? 

(1) Information 
Maintenance costs 

- Preventive maintenance costs 
- Corrective maintenance costs 
- Inspection costs (+testing and monitoring) 

(2) Information 
Performance of assets 

- Availability 
- Condition (visual or constructive) 
- Risks 
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(3) Control 
Maintenance activities 

- Preventive maintenance: methods/activities, frequencies 
- Corrective maintenance: methods/activities 
- Inspections: methods/activities, frequencies 

Not (direct) controlled/influenced by asset manager?  
(4) Information 
Requirements 

- Budget 
- Port vision: goals (environmental, etc.) 
- Rules and regulations (international, national and port specific) 

 

Appendix III                                                                                . 

Example Average Condition using Real Data 

Excel sheet: <not included due to confidentiality> 

 
Appendix IV                                                                                . 

International Comparison  Cross-port 

Conditions ranges differ per port. Port of Hamburg, North Sea Port and Port of Rotterdam have 
agreed upon the definitions are presented in this appendix. Four categories are distinguished to 
quantify and measure the condition.  

Condition: the performance of the asset is the ability to provide the required level of service to 
customers. It is the present state of a physical asset, usually referring to a structural integrity. It 
can also relate to the appearance. For this benchmark the results of visual inspection are taken 
into account (focus on appearance, also some structural measures are incorporated). All ports give 

To scale these categories we have compared 
pictures of the different categories and the definitions. The resulting definitions and ratings for 
international benchmarks are presented in this appendix.  

Standards used for the  

- Germany:  
o German standards 

- Belgium/Flanders: OCW MN 98/17 
o Opzoekingscentrum voor de Wegenbouw (OCW), measurement method MN 98/17 

- Netherlands: CROW  Kwaliteitscatalogus openbare ruimte  
o CROW is a knowledge institute for infrastructure, public space, traffic and 

transport, and work and safety 
o Note: both Rotterdam and some areas of North Sea Port use the CROW standards.  

Hamburg (Germany) NSP (Belgium) Rotterdam/NSP (Netherlands) 
1 (blue): 1.00  1.49 >= 0.8 (max 0.9) A+ 
2 (green): 1.50  3.49 [0.75  0.8] A 
3 (yellow): 3.50  
4.49 

[0.5  0.75] B 

4 (red); 4.50  5.00 
(change order, 1 is 
good) 

[0.3 -0.5] C 

 < 0.3 D 
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General categories - From good to bad 

Category Field (value of data) Condition 
Green 4 New 
Yellow 3 Good (or fair) 
Orange 2 Poor 
Red 1 Critical 

 

More detailed description of the condition categories, including photos:  

4. Green 
Description: good (new), perfect condition [very good/new] 
Characteristics: new or ideal condition, very good condition, no cracks/patches/potholes or other 
damages. Same for deterioration. The condition of the road surface is inconspicuous.  
Formation of cracks: none 
Out of flatness: no raveling/rutting 

 

 

 

 

 

 

 

 

Green (new) 
Picture Degree of 

damage/detoriation 

 

No/little transverse 
unevenness 

 

No/little 

 

No/little  
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3. Yellow 
Description: good/moderate condition [good/fair] 
Characteristics: the road is in a good condition, surface is largely inconspicuous and shows no 
major damages or deterioration.  
Formation of cracks: light 
Out of flatness: light rutting/raveling 
 

 

 

 

 

 

 

 

 

 

Yellow (good) 
Picture Degree of 

damage/detoriation 

                                   

Limited transverse 
unevenness 

 

Limited  

 

Limited fraying 

 

Limited 

 

Limited 

 

Limited 



benchmark set up  road  condition 

12 
 

2. Orange 
Description: low/bad/poor condition [poor/bad] 
Characteristics: condition of the road is conspicuous.  
Formation of cracks: some/considerable/significant, exceeded level of warning 
Out of flatness: some/considerable/significant rutting/raveling, exceeded level of warning 

 
 
 

 

 

 

 

 

 

Orange (poor) 
Picture Degree of 

damage/detoriation 

 

Moderate transverse 
unevenness 

 

Moderate  

 

Moderate fraying 

 

Moderate 

 

Moderate 

 

Moderate 
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1. Red 
Description: unacceptable, very poor condition [very bad/critical] 
Characteristics: condition of the road has reached a critical value. Various damages (cracks, 
potholes, etc.). Road surface needs repair.  
Formation of cracks: many/critical 
Out of flatness: many/critical rutting/raveling 

 

Note: in the definition not all type of damages may be included. Other damages that should also 
be taken into account when allocating conditions: non-continuities of the road surface, corrosion, 
dilatation joints, cracks/cracking etc.  

 

 

 

 

Red (critical) 
Picture Degree of 

damage/detoriation 

 

Many transverse 
unevenness 

 

Many  

 

Many frayings 

 

Many 

 

Many 

 

Many 
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Appendix V                                                                                 . 

Dashboard  Example Visualisation 
 
In the benchmark overview: 

- Compare the condition shares of your port with the average conditions shares of all 
selected ports.  

In the detailed overview some graphs should be presented: 

- Conditions shares, for each ports 
- Condition development over the years, for each port 
- Relation between two benchmarks: Maintenance Costs vs Condition 

 
Dashboard - Benchmark overview 

 
 
 

 

 

 

 
 

Dashboard - Detailed page condition 
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Performance Measurement Template  
 

Define                
 

General Information                                                                      .                                                                          

Benchmark name: Maintenance Costs 

Version: final 

Definition: average maintenance costs per m quay wall. The 
d
onsite  labor of the contractor, materials and inspection costs) spend on the 
quay walls over several years (y). The total maintenance costs are defined as the 
sum of:   
Preventive maintenance costs: maintenance what is done before a failure has 
occurred. That task can be aimed at preventing a failure, minimising the 
consequence of the failure or assessing the risk of the failure occurring. 
Corrective maintenance costs: maintenance executed after a failure has occurred 
(basically reinstating equipment functionality). To be clear, corrective 
maintenance can be the result of a deliberate run-to-failure strategy.  
Inspection costs: costs for performing inspections. Information about the current 
state of assets is derived from inspection results.  
- The cost allocation, methods and frequencies can be found by clicking on the 
benchmark 

Asset type: quay wall 

 
Guiding Principles: Theoretical Constructs to Position the Benchmark . 

Focus of Asset Managers: position of the benchmark in relation to Asset 
Management objectives. The triangle of performance, costs and risk.  

Place the cross on the spot to show what the benchmark measures  
 

 

 

 

 

 

 

 

 

 

 

 

     Performance Risk 

Costs 
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Processes of Asset Managers: position of the benchmark in processes 
involved when managing assets. Performance measurement framework. 

Mark the boxes grey to show what type of variable is measured 
                                                                   
  
                          
 
 
 
 
 
 
 
 
 
 
 
 
Note: examples can be found in Appendix I 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Input 

In
flu

e
n
cin

g
 

fa
cto

rs 

 

Physical Assets 
(Portfolio) 

 

Output 



benchmark set up  quay wall  maintenance costs 

3 
 

Control of Asset Managers: hierarchical structure of the organisations and 
the position of asset management, asset managers and assets. Relations 
quantities should be controlled by the asset manager, or in co-operation.  

Discuss port control model, and decide what number is applicable and why  

 
Select at least one of the numbers: (1), (2), (3) or (4)  
 

Number: (1), (3) 
 
Explain why it is applicable to the benchmark 
 

Explanation: (1) maintenance costs; (3) maintenance activities: 
methods/concept/activities and the frequencies. The costs are costs a 
share of the total costs of the port as organisation and the budget. Budget 
constraints will follow from strategic decisions (4). Asset managers focus 
on managing assets. They can control their assets by performing 
maintenance. Information of interest for asset managers are certain 
maintenance (part of maintenance costs) and the frequencies on a yearly 
basis.  

 
 
 
 
Note: examples can be found in Appendix II 
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Goal                                                                                             .   

Purpose: as a user (asset managers) of the benchmarking model I can 
compare the maintenance costs per length (m) so I can see what costs which 
port has per quay type and what ratio between the different type of 
maintenance costs are: preventive maintenance, corrective maintenance and 
inspections. This allows ports to compare their maintenance costs on quay 
walls with other ports and seek for improvements in order to create an optimal 
maintenance concept. Next to the costs, and the shares on the different types 
of costs, as a user I also want to know which type of maintenance activities 
(methods) are performed per maintenance type.  For example what methods 
(or type of activities) are involved when performing inspections (e.g. diving 
inspection, corrosion measurements, visual inspections). Next to this I want to 
know the frequencies of the activities performed in order to execute 
maintenance (either for preventive, corrective and inspections). 

 Measure              
 

Mathematical Formula                                                                   .             

Main formula  benchmark overview:  

 
 

 

 
With  = quay wall ID,  = total number of quay wall IDs (of a certain range) 

Explanation new formula:  

1. Cost per unit (length) 
For each asset calculate the maintenance costs per meter, being the sum of the three cost types 
divided by the length:  

2. Weight 
This costs per unit (length) need to be multiplied by a weight, being the length of that asset divided 
by the total length of all quay wall assets:  

3. Average maintenance costs  
The sum of all assets gives the average costs of the asset portfolio (all quays included in the filters). 

 
 
Simple example:  
Grey cells are calculations, other cells is the data. The blue cell is the average cost, being the sum of 
that column.  

Quay wall ID Lengthi Preventive costsi Corrective costsi Inspection costi Cost per unit Weight Cost per unit * Weight 

1 1000 10000 0 50 10.05 0.77 7.73 

2 100 200 0 50 2.50 0.08 0.19 

3 200 0 200 100 1.50 0.15 0.23 

sum 1300           8.15 
 
Note: the sum of the weight is in total 1. The weight depends on which assets are included in the 
filtering, so should change when the filter results in a smaller amount of assets.  

Appendix IV: example in Excel sheet using real asset data.  
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Formula  after clicking on benchmark:  

For all maintenance types (preventive, corrective and inspection), define the type of activities to 
do/execute maintenance and the corresponding frequencies.  

Table overview different type of maintenance:  

Maintenance type Maintenance method 
Preventive maintenance Hydrophobing concrete 

Coating sheet pile 
Flushing drainage  
Coating bollards 
Coating ladders 
Grease Quick Release Hooks 
Replacing dilatation joint 
Cathotic protection 
Replacing anodes  
Install erosion protection 
Replacing monitoring system 

Corrective maintenance Concrete repairs 
Replacing bollards 
Replacing fendering 
Replacing anchor 
Openings in sheet pile to reduce 
pressure 
Reinforce sheet pile  
Replacing erosion protection 

Inspections Visual inspections (above waterline) 
Diving inspections (visual) 
Thickness measurements 
Concrete chloride tests  
Concrete carbonation tests 
Concrete pressure test 
Sonar inspection  
Weight measurements anodes 
mV measurements anodes 
Monitoring systems 

 

The frequencies can be found in the data files: excel sheets and shape files. Frequencies are a 
number per year.  
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International Comparison                                                              . 

Cross-port: ports have agreed upon the different maintenance methods. 
Maintenance methods are defined in such a way 
that all ports should be able to allocate the methods to the methods defined in 
this template.    

Cross-country: other currency. Therefore the costs in of Port of Gothenburg 
are divided by 10. More information: Appendix III   

Data Collection Frequency                                                             . 

Frequency: all ports should collect data required for the benchmark annually. 
In this manner the performance can be recorded and reported, which allows 
asset managers to monitor the development of the benchmark.  

Required Data                                                                              . 

Data table: variable names (counts) which can be found in the 
 template, field name should 

match with the column names in the shape file or Excel sheet, definition 
obtained from properties file. Shape or Excel must contain the following data:  

Data Field name  Definition 
Port Port_Area Port name 
Year BM_Year Year  
Quay ID Quay_ID Asset id of the quay 
Quay type Quaytype Quay type as defined: Quay type as defined: 

Sheet pile, Sheetpile with relieving platform, 
Gravity wall, Open berth quay, Not applicable 

Length Length Length of the quay wall (m) 
Construction height Const_Hght Construction height of the quay wall 
Construction year Constr_Yea Year of construction (year start using quay) 
Maintenance cost  Sum of all costs of all types of maintenance 

(preventive, corrective, and inspections) 
Preventive costs Prev_Main Costs related to maintenance done before a 

failure has occurred. That task can be aimed at 
preventing a failure, minimising the 
consequence of the failure or assessing the risk 
of the failure occurring.   

Hydrophobing concrete pre_Coat_S Hydrohobing, frequency of this preventive 
maintenance method 

Coating sheet pile pre_Flush_ Coating sheet pile, frequency of this preventive 
maintenance method 

Flushing drainage  pre_Coat_B Flusing drainage, frequency of this preventive 
maintenance method 

Coating bollards pre_Coat_L Coating bollards, frequency of this preventive 
maintenance method 

Coating ladders pre_Grease Coating ladders, frequency of this preventive 
maintenance method 

Grease Quick Release 
Hooks 

pre_Repla_ Grease quick release, frequency of this 
preventive maintenance method 

Replacing dilatation 
joint 

pre_Catho_ Replacing dilatation joint, frequency of this 
preventive maintenance method 

Cathotic protection pre_Repla1 Cathotic protection, frequency of this 
preventive maintenance method 

Replacing anodes  pre_Insta_ Replacing anodes, frequency of this preventive 
maintenance method 

Install erosion 
protection 

pre_Repl_1 Install erosion protection, frequency of this 
preventive maintenance method 
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Replacing monitoring 
system 

Cor_Concr_ Replacing monitoring system, frequency of this 
preventive maintenance method 

Hydrophobing concrete Pre_Hydr_C Hydrophobing concrete, frequency of this 
preventive maintenance method 

Corrective maintenance 
costs 

Cor_Main Costs related to maintenance executed after a 
failure has occurred (basically reinstating 
equipment functionality). To be clear, 
corrective maintenance can be the result of a 
deliberate run-to-failure strategy.   

Concrete repairs Cor_Repla_ Concrete repairs, frequency of this corrective 
maintenance method 

Replacing bollards Cor_Repla1 Replacing bollards, frequency of this corrective 
maintenance method 

Replacing fendering Cor_Repl_1 Replacing fendering, frequency of this 
corrective maintenance method 

Replacing anchor Cor_Openi_ Replacing anchor, frequency of this corrective 
maintenance method 

Openings in sheet pile 
to reduce pressure 

Cor_Reinf_ Openings in sheet pile to reduce pressure, 
frequency of this corrective maintenance 
method 

Reinforce sheet pile  Cor_Repl_2 Reinforce sheet pile, frequency of this 
corrective maintenance method 

Replacing erosion 
protection 

Insp_Visua Replacing erosion protection, frequency of this 
corrective maintenance method 

Replacing monitoring 
system 

Cor_Concr_ Replacing monitoring system, frequency of this 
corrective maintenance method 

Inspection costs Insp_Cost Costs related to inspections 
Visual inspections 
(above waterline) 

Insp_Visua Visual inspections (above waterline), frequency 
of this inspection method 

Diving inspections 
(visual) 

Insp_Divin Diving inspections (visual), frequency of this 
inspection method 

Thickness 
measurements 

Insp_Thick Thickness measurements, frequency of this 
inspection method 

Concrete chloride tests  Insp_Concr Concrete chloride tests, frequency of this 
inspection method 

Concrete carbonation 
tests 

Insp_Con_1 Concrete carbonation tests, frequency of this 
inspection method 

Concrete pressure test Insp_Con_2 Concrete pressure test, frequency of this 
inspection method 

Sonar inspection  Insp_Sonar Sonar inspection, frequency of this inspection 
method 

Weight measurements 
anodes 

Insp_Weigh Weight measurements anodes, frequency of 
this inspection method 

mV measurements 
anodes 

Insp_mV_Me mV measurements anodes, frequency of this 
inspection method 

Monitoring systems Insp_Monit Monitoring systems, frequency of this 
inspection method 

 
Note: the information can be found in the properties file, in which all data characteristics 
(fieldname, fieldname shapefile and explanations can be found) 
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Analyse                
 
Dashboard: maintenance costs can be analysed by comparing different ports, 
over different years, over different types of costs (preventive, corrective and 
inspections) and per construction height range. Next to this information about 
the shares of the different activities involved with a certain type of maintenance 
are displayed, and the corresponding frequencies of this type of maintenance 
activity. Examples of how the results could be presented in the dashboard can 
be found in the Appendix. More information: Appendix V   

Improve               
 
Useful insights: after analyses, ports can decide if there are optimisations 
possible in their maintenance execution. They can see how the maintenance 
costs are calculated and which type of activities are performed for the different 
types of maintenance, and even more detailed the user can also see what the 
frequencies of the different activities are. In this way the user gets a complete 
and detailed overview of the costs and how maintenance is done. 
in line with this contribution.     

Note: improvement and actions are the responsibility of each port and the asset managers 
individually. The goal explains what information can be derived from this benchmark.    

Control                
 
Data: each port has to deliver the required data (see 

 Data checks will take place both automatic and 
manual. Shape files shall be given the preference over Excel files, as it is highly 
compressed, portable, and less prone to errors.  
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Appendices            
 

Appendix I                                                                                   .  

Processes of Asset Managers  Examples  
As asset managers have to manage their asset, they deliver input to the assets which 
results in a certain output of the assets. These input and outputs can be measured:   
 

 Define Measure  Asset* 
Input Preventive maintenance Methods (description) G 

Frequencies (#/year) G 
Costs ( ) G 

Corrective maintenance Methods (description) G 
Costs ( ) G 

Inspections Methods (description) G 
Frequencies (#/year) G 
Costs ( ) G 

etc.   
Output Availability of the asset % Available (%) G 

Condition of the asset Rating G 
etc.   

Influencing 
factors 
 

Climate conditions Temperature (°C) G 
Salinity of the water Gram/parts (ppt) Q 
Demand Throughput (tonnes/year) G 

Intensity (veh/h) R 
Port Calls (#/year) Q 

Requirements Budget (  G 
Port vision (#,% or description) G 
Rules & Regulations 
(description) 

G 

Age of assets EOL range G 
etc.   

*Quay wall (Q), Road (R), Generic (G) 
Note: additional variables can be determined in the column Define 

Mark the cells in case they examples are relevant for this benchmark.  

Appendix II                                                                                   . 

Control of Asset Managers  Examples 
 
Controlled/influenced by the asset manager? 

(1) Information 
Maintenance costs 

- Preventive maintenance costs 
- Corrective maintenance costs 
- Inspection costs (+testing and monitoring) 

(2) Information 
Performance of assets 

- Availability 
- Condition (visual or constructive) 
- Risks 
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(3) Control 
Maintenance activities 

- Preventive maintenance: methods/activities, frequencies 
- Corrective maintenance: methods/activities 
- Inspections: methods/activities, frequencies 

Not (direct) controlled/influenced by asset manager?  
(4) Information 
Requirements 

- Budget 
- Port vision: goals (environmental, etc.) 
- Rules and regulations (international, national and port specific) 

 

Appendix III                                                                                . 

International Comparison  Cross-country 
 
Port of Gothenburg 

- Country: Sweden 
- Currency: Swedish Krona 

North Sea Port 

- Country: Belgium, The Netherlands 
- Currency: Euro 

Port of Hamburg 

- Country: Germany 
- Currency: Euro 

Port of Rotterdam 

- Country: The Netherlands 
- Currency: Euro 

 
Assumption: Sweden has decided to divide all their costs by 10. In this way all ports can 
collect costs with the same unit (euro/m) 

 

Appendix IV                                                                                . 

Example Average Maintenance Costs using Real Data 

Excel sheet: <not included due to confidentiality> 
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Appendix V                                                                                 . 

Dashboard  Example Visualisation 

Idea of how to present the benchmark after clicking in the general overview in which all 
benchmarks for the Quay Wall asset presented: 

Note: filters should be expanded: all dimensions presented 
should be a filter option, so a larger variety of filters (not only filter on port and nautical 
height) 

 

 

 

 

 

 

 

 
By clicking on for example the red pie, you get an overview (in a new window) of all 
maintenance methods (activities) on corrective maintenance for Rotterdam, and next to 
that the columns of the selected ports:  
 
 

Rotterdam 
 

 

 

Preventive

Inspections

Corrective

Hamburg  
 

 

 

Corrective

Inspections

Preventive

Preventive maintenance -Methods 

Rotterdam Hamburg 
Activities (description)  Activities (description)  

 -  - 
    
    

 
Corrective maintenance  -Methods 

Rotterdam Hamburg 
Activities (description)  Activities (description)  

 -  - 
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Performance Measurement Template  
 

Define                
 

General Information                                                                      .                                                                          

Benchmark name: Condition 

Version: final 

Definition: condition of the quay wall is the present state of the asset, usually 
present state of a physical asset, usually referring to the structural integrity. It 
can also relate to appearance, therefore the visual condition (results of 
inspections) is also taken into account. The condition is determined by the degree 
of damage and deterioration, extracted from visual inspection or destructive or 
non-destructive testing. 

Asset type: quay wall 

Guiding Principles: Theoretical Constructs to Position the Benchmark . 

Focus of Asset Managers: position of the benchmark in relation to Asset 
Management objectives. The triangle of performance, costs and risk.  

Place the cross on the spot to show what the benchmark measures  
 
 

 

Processes of Asset Managers: position of the benchmark in processes 
involved when managing assets. Performance measurement framework. 

Mark the boxes grey to show what type of variable is measured 
                                                                   
  
                          
 
 
 
 
 
 
 
 
 
 
 
 
Note: examples can be found in Appendix I 
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Control of Asset Managers: hierarchical structure of the organisations and 
the position of asset management, asset managers and assets. Relations 
quantities should be controlled by the asset manager, or in co-operation.  

Discuss port control model, and decide what number is applicable and why  

 
Select at least one of the numbers: (1), (2), (3) or (4)  
 

Number: (2) 
 
Explain why it is applicable to the benchmark 
 

Explanation: following from actions performed (control) or managed by 
the asset manager, the condition of the asset can be monitored by asset 
managers. The asset managers receive feedback, information (2), of the 
assets as they have a certain structural/visual condition. The responsibility 
to make sure the assets are in a certain condition if customers want to 
make use of the assets. Port calls/berth, transshipment of goods etc.  

 
 
 
 
Note: examples can be found in Appendix II 
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Goal                                                                                             .   

Purpose: As a user (asset manager) I want to know what the condition of the 
assets is, by mapping the condition the results can be used to make 
interpretations of other benchmarks and figures. Asset condition reflects the 
physical state of the asset, which may or may not affect its performance. The 
performance of the asset is the ability to provide the required level of service to 
customers. Level of risk is also an output, the condition of an asset also 
contributes to the risk level. The condition of the assets tells how assets are 
managed, a certain maintenance concept and strategy, next to this the results 
of how the input of the asset manager is translated into output. Limitations: 
many other factors are involved. For example: utilisation, weather conditions, 
salinity of the water etc.   

 Measure              
 

Mathematical Formula                                                                   .             

Main formula  benchmark overview:  

 
For every quay ID you find the condition (green, yellow, orange, and red). After that you 
multiple it with the length (this is a weight) of that quay ID, and then you divide the 
total length of all quay wall IDs by the total surface. To define an average condition for a 
certain selection (made with filters) the colours should be linked to numbers: green (4), 
yellow (3), orange (2), red (1
shown on the platform. The numbers are only for the data use and defining the average.  
Question: what is the average colour (condition) of my assets?  
 

 

Add for quay walls: 
The condition of one quay wall ID: first determine the condition with a formula for 
condition: 

 

 
Fixed values, with a total value of 1 (sum):  

 

 

 

 

 
Formula  after clicking on benchmark:  

For every category: 
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To define the shares in a certain condition, so how many meters are in a certain 
condition. For every condition (there are four) you sum al the length in that condition 
rate/category. The results of these calculations are presented in pie charts. 
Question: how many meter quay wall is of a certain condition, defined in a percentage of 
the total number of meters (=length/running meter)? 

 

 

With  = quay wall ID,  = total number of all (or for one condition range) quay wall IDs 

Where: 

-  = condition of quay wall ID i 
-  = length in metres of quay ID i 
-  = sum of all qu  

 
The condition ranges between 4 and 1. The following definitions should be presented in 
the dashboard: 

- New = green (4) 
- Good = yellow (3) 
- Poor = orange (2) 
- Critical = red (1)  

Appendix IV: additional information on condition definitions   
 
Simple example calculation 

Calculation of the (average) condition of one port (A-D are all quays).  

Quay ID Part Condition Length (m) 

A  
 550 

 Superstructure 1  

 Retaining structure 4  

 Fendering 3  

 Bollards 2  

B  
 700 

 Superstructure 2  

 Retaining structure 4  

 Fendering 1  

 Bollards 2  

C  
 1250 

 Superstructure 4  

 Retaining structure 4  

 Fendering 3  

 Bollards 2  

D  
 250 

 Superstructure 1  

 Retaining structure 1  
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 Fendering 4  

 Bollards 3  

 

 

 

 

 

Note: 0,5 will be rounded to 1 and 0,45 will be rounded to 0 

 

 
Dashboard  after clicking on benchmark: 

More options to filter, and compare the condition of the assets: 

- Per port for the selected year(s) (average of selected years of conditions of one year) 
presented in pie charts. Taking into account the weights (length quay wall/total length all 
quay walls) 

- Development over the years (in the general overview the conditions shares are 
compared with the average of the selected ports) 

- In relation to other benchmarks (e.g. the benchmark maintenance costs) 

 

Appendix III: example in Excel sheet using real asset data.  
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International Comparison                                                              . 

Cross-port: conditions is categorised in a different way for each port. For this 
reason conditions needs to be compared, and scaled in such a way that all 
ports can allocate their own condition to a generic condition. Ports have agreed 
upon four ranges. For each element (retaining structure, bollards, fendering 
and superstructure) the conditions are discussed. For each range (green, 
yellow, orange, red) both a definition and pictures are added. More 
information: Appendix IV.   

Cross-country: the conditions vary by port. Ports can use the same standards 
but still there are differences in interpretation on port-level. For this reason 
only the cross-port differences are relevant.     

Data Collection Frequency                                                             . 

Frequency: all ports should collect data required for the benchmark annually. 
In this manner the performance can be recorded and reported, which allows 
asset managers to monitor the development of the benchmark.  

Required Data                                                                              . 

Data table: variable names (counts) which can be found in the 
 template, field name should 

match with the column names in the shape file or Excel sheet, definition 
obtained from properties file. Shape or Excel must contain the following data:  

Data Field name  Definition 
Port Port_Area Port name 
Year BM_Year Year  
Quay ID Quay_ID Asset ID of the quay 
Quay type Quaytype Quay type as defined: Sheet pile, Sheetpile 

with relieving platform, Gravity wall, Open 
berth quay,Not applicable 

Length Length Length of the quay wall (m) 
Construction height Const_Hght Construction height of the quay wall 
Construction year Constr_Yea Year of construction (year start using quay) 
Condition Cond_Total Condition of the quay wall. Weighted sum of all 

elements for which a condition is defined. 
Ranges: 4 (green), 3 (yellow), 2 (orange), 1 
(red). Note: green is the perfect/new 
condition. In Appendix IV can be found more 
information on the categories 

Condition retaining 
structure 

Cond_Retai Condition of the retaining structure.  

Condition bollards Cond_Bolla Conditions of the bollards. 
Condition 
superstructure 

Condi_Super Condition of the superstructure. 

Condition fendering Cond_Fende Condition of the fendering. 
Maintenance cost  Sum of all costs of all types of maintenance 

(preventive, corrective, and inspections) 
Note: other benchmark, enables to analyse the 
relation between maintenance cost (input) en 
condition (output) 

Preventive costs Prev_Main Costs related to maintenance done before a 
failure has occurred. That task can be aimed at 
preventing a failure, minimising the 
consequence of the failure or assessing the risk 
of the failure occurring.   
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Corrective maintenance 
costs 

Cor_Main Costs related to maintenance executed after a 
failure has occurred (basically reinstating 
equipment functionality). To be clear, 
corrective maintenance can be the result of a 
deliberate run-to-failure strategy.   

Inspection costs Insp_Cost Costs related to inspections 
Condition Cond_Total Condition of the quay wall. Weighted sum of all 

elements for which a condition is defined. 
Ranges: 4 (green), 3 (yellow), 2 (orange), 1 
(red). Note: green is the perfect/new 
condition. In Appendix IV can be found more 
information on the categories 

Sheet type Constr_She Type of the sheetpile. Type: Steel combiwall, 
Steel sheetpile, Concrete, Wooden sheetpile, 
Concrete sheetpile, Not applicable 

 
Note: the information can be found in the properties file, in which all data characteristics 
(fieldname, fieldname shapefile and explanations can be found) 
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Analyse                
 
Dashboard: condition can be analysed by comparing different ports, over the 
years. The share of the total assets in a certain condition. Next to this the 
condition will be visualised in relation to maintenance costs. The age of the 
asset (construction year) is also of importance, it can be expected that older 
ages require more/frequent maintenance. In this way filters can ensure fair 
comparison, comparing  More information: Appendix V.   

Improve               
 
Useful insights: after analysing, port can decide what they think about their 
condition. Is it in line with their strategy. In this way ports can measure and 
compare their performance in terms of condition. Based on the results, only the 
condition or the relation between cost and condition, can be a trigger to adapt 
their maintenance strategy. Ports can learn from each other in this way. This 

Many improvement 
options require further research.   

Note: improvement and actions are the responsibility of each port and the asset managers 
individually. The goal explains what information can be derived from this benchmark.    

Control                
 
Data: 

 Data checks will take place both automatic and 
manual. Shape files shall be given the preference over Excel files, as it is highly 
compressed, portable, and less prone to errors.  
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Appendices            
 

Appendix I                                                                                   .  

Processes of Asset Managers  Examples  

As asset managers have to manage their asset, they deliver input to the assets which 
results in a certain output of the assets. These input and outputs can be measured:   
 

 Define Measure  Asset* 
Input Preventive maintenance Methods (description) G 

Frequencies (#/year) G 
Costs ( ) G 

Corrective maintenance Methods (description) G 
Costs ( ) G 

Inspections Methods (description) G 
Frequencies (#/year) G 
Costs ( ) G 

etc.   
Output Availability of the asset % Available (%) G 

Condition of the asset Rating G 
etc.   

Influencing 
factors 
 

Climate conditions Temperature (°C) G 
Salinity of the water Gram/parts (ppt) Q 
Demand Throughput (tonnes/year) G 

Intensity (veh/h) R 
Port Calls (#/year) Q 

Requirements Budget (  G 
Port vision (#,% or description) G 
Rules & Regulations 
(description) 

G 

Age of assets EOL range G 
etc.   

*Quay wall (Q), Road (R), Generic (G) 
Note: additional variables can be determined in the column Define 

Mark the cells in case they examples are relevant for this benchmark.  

Appendix II                                                                                   . 

Control of Asset Managers  Examples 

Controlled/influenced by the asset manager? 

(1) Information 
Maintenance costs 

- Preventive maintenance costs 
- Corrective maintenance costs 
- Inspection costs (+testing and monitoring) 

(2) Information 
Performance of assets 

- Availability 
- Condition (visual or constructive) 
- Risks 
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(3) Control 
Maintenance activities 

- Preventive maintenance: methods/activities, frequencies 
- Corrective maintenance: methods/activities 
- Inspections: methods/activities, frequencies 

Not (direct) controlled/influenced by asset manager?  
(4) Information 
Requirements 

- Budget 
- Port vision: goals (environmental, etc.) 
- Rules and regulations (international, national and port specific) 

 

Appendix III                                                                                . 

Example Average Condition using Real Data 

Excel sheet: <not included due to confidentiality>  

 
Appendix IV                                                                                . 

International Comparison  Cross-port 

Conditions ranges differ per port. As quay walls have different elements, for each of this 
element (or clustering of elements) a conditions is given. Port of Gothenburg, Port of 
Hamburg, North Sea Port and Port of Rotterdam have agreed upon the definitions as 
presented in this appendix. This agreement enables ports to compare asset conditions.   

The condition of one quay wall (ID) can be defined by multiplying the conditions with the 
following weights:  

Fixed values, with a total value of 1 (sum):  

 

 

 

 

Condition - Retaining Structure 

Conditionretaining structure :   

Score Definition  

4 (New) There are no or minor damages and no or little 
appearance of deterioration.  

3 (Good) There are damages and/or considerable 
deterioration without influence on the functionality.  
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Condition - Bollards 

Conditionbollards :  

Score Definition  

4 (New) There are no or minor damages and no or little 
appearance of deterioration regarding the coating, 
steel thickness and numbering. 

 

3 (Good) There are damages and/or considerable 
deterioration regarding the coating, steel thickness 
and numbering. without influence on the 
functionality.  

   

2 (Poor) There are damages and/or deterioration with 
significant influence on the functionality. For 
example; because of the reduced steel thickness, it 
is not possible to use the total bollard capacity 
(kN). 

2 (Poor) There are damages and/or deterioration with 
significant influence on the functionality but the 
safety factor remains above 1.0  

1 (Critical) The functionality is not given or/and the safety 
factor is below 1.0  
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1 (Critical) The functionality is not given  

   

Condition - Fenders 

Conditionfenders :  

Score Definition  

4 (New) There are no or minor damages and no or little 
appearance of deterioration.  

 

3 (Good) There are damages and/or considerable 
deterioration without influence on the functionality.  
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2 (Poor) There are damages and/or deterioration with 
significant influence on the functionality  

 

1 (Critical) The functionality is not given  

 

Condition - Superstructure 

Conditionsuperstructure :  

Score Definition  

4 (New) There are no or minor damages and no or little 
appearance of deterioration.  
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3 (Good) There are damages and/or considerable 
deterioration without influence on the functionality.  

 

2 (Poor) There are damages and/or deterioration regarding 
the steel rebars and concrete. For example; the 
steel rebars are visible and you can see the 
concrete pouring of the superstructure and/or 
there are significant cracks in the concrete 

 

1 (Critical) The functionality is not given 
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Appendix V                                                                                 . 

Dashboard  Example Visualisation 
 
In the benchmark overview: 

- Compare the condition shares of your port with the average conditions shares of all 
selected ports.  

In the detailed overview some graphs should be presented: 

- Conditions shares, for each ports 
- Condition development over the years, for each port 
- Relation between two benchmarks: Maintenance Costs vs Condition 

 
Dashboard - Benchmark overview 

 
 
Dashboard - Detailed page condition 

 

 

 

  
 

 

 




































