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Background

• Measuring for APT
• What are the issues
• What is different
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Why do we measure
• When you can measure what you are speaking 

about, and express it in numbers, you know 
something about it; but when you cannot 
express it in numbers, your knowledge is of a 
meagre and unsatisfactory kind; it may be the 
beginning of knowledge, but you have scarcely 
in your thoughts advanced to the state of 
science - Lord Kelvin

• Lord Kelvin was obviously not an engineer, but 
maybe he was not wrong
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Why do we measure

• APT engineers are pretty destructive 
creatures

• Civil engineers build pavements, we break 
them

• If you do not measure then you are just a 
common vandal
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Principles of measurement
• Measurement - process of estimating the magnitude of 

some attribute of an object relative to some standard
• Act of measuring involves using a calibrated measuring 

instrument to compare the measured attribute to a 
measurement unit

• Measurements always have errors and therefore 
uncertainties

• Reduction of uncertainty is central to the concept of 
measurement 

• Every measurement has three components
– estimate
– margin of error or uncertainty or error bound
– confidence level
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Procedures

• A system / procedure is required to 
ensure that the process is well thought 
through

• 18 Steps for instrumentation planning
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18 Steps for measurement planning

1. Define project conditions 
2. Predict mechanisms which control behaviour
3. Define questions to be answered
4. Select parameters to be measured
5. Predict magnitudes of parameters
6. Assign tasks to field personnel
7. Select instrumentation and testing conditions
8. Select measurement and instrument locations
9. Plan recording/measuring of factors that may 

influence measured data
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18 Steps for measurement planning
10. Ensure that operators are familiar with testing 

procedures
11. Prepare draft budget
12. Plan instrument installation and testing 

program
13. Plan regular calibration and maintenance
14. Appraise complete testing program critically
15. Plan data collection, processing, interpretation, 

presentation and reporting
16. Revise the budget
17. Start the HVS test
18. Process, interpret and present data
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What to measure / monitor
• Loading conditions
• Environment
• Pavement response

– What does the road tell me
– Which part of the road is talking

• Anything else?
– What else can influence my data

• www.hvsia.co.za – Instrumentation matrix
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What to measure
Loading conditions

• Load
• Tire inflation pressure
• Contact stresses
• Speed
• Tire type (and tread and condition)
• Location
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What to measure
Environment

• Largely material dependent

• Granular
– moisture 

• Asphalt
– temperature

• Stabilised
– both?

• Natural and simulated environment



10

19 Measuring and modeling for 
APT:

Measuring

20 Measuring and modeling for 
APT:

Measuring

What to measure
Pavement response

• Visual
– Photos, videos, GPS, Google earth

• Permanent deformation
– Surface and in-depth

• Fatigue / cracking
– Surface and in-depth
– Early detection
– Quantification / classification?

• Stiffness – direct
– PSPA

• Load response / deflection
– Surface and in-depth deflections
– Speed / temperature / moisture dependency
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What to measure
Anything else?

• Links to laboratory measurements

• Look for possible extraneous factors
– Age of the various layers
– Construction issues

• Other observational techniques 
– AFM, SEM, CT, etc
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Data storage
• The how and why wonderbook of data storage?
• Databases

– Format, maintenance, usage, etc
• Storage space

– How much, where, backups, media, etc
• Accessibility of data

– Which format, level (raw, analysed, etc), by whom, etc
• Available systems and software

– Commercial, proprietary, etc
• Barcode system

– Paperback
– Show example

• Responsibility
– Engineer, technician, information officer?
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HVS / SVN NUMBER 4 TEST PROGRAM TEST LOAD 40 kN Start Date 30/07/2008

HMA TEST SECTIONS Section no. 455A4 Road No. R80 Westbound Tyre Pressure 620 kPa HVS455A4 Test Plan.xls
REP E TITIO NS DATE DISK WHE EL P ROFILO- MDD RSD RSD R SD P avem ent TEMPE RATURE MDD

NO. TRAFFIC ME TE R LOADS LOADS LOADS LO ADS Te mp era ture De pths
LOAD kN kN kN kN °C Ye s &

kN Daily ALONG C/L ALONG  C/L AT 20 0 TS AT 2 00 C S Pos itions
4  Cs  0 & 40 mm

MP 3 to  14 P oints  4,8,12 MP 4  to 12 MP  4,8 ,12 MP 4,8,12 4 Ts  0  & 40m m
ON S ITE CALIBRATION OF ALL INS TRUMENTS P ROF MDD's RS D 8  Cs  0 & 40 mm

N1 0 200 8/07 /30 40 Yes No 4 0 No No 60 8 TS  0 & 4 0m m

40 Yes No No No 12  Cs  0 & 4 0mm

40 Yes No No No 12 TS 0  & 40mm

40 Yes No No No TE  Cen tre  line  0m m

40 Yes No No No C E Ce ntre line 0 mm

40 Yes No No No  1 2 CS  (Air)

40 Yes No No No  4 TS  (Air)

40 Yes No No No Air un de r ca ravan

40 Yes No No No Sh ade 0 & 40m m

40 Yes No No No S un 0  & 40m m

40 Yes No No No

40 Yes No No No S PECIAL NOTES

40 Yes No No No Tyre  P re s s ure  @ 6 20kP a & 40kN lo ad 

40 Yes No No No Mo nito r Cracks  & take  Pho to s  Weekly

40 Yes No No No Tes t is  to  be  DONE DRY

40 Yes No No No Channalized & Uni dire c tio nal

40 Yes No No No

40 Yes No No No P SP A Wheel paths  and Ce ntre line

40 Yes No No No P ro filo me te r Daily

40 Yes No No No

Finals 40 Yes No 4 0 No No
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APT specific issues

• What is different in APT than with other 
measurement systems
– Simulated conditions
– Accelerated conditions
– Environmental cycles
– Diurnal cycles

– How to cater for these – think and plan –
coincidence is not a planning method
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Summary

• Measuring is important
• Planned, accurate and reliable
• What happens with the data afterwards
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