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HOW DID THIS ALL START?

In the industry, we tend to design to prevent permanent 
deformation.

Perhaps we were wrong?

We need to design smarter.
We need to focus on the longevity of pavements.
We need to design to prevent failures due to FATIGUE



HOW DID THIS ALL START?

Dr Fenella Long stated in a presentation that, instead 
of blowing your project’s budget by doing too much 
testing, we must rather use data more efficiently. 
Mine the data. 

Let the data itself lead you to the answers. 

Don’t only look for evidence to support your hypotheses.

Use existing statistical concepts as screening/analysis 
tools



HOW DID THIS ALL START?

Are we sure that all data is normally distributed?

NO. 

Anything that fails due to fatigue will likely have a 
log-normal distribution.

Instead of fitting data to match a typical Bell-curve, let 
the data show you what is the best fit.



PROBABILITY DENSITY FUNCTIONS (PDFns)

The concepts aren’t new. The use thereof is applied 
smarter.

PDFns are used to describe the probability distribution of a 
continuous random variable.

The probability for a specific value to occur in a data set is 
denoted by the quantum of the probability density function.

If the value is likely to occur, the probability is high and 
returns a higher value for the probability density function.



PROBABILITY DENSITY FUNCTIONS (PDFns)

What are we looking for?

1. Narrow distributions (implying low standard deviations)
2. High peaks (denoting high probabilities)
3. 90th Percentiles that fall within specifications 



PROBABILITY DENSITY FUNCTIONS (PDFns)

Normally distributed

Roughly 70% of the 
reported values 
were below spec

10% of the values 
are less than 3.91% 
binder

That’s like saying 
for every km 
constructed, 700m 
will fail.



PROBABILITY DENSITY FUNCTIONS (PDFns)

Section 1 has a low 
peak and the data is 
spread out.

Section 1 started 
showing early signs 
of distress due to 
moisture ingress. 

Section 2 was 
constructed later 
and better control 
regarding quality 
was upheld.



USING PDFns 

In the paper we highlight 3 examples of 
how to apply these concepts:

1. USING PDFns TO QUANTIFY 
DETERIORATION:
a) Deflection bowl parameter 

benchmark analyses are used to 
identify areas in the pavement 
structure that is structurally 
relatively weak. 

b) Identify the extent of damage 
that has occurred based on the 
historic and more recent FWD 
data to see the change over time 
in material stress response. 



USING PDFns 

1. USING PDFns TO QUANTIFY 
DETERIORATION:
c) The statistical parameters, like 

the mean & 90th percentiles, 
increased over time proving that 
the flexural response changes 
over time (in this case; 
weakened). 

d) This serves to isolate the depth 
of the pavement structure at 
which changes may have 
occurred, i.e. a screening tool. 



USING PDFns 

1. USING PDFns TO QUANTIFY DETERIORATION:

What if we didn’t let the data “tell” us what distribution 
type fits best?
• The danger of the assuming normally distributed 

data shows that the 90th percentile is consistently 
underestimated.



USING PDFns 

In the paper we highlight 3 examples of how to apply these concepts:

2. RELATIVE COMPARISONS 
OVER THE WIDTH OF A 
RUNWAY USING PDFns:

a) FWD data was used to 
back-calculate the effective 
elastic moduli for a 
simplified pavement 
structure:
i. Surface
ii. Base & Subbase
iii. Subgrade (shown     

adjacent)



USING PDFns 

2. RELATIVE COMPARISONS 
OVER THE WIDTH OF A 
RUNWAY USING PDFns:

b) Identify relative weak spots 
based on the flexural 
response under loading.

c) Better comparison over the 
width of the runway. 

d) Visual tool that also 
simplifies the data.



USING PDFns 

3. QUALITY CONTROL 
APPLICATIONS OF THE 
PROBABILITY DENSITY 
FUNCTION:

a) During construction the 
shape of the PDFn can be 
used to compare and gauge 
whether good quality 
standards were upheld 
during construction.



USING PDFns 

3. QUALITY CONTROL 
APPLICATIONS OF THE 
PROBABILITY DENSITY 
FUNCTION:

b) The first aspect of the 
PDFns observed is the 
peakedness or flatness of 
the PDFns.

• High peaks = good quality 
control

• Flat and spread out = high 
variability in data



USING PDFns 

3. QUALITY CONTROL 
APPLICATIONS OF THE 
PROBABILITY DENSITY 
FUNCTION:

c) Film thickness is highly 
dependent on the specific 
area of the aggregate 
grading.

Relatively, the 10th% values 
shows that Route 2 was lower 
than the data set for Route 1.
This implies Route 2 has a higher 
propensity to be permeable



USING PDFns 

3. QUALITY CONTROL 
APPLICATIONS OF THE 
PROBABILITY DENSITY 
FUNCTION:

d) the PDFn shape follows a 
normal curve for both routes 
but Route 2 is flat implying 
higher variability and more 
potential on the extremes of 
the low film thickness 
distribution to be permeable.



USING PDFns 

3. QUALITY CONTROL 
APPLICATIONS OF THE 
PROBABILITY DENSITY 
FUNCTION:

d) The film thickness of Route 
1 is peaked implying low 
variability around 
acceptable film thickness 
mean values.

Route 1 is observed in the field 
to be less permeable.



CONCLUDING REMARKS

• Relative simplicity of using statistical analysis tools

• Opportunity to report on trends and results in a visual 
manner that is easily understood

• PDFns developed and reported on here:
 quantifying the trend in deterioration
 use during quality control during construction
 comparing adjacent sections to determine relative 

weak spots 



CONCLUDING REMARKS

• Shape and relative size of the developed curve can 
provide good insight :

 quality of the data

 mapping the trends for failure mechanisms:
o quantum of pavement materials degrading to 

eventually reach the pavement’s terminal 
condition



CONCLUDING REMARKS

• FWD measurements are a fantastic tool to give 
benchmarked ranges in terms of a pavement’s flexural 
response under loading:

 PDFns of FWD data:
o Concise visual representation can be shown to 

explain how deterioration increases over time
o Screening tool for benchmarking



CONCLUDING REMARKS

• Quality control during construction:

 PDFn can easily be compared to data from similar 
projects

 Highlights certain defects

 Factors influencing permeability calculated and 
compared



CONCLUDING REMARKS

• Quality control during construction:

 Two projects with nearly all variables kept constant 
showed different propensities for permeability 
based on the influence of acceptance control 
during quality testing

 Shape of the resulting curves immediately show 
whether strict adherence to specifications were 
applied



CONCLUDING REMARKS

• Peakedness or flatness of the PDFn:

 Peaked = the average or median values have 
relatively low standard deviation 

 flat = the average or median values have relatively 
large standard deviations with high percentages or 
probabilities for values to occur on the extremes of 
the PDFn



CONCLUDING REMARKS

• Airport pavements can draw comparisons relative to 
the chainage and width of the facility:

 back-calculated material properties

 highlights where relative weak spots occurs



CONCLUDING REMARKS

• Not sufficient any longer to merely base judgement on 
a pavement’s performance only on averages, or 
prescribed statistical analyses

• Imperative to construct at a high quality levels

• Correcting as results highlight specific problem areas



CONCLUDING REMARKS

• The law of averages hides localised weak areas

• Outliers are dismissed as anomalies

• Enables engineers to make better judgement calls 

• Apply critical thinking in how data is handled
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QUESTIONS?

• Come talk to me at the interactive poster session

• Don’t ask me difficult questions (please)

• Drop me an email: CromhoutA@jgafrika.com
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