Computation of Profile Index from CA Profilograph Model

for ProFAA

· Mathematical Model 

The top view and side view of a California Prafilograph (see Ref.2 and Ref.3) shown in Fig.1 is used in computing the “Profile Index”.
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Fig. 1 A Typical California Profilograph with 12 support wheels

With the assumptions in Ref.2, the calculation procedure to produce the profilograph recording from the given profiles can be expressed as:
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Where 

R(x) is the computed profilograph recording at the position x.


N is the total number of the wheels in the left and right side of the support system.


Pi is the profile on which the ith wheel is traveling.

Ci is the influence coefficient corresponding to the ith wheel. It is equal to the vertical displacement at the recorder position caused by an unit vertical movement at the ith wheel.


di is the offset distance from the location x for each wheel.


Items with subscript r refer to those of the recording wheel.

Ref.2 gives the influence coefficients as Ci = 1/8 for the 8 right side wheels and Ci = 1/4 for the 4 left side wheels. When all 12 wheels have one unit vertical displacement, the calculated displacement at the recorder position will be 2. Clearly, it is not reasonable. From the structure geometry and the definition of the influence coefficients, Ci = 1/16 for the 8 right side wheels and Ci = 1/8 for the 4 left side wheels should be used in Eq.(1).

As the California Profilograph shown in Fig 1 travels on a pavement, 3 profile paths will be passed: 4 left wheels travel on one path, 8 right wheels travel on anther and the third is under the recording wheel. Compared the traces resulted by the mathematical model on the same measured profile for all wheels with the real recorded traces using the profilograph on the same pavement in Ref. 2, it reveals that both of traces are similar to each other. The assumption, the same profile on which all wheels travel, is used in computing the “Profile Index”. This assumption can be justified when the pavement has smooth lateral profiles in the width of the profilograph (approximate 2.5 ft). 

· Blanking Band

A Prafilograph Trace, the blanking band and scallops are shown in Fig. 2. 
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Fig. 2 Profilograph Trace

Blanking band is a band of uniform height with its longitudinal center positioned optimally between the highs and lows of the profilograph trace depicting at least 100 ft of pavement (Ref. 1). 0.2 inch band height is used in computing the “Profile Index”. 

Scallops are the excursions of the trace above and below the blanking band (Ref.1). The vertical maximum of a scallop must not be less than 0.03 inch and the longitudinal length must be longer than 2 feet (Ref.1, 3 and 4). 

Profile index (PI) for each segment of a pavement are calculated by
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Where 

m is total number of scallops in the segment.

Profile index for whole pavement can be obtained by weighted average 
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Where

Subscript k indicates the kth segment in the pavement divided into s segments. L is the segment length.

It is the most sensitive to position the blanking band in calculating PI because the absolute height of a scallop in Eq.2 will be varied with the blanking band position. What is the “optimal” position of the blanking band? Ref.2 indicates that it is at the longitudinal center. Ref.3 and Ref.4 explain the best position to “blank out as much of the profile as possible. When this is done, the number of scallops above and below the blanking band will be approximately the same”. With these fuzzy explanations, a procedure positioning the blanking band on a trace are designed as the below:

1. To filter the trace using the 3rd ButterWorth low-pass filter with cutting frequency ½ cycle/feet to eliminate chatters (Ref. 5).

2. To determine the initial position of the blanking band using the least squares linear fit for all points in the trace. The blanking band fitting equation is
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Where A and B are the coefficients obtained by least squares linear fit.

3. To remove the blanking band parallel to the initial position until the absolute difference between the number of scallops above and below the blanking band is equal to or less than 1, or the times of movements is more than a given number.

Set
 (= the difference with the number of scallops above and below. 

If  ( keeps the same sign in the last and current loop, then B in Eq.(4) adds sign(()*0.01, else B adds sign(()*0.01/(2^r) where r is the times successively to change the sign of (. Finally, B equals to the sum of the initial value and all movements.

· A scallop extends into the next segment
The last scallop in Fig.2 is below the blanking band and extends into the next segment.Ref.4 indicates “If a scallop occurs at the end of the blanking band, count the scallop only once. Place the scallop in the 0.1 mile segment where the peak is highest”. Because the blanking band positions are not same for the different segments and the highest of a scallop is calculated from the blanking band surface, the peak of a scallop extended into the next segment may be not at the “highest” location. According to the principle of counting a scallop only once, the highest of the scallop will be counted in the next segment in calculating PI.

· Some Parameters 
Some parameters used in computation are shown in Table 1.

Table 1 Parameters

	Parameter
	Selected Value
	Reference
	Note

	Segment length
	500 ft
	Ref. 3 and Ref. 4: 0.1 mile
	0.1 mile is 528 ft

	Minimum of segment length
	50 ft
	Ref.2 ,3.1.1: “the surface record depicting at least 100 ft”

Ref. 6: “the surface of runway and taxiway pavement of continuous placement of 50 ft or more shall be tested and evaluated”

Ref. 4 and Ref.6:  if an odd length segment is less than 0.047 miles (250 ft), “it is normally added to and included in the evaluation of the previous segment”
	If the last segment length < the Min. length, Add it to the previous segment.

	Cut frequency in  3nd order Betterworth low-pass filter
	0.5 cy/ft
	
	

	Scallop 
	Highest>=0.03 in

Length>2 ft
	Ref.2, Ref.3 and Ref.4
	

	Blanking  band 
	High = 0.2 in
	Ref.1- Ref.4 and Ref.5
	

	In Fig 1, Space of each pair wheels
	Space = 2.5 ft
	Ref.2: space=19in<Space<20in for the left 4 wheels 

Ref. 1, 5.1.1:”There must be at least 12 reference platform wheels, and the axes of these wheels must be uniformly spaced throughout the effective length of the profilograph”
	8 wheels in the old procedure

	Limitation for loop times in positioning blanking band
	Total times <=50

Times of successively change sign of (<=10
	
	


· Three Examples
Profile Indexes of 3 runways are calculated and listed in Table 2. The details are shown in Appendix 1, 2 and 3.

Table 2 Profile Indexes

	Airport, Runway
	PI (in/mile)
	Data file
	Note

	Munich, 8L
	0.3453
	Muc08L0r010R
	New airport, concrete

	DFW,  13R
	53.27
	DF113Rc1
	13R constructed in 1987, concrete/grooved

	ACY, 13
	7.49
	AC113c2
	Asphalt/grooved


In these examples, the loop times in positioning optimally the blanking band is not greater than 4. The initial position of blanking band is often its optimal position. Therefore, the procedure designed to looking for the “best” position of the blanking band is feasible.
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