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ABSTRACT

This report presents the findings associated with an effort to develop a complementary
pavement roughness indexing system that utilizes the 25 ft. Moving Baselength Roughness
Index (IRI,s.) alongside the posted speed localized roughness index (LRIps) to find, index,
and detect the types of bumps that appear on Louisiana highways. Currently established
pavement roughness indices, such as ride number (RN), profile index (PI), and international
roughness index (IRI), cannot effectively locate the position of bumps on the pavement due
to inherent limitations. The complimentary index being proposed is intended to overcome
these limitations.

The IRI,s. represents a methodology that the pavement indexing community has begun to
utilize to evaluate bumps. For the purposes of this research, it is to be employed to index
bump magnitude. The LRIps was developed in a previous study carried out at the Louisiana
Transportation Research Center (LTRC). For the purposes of this research, it is to be
employed to locate the position of bumps on roadways and to identify bump type like faults
and angle changes.
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IMPLEMENTATION STATEMENT

The LRIps indexing system should be used as a supplement to traditional roughness indexing
systems (IRI»s.¢, IRI, and RN). IRI and RN should continue to be used to rate steady-state
roughness (roads) as the LRIps is intended only for use in rating localized roughness (bridge
approach slabs, joint faults, potholes, etc.). IRI»s.4 should continue to be used to quantify the
magnitude of localized roughness. However, it should not be used to identify longitudinal
position of localized roughness phenomena because of inherent problems. Rather the LRIpg
should be used to accomplish location finding.

Although IRI»s 5 is able to index localized roughness, it has been observed that grinding
according to its suggestions has not been consistently effective in reducing roughness. The
LRIps appears to overcome the problem in that it appears to better isolate problem locations.
Developing a proper indexing methodology is necessary because there is currently no method
available that can consistently and accurately rate localized roughness. As such, there is no
way to assess the condition of the Department’s bridge approach inventory as it relates to
such distresses. It has been observed that Louisiana’s highway structures have often achieved
high states of localized distress before they have come to the attention of pavement
management. The combined IRI,s /LRIps indexing system, it is expected, will provide a
window onto the mechanism of such failure and, thereby, help to formulate design and
rehabilitation strategies that can minimize the effect.
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INTRODUCTION

Localized bumps have been known to appear at bridge transitions in Louisiana because of
differential settlement taking place where approach embankments meet bridge abutments.
DOTD recognizes that such distresses must be systematically identified and indexed in order
to assess the extent of the problem across the state. Doing so would mean that DOTD could
develop remediation strategy that the Department could use to mitigate the problem.

About 10-15 years ago, DOTD made attempts to use standard IRI to index bridge bumps.
However, it was discovered that IRI has problems indexing localized roughness due to
inherent problems with the standard index both in terms of theory and application in that it
requires 328 ft. of road profile data to make a fully accurate assessment. Typically, highly
localized forms of roughness were not picked up by the standard IRI algorithm because they
can be overshadowed by the non-localized distresses that exist in the 328 ft. adjacent to them.
The more localized the roughness, the less the standard IRI algorithm is able to isolate it.

A research effort was undertaken by DOTD, completed in 2009, that attempted to investigate
if there might be a means to overcome the aforementioned problem [1]. As a result of this
effort, DOTD was able to develop the Posted-Speed Localized Roughness Index (LRIps)
which attempted to overcome the problems by returning to a response-type road roughness
measuring systems (RTRRMS) approach. It was discovered that the LRIps was able to isolate
the positions of localized roughness phenomena very well. However, it being an RTRRMS, it
did suffer from “transportability” and “suspension degradation” problems which prevented it

from being a tool adequate for measuring distress magnitude.

Details elaborating on LRIps development along with a treatment of the “transportability” and
“suspension degradation” issue is provided in the LTRC Research Project 02-2GT [1].
Transportability and suspension degradation prevents the LRIps from being able to give a
repeatable index value from one vehicle to the next. Despite this being a problem, preliminary
indications showed that the LRIpg did accurately locate the position of a bump, fault or
pothole independent of the vehicle being used.

The profiling community also recognized that the standard IRI has problems coping with
localized roughness [2]. Through their efforts, the so-called 25-ft. moving base-length method
of evaluating localized roughness (IRI,s.) was developed. This methodology attempts to
index localized roughness by taking a 25-ft. moving average of a road profile’s continuous
standard IRI signal. The approach has been found to be effective on many forms of localized
roughness and, as such, the road-profiling community has generally accepted it as the favored



means to index localized roughness. Louisiana’s attempts to use the system have met with
some difficulty, however. The IRI,s. methodology indexes bumps adequately. However,
DOTD has had difficulty using it to locate the position of bumps on the pavement.

Each index has a different strength. The LRIps can be used to determine the precise locations
of a localized roughness phenomenon on the road and to assess distress type while the IRIs ¢
can be used to assess magnitude. Both indexes are derived from the same ride so they are
compatible; the LRIps output is derived from the High Speed Laser Profiler’s (HSLP)
accelerometer signal and the IRI,s ¢ output is derived from the HLSP’s accelerometer and
laser signal. Because this is so, there is the potential that they can be used together in a
complementary fashion. This study sets out the details as to how this could be done.



OBJECTIVE

This research was initiated in order to determine the means by which the IRI,s. and LRIpg
localized roughness testing methodologies might be employed in combination so as to take
advantage of their respective strengths and to overcome their respective weaknesses in
localized roughness testing. That is to say, the objective of this research was to attempt using
the LRIps methodology to fix the longitudinal locations at which localized roughness
phenomena appear on Louisiana highways and to utilize the IRI»s. methodology to arrive at
an index magnitude once a localized phenomenon has been found. It was also an objective to
use the LRIps to determine distress types (bridge bump, fault, pot-hole, etc.).






SCOPE

For this research, 40 bridges along I-10 located across six parishes including five control
sections were analyzed using DOTD’s HSLP. Data collected was analyzed using both the
IRI,s.¢ and LRIps methodologies. A series of synthesized profiles were then developed in
order to parametrically investigate IRI»s. and LRIpg reaction to special profile cases not
available in the field so as to better refine and understand the combined index. These
synthesized profiles included a series of simple ramps (positive and negative 1-, 2-, 3-, 4-, and
5-degree slopes) and a series of simple faults (positive and negative 0.5-, 1-, 2-, 3-, and 6-in.
steps). All real and synthesized profiles were processed using ProVAL 2.7 so as to evaluate
IRI,5.¢. The Golden Car model along with a tunable model that could be used to investigate
suspension characteristics other than the Golden Car was developed in order to evaluate
alternate suspension system impact on LRIps.






METHODOLOGY

When a vehicle transverses a pavement, there are two qualities that can be observed. The first
is the road profile that the vehicle is driving over and the second is the vehicle’s response to
that profile. The IRI,s 4 is designed to record the profile while the LRIps is designed to record
the vehicular response. In both cases, the methodologies are tuned to look specifically at
localized roughness. An HSLP equipped with the proper lasers and accelerometers is able to
record the raw data that can be used to calculate both the IRI,s. and LRIps during a single
ride. In order to explore the strengths and weaknesses of the LRIps and the IRI»s 4, and to
determine how they can be used in a complementary fashion to meet DOTD needs, four steps
were followed:

1) Collection of accelerometer and laser data in the field.

2) Calculation of IRI,s.¢ and LRIps from accelerometer and laser data.

3) Comparison of IRI,s.# and LRIpg results.

4) Using the LRIps to detect distress type on vehicles other than the HSLP.

The data collection phase of research involved carrying out HSLP data collection on forty
bridges along Louisiana’s I-10 corridor, spanning six parishes and including five control
sections. The bridges utilized were selected because they were on a major corridor that is
heavily trafficked, suggesting that they would be reasonably distressed, and because the
concentration of bridges along this corridor was large enough to get a reasonable sampling.

It was necessary to ensure that bumps seen in the collected data corresponded to actual
locations on the ground. To accomplish this, the HSLP was first synchronized to the Control
Section Log Mile (CSLM) of the pavement/bridges being tested. In this way, the CSLM of
bridge transitions, as recorded in the DOTD structural inventory, would match up with the
CSLM being reported by the HSLM during testing. To add a measure of redundancy, the
HSLM operator also used a feature made available on the HSLM that allowed him to
manually insert an event marker in the HSLM’s data stream that showed up in the HSLP’s

output file at bridge transitions.

The specific HSLP used in this study was a Dynatest 5051 Mach III with two Selcom wing
lasers, two Selcom wheelpath lasers, one texture laser, and a single long reach laser for bump
detection. The long reach laser was a Selcom SLS 5000. To deal with localized roughness, a
specially modified laser had to be retrofitted to the HSLP (the long reach laser). This was
because the standard devices delivered by the OEM were seen to clip when encountering

more extreme bumps [1].



Calculation of IRI,5.5 and LRIps from Accelerometer and Laser Data

Producing IRI,s « and LRIps plots is a three step process:

Step 1: Backcalculation of road profile from laser and accelerometer signal:
On-board equipment housed in the HSLP first takes the laser and accelerometer signals and

uses it to backcalculate the road profile.

Step 2: Calculation of IRl using ProVAL 2.7:

ProVAL 2.7 is used to produce IRIs  curves from the backcalculated road profile. Figure 1

shows the ProVAL settings that are required to generate the IRI,s. curves. The “Continuous
Short Interval (ft)” entry in Figure 1 is set to 25 ft. in ProVAL 2.7 to ensure that the type of

IRI that will be calculated will be the IRI 55.5.

Step 3: Calculation of LRIps from accelerometer data

LRIps plots are created using only the accelerometer signal. HSLP accelerometer readings are
collected at the highest sample rate available (10 readings per foot) so signal resolution can be
maximized. To eliminate random noise in the signal, all raw accelerometer data are first
filtered using a 6-in. median filter. Once filtered, the LRIps for any given point along the
pavement is tabulated as the squared variance of accelerometer readings collected within the
1.52 m. (5 ft.) of pavement immediately following the point. This 1.52-m. (5-ft.) window is
selected because it best delineates bridge bumps. The result is then divided by 10,000. This
division by 10,000 is required because it was observed that extremely distressed bumps often
produced LRIpg scores in the millions. Dividing by 10,000 ensures that scores are
manageable. The LRIpg curve is the resulting output. LTRC Research Project 02-2GT gives a
more comprehensive account of LRIps development [1].
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Figure 1
ProVAL (Version 2.7) settings used to develop IR+ curves

Comparison of IRl and LRIps Results

IRI,s5.5 and LRIpg plots for the forty bridges were then compared side by side in order to
assess the strengths and weaknesses of the IRI,s.x and LRIps methodologies. Special note was
taken of instances where the IRI,s.# and LRIps methodologies complemented each other (i.e.,
cases where LRIps plots could be used to reveal distress magnitude, location, or type wherein
the IRI»s.q plots could not and vice versa). Three areas of assessment were examined:
1. Distress Magnitude: Ability of index to produce consistent, repeatable results that
clearly index the magnitude of the localized distress

a. IRy and LRIps both register bumps similarly

b. LRlpg registers significant bumps where the IRI,s.# does not

c. IRI,s.q registers significant bumps where the LRIps does not

2. Distress Location: Ability of the index to produce consistent, repeatable results that
clearly and accurately determine the location of the distress on the road



a. Distress location could be clearly discerned in both the IRI,s. and LRIpg plot
b. Distress location could be clearly discerned in the LRIps alone
c. Distress location could be clearly discerned in the IRI,s.4 alone

3. Distress Type: Ability of the index to produce consistent, repeatable results that
identifies distress type such as fault, rut, bump, etc...
a. Distress Type could be discerned in both the IRI,s.# and LRIpg plot
b. Distress Type could be discerned in the LRIpg alone
c. Distress Type of distress could be discerned in the IRI,s. alone

Because of the complexity of the field data collected on the faulted bridges, the
Golden Car model was first used on simple fabricated profiles in order to “fingerprint”
how IRI,s. and LRIpg respond to a single fault and a single slope. The Golden Car is
detailed in Gillespie and Sayers (1980) [3]. Only faults and slopes needed to be
examined because other types of localized roughness like potholes, joint faults, cracks,
etc. can be composed of faults and slopes. Positive and negative faults with 0.5-, 1-, 2-
, 3-, and 6-in. steps and positive and negative ramps with 1-, 2-, 3-, 4-, and 5-degree
slope changes were used in this regard. Field data was then compared accordingly.

Using the LRIps to Detect Distress Type on Vehicles Other Than the HSLP

All LRIps calculations up to this stage of the research were based on the unique suspension
characteristics associated with the HSLP. For the LRIps to be useful in determining bump
type, it needed to be proved that the LRIps shapes would be maintained on vehicles other than
HSLP. To investigate this, a mathematical model was developed that could be used to test
vehicles with different suspension characteristics.

The model consisted of two mass-spring-dashpot modules arranged in the same geometry as
the Golden Car. The model had six variables:

MI - Quarter car mass (kg)

M2 - Axle and tire mass (kg)

k1 - Shock absorber spring constant (N/m)

k2 - Inflated tire spring constant (N/m)

bl - Shock absorber damping factor [(N*s)/m]

b2 - Inflated tire damping factor [(N*s)/m]

Seven different suspension systems were tested using the model by tuning the variables to the

values shown in Table 1. The Golden Car was used as the reference. Models A through F

10



were based on taking one of the Golden Car’s variables and dividing it by two. The exception
was the b2 parameter that was increased to 350 (N*s)/m given that the Golden Car was
initially set to zero.

Table 1
Suspension systems evaluated

Model No. M1 M2 k1 k2 bl b2
(ke) (kg) (N/m) (N/m) ((N*s)/m) | ((N*s)/m)

Golden Car 250 37.5 15825 | 163250 1500 0
Model A 125 37.5 15825 | 163250 1500 0
Model B 250 18.75 15825 | 163250 1500 0
Model C 250 37.5 7912.5 | 163250 1500 0
Model D 250 37.5 15825 | 81625 1500 0
Model E 250 37.5 15825 | 163250 750 0
Model F 250 37.5 15825 | 163250 1500 350

Fault and slope change profiles were used to excite the model for the same reasons discussed
in the methodology. The same 20 fabricated profiles defined in that section were used here as

well.
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DISCUSSION OF RESULTS

Collection of Accelerometer and Laser Data in the Field

A map showing the locations of the forty bridges tested is provided in Figure 2. Table 2
provides a summary of the bridge details for all bridges tested. Most, but not all, bridges

consisted of a paired eastbound and a westbound structure. ‘I-10 BB 450-07 EB BRIDGE 4’
and ‘I-10 BB 450-07 WB BRIDGE 1’ serve as an example.

Figure 2
Bridges IR+ and LRIps tested using LTRC’s HSLP

13



Table 2
Bridges tested along Louisiana’s I-10 corridor using LTRC’s HSLP

SCet:It “I;:?'ge Bridge ID Latitude | Longitude S;Lur:t;:f ':::: Crossing L(-;;\tg')t h ;ﬁ:;
10.25 | 1-10 BB 450-07 EB BRIDGE 1 30.4077 | -91.4810 | 4500710251 | 136.93 Trinity Drainage Canal 140 1971
12.13 | 1-10 BB 450-07 EB BRIDGE 2 30.4142 | -91.4504 | 4500712131 | 138.81 M.P. R.R. 2026 1972
12.99 | 1-10 BB 450-07 EB BRIDGE 3 30.4178 | -91.4366 | 4500712993 | 139.67 Bayou Grosse Tete 200 1972

B, 14.23 | 1-10 BB 450-07 EB BRIDGE 4 30.4232 | -91.4168 | 4500714231 | 140.91 Bridge 250 Ebl 147 1974
E 14.23 | 1-10 BB 450-07 WB BRIDGE 1 | 30.4232 | -91.4168 | 4500714232 | 140.91 Br 250 Westbound 147 1974
12.99 | I-10 BB 450-07 WB BRIDGE 2 | 30.4178 | -91.4366 | 4500712994 | 139.67 Bayou Grosse Tete 200 1972
12.13 | I-10 BB 450-07 WB BRIDGE 3 | 30.4142 | -91.4504 | 4500712132 | 138.81 M.P. R.R. 2026 1972
10.25 | 1-10 BB 450-07 WB BRIDGE 4 | 30.4077 | -91.4810 | 4500710252 | 136.93 Trinity Drainage Canal 140 1971

3.83 | I-10 BB 450-08 EB BRIDGE 1 | 30.4432 | -91.3469 | 4500803831 | 145.29 Bayou Choctaw 240 1974

5.06 | 1-10 BB 450-08 EB BRIDGE 2 30.4484 | -91.3272 | 4500805061 | 146.52 Bridge 290 Ebl 159 1973

3 10.11 | 1-10 BB 450-08 EB BRIDGE 3 30.4471 | -91.2440 | 4500810111 | 151.57 [-10 Over LA 415-Westover 966 1969
g 10.11 | 1-10 BB 450-08 WB BRDIGE 1 | 30.4471 | -91.2440 | 4500810112 | 151.57 I-10 Over LA 415-Westover 963 1969
5.08 | 1-10 BB 450-08 WB BRDIGE 2 | 30.4485 | -91.3269 | 4500805082 | 146.54 Bridge 290 Whl 159 1973

3.83 | I-10 BB 450-08 WB BRDIGE 3 | 30.4432 | -91.3469 | 4500803832 | 145.29 Bayou Choctaw 240 1974

0 I-10 BB 450-11 EB BRIDGE 1 | 30.3300 | -91.0140 | 4501100001 | 168.52 Bayou Manchac 200 1970

= 4.6 | 1-10 BB 450-11 EBBRIDGE 2 | 30.2698 | -90.9858 | 4501104601 | 173.12 I-10 Over LA 73 289 1975
8‘ 6.81 | 1-10 BB 450-11 EB BRIDGE 3 | 30.2408 | -90.9700 | 4501106811 | 175.33 | 1-10 Over La429/New River 297 1975
< 8.08 | I-10 BB 450-11 EB BRIDGE 4 | 30.2248 | -90.9595 | 4501108081 | 176.6 Smith Bayou 120 1975
9.27 | 1-10 BB 450-11 EB BRIDGE 5 30.2108 | -90.9479 | 4501109271 | 177.79 [-10 Over LA 30 307 1975
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Table 2 (continued)
Bridges tested along Louisiana’s I-10 corridor using LTRC’s HSLP

SCet:It “I;lt:lge Bridge ID Latitude | Longitude Strll:lc;ure I::L: Crossing Ltz:tg)t h ;3::
11.32 | 1-10 BB 450-11 EB BRIDGE 6 30.1926 | -90.9214 | 4501111321 | 179.84 I-10 Over LA 44 286 1979

11.65 | 1-10 BB 450-11 EB BRIDGE 7 30.1903 | -90.9166 | 4501111651 | 180.17 Bayou Conway 120 1979

14.3 | 1-10 BB 450-11 EB BRIDGE 8 30.1719 | -90.8777 | 4501114301 | 182.82 I1-10 Over LA 22 260 1979

17.62 | 1-10 BB 450-11 EB BRIDGE 9 30.1572 | -90.8249 | 4501117621 | 186.14 Bayou Conway 120 1969

21.72 | 1-10 BB 450-11 EB BRIDGE 10 30.1436 | -90.7596 | 4501121721 | 190.24 Panama Canal 175 1975

. 21.72 | 1-10 BB 450-11 WB BRIDGE 1 30.1436 | -90.7596 | 4501121722 | 190.24 Panama Canal 175 1975
‘g; 19.06 | 1-10 BB 450-11 WB BRIDGE 2 30.1527 | -90.8015 | 4501119066 | 187.58 [-10 Under Ramp 1920 1975
L 17.62 | 1-10 BB 450-11 WB BRIDGE 3 30.1572 | -90.8249 | 4501117622 | 186.14 Bayou Conway 140 1969
:. 14.3 | 1-10 BB 450-11 WB BRIDGE 4 30.1719 | -90.8777 | 4501114302 | 182.82 I-10 Over LA 22 260 1979
g 11.65 | 1-10 BB 450-11 WB BRIDGE 5 30.1903 | -90.9166 | 4501111652 | 180.17 Bayou Conway 120 1979
11.32 | 1-10 BB 450-11 WB BRIDGE 6 30.1926 | -90.9214 | 4501111322 | 179.84 I-10 Over LA 44 286 1979

9.27 | 1-10 BB 450-11 WB BRIDGE 7 30.2108 | -90.9479 | 4501109272 | 177.79 I-10 Over LA 30 307 1975

8.08 | I-10 BB 450-11 WB BRIDGE 8 30.2248 | -90.9595 | 4501108082 176.6 Smith Bayou 120 1975

6.81 | 1-10 BB 450-11 WB BRIDGE 9 30.2408 | -90.9700 | 4501106812 | 175.33 | I-10 Over La429/New River 292 1975

4.6 | 1-10 BB 450-11 WB BRIDGE 10 | 30.2698 | -90.9858 | 4501104602 | 173.12 LA 73 Under I-10 289 1975

0 I-10 BB 450-11 WB BRIDGE 11 | 30.3300 | -91.0140 | 4501100002 | 168.52 Bayou Manchac 200 1970

1.9 | 1-10BB 450-12 EB BRIDGE 1 30.1345 | -90.7296 | 8470206501 | 192.26 I-10 Under LA 641 290 1981

450-12 | 2.79 | 1-10 BB 450-12 EB BRIDGE 2 30.1303 | -90.7156 | 4501202791 | 193.15 Blind River 1805 1975
2.79 | 1-10BB 450-12 WB BRIDGE 1 | 30.1303 | -90.7156 | 4501202792 | 193.15 Blind River 1805 1975

450-13 0.54 | 1-10 BB 450-13 EB BRIDGE 1 30.1196 | -90.6409 | 4501300541 | 197.74 Hope Canal 155 1975
4.15 | 1-10 BB 450-13 EB BRIDGE 2 30.1142 | -90.5809 | 4501304151 | 201.35 Mississippi Bayou 125 1975
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Figure 3 illustrates typical laser and accelerometer outputs as collected by the HSLP. In the
laser plot on the top of Figure 3, a spike can be clearly seen at about milepost 10.01. This
spike shows that the distance from the bumper to the road has increased rapidly and
significantly. It also indicates that the bumper to road distance is restored in an equally rapid
fashion. The spike being positive shows that the localized roughness is likely a sharp
negative fault followed by a sharp positive fault.

The accelerometer signal on the bottom of Figure 3 shows the vehicular response to this

fault. In this plot, the suspension can be seen to be going into rapid oscillation starting at a
position slightly further down the road from where the fault occurred. The accelerometer
signal initially goes negative during this oscillation as a reaction to the negative fault. The

signal then becomes highly excited at about milepost 10.015 because of the positive fault.

The laser and accelerometer signals shown in Figure 3 are typical of what was seen on all the
bridges tested. Raw laser and accelerometer data for all the bridges tested were outputted by
the HSLP in ASCII file format with an RSP file extension. An example of an .RSP data file
along with a record of the .RSP data file convention is contained in Appendix A
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Typical HSLP accelerometer and laser outputs: (1-10 BB 450-08 EB Bridge 3)



Calculation of IRI,5.4 and LRIps from Accelerometer and Laser Data

Backcalculation of Road Profile from Laser and Accelerometer Signal

The road profile shown in Figure 4 is an example of a backcalculated road profile. It was
backcalculated from the laser and accelerometer signals shown in Figure 3. The suspected
negative and positive faults discussed in the previous section do appear in the Figure 4
profile at about milepost 10.0112. The inset closeup shows them in greater detail wherein the
negative fault is shown having a magnitude of about 1.5 in. and the positive fault is shown

with a magnitude of about 2.5 in.

All bridges listed in Figure 2 and Table 2 had profiles recorded in this manner by the HSLP.
That is to say, the HSLP’s onboard equipment backcalculated profiles for each bridge (like
the one in Figure 4) using the laser and accelerometer data it collected.

Profile(inches)

-~ Closeup
! . =
R EEaREEEEEE R TR T T P e 15
41
05 4
1 i 0 &
' 1 | Hegative
=3 rperninmsenssinnaes el e e Lenmmssnirasesnss 03 Fault
i } sl
-15

10011 100111 100112 100113 100114 10.0115

10 10.005 10.01 10.015 10.02 10.025 10.03
Milepost

Figure 4
HSLP generated road profile (1-10 BB 450-08 EB Bridge 3)
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Calculation of IR+ Using ProVAL 2.7

Figure 5 shows the IRI,s. curve that was produced when the Figure 4 profile was processed
using ProVAL. In Figure 5, the fault at milepost 10.0112 can be seen to cause an IRI»s. 4 peak
of about 850 in/mi. This peak occurs at about milepost 10.015. Thus, there is a slight delay.
ProVAL 2.7 was used in this manner to create IRI,s curves for all the bridges that were
tested. Copies can be found in Appendix B.

IFtlog_g (indmi)
a00

ann:
?nn:
BDD:
500:
400:
3001
2001

10071

10.00 10.01 10.02 10.03
Logrmile

Figure 5
IRI2s.1 plot (1-10 BB 450-08 EB Bridge 3)

Calculation of LRIps from Accelerometer Data

Figure 6 shows the LRIpg curve that was produced when the accelerometer signal in Figure 3
was processed using the LRIpg algorithm. In Figure 6, the LRIps curve can be seen to rise
and fall more quickly than was the case in the IRI,s.# curve. Figure 6 begins to rise at about
milepost 10.011, peaks at about milepost 10.013, and has largely recovered by milepost
10.015. By comparison, the IRI,s. output, shown in Figure 5 began rising at about milepost
10.01, peaked around milepost 10.015, and didn’t recover until around milepost 10.017.

Appendix B presents all LRIpg plots that were produced on the tested bridges. To allow for
easy comparison, the IRIs.s plots for the bridges are plotted alongside of each bridge’s
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respective LRIpg plot. IRL,s. plots are on the even pages of Appendix B and LRIpg plots are
on the odd pages of Appendix B.
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Figure 6

LRIps plot (1-10 BB 450-08 EB Bridge 3)

Comparison of IRI5.+ and LRIps Results

IRI,5.4 and LRIpg plots for the forty bridges were compared side by side in order to carry out
a comparative analysis and to assess how the IRI,s« and LRIps methodologies can be used in
a complementary fashion. Three areas of assessment were examined.

AREA 1: Distress Magnitude Assessment

To carry out a proper distress magnitude comparison, it was necessary to rank the 43 worst
case bridge bumps of the forty Table 2 bridges by IRI»s.« and by LRIps separately. In each
case, the bump with the greatest magnitude would be given a ranking of one and the bump
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with the lowest magnitude would be given a ranking of 43. Ranking the bumps in this
manner allowed the indexes (IRI,s. and LRIps) to be compared to each other despite the
differences in units (in/mi and ft*/s%).

Being a profile based methodology, it was already known that the IRI,s. would produce
repeatable results. IRI,s. could only fail the Area 1 assessment if there were instances where
the LRIps recorded a distress that the IRI,s ¢ algorithm did not catch at all (a special case of
Modality-b). This did not occur for any of the bumps examined. Thus, the IRI,s.x was shown
at the outset to be suitable for bump indexing.

Despite this, all three modalities were still examined so as to gain insights and in order to
determine if the LRIps might be used to obtain both magnitude and location (i.e., IRI»s-ft
would not be needed). This turned out not to be the case. LRIps, it was discovered, could not
be used to index distress magnitude.

a. IRl and LRIps both register bumps similarly
The IRI,5.¢ and LRIpg curves for a bump appearing on ‘I-10 BB 450-11 EB BRIDGE
1,” shown in Figure 7, are an example of this modality. This bump had similar
rankings. For IRI,s , the ranking was 1. For LRIps, the ranking was 4. The upper plot
in Figure 7 depicts the IRI,s.¢ output for this bump and the lower plot in Figure 7
depicts the LRIps output. Both Figure 7 plots show the bump as the same tall
roughness feature running from near milepost 0.055 to about milepost 0.060. Both
plots similarly show additional smaller localized bumps spread out between mileposts
0.030 and 0.055. In their general characteristics, both plots in Figure 7 register the
same localized distresses. The only notable difference is that the localized distresses
are somewhat more defined in the LRIps plot. This example shows that there were
cases where the indexes were compatible. However, even if all bumps produced
compatible outputs like this, it still would not indicate that IRI,s.# and the LRIpg could
be used interchangeably to index localized distress magnitude due to the limitations
of LRIps.
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b. LRIps registers significant bumps where the IRI2s.+ does not

Figure 8 is an example of a case where the LRIpg curve peaked many orders of
magnitude more than the IRI»s.# curve did. In Figure 8, which shows the LRIps and
IRI,5. curves for a bump on ‘I-10 BB 450-08 WB BRIDGE 3,’ it can be seen that the
LRIps at about milepost 3.78 is very large (peak: 943,899 ft*/s"). This is indicative of
high accelerometer activity and a comparatively rough ride. This is reflected in the
LRIps ranking, which shows the bump was the 8™ most distressed out of the 43
bumps tested. By comparison, the IRI,s 4 ranking for the bump in Figure 8 was very
low (peak: 363 in/mi). It ranked 41* out of the 43 bumps examined in terms of
IRIos.f.

This disparity is relevant because it shows that there was some factor that was
throwing the LRIps magnitude off. The likely cause is the RTRRMS approach that
lies at the heart of the LRIps methodology (i.e., transportability or system degradation
likely influenced the LRIps magnitude). What is believed to have occurred is that the
suspension system of the HSLP test vehicle was, by coincidence, uniquely tuned such
that it became highly excited upon encountering the ‘I-10 BB 450-08 WB BRIDGE
3’ bump. By contrast, this unique profile did not overly excite the Golden Car model
that is integral to the IRI,s. methodology. This supports the earlier conclusion that
the LRIps should not be used to index the magnitude of localized distress because
transportability and suspension degradation impacts LRIpg results.
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C.

IRI25.1 registers significant bumps where the LRIps does not

Figure 9 is an example of a case where the IRI,s.¢ curve peaked many orders of
magnitude more than the LRIps curve did. In Figure 9, which shows the LRIps and
IRI,5. curves for a bump on ‘I-10 BB 450-11 WB BRIDGE 9,’ it can be seen that the
LRIps at about milepost 7.01 is very small (peak: 13,112 ft*/s*). This is indicative of
low accelerometer activity and a comparatively smooth ride. This is reflected in the
LRIps bump ranking of 41. By comparison, the IRIs ¢ for the bump in Figure 9 was
relatively high (peak: 502 in/mi). In terms of IRIs g, the bump ranked 18" out of 43.

This disparity is relevant, as in the previous example, because it shows that RTRRMS
issues (i.e., transportability or system degradation) were likely throwing the LRIps
magnitude off. Here again, it is believed that the suspension system of the HSLP test
vehicle was, by coincidence, uniquely tuned such that it was only slightly excited by
the ‘I-10 BB 450-11 WB BRIDGE 9’ bump. By contrast, the bump was able to excite
the Golden Car model enough to register a significant IRI,s.# reading. This, again,
supports the earlier conclusion that the LRIps should not be used to index the
magnitude of localized distress because transportability and suspension degradation
impacts LRIpg results.

Although the disparity was likely caused by the LRIps problems mentioned, there is
the possibility that there were no bumps and IRIs.4 is in error. In theory, application
of the 25-ft. filter to the IRI algorithm is supposed to eliminate all non-localized
roughness. This has not been fully proven, though. Further research must be
conducted to determine how and when this may happen. In the meantime, the
combined index (IRI25-ft used together with LRIPS) can be used to flag where this

may be happening so that caution can be used when carrying out bump assessments.
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The breakdown of the three Modalities associated with the Distress Magnitude Assessment
was as follows:
1. Modality-a: 24 of the 43 bumps examined (55.81%) had rankings wherein the IRI»s ¢
rank was within £10 points of the LRIpg rank.
2. Modality-b: 9 of the 43 bumps examined (20.93%) had rankings wherein the IRI,s.#
was significantly rougher than the LRIps (IRI3s.# rank - LRIpg rank > 10).
3. Modality-c: 10 of the 43 bumps examined (23.26%) had rankings wherein the LRIpg
was significantly rougher than the IRI,s g (IRI5.¢ rank - LRIpg rank < -10).

AREA 2: Distress Location Assessment

The ability of the two indexes (IRI»s.i and by LRIps) to give the location of road bumps was
assessed in two ways. First, the range of delays that occurred between peaks under the two
index systems was noted in order to assess the extent of the problem. This was a network
level assessment in that all 43 bumps were assessed together. Second, a modality assessment
similar to the one carried out in the Area 1 assessment was carried out in order to appraise
each index’s ability to allow the user to easily locate the distress along the pavement. As in
the Area 1 assessment, three modalities were used to accomplish this. Of the three
modalities, only the second, “Location of a distress could be clearly discerned in the LRIpg
alone,” could be proved.

The initial plan was to use the leading edges of the IRI,s. and LRIpg curves to identify the
locations of the bumps as this seemed most logical. The initial rise of the leading edge of the
IRI»s.+ and LRIpg curves should represent the suspension system’s first reaction to a bump,
and it is expected that this leading edge will begin very close to where the bump occurs.
Peaks, by comparison, will occur where the suspension system has reached maximum
excitation as a result of the bump and at a position down-road from the bump that caused
them. Leading edge and peak alignments occurred as expected for the LRIpg as can be seen in
Figure 10 which shows the alignment for the ‘I-10 BB 450-08 EB Bridge 3’ bump. This was
not the case for the IRI»s.4 plots, however. The IRI»s.# ‘I-10 BB 450-08 EB Bridge 3’ bump
alignments which can be seen in Figure 11 show this. Figure 11 had a leading edge that
appears on the road before the bump occurs and a peak that appears after the bump occurs.
What this shows is that the IRI,s. plots cannot be used to precisely fix bump position while
the LRIps can and that the leading edge is sufficient to do so.
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Figure 12, which shows bumps on ‘I-10 BB 450-11 EB Bridge 1, illustrates a second reason
that the leading edge method was not used to locate bumps. Figure 12 indicates that for some
bumps it was not possible to find leading edges in the IRI»s5.¢ plots. In the lower LRIps plot,
five small equispaced bumps with clear peaks and leading edges have been delineated with
arrows. Leading edges in the upper [R5« plot, by contrast, are difficult to locate. There is
some indication of peaks in the upper IRI,s. plot. But, without the leading edges, it is
difficult to isolate specific bumps or their locations. It should be noted that this was only a
problem for IRI,s.#. Leading edges and peaks were typically easy to locate in the LRIpg plots
which again supports the contention the IRI,s. plots cannot be used to precisely fix bump
position while the LRIpg can.

The delays between peaks for the bumps studied were arrived at as follows. A peak was
classified as a bump if it met one of two criteria. It had to have an IRI»s.4 value in excess of
400 in/mi or it had to have a LRIpg value in excess of 400,000 ft*/s®. Using this criterion, 43
bumps could be identified. If a bump appeared in a LRIps curve, then it was assumed that it
must also be present in the corresponding IRI»s ¢ curve and vice versa.

In 25% of the 43 cases assessed, the criteria was upheld and the bump appeared in both
curves. Figure 7 was an example of this. In Figure 7, the large IRI,s.« peak at milepost 0.055
is 1,045 in/mi, which is greater than the required 400 in/mi. The corresponding LRIps peak,
which is 1,641,505 ft4/s8, is also greater than the required 400,000 ft*/s®.
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Only 7% of the 43 cases assessed recorded a significant LRIps bump where there was no
IRI;s. equivalent. Figure 8 is an example. In Figure 8, the IRI,s.¢ peak near milepost 3.78
was 363 in/mi which was less than the 400 in/mi threshold. The LRIps peak, which was
943,899 ft*/s*, was greater than the 400,000 ft'/s® threshold. The disparity between peaks was
likely caused by the transportability problem. This means that the 7% of bumps that fell into
this category should not be considered as significant (i.e., their IRI,s ¢ peaks, which serve as
the reference standard, were less than 400 in/mi). This detail underscores the earlier
conclusion that the LRIps should not be used to index the magnitude of localized distress and
IRI,5. should. It should be noted that the bumps do exist as is evidenced by their clear LRIpg
peaks and leading edges. They are just not significant. The fact that peaks and leading edges
are easier to see in the LRIpg plots suggests that LRIpg should be used to locate where on the

road bumps occur.

The remaining 68% of the 43 cases assessed recorded a significant IRI,s. bump where there
was no LRIpg equivalent. Figure 13 is an example. In Figure 13, the IRI,s. peak to the right
of milepost 18.92 is 807 in/mi was greater than the 400 in/mi threshold. The LRIps peak was
272,853 ft*/s*, which is less than the 400,000 ft*/s® threshold. The disparity between peaks
was, again, likely caused by the transportability problem. As such, the bumps that fell into
this category should be considered as significant and the contention is upheld that IRI,s.5 is
better at indexing bump magnitude than LRIps. Despite this, LRIps did, as a rule, have much
clearer peaks and leading edges than did IRI,s.¢. This fact supports the contention that LRIpg
should be used locate the position of bumps rather than IRI,s .

Delay between peaks for each bump was calculated using the LRIps peak location as the
reference. Delays ranged from -28.0 ft. (IRL,s.¢ peaked 28 ft. before LRIps peaked) to +22.3
ft. (LRIps peaked 22.3 ft. before IRI,s.« peaked). The range of delays provided a general

sense of what the approximate margin of error is for locating a bump’s position on a road.

Table 3 summarizes the delays. It shows the logmile where the peak occurred in each system
(IRI,s. and LRIps), the peak value in each system (values greater than the threshold values
are highlighted in red), the ranking in each peak’s magnitude within each system and the
delay between the peaks.
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Table 3

IRI5 Vvs. LRIps delay summary

Bridge 25-ft log-mile | 25-ftIRl | LRI log-mile LRI 25-ft IRI LRI delay
ID (mi) (in/mi) (mi) (ft*/s*) | ranking | ranking (ft)

450-13 EB BRIDGE 2 4,1533 295 4.1586 501529 43 13 -28.0
4.8618 426 4.8625 5632 29 42 -3.6
450-11 WB BRIDGE 10 4.8603 455 4.8588 22810 21 40 8.0
4.8443 452 4.8403 347039 22 18 21.2

450-11 WB BRIDGE 9 7.0759 780 7.0717 1684528 6 3 22.3
7.0075 502 7.0068 13112 18 41 3.9
450-11 WB BRIDGE 8 8.3068 724 8.3053 827071 8 9 7.7
450-11 WB BRIDGE 7 9.4876 402 9.4840 249784 39 21 19.1
450-11 WB BRIDGE 3 17.8576 427 17.8588 62123 28 33 -6.6
17.8392 416 17.8396 111160 35 27 -2.1

450-11 WB BRIDGE 2 19.0308 565 19.0340 226911 13 22 -16.9
18.6699 658 18.6689 478082 10 14 5.4

450-11 EB BRIDGE 10 18.5758 450 18.5803 670906 23 12 -23.8
18.9410 807 18.9413 272853 4 20 -1.6
450-11 EB BRIDGE 9 17.7031 424 17.7038 37894 31 36 -3.8
17.7055 447 17.7051 30521 24 39 2.2

450-11 EB BRIDGE 8 14.3957 457 14.3917 72709 20 29 21.0
14.4435 582 14.4453 93222 11 28 -9.5
450-11 EB BRIDGE 6 11.4355 414 11.4365 3297 36 43 -5.3
450-11 EB BRIDGE 3 6.8551 409 6.8554 154339 37 25 -1.6
450-11 EB BRIDGE 2 4.6367 408 4.6389 57920 38 B85 -11.6
4.6395 423 4.6411 70459 32 31 -8.4

450-11 EB BRIDGE 1 0.0523 1045 0.0538 1641505 1 4 -7.8
450-08 WB BRIDGE 2 5.0392 433 5.0372 183753 27 23 105
450-08 WB BRIDGE 3 3.7787 363 3.7786 943899 41 8 0.6
450-08 WB BRIDGE 1 9.9977 669 9.9963 719066 9 10 7.5
450-08 EB BRIDGE 2 5.0347 349 5.0345 701093 42 11 1.4
450-08 EB BRIDGE 3 10.0113 578 10.0131 2847475 12 2 -9.5
10.2105 994 10.2108 1225726 2 5 -1.6

450-07 WB BRIDGE 4 10.3649 419 10.3659 170604 33 24 -5.4
12.6496 518 12.6471 59490 17 34 12.9
450-07 WB BRIDGE 3 12.3064 417 12.3049 68371 34 32 7.6
12.2620 561 12.2606 1147050 14 7.5

450-07 WB BRIDGE 2 13.3005 815 13.2968 10134786 3 19.7
13.0212 442 13.0198 324913 25 19 7.0

450-07 WB BRIDGE 1 14.5743 437 14.5749 145181 26 26 -3.2
450-07 EB BRIDGE 3 13.0471 789 13.0486 359025 5 16 -8.1
13.1021 401 13.1038 355257 40 17 -8.9

450-07 EB BRIDGE 2 12.2932 541 12.2911 32518 il5 38 11.2
12.6825 521 12.6824 1165090 16 6 0.2

10.3869 753 10.3909 391891 7 15 -21.0
450-07 EB BRIDGE 1 10.4171 486 10.4161 36325 19 37 5.2
10.4189 424 10.4177 72636 30 30 6.4

Highlighted if: > 400 > 400,000
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The breakdown of the delays associated with the Distress Location Assessment was as

follows:

1.

Delay > 8 ft.: 9 of the 43 bumps examined (20.93%) had delays wherein the peak was
reached in the LRIpg plot more than 8 ft. before it was reached in the IRI»s_4 plot.
Delay between £8 ft.: 24 of the 43 bumps examined (55.81%) had delays wherein the
LRIps and IRI,s. peaks were within 8-ft. of each other (leading or trailing).

Delay < -8 ft.: 10 of the 43 bumps examined (23.26%) had delays wherein the peak
was reached in the IRI,s 4 plot more than 8 ft. before it was reached in the LRIpg plot.

This array of delays was believed to be largely due to the complex nature of some of the

bumps (a number of bridge approaches has a series of closely spaced slope changes) and to

the inability of the analyst to often find clear leading edges or peaks in many of the IRI»s.¢

plots. The spread largely serves to show how much the IRI,s plots can be in error and to

demonstrate why the LRIpg should be used to assess a bump location on a pavement.

Three modalities were examined in the Area 2 assessment:
a. Distress location could be clearly discerned in both the IRI,s« and LRIps plot

There were no cases where the distress location could be clearly discerned in both the
IRI,5.1 and LRIpg plots. There were instances where the IRI,s plot did have clear
peaks and leading edges. But this was misleading. Evidence to support this is given in
Figures 10 and 11 and the related text.

Distress location could be clearly discerned in the LRIps alone

In all 43 of the cases of significant localized distress and in the many cases of small
localized distress that were seen, the LRIps, alone, was the only means in which
bumps could be precisely located on the road. The case detailed in the text
surrounding Figures 10 and 11 serves as an example for significant localized distress
and the case detailed in the text surrounding Figure 12 serves as an example for

smaller localized distresses.

Distress location could be clearly discerned in the IRIs.« alone

There were no cases where the distress location could be clearly discerned in the
IRI,s. plots alone. As in Modality-a, there were instances where the IRI,s ¢ plot did
have clear peaks and leading edges. But this was misleading for the same reasons as
those discussed in the Modality-a discussion.
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AREA 3: Distress Type Assessment

All of the distressed bridge transitions associated with Table 2 demonstrated sequences of
closely spaced faults and/or slope changes. IRI,s and LRIpg responses to individual and
isolated faults and slopes were studied first in order to simplify the problem. To do this, the
Golden Car model was used to analyze a series of simple fabricated profiles. These
fabricated profiles consisted of a series of positive and negative faults with 0.5-, 1-, 2-, 3-,
and 6-in. steps and a series of positive and negative ramps with 1-, 2-, 3-, 4-, and 5-degree
slope changes.

Results from Golden Car Model. It was discovered that the IRI»s. and LRIps
responses to the assortment of fault and slope profiles fell into four unique classes as
exemplified in Figures 14 through 17. These classes can be called IRI,s.¢ (fault), LRIpg
(slope), LRIps (fault), and IRI»s 4 (slope). It was observed that the shape of the IRI»s.4 and
LRIpgs curves were the same whether the underlying single fault or slope was positive or
negative. Increasing or decreasing the fault height or slope angle caused no shifting in the
IRI,s5. and LRIpg curve (i.e., location of lead-in, peak and lead-out did not change). The
choice of £1.0 in. for the fault and + 1.0° slope for Figures 14 through 17 was arbitrary.

The uniqueness and repeatability of the four curves in Figures 14 through 17 indicated that
both IRI,s.¢ and LRIps can be used to assess distress type provided there are no other
distresses nearby to pollute the signal. In isolation, the curve shape can be used to identify the
type of distress. A sharp, narrow shape in the IRI»s. indicates a fault. A rectangular, blocky
shape in the LRIpg indicates also indicates a fault. A more gradual wavy shape indicates a

slope change in both systems.
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The main difference between IRI»s. and LRIps, and the reason that LRIpg is better than the
IRLxs.4 for finding distress type, is that the LRIps curve rises and falls much more quickly
than IRI»s.¢ curve does. A fast rise and fall means there is less chance for the effects of
adjacent localized distresses to overlap with each other in the IRI»s.# or LRIpg plots. Table 4
and Table 5 show how far apart two faults or slopes would need to be for there not to be an
overlap (Table 4 references Figure 14 and Table 5 references Figure 15). From these tables,
it can be seen that 2 half-inch faults would have to be at least 20.3 ft. apart for overlapping to
not cause a problem for the IRI,s_ response. For a 1.0° slope change, the separation would
need to be at least 44.4 ft. for overlap not to occur.

Table 4
IR 5.1 Step-fault curve summary

Fault Point A Point B Point C Distance between
Height | Location | IRl | Location | IRlsq | Location | IRl Points A & C
(in) (ft) (in/mi) (ft) (in/mi) (ft) (in/mi) (ft)
0.5 -6.0 200 12.4 281 14.3 200 20.3
1.0 -10.3 200 12.4 561 18.4 200 28.7
2.0 -11.3 200 12.4 1123 | 43.2 200 54.5
3.0 -11.6 200 124 1685 50.4 200 62.0
6.0 -11.9 200 124 | 3369 74.1 200 86.0

See Figure 14 for details on points A, B, and C

Table 5
IRI5.¢ ramp-fault curve summary

Ramp Point A Point B Point C Distance between
Angle | Location | IRl | Location | IRl | Location | IRy Points A& C

(deg) (ft) (in/mi) (ft) (in/mi) (ft) (in/mi) (ft)

1.0 -6.1 200 13.5 421 38.3 200 44.4

2.0 -9.2 200 13.5 841 62.1 200 71.3

3.0 -9.8 200 13.5 1262 | 69.4 200 79.2

4.0 -10.2 200 13.5 1684 | 73.8 200 84.0

+5.0 -10.4 200 13.5 2107 | 77.6 200 88.0

See Figure 15 for details on points A, B, and C

The impact of this can be better seen in Figures 18 and 19. Figure 18 shows what the IRI;s 4
response looks like for a series of closely spaced faults (seven 1.0-in. faults spaced at 5.0-ft.
intervals). Figure 19 shows what the IRI,s 4 response looks like for a series of closely spaced
slope changes (seven 1.0° slope changes spaced at 5.0-ft. intervals). The near spacing of the
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faults and slopes in Figures 18 and 19 (red curves) cause enough overlapping in the IRI»s.¢
response (blue curves) as to prevent the blue curve from being useful as a tool for
determining distresses type.

In terms of LRIps, localized distresses can be much closer together for overlapping not to
occur. Figures 16 and Figure 17 show that for the 1.0-in. fault and the 1.0° slope change
overlapping won’t occur if individual localized distresses are separated by more than seven
or eight feet. An example of this is depicted in Figure 20 which shows the LRIpg curve
generated by the Golden Car model passing over two 1.0-in. step-faults separated by 7 ft.
There is no overlapping at all.
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Figure 20

LRIps for 2 1 in. faults separated by 7 ft.

Results from Field Data. Three Modalities were examined in for the Area 3

assessment:

a. Distress Type could be discerned in both the IRl and LRIps plot
There were no faults or slope changes in the bridge database that were isolated

enough for the “pure” distress types of Figures 14 through 17 to show up in both the

IRI,s5. and LRIpg plots. This was more a problem related to IRI»s 4 than it was to
LRIps. For the IRI,s., there were typically other distresses (localized and non-
localized) that were in too close a proximity to allow the IRI,s 4 to produce the pure

curve forms.

There were a few examples in the database where Modality-a was approximated. The

bump depicted in the previously detailed Figure 4 is an example of a complex profile
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that has a number of faults and slope changes that occurred at exactly the same
location that approximated Modality-a. For this profile, the IRI,s.x and LRIpg plots did
not match the “pure” cases in Figures 14 through 17. But, they were very similar.

The IRI,s. curve for this profile is shown in Figure 5. In terms of distress type, this
curve more closely resembles Figure 15 than it does Figure 14 which suggests that the
IRIs.5 is detecting the slope changes more so than it is the faulting. The Figure 5
curve does have some elements that resemble the Figure 14 faulting “fingerprint,”
such as the steeper slopes at the lead-in and lead-out. So, the faulting is in evidence.

Figure 6 is the LRIpg curve for the same Figure 4 profile. In terms of distress type, it
more closely resembles Figure 17 than it does Figure 16. This parallels what was seen
in the [R5 curve. It suggests that the LRIps is detecting the slope changes more so
than the faulting. Also, as in the case of the IRI,s5 4 curve, the LRIps Figure 6 curve
did have some elements that resembled the Figure 16 faulting “fingerprint” such as
the steeper slopes at the lead-in and lead-out. So, again, faulting was in evidence.

What was clear from the analysis was that for both indexes (IRI,s.s and LRIps), it was
required that the bump be isolated sufficiently enough for the patterns seen in Figures
14 through 17 to manifest. Bumps that were close together or roads that were too

overly “noisy” tended to distort the IRI,s. signal.

Distress Type could be discerned in the LRIps plot alone

The segment of the previously discussed ‘I-10 BB 450-11 EB BRIDGE 1’ of Figure
21 between milepost 0.055 and 0.060 is an example of this modality. The lower LRIps
plot indicates that there was a sequence of from three to five slope changes (labels 7
through 11). Three of these slope changes could be clearly discerned (bumps 7, 8, and
10). For these three, the spike pattern resembled Figure 17 more than they did Figure
18. There was some overlap. But, the pattern was clearly recognizable. Beside the
three bumps mentioned, there was evidence of there being, possibly, two additional
bumps (bumps 9 and 11). But, the overlapping was too pronounced to tell for certain.
The direction of the slope changes associated with bumps 7, 8, and 10 could not be
determined from the LRIpg plots as positive and negative slope changes produce the

same curve.
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By comparison, the upper IRI,s. plot of Figure 21 between milepost 0.055 and 0.060
gives no indication of separate distresses at all. All that can be seen is the single large
peak. As such, it was impossible to use the IRI,s_ plot to detect distress types for the

three to five distresses in the sequence.

A second example of this modality can be seen in Figure 21. The LRIpg plot shows a
regularly repeating series of distresses (bumps 1 through 6). The shape of the LRIpg
curve at these locations closely matched the Figure 17 which suggested that slope
changes were again present. A field assessment revealed that the bumps were at
locations where bridge panels abutted each other. There was no faulting in evidence.
The effect was caused by some irregularities in the panels at the joints. The effect was
the introduction of some minor slope changes at the joints which caused the LRIpg

bumps.

By comparison, the upper IRI,s 4 plot gave no evidence of a regularly repeating
pattern. Bump type could not be ascertained.

c. Distress Type could be discerned in the IRl plot alone
There were no cases in evidence that suggested that distress type could be discerned
from the IRI»s.# plot and not the LRIpg plot. This suggests that the LRIpg has an

advantage over the IRI,s 4 as it relates to identification of distress type.

Using the LRIps to Detect Distress Type on Vehicles Other Than the HSLP

Figure 22 presents the LRIpg response curves based on the Golden Car reference being
“driven” on the ten fault profiles. A log scale was used on the vertical axis to improve clarity.
All plots in Figure 22 looked very similar (i.e., shapes are essentially the same in each curve
and locations where curves rise and fall are the same). The LRIps response curves based on
the Golden Car reference being “driven” on the ten slope change profiles are shown in Figure

23. All plots in Figure 23 looked very similar as well.

It is to be noted that the LRIpg response to negative ramps and negative faults were exactly
the same as the LRIps responses to their positive counterparts already shown (i.e., the -1.0 in.
step produced the same response as the +1.0 in. step, for example). As such, the responses to
negative faults and slope changes are not shown. Also, it is to be noted that the responses in
Figures 22 and 23 are based on a distress (fault or ramp) that takes place on the x-axis at the
plot origin (i.e., at 0.0 ft.).
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Similar curves to those shown in Figures 22 and 23 were developed for each of the other
models presented in Table 1 (Models A through F). The results were the same. It could,
therefore, be concluded that the LRIps curve shape for any given model is the same

independent of distress magnitude.

The LRIps response “shapes” for each of the Table 1 models are presented in Figure 24
(fault) and Figure 25 (slope change). A log scale was used on the vertical axis of Figure 24 to
improve clarity. These figures are based on the 2.0-in. fault and 3.0° slope change for
convenience. As stated, changing the magnitude of the distress only has the effect of
changing the magnitude of the LRIps. The curves for other distress magnitudes do not need to

be presented for this reason.

Figures 24 and 25 give evidence to suggest that the LRIpg’s ability to detect distress type will
work independently of the suspension characteristics in most cases. All curves in Figure 24,
with the exception of the Model E curve, closely resemble each other as well as the blocky
shape seen in Figure 16 indicative of faulting. Likewise, all the curves in Figure 25, with the
exception of the Model E curve, closely resemble each other as well as the wavier shape seen
in Figure 17 indicative of a slope change. Incidentally, the locations where these curves rise
in relation to where the distress occurs also closely match what is seen in Figures 16 and 17
which suggests that the LRI’s ability to find the locations of distresses functions
independently of model type as well.

The Model E variation is associated with a change in the shock absorber damping factor.
Model E being an anomaly indicates that controls should be placed on what type of shock
absorbers are allowed on HSLPs (i.e., the ratio of the HSLP’s shock absorber damping factor
to it’s sprung mass must be close to or equal to 6.0 s™). In point of fact, this requirement
should be applied to current HSLPs whether LRIps is implemented or not. This is because a
HSLP, being a device designed largely to report IRI (standard or otherwise), should be
modeled on the Golden Car as closely as possible.

A final point can be drawn from Figures 24 and 25. From these plots, it can be seen that the
six vehicles driving on the same profile will produce very different LRIps magnitudes. Model
A in Figure 25, for example, has a peak value of about 27,600 ft*/s*. Model C in Figure 25,
by comparison, peaks to only 4750 ft*/s®. The LRIps magnitudes are different even though
the road profile is the same. These plots, therefore, show conclusively that the LRIps cannot

be used to assess distress magnitude.
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Location (ft) - Ramp begins at 0.0 ft
Figure 25
LRIps curves for 3° slope change profile (Models A thru F)







CONCLUSIONS

The combined index (IRI,s.x and LRIps) must be derived from a HSLP ride (i.e., both the
IRI»s. and the LRIpg must be derived from the same accelerometer signal for the combined
index to work).

IRI,s.¢ is better at indexing bump magnitude that LRIpgs. This is because the IRI,s.4, being a
profile based methodology, produces repeatable bump magnitudes independent of the
HSLP’s suspension characteristics. LRIps bump magnitudes vary with suspension, a fact that

renders it inferior at indexing bump magnitude.

The IRI,s.# did not miss any localized bumps that it should have caught. Everywhere the
LRIps said there was a significant bump, a corresponding bump was found by the IRI,s g
plots (positions were somewhat off, but, their existence was confirmed).

The [R5 on at least one occasion may have seen a significant bump that the LRIpg did not
see (for this case, the IRI,s5. peaked many orders of magnitude more than the LRIps). This
was likely an LRIps error caused by transportability and suspension degradation. However, it

was possible that the IRI,s.# may have been incorrectly picking up non-localized roughness.

The LRIps was able to clearly and correctly locate the position of bumps for almost every
case examined (LRIps leading edges and peaks were easy to see, even on small bumps). The
only exceptions were bridge approaches that featured large closely spaced distresses (each
bump within 6-ft. of next).

LRIps leading edges were adequate indicators as to where bumps were located on pavements.
LRIps was better at assessing distress types than was IRI»s i because bumps could be closer
together in the LRIps (Example: for 0.5-in. fault, IRI,s 4 requires 20-ft. spacing; LRIpg
requires only 6-ft. spacing).

It was determined that the LRIps could identify distress type independently of the vehicle
used provided that the shock absorber constant was held to a value where the ratio of the

HSLP’s shock absorber damping factor to its sprung mass was close to or equal to 6.0 s™.

The IRI,5. often could not reliably locate the position of bumps on pavements because
neither the leading edges nor the peaks, when identifiable, would line up with the bump.
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IRL;s.4 peaks lagged or led the LRIps peaks by as much as + 30-ft. (as much as + 8.0-ft. in
44% of the cases examined). Accepting LRIps as the means of locating bump position, this
shows how much IRI,s.s can be off.

In many cases, the IRI,s. could not be used to locate the position of bumps because it was
not possible to find clearly delineated leading edges or peaks at all.

The LRIps was not able to index bump magnitude due to transportability and suspension
degradation (evidence: the six different vehicle models produced differing LRIps peaks for
the same profile).

Both indexes (LRIps and IRI»s.) showed that they could be used to determine distress type

provided there was enough separation between bumps. (Faults produced “blocky” shapes;
slope changes produced “wavy” shapes).
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RECOMMENDATIONS

It is recommended that the IRI,s. and LRIpg indexing system should be utilized in a
complementary fashion to index bumps. The IRI»s ¢ should be used in that regard to assess
bump distress magnitude and the LRIpg should be used to determine where on the pavement
bumps occur and to define distress type.

It is recommended that the IRI»s.4 and LRIps indexing system be used by DOTD’s Bridge
Maintenance Section to assess the Department’s bridge inventory. The findings from this
effort should be used to establish a bump specification.

It is recommended that the IRI»s i and LRIps indexing system be incorporated into ProVAL.

At present, LRIps indexing is accomplished through a spreadsheet analysis that utilizes

macros to arrive at the LRIpg score.
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ARRB
EBR
FVTF
HSLP
ICC

IRI
DOTD
LQI
LRI
LRIpg
LTRC
NCHRP
PI

PRC
RN
RTRRMS
RVTF
TVTF
UMTRI

ACRONYMS, ABBREVIATIONS, AND SYMBOLS

Australian Road Research Board

East Baton Rouge

Forward Vehicular Transfer Function

High Speed Laser Profiler

International Cybernetics Corporation

International Roughness Index

Louisiana Department of Transportation and Development
Louisiana Quality Initiative

Localized Roughness Index

Posted Speed Localized Roughness Index

Louisiana Transportation Research Center

National Cooperative Highway Research Program
Profile Index

Project Review Committee

Ride Number

Response-Type Road Roughness Measuring Systems
Reverse Vehicular Transfer Function

Translational Vehicular Transfer Function

University of Michigan Transportation Research Institute
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APPENDIX A

RSP Data File and RSP Data File Convention
(ftp://ftp.dynatest.com/downloads/DCC/RspMan2610_RSP_MFV .pdf)
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11.5 Reviewing the Data
11.5.1 RSP Data

The RSP stores its data in a comma-delimited ASCII file. This means that the file is “human readable” and
that the information in each line of the file is separated by commas. This facilitates data processing and
handling. The comma-delimited data can easily be imported into Microsoft Excel for ad hoc analysis and
reporting.

The data file can also be reviewed in the field for completeness using Microsoft Notepad, Wordpad, or any
other ASCII based text editor.

B CounTYL - WordPad |- | Of x|

File Edt Yiew Imsertt Format Belp

Dls(a] Sl sl ¢ (=@l | 2

bDUl,SS.Dﬁ,l,36,'ADE11 2000 " ﬂ
5002, "LO-2US  ff FSTANDARD", fEO51-0249"

5003, "VERNONT ™, "DTLRCGHTO", "COUNTY1 *, "RSPM
so10,1,0,1,0,0,1,7,7,1,1,1,0,1,0,1,0,0,0,0,0

5011, 2,1,31,05,2001,07,53,4, "Thu, 151

50z0,0, 0.057,0.50,9.813, 1,11, 1,21,11,21,0

s0zi, 9.64, 49.7, 63.3, 6.0, 653.0,0.150

50z2, 9.84, 49.7.390.0,17.0,.5120.0,.0.036

5023, B729501,0, 2.913, 0.000, Z.768

B0z9, "Jim I

5030, "Ken "

5031, foount vl L
EDz2, "200 block -400 klock e
5201, "a000E 63s™, 2666, 1132,M0 Favil »—58.04,-61.70

5202, THL " o 0, Mo o , O0.o0, 0O.o0

5203, "*S200M723", 2007, 1097,M0 MO ,-39.96,-39.0&

5204, "NA Er o, o, N0 i il . 0.00

5205, "SZ00N7E4", 30B3,. 1081.NO 10 L—33.00

5206, "MA Lo o, 0,0 N0, Q.00

5207, "5200N725", 3054, 1058,N0 L0 ,—25.00

5205, "NA o o, 0.ma L0 ., 0.00

CZ09, "L L o, 0, wo L0 , o.oo

EZ10, "MA ", o, 0,M0 L0 , 0.00

5211, "S200NTIG", 3041, 1058,M0  ,NO  , 0.00

5212, "L L o, 0, Ko L0 , 0.oo

E213, "MA ", a, o,M0 ,MO , Q.00

5214, "NA rr o, o,H0 P il . 0.o00

5215, "SEZOONTET™, 307VZ,. 1065.NO L0 . £5.00

S216, "™NL r, ap o,MO MO, d.00

5217, "5200N7ZB™, 3073, 1081,N0 LNO , 33.00

SZ16, "NL e a, 0.ma L0 . 0.00
For Help, press F1 | | o
Please refer to the following chapter for a detailed discussion of the RSP data file contents.
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12. Data File Formats

12.1 RSP Data File

The RspWin program produces files that are directly 'Importable’ to most spreadsheet software and easily
readable by dedicated software. The following main features accomplish this:

A comma character separates items.
Text items are quoted.

Each line is prefixed (the very first item on the line) by a 'Line-ID-Number’, which is the key to the
contents of the line.

The data file type is: SEQUENTIAL UASCII Text File (Line lengths vary).

A file consists of "Header" information followed by RSP Profiling Data and optional IMS data.

Numeric items are located within fixed fields indicated by [X, Y, W], which defines the first and last character
positions and the width. Numbers are right justified except for the special Nil value ('"No use' number), which

is stored as “NO”, padded with spaces.
Most Text items are fixed width where W indicates the width excluding quotes.

Units Numeric information is stored in either Metric or English systems.

Stations Meters, km, feet, yards, miles or miles.feet

Geographic Degrees. Latitude is positive North. Longitude is positive east. Altitude is meters,
always.

Common to ALL lines is the Line ID number [1,4 4].

12.1.1 RSP File Header Information

1. Program Version

5001,35.80,1,38,"RspWin 1.0.8 L
[ 6, 10, 5] 35.80 Program Identification
12+ 12511 1 No of Headers (ONE always)
[ ¥4, ¥5, 21 238 No of Lines in Header
[ 18, i ] Rsp... Program Comment

2. Primary Setup Names
5002, "LNN-251 ", "EMBEDDED", "5051-XXX"
T i |

[ 7, 14, 8] LNN-2S5I Data Format
[ 18, 25, 8] EMBEDDED Hardware system
[ 29, 36, 8] 5051-XXX FEguipment S/N

3. Secondary Setup Names

5003, "B-JONES ", "UK-MANCH","51-L5","RSP"
[ 7, 14, 8] B-JONES Operator Name
2 8]

T8, 25 UK-MANCH Test setup name (part of)
[ 29, , 1 S1-L5 Datafile name (the name of this file)
[ - , 2] RSP Datafile extension
Page 180 2012.10.05 RspManz810_Full_MFV.docx
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4. Units

S010, 0505 050,00 03,1y 0::0, 00,3 :15:80:0,0;0,0
5010;0,0,0:0,0;070;3,1,0,0,0,;0,0,1,0;0;0,0,0
I 6:  &a L 0 Temperature 0:C° 1:F°
. 8 8 01] 0 Spare
330, IB.. 13 0 Weight (Mass) 0O:kg 1:1b
[ F2; 25 17 0 Spare
314, 14, 11 0 Deflection O:mu 1:mills
[Fokes: 16 1 0 Distance O:mm 1:inches
[ 18, 18, 1] O Spare
Ei20y 205 1 3 Location 1:5tnMeters Z:meters 3:kilometres
5:feet 6:yards 7:miles §:StnFeet 9:ml.feet
[22, 22, 11 1 Angle (GPS) l1:Deg (2:Deg®Min 2:Deg®min’Sec)
[ 24; 24, 1] 0 Force 0:kN 1:1bf
26, 28 El 0 Pressure O:kpa 1:psi
[28; 28, 1] © Heavy Pres O:Mpa 1:ksi
130 3l 1 0 Spare
|32, 3% 11 0 Spare
[ 34; 34 1] 1 Angle (0:Radians) 1l:Degrees
[ 36, 36, 1] 0] Spare
L2338, 38 11 O Spare
I A0 40 1] 0 Spare
|a2, 4. 1] 0 Spare
[ 44, 44, 1] 0 Spare
5. Date and Time
5011,2,1,28,08,2003,21,45,0,"Non", 000
[ &: 8. 1 2 Date style (fixed)
[ 8 &1 1A Time style (fixed)
Eadlly 13, 2 14 Day
[ 13, 14, 2] 07 Month
[ 16, 19, 4] 1999 Year
[ 23y 225 2] 14 Hour
[:2d4s 25 2] 30 Minute
EiZis waiks 1 0 not used
[30; 327 3] Non not used
i35, 37. 31 000 not used

6. Operating Parameters

5020,0,; 0:100,0.50,9.820, 1,11, 1,21,31,21,0, 25.5, 26.9
| . = | 0 0:Normal (1:Bounce)
[ B; 13, B} 0.100 Filter Wavelength (same unit as Stations)
[ 15, 18, 4] 0.50 Filter Damping
[ 20, 24, 5] 9.820 Gravity (m/s?)
The following pairs are channel numbers for Left, Full and Right Rutting
respectively.
26y 2k 2 1. Leftmost laser for "Left Rutting”
[ 29, 30; 2] 11 Rightmost laser for "Left Rutting"
|32, 33 21 1. Leftmost laser for "Full Rutting"
[ 35, 36, 2] 21 Rightmost laser for "Full Rutting"”
238, .39, 23 34 Leftmost laser for "Right Rutting"
[ty A2 2] 2 Rightmost laser for "Right Rutting"
[ 44, 44, 1] 0 0:Center line Index (1:Half Car Index)
[:d8: S0 81 2555 Surface Temperature (Manual entry)
[“52, 56 5] 26.9 Air Temperature (Manual entry)
2012.10.05 RspMan2e10_Full_ MFV.docx Page 181
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7, 8. Roughness Index Parameters for IRI (5021) and Ride Number (5022)

5021, 250, B0.0, 63.3, 6.0, 653.0,0.150
[[ & 10 51 250 Averaging Distance (mm/inches)
[ 2. 16 57 80.0 Simulation Speed (kmh/MPH)
[ ¥8; 22; 5] 63.3 Normalized Suspension Stiffness
[ 24, 27, 4] 6.0 Normalized Suspension Damping
[ 29, 24, 6] 653.0 Normalized Tire Stiffness
[. 36 40; 51 0.150 Mass Ratio
9. DMI and Stationing
5023, 1709645,0, 0.863, 0.000, 0. 774
5023,10000000,0, 0.000, 0.000, 0.000
[ 6, 13, 8] 1709645 DMI Calibration Figure
[ B5 15 4 0 DMI Direction O:Increasing 1:Decreasing
[ By 285 8] 0.000 (DMI Reading when the file was created)
[ 26, 33, Bl 0.000 Minimum Station in file
[ 35, 42, B] 0.774 Maximum Station in file

10. Name of Driver
5029, "Jack"”
| . 1 Jack

1l. Name of Operator
5030, "Jones"
Ta ’ 1 Jones

12. Facility Information
5031, "Dynatest Boulevard","&l","Motorway™, "ACC"

Il T i ] Dynatest Boulevard Name
[ ’ ’ ] Rl Code
[ " i ] Motorway Type
[ ’ r 1 BCC Class

13. Subsection Information
5032, "East bound lane one","Al+1","Townhall "," Airport","Right-1","1R"

[ 7 F ] East bound lane one Name

[ ’ r ] Al+l Code

[ " ; 1 Townhall Start

[ 5 , 1 Airport Ending

[ = , 1 Right-1 Lane name
[ ’ P N & = Lane code

14 to 34. Data for each of 21 lasers max. (5201-5221)
5201,™20081817", 2724, 1163, 300, 100,-59.49,-63.39

[ 7, 14, 8] 20081817 Serial Number
[ ¥ 20 5] 2724 Reading at reference distance 250mm
[ 23 5% 5] 1163 Reading at reference distance 350mm
[ 29, 33, 5] 300 Mean Profile Depth Bias (mu/mill)
[ 35, 39, 5] 100 RMS Texture Bias (mu/mill)
[ 41, 46, €] -59.49 Lateral position (mm/inches)
[ 48, 53, ©] -63.39 Optional secondary position (for angled lasers)
For positions above, centreline is zero, negative to the left, positive right.

TWC positions apply to ANGLED lasers only; the first is closest to the
centreline (calibration beam closest to lasers) the second is farthest from the
centreline.

A spare (not used) laser channel appears like this:
5202, "NA e 0, 0,NO0 ,NO , 0

35 to 37. Data for each of 3 accelerometers max. (5223-5225).
5223,"DDK-LWA "™,-11936, 12135

Page 182 2012.10.05 RspMan2810_Full_MFV.docx

61



//tDynatest’

[ 7, 14, 8] DDE-LWA Serial Number
[ 17, 22, 6] -11936 Reading in upright position
5]

[ 24, 29, 6] 12135 Reading in opposite position

A spare (not used) Acc channel appears like this:
5224, "Na M 0, 0

38. Inertial Motion Senscor.
5228,"Ws=0123 ¥, 0:2:1.000; 0:1;1:000,; 0:1,;1.008

[ 7, 14, 8] WsS-0123 Serial Number

E i 20 Ol B3 Bank Bias (deqg)

[..22% 285 9] 1000 Bank Gain

285 31, 5] 0.1 Grade Bias (deqg)

[ 33, 37, 5] 1.000 Grads Gain

[ 39, 42, 5] 0.1 Heading Rate Bias (deg/s)
[ 44, 48, 5] 1.000 Heading Rate Gain

12.1.2 RSP Measurement Data

Measurement data is stored chronologically after the header. Most items cover an interval of some size (see
“Storage Intervals” in section 8.1, Test Setups), e.g. IRI could be reported every 50 meters, Average Laser
Elevations every 25mm. The beginning and ending Stations are the first two items in most lines. Information
from the various transducers is always written in sequence with the leftmost laser first and the rightmost
farthest to the right. The following examples show data from a typical “Five lasers plus two accelerometers”
system.

Common to most lines

54XX, 0.000000, 0.000100,
[ 6, 15,10] 0.000000 Beginning of interwval
[ X7 26;16] 0.010000 End of interval

Laser elevations and raw accelerations.
Distance from the lasers down to the pavement.

5401, 0.000000, 0.000100, 293.1, 298.6, 298.1, 303.9, 316.7, -9.8123, -9.8123
[ 28, 33, 61 293.1 Leftmost Laser {(mm/inches)
[ 35, 40, 6] 298.6 Left Wheel path

[ Be; B61; 61 -316.7 Rightmost laser
[ 3, 70, 81 -9.8123 Left acceleration
[ 72, 79, B8] -9.8123 Right acceleration

Failures.
Percentage of dropouts/erroneous readings
5402, 0.010000, 0.020000, 1.0; 0.0, 0.0, 0.0, AT, 0.0, 0.0

[ 28y 334 6] 1.0 Leftmost Laser
[ 35, 40, 8l 0.0 Left Wheel path
[ 70, 715, 6] 0.0 Right Accelerometer

Velocity and Driving RAcceleration.

5403, 0.000000, 0.010000, 14.0, 1.3
[ 28, 32; 5] 14.0 Velocity (kmh/MPH)
[ 34 37 5] 1.3 Acceleration (m/s? ft/s?)
2012.10.05 RspMan2e10_Full_MFV.docx Page 183
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Longitudinal Profile elevation

5405, 0.000000, 0.000100, -0.5, -0.8, 2.1
[ 28, 34, 7] -0.5 Left Wheel path (mm/inches)
[ 36, 42, 11 -0.8 Centreline
[ 44, 50, 7] L ¢ Right Wheel path

International Roughness Index (IRI)
5406, 0.000000, 0.020000, 4.75, 4.09, 3.89

[ 28, 33, 6] A5 Left Wheel path (m/km or in/mile)
[ 35, 40, 6] 4.09 Centreline IRI
[ 42, 47, B] 3.69 Right Wheel path

Ridenumber (RN)
5407, 0.000000, 0.020000, 1.73, 2.05, 2.89

[ 285 233¢ 6] 193 Left Wheel path
[ 35, 40, 6] 2.85 Centreline RN
[ &2 47 6] 2.89 Right Wheel path

Texture, RMS (Root Mean Square)

5408, 0.000000, 0.001000, 812, 845, ..., 302.5, 268.4
Texture is reported in either microns or mills
[ 28, 34, 7] 812 First texture capable laser
E 36, =22, 845 Second texture capable laser

Followed by Laser Elevations (mm or inch) for each texture capable laser

Texture, MPD (Mean Profile Depth)

5409, 0.000000, 0.001000, 436, S3he

Texture is reported in either microns or mills
[ 285 34 7] 436 First texture capable laser
E 36, &2, 534 Second texture capable laser

and so on.

Rutting
5411, 0.000000, 0.001000, 3.6, 4.5, 4.5, 4.3, S.2 o
[ 28, 33, ®1] 3.6 Left Rutting (mm/inches)
[ 35, 40, 6] 4.5 Full Rutting
[ 42, 47, 6] 4.5 Right Rutting
[ 48, 54, 6] 4.3 Max Left Rutting
[ 56, 61, 6] 5.2 Max Full Rutting
[ 63, €8, 6] 5. Max Right Rutting

For HDR rutting see next chapter.

Faulting
5414, 0.007850, S5.8; 556y 54 S
[ &  15,10] 0.007880 Station (average)
[ Ty 22 61 S Average Fault Depth
[ 24, 29, 6] 5.6 Left wheel path
[ 31, 36, 6] 5.4 Centre line
[ 38, 43, 6] 5.2 Right wheel path

Photo sensor Status-change
5415, 0.0078%0,"OFFE"
[ & 25810 0.007890 Exact station
[ A8, 20, 3] OFF New Status (ON or OFF)

Reyboard 'Events'

5416, 0.008823,"K"
[ By 520 0.008823 Bnci Libafitias
E gy 38, 1] K Ascii Key
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'Marks’

5417, 0.008823, "Crossing"
[ B, ITHh: 0] 0.008823 Exact station
[ "18; ¥8, 1] Crossing Mark text
Time of day
5418, 0.001000, 12345.6

[: &, 15101

[A7F; 24, 8] 12345.67

Inertial Motion Sensor data

5420, 0.000000, 0.001000,"1",
=Y.24, 0.523; 23.45
[ 32; °38; 7¥] 0.73
[ 40, 46, 7] -3.53
[ 48, 53, 6] 26.9
[ 55, 60, &] o T
[ 62, 67, 6] 20
[ @695 <13, 5] 54.6
[ 95, FI, 31 26
[ 79, 85, €] -1.24
f B, 92, @i 0.523
[ 94,701, 8] 23.45

0.001000 Exact station
HrMnSc.nn

0.73, =353,

Bank ({deg)

Grade (deg)

Compass Heading (N=0 E=90 S$=180 v=270)
Yaw Rate (deg/sec)

Heading Rate (deg/sec)

Velocity (kmh/MPH)

Temperature (C/F)

Crossfall (deg)

Radius of Curvature (km/ml)

Degree of Curve (deg/km or deg/ml)

Macre Profile Elevations (RSPIV only) .

Each record presents 25 (or
Elevations are prefixed by

profile.

5421, 0.000000, 0.000025,
[ 28, 35, B8] =15 _1
[ 37, 44, 8] 31.7
[ 46, 51, &] 298.1
[ 53, .58, 61 298.6

Y :

Distances from the Left (5421) and Right

(5422) lasers down to the pavement.
less) elevations covering 25 mm (1 inch) of travel.
the acc and laser contributions to the longitudinal

298.1,; 298.6, 298.7, 299.3; 300.5 .
Acc part of inertial profile (mm/inches)
Laser part of inertial profile
First elevation sample (mm/inches)
Second elevation sample

25 sample (typically)

Geographic Positioning System (GPS)

5280, 0.000000, 0.001000,0,130743.5,+90.0000000,+180.0000000, 9959.9, 0, 5,
416, 11
[ 28, 28, 1] 0 0: No Failure
9: Timeout
[ 30, 35, 6] 130743.5 Time format hhmmss.s
[ 37 47:;111 +90.0000000 Latitude (degrees, real)
[ 49, 60,12] +180.0000000 Longitude (degrees, real)
[ 82, &7, B&] 9995.9 Height (meters, always)
[ &9, 78, 21 2 0:No Nav. 1:5td.GPS Z2:DGPS
[ 72, 13, 21 5 No of satellites
[ 75, 78, 41 4le Beacon/Reference ID (DGPS)
[ 8O, 82, 31 11 Age of differential corrections (seconds)
Stop flag
5429, 0.000, 0.774, o, 0
[ &, 13, 8] 0.000 Lowest Station
[ 15, 22, 8] 0.774 Highest Station
Additional parameters are for internal use by Dynatest (typ zero).
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12.2 HDR Data File

The optional HDR system stores data in a separate ASCII file similar to the RSP file. The header is identical
to the RSP file. The HDR file is named as the RSP file with HDR as extension.
The following lines appear in the HDR file.

High Definition Rutting
One or the average of more measurements taken over a short interval

5412, 0.000000, 0.005000, 3.6, 4 g 4_6; 104.3; 4_5, 245.2 ..
28, 33. 6] 3.6 Left Rutting (mm/inches)
[ 35, 40, 6] 4.1 Average of Left and Right Rutting
[ 42, 47, 6] 4.6 Right Rutting
[ 49, 54, 6] 104.3 Width of Left Rutting
[ 56, 61, 6] 174.8 Average Width
[ 63, 68, 6] 245.2 Width of Right Rutting
L 70 75 6] 212 Cross section area of Left Rutting (mm2?/in?)
[ 77, 82, 6] 947 Left + Right area
[ 84, 89, 6] 735 Cross section area of Right Rutting

High Definition Rutting Summary

Averages and statistics from all measurements taken over a larger segment.
The same layout is used for line 5428, which covers the whole file.

5413, 0.000000, 0.100000, 3.6; & 4.6, 104.3, L5 2GRS

[ 28, 33, 6] 3.6 Left Rutting (mm/inches)

[ 35, 40, 6] 4.1 Average of Left and Right Rutting
[ 42, 47, 6] 4.6 Right Rutting

[ 49, 54, 6] 104.3 Width of Left Rutting

[.56, 61, 6] 174.8 Average Width

E: 63, 68; 8] 245.2 Width of Right Rutting

[ 70, 715, 6] 212 Cross section area of Left Rutting (mm2/in?)
[ 77, 82, 6] 947 Left + Right area

[ 84, 89, 6] 735 Cross section area of Right Rutting
[ 91, 98, 8] 0.02 Left Levelling volume (m3/ft?3)
ELB0 0T 81 0.10 Left + Right wvolume

[109,116, B] 0.07 Right Levelling volume

[118,123, 6] 1.2 Minimum Left Rutting

[125,130, 6] ) Overall Minimum

132,137, 6] 1.8 Minimum Right Rutting

30, 144 §] 5.8 Maximum Left Rutting

[E&6,.:1515 Bl 12.4 Overall Maximum

[153,158, 6] 12.4 Maximum Right Rutting

[160;165; 6] 2= STD of Left measurements

EL6F, 172, &1 4.5 STD of all measursments

[174,179, 6] 5.8 STD of Right measurements

High Definition Rutting Totals
The last line contains averages and statistics from all measurements taken (the
whole file)
5428, 0.000000, 1.79000, by 4.1, 4.6, 104.3, &5y 24502 s
Same layout as lines 5413

b2
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IRI>ssrand LRIps Curve Summaries
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IRI (in/mi)

1-10 BB 450-07 EB BRIDGE 1

——IRI (25 ft Baselength)
@ Bridge Beginning: 10.388445 mi ..
® Bridge End: 10.419318 mi

1000

800

600

400
Y

200 '\\J \~" N\ \/\
O 1 . I ) I . )
10.378 10.388 10.398 10.408 10.418 10.428

Milepost

68



LRI (ft4/s8)

1-10 BB 450-07 EB BRIDGE 1

2000000
—LRI

@ Bridge Beginning: 10.388445 mi
@ Bridge End: 10.419318 mi

1800000

1600000

1400000

1200000

1000000

800000

600000

400000
i

Y EN | SOV

10.376 10.386 10.396 10.406 10.416 10.426
Mile Post



IRI (in/mi)

1-10 BB 450-07 EB BRIDGE 2

1000

—IRI (25 ft Baselength)

@ Bridge Beginning: 12.294489 mi
® Bridge End: 12.676813 mi

800

600

\
Ao
q '“W‘“WVMWWWM

0 = T
12.284 12.334 12.384 12.434 12.484 12.534

Milepost

70

12.584

12.634

12.684



LRI (ft4/s8)

1-10 BB 450-07 EB BRIDGE 2

2000000
—LRI

@ Bridge Beginning: 12.294498 mi
® Bridge End: 12.676813 mi

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

O-M‘.L_L__&k‘ ek . — _

12.281 12.331 12.381 12.431 12.481 12.531 12.581 12.631 12.681
Mile Post

71



IRI (in/mi)

1-10 BB 450-07 EB BRIDGE 3

——IRI (25 ft Baselength)
@ Bridge Beginning: 13.044757 mi
@ Bridge End: 13.323103 mi

1000

800

‘U

400 J
ﬁ

VH | Haannn
j MWWWWW

72



LRI (ft*/s?)

1-10 BB 450-07 EB BRIDGE 3

2000000

—LRI
@ Bridge Beginning: 13.044757 mi

1800000

@ Bridge End: 13.323103 mi

1600000

1400000

1200000

1000000

800000

600000

400000

200000

0 -
13.030

13.080

13.130

13.180
Mile Post

13.230 13.280 13.330

73



IRI (in/mi)

1-10 BB 450-07 EB BRIDGE 4

—IRI (25 ft Baselength)
1000 @ Bridge Beginning: 14.570563 mi
® Bridge End: 14.599698 mi

800

600

400
O I . | I I ‘ |
14.558 14.568 14.578 14.588 14.598 14.608

Milepost

74



LRI (ft?/s8)

1-10 BB 450-07 EB BRIDGE 4

2000000

1800000

—LRI
@ Bridge Beginning: 14.570563 mi
@ Bridge End: 14.599698 mi

1600000

1400000

1200000

1000000

800000

600000

400000

200000

N

T T

14.556 14.566 14.576 14.586
Mile Post

14.596 14.606




IRI (in/mi)

1-10 BB 450-07 WB BRIDGE 1

——IRI (25 ft Baselength)
1000 @ Bridge Beginning: 14.575188 mi
® Bridge End: 14.54732 mi

800
600
400 /J\\/\/\
> W/\WW

O ‘ 1 ) I I I . |

14.546 14.551 14.556 14.561 14.566 14.571 14.576

76

Milepost



LRI (ft?/s8)

1-10 BB 450-07 WB BRIDGE 1

2000000

1800000

—LRI

@ Bridge Beginning: 14.575188 mi

@ Bridge End: 14.54732 mi

1600000

1400000

1200000

1000000

800000

600000

400000

200000

AN

0--&—.—7

14.543

14.548

14.553

14.558

14.563
Mile Post

14.568

14.573

77



IRI (in/mi)

1-10 BB 450-07 WB BRIDGE 2

—IRI (25 ft Baselength)
@ Bridge Beginning: 13.299288 mi
® Bridge End: 13.022496 mi

1000

800

600

400 -\

n
WA

O @ T T T T
13.021 13.071 13.121 13.171 13.221 13.271

Milepost

78



1-10 BB 450-07 WB BRIDGE 2
2000000

Peak: 10,134,786
1800000

—LRI
@ Bridge Beginning: 13.299288 mi
@ Bridge End: 13.022496 mi

1600000

1400000

1200000

1000000

LRI (ft4/s?)

800000

600000

400000

200000

0 Mo A an. A — o, — A‘l J_J’.L_A__J_L

13.018 13.068 13.118 13.168 13.218 13.268
Mile Post

79



IRI (in/mi)

1-10 BB 450-07 WB BRIDGE 3

——IRI (25 ft Baselength)
@ Bridge Beginning: 12.648151 mi
® Bridge End: 12.257985 mi

1000

800

600

400 N

)

P M s

12.256 12.306 12.356 12.406 12.456 12.506 12.556 12.606
Milepost

80



LRI (ft?/s8)

1-10 BB 450-07 WB BRIDGE 3

2000000

1800000

—LRI
@ Bridge Beginning: 12.648151 mi
@ Bridge End: 12.257985 mi

1600000

1400000

1200000

1000000

800000

600000

400000

200000

A

o Lk

12.254

ha

12.304

12.354

12.404

12.454
Mile Post

e bk

12.504

12.554 12.604

81



IRI (in/mi)

1-10 BB 450-07 WB BRIDGE 4

——IRI (25 ft Baselength)
@ Bridge Beginning: 10.396166 mi
® Bridge End: 10.365142 mi

1000

800

600

400 /’\

L e e A

10.364 10.369 10.374 10.379 10.384 10.389 10.394
Milepost

82



LRI (ft4/s?)

1-10 BB 450-07 WB BRIDGE 4

2000000

1800000

—LRI
@ Bridge Beginning: 10.396166 mi
@ Bridge End: 10.365142 mi

1600000

1400000

1200000

1000000

800000

600000

400000

200000

0/\/’:\/\\\,\ PN o V. i W,

- M‘—ﬁ

10.361 10.366 10.371 10.376 10.381 10.386
Mile Post

10.391 10.396




1-10 BB 450-08 EB BRIDGE 1

——IRI (25 ft Baselength)
@ Bridge Beginning: 3.811335 mi
@ Bridge End: 3.85605 mi

1000

800

600

IRI (in/mi)

400

N fﬁ/ W

O I . 1 1 1
3.800 3.810 3.820 3.830 3.840 3.850 3.860

Milepost

84



LRI (ft4/s?)

1-10 BB 450-08 EB BRIDGE 1

2000000

—LRI
@ Bridge Beginning: 3.811335 mi

1800000

@ Bridge End: 3.85605 mi

1600000

1400000

1200000

1000000

800000

600000

400000

200000

e

3.798

3.808

3.818

3.828

3.838
Mile Post

3.848 3.858 3.868

85



1-10 BB 450-08 EB BRIDGE 2

IRI (in/mi)

—IRI (25 ft Baselength)
1000 @ Bridge Beginning: 5.04113 mi
® Bridge End: 5.073995 mi
800
600
400
- // \/\/ W \/
0 | . I ) I . |
5.030 5.040 5.050 5.060 5.070 5.080

Milepost

86



LRI (ft4/s8)

1-10 BB 450-08 EB BRIDGE 2

2000000

1800000

—LRI

@ Bridge Beginning: 5.04113 mi
@ Bridge End: 5.073995 mi

1600000

1400000

1200000

1000000

800000

600000

400000

I
A

O | 1 L 1

5.028 5.038 5.048 5.058 5.068
Mile Post

5.078




1-10 BB 450-08 EB BRIDGE 3

——IRI (25 ft Baselength)
1000 @ Bridge Beginning: 10.012531 mi
® Bridge End: 10.213554 mi
800
T 600
S
£
=
400
200 -
0 ‘ 1 1 1 1
10.000 10.050 10.100 10.150 10.200

Milepost

88



LRI (ft4/s8)

1-10 BB 450-08 EB BRIDGE 3

2000000

Peak: 2,847,475 —LRI
@ Bridge Beginning: 10.012531 mi

1800000 @ Bridge End: 10.213554 mi

1600000

1400000

1200000

1000000

800000

600000

400000

200000 |

9.998 10.048 10.098 10.148 10.198
Mile Post




IRI (in/mi)

1-10 BB 450-08 WB BRDIGE 1

1000

—IRI (25 ft Baselength)
@ Bridge Beginning: 10.195956 mi
@ Bridge End: 9.998751 mi

800

o |
|

400

i
200/\‘\ /JN\’\M »/\\MM\/\ f W
W VUWW

Milepost

90



LRI (ft4/s?)

1-10 BB 450-08 WB BRIDGE 1

2000000
—LRI

® Bridge Beginning: 10.195956 mi
@ Bridge End: 9.998751 mi

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

0 .
9.995 10.045 10.095 10.145 10.195
Mile Post

91



IRI (in/mi)

1-10 BB 450-08 WB BRIDGE 2

——IRI (25 ft Baselength)
1000 @ Bridge Beginning: 5.070331 mi
@ Bridge End: 5.036213 mi
800
600
400
200 'A\M/W
O . 1 I | ) I I ) .
5.035 5.040 5.045 5.050 5.055 5.060 5.065 5.070

Milepost

92



LRI (ft4/s8)

2000000

1-10 BB 450-08 WB BRDIGE 2

1800000

—LRI
@ Bridge Beginning: 5.070331 mi

1600000

@ Bridge End: 5.036213 mi

1400000

1200000

1000000

800000

600000

400000

200000 H

A~

T

M_A_

5.032

5.037

5.042

5.047

5.052
Mile Post

5.057

T T —Q 1
5.062 5.067 5.072

93




1-10 BB 450-08 WB BRIDGE 3

1000

—IRI (25 ft Baselength)
@ Bridge Beginning: 3.828036 mi
@ Bridge End: 3.780074 mi

800

600

IRI (in/mi)

400

200
W \J\
0 -—@ T T T T Q-
3.779 3.789 3.799 3.809 3.819 3.829

Milepost

94



LRI (ft?/s8)

1-10 BB 450-08 WB BRDIGE 3

2000000

1800000

—LRI
® Bridge Beginning: 3.828036 mi
@ Bridge End: 3.780074 mi

1600000

1400000

1200000

1000000

800000

600000

400000

200000

3.776

3.796

3.806
Mile Post

3.816 3.826

95



IRI (in/mi)

1-10 BB 450-11 EB BRIDGE 1

——IRI (25 ft Baselength)
1000 ~ @ Bridge Beginning: 0.021935 mi
® Bridge End: 0.060023 mi
800 {
600
400
200 ~N\ A\ /-\A‘/\
0 . I I 1 I | ) I ’
0.020 0.025 0.030 0.035 0.040 0.045 0.050 0.055 0.060
Milepost

96



LRI (ft?/s8)

1-10 BB 450-11 EB BRIDGE 1

2000000
—LRI
1800000 - @ Bridge Beginning: 0.021935 mi
@ Bridge End: 0.060023 mi
1600000 '
1400000
1200000
1000000
800000 ( n
600000 / I‘
400000
200000
0 __&.—I TM*"T/\/\’\_ :
0.018 0.023 0.028 0.033 0.038 0.043 0.048 0.053 0.058 0.063
Mile Post

97



IRI (in/mi)

1-10 BB 450-11 EB BRIDGE 2

——IRI (25 ft Baselength)
@ Bridge Beginning: 4.626825 mi
@ Bridge End: 4.703696 mi

1000

800

600

200 { A\ AM
AN YT W

0 -—@ T T T T T T T
4.625 4.635 4.645 4.655 4.665 4.675 4.685 4.695 4.705

Milepost

98



LRI (ft4/s?)

1-10 BB 450-11 EB BRIDGE 2

2000000
—LRI

@ Bridge Beginning: 4.626825 mi
@ Bridge End: 4.703696 mi

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000 |

) B N

4.623 4.633 4.643 4.653 4.663 4.673 4.683 4.693 4,703
Mile Post

99



IRI (in/mi)

1-10 BB 450-11 EB BRIDGE 3

—IRI (25 ft Baselength)
@ Bridge Beginning: 6.846792 mi
® Bridge End: 6.916175 mi

1000

800

600

400 a

a A

O \\/

0 -—@ T T T T T T
6.845 6.855 6.865 6.875 6.885 6.895 6.905 6.915

Milepost

—@—

100



LRI (ft4/s8)

1-10 BB 450-11 EB BRIDGE 3

2000000
—LRlI

@ Bridge Beginning: 6.846792 mi
® Bridge End: 6.916175 mi

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

O-Mm.“&- — . L — pon |

6.842 6.852 6.862 6.872 6.882 6.892 6.902 6.912
Mile Post

101




IRI (in/mi)

1-10 BB 450-11 EB BRIDGE 4

——IRI (25 ft Baselength)
1000 @ Bridge Beginning: 8.150257 mi
@ Bridge End: 8.183077 mi
800
600
400
200 JVJ w
O ‘ I I ) I I | .I
8.148 8.153 8.158 8.163 8.168 8.173 8.178 8.183

Milepost

102



LRI (ft4/s8)

1-10 BB 450-11 EB BRIDGE 4

2000000
—LRI
1800000 @ Bridge Beginning: 8.150257 mi
@ Bridge End: 8.183077 mi
1600000
1400000
1200000
1000000
800000
600000
400000
200000 A/w\h/r\‘d\
0 O— | - —N e | y__ N -I‘A /J\’I\'\‘ AMIA ._&'__
8.146 8.151 8.156 8.161 8.166 8.171 8.176 8.181 8.186

Mile Post

103



IRI (in/mi)

1-10 BB 450-11 EB BRIDGE 5

—IRI (25 ft Baselength)
@ Bridge Beginning: 9.300919 mi
@ Bridge End: 9.374119 mi

1000

800

600

400

200 A/\/’\A/\-\

0 -—@ T T T T T
9.299 9.309 9.319 9.329 9.339 9.349 9.359 9.369

Milepost

104




LRI (ft4/s?)

1-10 BB 450-11 EB BRIDGE 5

2000000
—LRI
1800000 @ Bridge Beginning: 9.300919 mi
@ Bridge End: 9.374119 mi
1600000
1400000
1200000
1000000
800000
600000
400000
200000
0 -M-,—.Mﬂ.&'__—‘ﬂp__ﬁ_ﬂ\- - et AAA -I-A'*_‘u&_._—r‘_
9.297 9.307 9.317 9.327 9.337 9.347 9.357 9.367 9.377

Mile Post

105



IRI (in/mi)

1-10 BB 450-11 EB BRIDGE 6

1000

—IRI (25 ft Baselength)
@ Bridge Beginning: 9.300919 mi
® Bridge End: 9.374119 mi

800

600

400

7~

11.424

106

11.434

11.444 11.454 11.464

Milepost

11.474 11.484 11.494



LRI (ft4/s8)

1-10 BB 450-11 EB BRIDGE 6

2000000
—LRI

@ Bridge Beginning: 11.425504 mi
@ Bridge End: 11.494434 mi

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

O 4’ I I L I 1 AAAI‘ —_— I 4.

11.421 11.431 11.441 11.451 11.461 11.471 11.481 11.491
Mile Post

107



IRI (in/mi)

1-10 BB 450-11 EB BRIDGE 7

——IRI (25 ft Baselength)
@ Bridge Beginning: 11.753565 mi

1000

@ Bridge End: 11.783681 mi

800

600

400

"1 e~ T~ —

0 . 1 1 I
11.752 11.757 11.762 11.767
Milepost

108




LRI (ft4/s?)

1-10 BB 450-11 EB BRIDGE 7

2000000
—LRI

@ Bridge Beginning: 11.753565 mi
@ Bridge End: 11.783681 mi

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

0 'A—-.g T amE—— _ ! T T T O
11.749 11.754 11.759 11.764 11.769 11.774 11.779 11.784

Mile Post

109



IRI (in/mi)

1-10 BB 450-11 EB BRIDGE 8

——IRI (25 ft Baselength)
1000 @ Bridge Beginning: 14.391006 mi
@ Bridge End: 14.447859 mi
800
600
400
500 L\ ~ N
’ R WV V
O @ T T T T T —
14.389 14.399 14.409 14.419 14.429 14.439 14.449
Milepost

110



LRI (ft4/s8)

1-10 BB 450-11 EB BRIDGE 8

2000000

1800000

—LRI
@ Bridge Beginning: 14.391006 mi
@ Bridge End: 14.447859 mi

1600000

1400000

1200000

1000000

800000

600000

400000

200000

0 -
14.387

14.397

14.407

14.417
Mile Post

14.427

14.437 14.447

111




IRI (in/mi)

1-10 BB 450-11 EB BRIDGE 9

——IRI (25 ft Baselength)
@ Bridge Beginning: 17.733373 mi
@ Bridge End: 17.703406 mi

1000

800

600

400[.,\/

200 I\
N/ AN

O . | 1 1 1
17.702 17.707 17.712 17.717 17.722 17.727 17.732

Milepost

112



LRI (ft4/s8)

1-10 BB 450-11 EB BRIDGE 9

2000000
—LRl

@ Bridge Beginning: 17.703406 mi
@ Bridge End: 17.733373 mi

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

o-_MAL___A_m_@&AMWA

17.699 17.704 17.709 17.714 17.719 17.724 17.729 17.734
Mile Post

113



IRI (in/mi)

1-10 BB 450-11 EB BRIDGE 10

——IRI (25 ft Baselength)
1000 @ Bridge Beginning: 18.941791 mi
@ Bridge End: 18.5759 mi
800 |
600
400
o . WAWWWM{[\W
O @ T T T T T T T
18.574 18.624 18.674 18.724 18.774 18.824 18.874 18.924

Milepost

114




LRI (ft?/s8)

1-10 BB 450-11 EB BRIDGE 10

2000000
—LRI

@ Bridge Beginning: 18.5759 mi
@ Bridge End: 18.941791 mi

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000 ~

O J
18.572 18.622 18.672 18.722 18.772 18.822 18.872 18.922
Mile Post

115



IRI (in/mi)

1-10 BB 450-11 WB BRIDGE 1

—IRI (25 ft Baselength)
1000 @ Bridge Beginning: 21.77113 mi
® Bridge End: 21.803482 mi
800
600
400
200
O ‘ I ) I | I ) . |
21.769 21.774 21.779 21.784 21.789 21.794 21.799 21.804

Milepost

116



LRI (ft?/s8)

1-10 BB 450-11 WB BRIDGE 1

2000000
—LRI

@ Bridge Beginning: 21.803482 mi
@ Bridge End: 21.77113 mi

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

0 Loy . ——ee : ‘M"M/VI\’\A"FA—

21.767 21.772 21.777 21.782 21.787 21.792 21.797 21.802 21.807
Mile Post

117



IRI (in/mi)

1-10 BB 450-11 WB BRIDGE 2

——IRI (25 ft Baselength)
1000 @ Bridge Beginning: 18.671197 mi
@ Bridge End: 19.036121 mi
800
600
|

400
200 -

0 © T T T T T T T @

18.670 18.720 18.770 18.820 18.870 18.920 18.970 19.020

Milepost

118



LRI (ft4/s?)

1-10 BB 450-11 WB BRIDGE 2

2000000
—LRI

@ Bridge Beginning: 19.036121 mi
® Bridge End: 18.671197 mi

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

| A

O A I“ 1 1
18.667 18.717 18.767 18.817 18.867 18.917 18.967 19.017
Mile Post
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IRI (in/mi)

1-10 BB 450-11 WB BRIDGE 3

——IRI (25 ft Baselength)
1000 @ Bridge Beginning: 17.829982 mi
@ Bridge End: 17.85868 mi

800
600
400 /’//r\ A\ \A
200 L\\M/ WA

0 . 1 I I I I T .

17.828 17.833 17.838 17.843 17.848 17.853 17.858

Milepost

120



LRI (ft4/s?)

1-10 BB 450-11 WB BRIDGE 3

2000000
—LRI

@ Bridge Beginning: 17.85868 mi
@ Bridge End: 17.829982 mi

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

LA NN e

17.826 17.831 17.836 17.841 17.846 17.851 17.856 17.861
Mile Post
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IRI (in/mi)

1-10 BB 450-11 WB BRIDGE 4

—IRI (25 ft Baselength)

1000

@ Bridge Beginning: 14.528632 mi

® Bridge End: 14.590875 mi

800

600

400

el

NS

14.527

122

MAVARNA
SN s A

14.537

14.547

14.557 14.567 14.577
Milepost

14.587




LRI (ft4/s?)

1-10 BB 450-11 WB BRIDGE 4

2000000
—LRI
1800000 @ Bridge Beginning: 14.590875 mi
@ Bridge End: 14.528632 mi
1600000
1400000
1200000
1000000
800000
600000
400000
200000 M
O -_&M@—A&—Mﬂ*l |
14.524 14.534 14.544 14.554 14.564 14.574 14.584 14.594

Mile Post

123



IRI (in/mi)

1-10 BB 450-11 WB BRIDGE 5

——IRI (25 ft Baselength)
1000 @ Bridge Beginning: 11.929566 mi
@ Bridge End: 11.889169 mi
800
600
400
0 . ) I I ) I I ) I ‘
11.888 11.893 11.898 11.903 11.908 11.913 11.918 11.923 11.928

124



LRI (ft?/s8)

1-10 BB 450-11 WB BRIDGE 5

2000000
—LRI

@ Bridge Beginning: 11.929566 mi
@ Bridge End: 11.889169 mi

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000 | nnﬂ
A\ i

O t T 1 1 I 1
11.885 11.890 11.895 11.900 11.905 11.910 11.915 11.920 11.925 11.930

Mile Post

125



IRI (in/mi)

1-10 BB 450-11 WB BRIDGE 6

——IRI (25 ft Baselength)
1000 @ Bridge Beginning: 11.540261 mi
® Bridge End: 11.611305 mi
800
600
400
- ; WWA' U‘\/\A\"’\/\
0 -—@ T T T T T T T o—
11.539 11.549 11.559 11.569 11.579 11.589 11.599 11.609

Milepost

126



LRI (ft?/s8)

1-10 BB 450-11 WB BRIDGE 6

2000000
—LRI

@ Bridge Beginning: 11.611305 mi
@ Bridge End: 11.540261 mi

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

0 __—._‘Q_A_A_Mn - i - &- “J‘w\ M @
11.536 11.546 11.556 11.566 11.576 11.586 11.596 11.606
Mile Post

127



IRI (in/mi)

1-10 BB 450-11 WB BRIDGE 7

——IRI (25 ft Baselength)
1000 @ Bridge Beginning: 9.485584 mi
® Bridge End: 9.566214 mi
800
600
400 A
: A\\/’\/f—\\\/ L
0 -—@ T T T T T T T T o—
9.484 9.494 9.504 9.514 9.524 9.534 9.544 9.554 9.564

Milepost

128



LRI (ft4/s8)

1-10 BB 450-11 WB BRIDGE 7

2000000

—LRI
@ Bridge Beginning: 9.566214 mi

1800000

@ Bridge End: 9.485584 mi

1600000

1400000

1200000

1000000

800000

600000

400000

200000 A

0 -
9.481

e SN

T

9.491

9.501

9.511

e

9.521 9.531

Mile Post

M»A_-_*A—ﬂﬂ&:a

9.541 9.551 9.561
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IRI (in/mi)

1-10 BB 450-11 WB BRIDGE 8

—IRI (25 ft Baselength)
@ Bridge Beginning: 8.308235 mi
@ Bridge End: 8.351319 mi

1000

800

600

400

A vl

200 \A/_/AVv \//

0 . ) 1 1 1 I 1
8.307 8.312 8.317 8.322 8.327 8.332 8.337 8.342 8.347 8.352

Milepost

130



LRI (ft?/s8)

1-10 BB 450-11 WB BRIDGE 8

2000000

—LRI
@ Bridge Beginning: 8.351319 mi

1800000

@ Bridge End: 8.308235 mi

1600000

1400000

1200000

1000000

800000 -

600000

400000

200000

i
VNR B T S

0
8.304

8.314

8.324

Mile Post

8.334 8.344 8.354
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IRI (in/mi)

1-10 BB 450-11 WB BRIDGE 9

——IRI (25 ft Baselength)
@ Bridge Beginning: 7.076279 mi
@ Bridge End: 7.009102 mi

1000

800

600

400 \\

[\

200
(Wi
O -—@ T T T T T T o—
7.007 7.017 7.027 7.037 7.047 7.057 7.067 7.077
Milepost

132



LRI (ft4/s8)

1-10 BB 450-11 WB BRIDGE 9

2000000
—LRI
@ Bridge Beginning: 7.076279 mi
@ Bridge End: 7.009102 mi

1800000

1600000

1400000

1200000

1000000

800000

600000 |

400000

200000

0 +roo—p— 1 T f T T f
7.005 7.015 7.025 7.035 7.045 7.055 7.065 7.075

Mile Post

133




IRI (in/mi)

1-10 BB 450-11 WB BRIDGE 10

——IRI (25 ft Baselength)

@ Bridge Beginning: 4.78124 mi

1000
@ Bridge End: 4.860904 mi
800
600
400 [\\\ l\v/\

N el AN

—@—

\// Y U\\/\,./ \-\\/\J Vo W\ LV \/\/’A‘«N

0 = T T T T T T T
4.780 4.790 4.800 4.810 4.820 4.830 4.840 4.850

Milepost

134

4.860



LRI (ft4/s8)

1-10 BB 450-11 WB BRIDGE 10

2000000
—LRI

@ Bridge Beginning: 4.860904 mi
@ Bridge End: 4.78124 mi

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000 -

0 .
4,777 4,787 4,797 4.807 4.817 4,827 4.837 4.847 4,857
Mile Post
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IRI (in/mi)

1-10 BB 450-11 WB BRIDGE 11

1000

—IRI (25 ft Baselength)
® Bridge End: 0.222363 mi
@ Bridge Beginning: 0.179157 mi

800

600

400

e/ o~

e . \/\”\W/\m NN SN

\N\_/

T T @

0 ‘ 1 1 1 I I
0.177 0.182 0.187 0.192 0.197 0.202
Milepost

136

0.207

0.212 0.217 0.222




LRI (ft%/s®)

1-10 BB 450-11 WB BRIDGE 11

2000000
—LRI

@ Bridge Beginning: 0.222363 mi
® Bridge End: 0.179157 mi

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000 A

Lo M e

0.175 0.185 0.195 0.205 0.215 0.225
Mile Post

137



IRI (in/mi)

1-10 BB 450-12 EB BRIDGE 1

—IRI (25 ft Baselength)
1000 @ Bridge Beginning: 0.04147 mi
@ Bridge End: 0.014236 mi
800
600
400
> ’_/_\/\/\/V.\—/\rr\/\/\\_\//
0 . 1 1 I I I . I
0.012 0.017 0.022 0.027 0.032 0.037 0.042

138

Milepost



LRI (ft4/s?)

1-10 BB 450-12 EB BRIDGE 1

2000000
—LRI

@ Bridge Beginning: 0.014236 mi
@ Bridge End: 0.04147 mi

1800000

1600000

1400000

1200000

1000000

800000

600000

400000

200000

0 — 1 I 1 1 1 I 1
0.010 0.015 0.020 0.025 0.030 0.035 0.040 0.045

Mile Post

139



IRI (in/mi)

1-10 BB 450-12 EB BRIDGE 2

—IRI (25 ft Baselength)
1000 @ Bridge Beginning: 3.053301 mi
® Bridge End: 2.706356 mi
800
600
400
200 A
0 @ T T T T T T &
2.705 2.755 2.805 2.855 2.905 2.955 3.005 3.055

Milepost

140



LRI (ft4/s8)

1-10 BB 450-12 EB BRIDGE 2

2000000
—LRI
1800000 @ Bridge Beginning: 2.706356 mi
@ Bridge End: 3.053301 mi
1600000
1400000
1200000
1000000
800000
600000
400000
200000
0 W
2.702 2.752 2.802 2.852 2.902 2.952 3.002 3.052

Mile Post

141



IRI (in/mi)

1-10 BB 450-12 WB BRIDGE 1

—IRI (25 ft Baselength)
1000 ® Bridge End: 2.975255 mi
@ Bridge Beginning: 2.619704 mi

800
600
400
200 A

0 | ) I I ) | ) '

2.618 2.668 2.718 2.768 2.818 2.868 2.918 2.968

Milepost

142



LRI (ft4/s8)

1-10 BB 450-12 WB BRIDGE 1

2000000

——LRI
@ Bridge Beginning: 2.975255 mi

1800000

@ Bridge End: 2.619704 mi

1600000

1400000

1200000

1000000

800000

600000

400000

200000

2.615

2.665

2.715

2.765

o oA A AM A4 A A

2.815
Mile Post
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IRI (in/mi)

1-10 BB 450-13 EB BRIDGE 1

——IRI (25 ft Baselength)
@ Bridge Beginning: 0.575413 mi
@ Bridge End: 0.528358 mi

1000

800

600

400

200 N\ M /-'\/\\VM/\,/*/\J

N AVAV\W

0.527 0.537 0.547 0.557 0.567 0.577
Milepost
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LRI (ft?/s8)

1-10 BB 450-13 EB BRIDGE 1

2000000
—LRI
1800000 @ Bridge Beginning: 0.528358 mi
@ Bridge End: 0.575413 mi
1600000
1400000
1200000
1000000
800000
600000
400000
200000
0 __AQ__'__ o | e | Man : A/N\L : M A\A_
0.524 0.534 0.544 0.554 0.564 0.574

Mile Post

145



IRI (in/mi)

1-10 BB 450-13 EB BRIDGE 2

—IRI (25 ft Baselength)
@ Bridge Beginning: 4.187823 ft
@ Bridge End: 4.145402 ft

1000

800

600

400

T 3

O ‘ ) 1 1 1 1 1
4.144 4.149 4.154 4.159 4.164 4.169 4.174 4.179 4.184 4.189

Milepost

146



LRI (ft?/s8)

1-10 BB 450-13 EB BRIDGE 2

2000000

1800000

—LRI

@ Bridge Beginning: 4.145402 mi

@ Bridge End: 4.187823 mi

1600000

1400000

1200000

1000000

800000

600000

400000

200000

0 -
4.141

4.151

4.161

Mile Post

4.171

4.181

4.191
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