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PREFACE

The information contained herein was developed on ReSearéh Study
2-18-71-151, titled "Maintenance Quality, Methods and Rating" in a
cooperative study with the Texas State Department of Highways and Public
Transportation.

The primary purpose of this report was to investigate certain
operational features of the Mays Ride Meter roughness measﬁring device

now being used by the SDHPT. Only the automobile mounted Mays Ride

Meter was evaluated. :

DISCLAIMER

The contents of this report reflect the views of the authors who
are responsible for ‘the faéts and the accuracy of the data presented
herein. The contents do not neceésarily reflect the official views or
policies of the Federal Highway Administration. This report does not

constitute a standard, specification or regulation.
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ABSTRACT

A review of the literature together with field data obtained for
the vehicle mbunted»Mays Ride Meter roughness measuring device is
presented. . |

The operational characteristics of the Mays Ride Meter are
presented by'examining‘the type of vehicle in which it is used, changes
in vehicles with time, and the effects of tire pressure, éir temperature,
passengers and luggage, wet or dry pavements, wind velocity; thicle
speed, and driver variability. Utilizing the above information, guide~
lines are recommended concerning dperational control for the instrument.

Field data obtained in 1974 on statewide randomly located pavement
sections is presentéd so that typical values for mean, standard

deviation, and coefficient of variation may be observed.

Key Words:

Mays Ride Meter, roughness, performance, pavement evaluation,

road meter.
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'SUMMARY

A fevigW of'the literature together with field’data obtained from
the vehicle mounted Mays Ride Meter roughness measuring device is
presented. Conclusions obtained from this study support the following
operational guidelines:

1. Vehicles to be utilized as Mays Ride Meter test wvehicles should
have coil springs and standard suspension systems unless data are
developed to demonstrate the adequacy of other tYﬁeé‘of vehicles.

2. Eé@h test vehicle should be calibrated;’, | |

3. Cbnfrol sections should be established'asbdéscribed in Appendix
A and periodic check runs made to insure that tﬁé equipment remains in
calibration.

4, Recalibration should be performed when fhejcontrol sections
indicate an out of calibration condition or after:about 20,000 miles
of operation. After 20,000 miles new s;andard shock absorbers and
new tires'éhould be installed and the front end aligned. |

5. The tire pressure should be checked daily when the vehicle
is in use’and should be adjusted to the pressure used when the vehicle
was last calibrated. For the TTI 1975 LTD, this pressure is currently
30 psi for the:front and back tires., The tires should be Checkedb
after a miniﬁﬁm travel distance of five miles and no more than ten
miles. This will allow the tires to heat to a somewhat standardized
temperature.”

6;/ Testing should be curtailed at tempefatures'below 25°F unless
data are available for the test vehicle which wili allow an appropriate

temperature correction to be made,



7. Two operators and 100 pounds of luggage is all that should
be allowed in the vehicle. The gasoline tank should be maintained
above 1/4 full. |

8. Testing can be allowed during iight rainfall provided the
pavement does not.pond water.

9. Testing should be curtailed when cross winds exceed 15 mph.

10. The test speed should be maintained at 50 mph 113_mph;
11. Drivers should be famiiiar with the vehicle and understand
the variation in Sefviéeability Index that'can resuit from poor

operational control.
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IMPLEMENTATION STATEMENT

Information contained in this report supports.the use of the
Mays Ride Metef as a pavement roughness'measuring‘dévice. The Mays
Ride Meter ié an integral part of the Maintenance'Rating System and
is utilized by some districts to determine pavement rehabilitation
and maintgnénce needs. Adherence to operational guiéelines for the
Mays Ride Meger as outlined in this report will miﬁimize errors
associated Wifh the determination of Serviceabilitylindex from Mays

Ride Meter roughness measurements.
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INTRODUCTION -

The evaluation of the condition or quality ofwé roadway is
én essential and continual job of the highway engiﬁeer. This
assessment éf“quality usually involves a consideratidn'for features
both onandoff the pavement which affect the ability of the roadway
to carry tréffic in a safe and economical manner. The evaluation of
the pavement has received consideréble attention,in the last 20 years,
and is most dften undertaken for the purpose of'aséessing rehabilitation
and maintenéﬂce needs. The pavement evaluation proéess has historically
involved thé_folldwing items (1);

1. Evaluation of physical deterioration such as Crécking,

déformation and disintegration, |
2. Etaluation of structural or load'carryihg éapacity,
3. Evéluatidn of user-related effects éuch as roughness,
safety, noise and appearance and

4. Evéluation of user-related costs and bgnefits associated with
varying serviceability and safety and with various rehabilitation
measures.

User;priented’and mechanistic evaluation procedures can be utilized
to assess the items listed above. Objective mechanistic evaluations
have historicélly been concerned with measuring in quantitative terms
items such as pavement cracking, road roughness'and skid resistance.
User—orientéd’evaluatidns are subjecti&e and usually involve the
utilization of a panel of highway users to definé gdequacy of a specific

highway feature such as road roughness, signing, noise, etc.
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The output from the subjective user evaluations and the ‘objéCtiVé
mechanistic evaluations taken at any particular time is usually
referred to as the level of service. The history of this level of
service, or serviceébility, with time is a measure of highway and/or
pavement performancé._‘Both the level of sérvice and thé service-
ability of a pavement afe important inputs for the determination of
rehabilitation and maintenance needs of a highway network br'for a
particular project.

The purpose of this report is to investigate'certaiﬁkoperational
features of a mechénistic pavement roughness measuring,dévice. This
device,vthe Mays Ride Meter, is presently being utilized by the Texas
State Department. of Hiéhways and Public Transportation as well as
other agencies to evaluate road roughness. Both aﬁtomobilé‘and trailer
mounted devices are presently utilized; however, this report concerns
only the evaluation of the automobile mounted device.

A historical review of the development of methods to evaluate
road roughness is preSénted. The major portion of the report will
be devoted to definiﬁg the effects of operational variables‘én the
performance of the Mays Ride Meter. Data will be presented‘to illustrate
the effect of tire pressure, air temperature, passenger and luggage
weight, wind velocity; vehicle speed, driver training and rainfall on
recorded pavement roughness. Mays Ride Meter operational guidelines.
are contained in the feport based in part upon the data preSented in

this report.
MEASUREMENT OF ROAD ROUGHNESS

Pavement roughness evaluation has received considerable attention
from most highway and‘airport agencies as road roughness affects the

2



safety of iﬁdividuals using the highway, the riding quality of the
roadway, the pavement 1oading'(especially‘the impact loads from heavy
vehicles and the remaining service life of the pavemeﬁt)-(g). ~The
development of techniques to measure roughﬁess have allowed engineéfs
to make widévuse of these‘data. Examples arej 3, 4, 5)

1. Consfruction quality-control

2. Alldcation of maintenance and rehabilitation fundsk

3. Pavement research needs.

Specifications have been prepared requiring ak¢eftain‘pavement
smoothness;-~Pavement-roughness measurements are then utilized to
furnish infqrmation fdr’specification compliance. Additionaliy, areas
of pavemeﬁt can be identifiéd which require corféctive action‘by'the
contractor;; In the case of portland Cemént concfete pavements, grinding
haé been used as a solution.

Allocation of maintenance and rehabilitation funds should be based
in part upon roughness measurements. Roadwayvségments can be identified
for maintenance or rehabilitation from a roadﬁay'network by establishing
criteria and making measurements. A systematic and statewide or agency
wide survey should be made on a periodic basis thus allowing‘the
determinatién‘of pavement performance. t

Pavement research efforts require that the performance of in-
service pavements be defined. . Pavement roughneés'from a user stand-
point is one of, if not the most important, characteristic of performance;
thus, it is'imporfant to the pavement design engineer. to determine the
performance of various pavement designs and to define the life pf,
various maintenance and rehabilitation treatmenté for particular types
of pavements. A wide variety of other uses can be made of pavement

roughness information by the research engineer.
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rAs indicated above, a majoerSe of roughnesé measurements is for
the establishment of pavemeﬁt pérformanée. Methods for measuring
pavement performance and the associated definitions were first established
at the AASHO Road Test (g). These definitions are utilized By most
agencies in the United States and are reviewed below (g){'

Present Servicéability - The ability of a specific section of
pavement to éerve high speed, hiéh volume, mixed truck and
automobile traffic in its existing condition.

Present Serviﬁeability Rating (PSR) - The mean of the individual
fatings made by the members of a,Speéific paﬁel of people
selected fo: this purpose.

vPreseﬁt Serviceability Index (PSI) or Estimated Present Service-
ability Rating - A mathematical combination of values,
obtained from certain physical measurements of a‘lérge
number of pavements, so formulated as to predict‘the‘PSR
for those pavéments within prescribed limits.

Performance - The serviceability trend of a section of pavement

with increasing number of axle load applications (7).

At the AASHO Road Test a pénél>of raters traveled a roadﬁay
segment and evaluated that section in regard to its serviéeability
as defined above. In order to rate each section, a numeriéal rating
from 0 to 5 was incorporated into phe system. Tabie 1 lists the
numerical rating and range of general pavement conditions which each

represents.

Each rater would, in effect, ask himself: "How well would I



TABLE 1. Preseht Serviceability Numerical Index

4.0 - 5,0 Very good
3.0 - 4.0 Good
2.0 - 3.0  Fair

1.0 - 2.0 : ~ Poor
0.0‘— 1.0 - Very poor -

TABLE 2. Number of Raters Per Panel Required for Minimum Permissable

Errors
No. of Rateré‘Rquired
. o 95 Percent o | 90 Percent
Permissable Error Probability _ Probability
0.3 o I
0.4~.. j 17 ’» 12
0.5 . 11 : 8
0.6 8 o 5
0.7 6 | 4
0.8 h o 3
0.9 | 3 2

(aftér reference 8)



like to drive over roads just like this section all day long?" Having
done this, he would then assign a number, within a range of one-tenth
of a point, to which rated the pavement section's éxisting coﬁdition.
If the pavement was considered to be "good" and approaching "very
good", it might be given a réting of 3.8 or 3.9.

Reliability became a problem since a PSR is based on the average
of the several individual ratings given a particular section. How
many ratings were enough to evaluate the pavement? Investigations at
Purdue University (8) resulted in a determination of the number of
raters required within various permissible_errors of the "true'" PSR.
Results with 90 and 95 percent probability levels are shown in Table 2.

From Table 2, a ﬁénel of three raters will have deviations from
the "true" PSR of magnitude which are definitely unacceptaﬁlé from a
reliability standpoint.: Hughes (9) states that the rideabiiify as
determined by rating_ﬁanels eﬁcounters too wide a range of deviations
to have any reliable accuracy. He also states that for an effective
means of determining paﬁement conditions, the differences between any
two rating teams on a given section should, in'general, be within.i 0.3
for a 90 percent probability. This would require a panel rating system
of twenty-one raters?'ﬁﬁich was not practical for use at’tﬁe AASHO Road
Test nor is it praétical for most applications today.

More reliable énd faster methods of determiniﬁg pavgmeht pérformances
were needed. Thus the AASHO Road Test staff es;ablished cofrelations
between panel ratings and objective mechanistic evaluation’tools .

This correlation involved measurements of longitudinal profile variations,
the amount of cracking and patching and in the case of fléxible pavements,

transverse profile variations (rutting). For both rigid and flexible



pavements a formula was obtained allowing the cooputation of a Present
Serviceability Index whieh closely approximated‘the meankrating of the
panel'derioed'Pavement Serviceability Rating. Additional research (10)
has indicated that Present Serviceability Rating can adequately be
representedfby roed roughness measurements. Correlation of the
roughness measurements with panel ratings result in e Present Service-
abilitf Inde#-often referred to as Serviceability Index or SI.

‘With thebapparent need for roughness meesuriog instruments well
defined at: the AASHO Road Test, a number of devices were developed
For convenlence these devices can be grouped according to the following
categories.

1. Pfofilometer

2, Meeﬁanical vibrometer and

3. freciee leveliné.
Speed of operafion, advantages, disadvantages, reseerchvneeds and agencies
that utilize‘these various roughness measuring devices grouped according
to the above format are shown in Table 3. It’shoold be noted that not
all of these devices were developed after the AASHOIRoad’Test thereby
indicating thee the importance of roadway roughﬁeés existed long before
formalized definitions were established. A brief discussion of rough-

ness measuring devices follows (3).

Profilometer

| Rolling:straight edge measuring equipment was used in the United
States asbearly as 1900. Since that time, numerious profile measuring
devices ideotified by such names as Viagraphs, profilograph, and
profilometers have been developed and utilized by highway and airport

agencies.



TABLE 3. Pavement mechanistic evaluation-roughness evaluatiom.

CATEGORY METHOD QUANTTTY SPEED OF ADVANTAGES DISADVANTAGES IMPLEMENTATION RESEARCH NEEDS
MEASURED OPERATION

Rolling Vertical Movement - Slow *Repeatability #Operating Speeds *California Division *Increase Speed of
Straight . *Measurement of of Highways Operation and
Edge Certain Wave *University of Mich~ Measurement of
(Calif, U of Lengths- igan ) Certain Wave
Michigan, *Other Agencies Lengths
Illinois, -

French, 3)
Others) .
CHLOE
Profilometer  Slope Variance Slow *Repeatability *Slow Operating Speed *AASHO Road Test *Increase Speed of
. *Measurement of Long *General States’ QOperation and
and Short Wave Lengths Measurement of
*Movement of Towing 3. Certain Wave
Profilometer Vehicle Lengths
.British - RRL  Vertical Movement Slow *Repeatability *Slow Operating Speed *Several Canadian *Speed of Operation
(Inches Per Mile) - *Calibrations of *Measurement of Long Provinces . " and Measurement
. Other Roughness Wave Lengths *Canadian Ministry of of Long Wave
Measuring Transport - Lengths
Devices *British - R.R.L.
3) .

Surface Dy- Aptitude and | Moderate *Repeatability *High Capital -and Oper-  *General Motors *Transfer Function
namics Pro- Length of al *Calibration of ating Costs *Texas for Roadway Wave
filometer Waves B Other Roughness *Highly Skilled Opera- #Michigan Length and Fre-

Measuring ting Personnel Re- quency to User
Devices Quired for Operation (3) Opinion
*Meagurement of *Data Reduction Costs
Long Wave *Complexity of System
Length *Not a Direct Measure
' of Vehicle Ride Char-
acteristics
VIA-Log Relative Vertical Traffic
Movement Between Speed *Developed in 1926
Rear Axle and and Utilized in
Mass (Body of New York State
Car) @
Pea Relative Vertical Traffic *Low Cost *Repeatability *Wisconsin
Mechanical Movement Between . Speed *Simplicity and *Affected by Environ- *Washington
Vibrometer Rear Axle and or 50 Ease of Opera- ment *California
Mass (Body of MPH tion *Does Not Measure )
Car) *Speed of Opera- True Amplitude or
tion Length of Waves
*Mass Inventory .
Possible
*Portability of
Equipment
Mays' Ride Relative Vertical Traffic *Low Cost *Repeatability *Texas *Improve Repeat-
Meter Movement Between - Speed *#Simplicity and *Affected by Environ~ &) ability of
Rear Axle and or 50 Ease of Opera~ ment Results
Mass (Body of HPH tion *Does Not Measure *Identify Signi-
Car) . #Speed of Opera- True Amplitude or ficant Vehicle
tion Length of Waves and Environ-
*Mass Inventory . mental Factors
Possible Affecting Rough-
*Portability of ness Measurement
Equipment *Improve Data
*Continuous Rec- Handling Tech~
ord nique -

Cox and Relative Vertical *Low Cost #*Repeatability *Research

Son Movement Between *Simplicity and *Affected by Environ~ Activities
Rear Axle and Ease of Opera~ ment 2)
Mass (Body of tion *Does Not Measure
Car) *Speed of Opera- True Amplitude or
tion Length of Waves
*Mass Inventory
Possible
*Portability of
Equipment
#Continuous Rec-
ord
BPR Rough-~ Relative Vertical 20 MPH *History of Use *Low Operating Speed *Several States
ometer Movement Between *Attenuation of Wave
Wheel and Masa Lengths in the Ride (3
(Trailer) Frequency Range
*Repeatability and
Constancy Related to
Calibration
Rod and Amplitude and Slow *Precise Measure- #*Slow Operating Speeds *Agencies Aesociated *Increase Speed
Level Length of All - ment #*Safety with Airfields of Operation
Waves *Higtory of Use *"Down Time" of *Transfer Func-
Facility 3) tion for Road—
#*Not a Direct Measure way Wave Length
of Vehicle Ride and Frequency to
Precise Characteristics User Opinion
Leveling .

Traveling Amplitude and Slow #Precise Measure- %Slow Operating Speed *Under Development
Rod and Length of All . ment *"Down Time" of
Laser Beam Waves Facility (2

*Not a Direct Measure
of Vehicle Ride
Characteristics

After reference (3).



Correlafion of uSér—oriented,performance evaluétibn with roughness
measurements was formélized at the AASHO Road Test;~'The Chloe pro-
filométer‘wasfutilized, in pért, for this correlation.

Surface dynamic profilometers have received‘increased use in the
last 10 Yeérs‘as research tools and for calibratioﬁ;of other roughness
measuring'equipment. Surface dynamics profilométer'équipment promises
to be the mqsf desirable method of this category of équipment to measure
foad profiié charééteristics. Its major.advantages'are

1. Detgrmination of actual profiles,

2, Capéﬁility of handling large amounts ofudéta by-automated

means, |

3. Qpérating speeds sufficient to covervreasonable amounts of

paﬁement in a reasonable time,

4. Capébility of detecting and analyzing longer wavé lengths

in:tﬁe pavement,

5. Eicéilent repeatability, and

6. Capability of use for calibration of car road meters.

Mechaniéai Vibrometer

| This category of equipment measures vertical Hovement between
the axle of an automobile or a wheel in thevcase of trailer devices
and the mass éutomobilebor wheel supports. The Stafe of New York
developed a dévice called a Via—Log prior to 1926. This device measured
the vertical movement between the front axle and the body of the car.
Similar devicés commonly referred to as the PCA réad meter, the Mays
kRide Meteraaﬁd the Cox and Son road meter have been developed by using
many of thé ééme principles. The major advantages‘offefed by this
newer equipmenf are in terms of improved measuriﬁg and recording
equipment, thus allowing higher speeds df operétién.

9



 Limited work has‘Eeen performed on measuring runway and taxiway

roughness with instrumented aircraft. Certainly this is an area that
deserves further considgration from both a vehicle operational stand—
point and a passenger étandpoint.

In 1941 the Bureaﬁ of Public Roads reported the deve10pmént of
a traiier unit capable of measuring road roughness. This device,
known as the BRP roughometer, has been widely used and corrélated with
performance evaluations. Excellent repeatability and possible use as
a calibrator for other roughness measuring devices make its use
attractive.

Thié category-df‘roughness measuring devices does not give a

reliable measure of roughness wave length.

Precise Leveling

The precise leveiing method has been utilized for a nuﬁbér of
years. A survey rod and level have been widely used on aitfields and
some highways. Research on the application of laser beams together with
-a traveling rod have béén reported that will offer a faster and perhaps
more reliable method.v

From the above discussion it is apparent that severai'different
types of pavement roughness measurement devices have been developed
‘and utilized. The mechanical vibrometer types of instrumenté and in
particular the PCA and Mays Ride Meters have been utilized extensively
by highway agencies pfimarily for mass inventory purposes (Table 4).
Highway Research Board Special Report 133, '"Pavement Evaluafion Using

Road Meters " (11) contains the proceedings of a workshop held to identify

the uses of and problems associated with road meters. The

10



TABLE 4.

Measuring Equipment .

Areas of Applicability for Various,Types of Roughness

Type of Facility -

Construction Monitoring

Mags Inventory

Expressway or
Primary Highway

Secondary
(Rural)
Highway

Country or Local
Rural Highways

Airfields

BPR Roughometer
Car Ride Meters

Surface Dynamics Profllometer'

Rolling Straight Edge

(British Road Research
Laboratory)

(CHLOE Profllometer)

BPR Roughometer

Car Ride Meter

Rolling Straight Edge

(Surface Dynamics Pro-
filometer)

(British Road Research
Laboratory)

(CHLOE Profilometer)

BPR Roughometer

Car Ride Meter

Rolling Straight Edge

(Surface Dynamics Pro-
filometer)

Car Ride Meters

Surface Dynamics Profilometer

British Road Research
Laboratory

(Precise Level)

Car Ride Meters
Surface Dynamics
Profilometer
(British Road Re-
search Laboratory)
(CHLOE Profilometer)

Car Ride Meters
(Surface Dynamics
Profilometer)
(British Road Re-
search Laboratory)
(CHLOE Profilometer)

Car Ride Meters

Car Ride Meters

Surface Dynamics Pro-
filometer

British Road Research
Laboratory

(Precise Level)

1. Brackets denote applicability primarily for special purporses of control

sections.
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majority of the pépers presented at this conference were'chcerned with
the PCA road meter. This report will be concerned with the Mays Ride
Meter; which, like thé PCA road meter, provides the followingﬁ

1. A feésonable estimate of Pavement Serviceability Rating,

2. Provides satigfactory uniformity of rating on a statewide

basis,

3. Reproducibié ﬁithin acceptable limits,

4. Requires minimal manpower,

5. Economical to operate and

6. Easily transported.

An additional advantage of the Mays Ride Meter is its ability to
" provide graphical depiction of road roughness on chart paper and keyed

to some location along the highway.

DESCRIPTION OF MAYS RIDE METER

The Mays Ride Meter was developed by Iﬁan K. Mays in 1967 and first
utilized in an automobile. Several improvements have been,méde in both
the measuring system and data display system since 1967. Additionally;
the Texas State Department of Highways and Public Transpoffafion has
installed several Mays Ride Meters in trailers in the 1asf year. Details
of the changes in the Mays Ride Meter can be obtained from conferences
;g and 13 or from thé Rainhart Company, manufacturers of the Mays Ride
Meter unit or File DFIOR of the Texas State Department of Highways and
Public Transportation. |

The basic reasons for developing a trailer to house the Mays Ride
Meter sending unit were to reduce cost in that an automobile would not

be "tied-up" solely as a roughness measuring unit and to allow for the
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measuring unit to be easily trénsfefred from district to district.
Additional benefits that may be obtained include control of some of
the variables affecting roughness meaSuremeﬁts such as vehicle weight,
variations in suspenéidn sstems‘and vehicle alignment.

Data contained in this sﬁudy were obtained from Mays Ride Metérs
installed in automobiles since the majority of Mays Ride Meter units
throughout the ééuntry are inétalled in automobiles and beCause'of fhe
late dévelopment of the tfailer uﬂits. Abdeséription of the nnif as
installed in an automobile is given Béloﬁ.

The two main components of the Mays Ride Meter system are both
contained within the vehicle. The trénsmitter is conveniently mounted
out-of-the-way in the trunk directly over the center of the differential
hoﬁsing. ’A cable extending directly from the digital transmitter is
attached to the'cen;eriof the differential housing. This cfeates.

a solid driveymechaﬁism for the transmitter and thus give§ more nearly
aécurate input to the recorder. The recorder is self—coﬂféined‘within
an aluminum housing and is connecfed‘to the transmitter by'iﬁs umbilical
cord. P§wér for the unit is obtained from the 12-volt,DC négativé-

| ground system of the vehicle (12).

As the vehi¢ie travels over the road surface, the ﬁrapémitter
detects both the direction.and magnitude of relative Vertical motion
between the auﬁomobile and the axlé housing with 0.1 inch resolution.
The recorder and ifs associated systems employ electriéally transmitted
data in providing a continuous record of the road surface foughness.

The variable-fate chart-feed drives the chart‘in increments of 1/64
inch for each b.l inch of rear axle/body excursion. A distance trace
(top, Figﬁre 1).aﬁtomatically (from a separate odometer) records disténce

information in increments of'0.0S miles. An event marker or landmarks
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FIGURE I. TYPICAL MRM ROAD ROUGHNESS MEASUREMENTS.
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trace (bottom, Figure 1) is activated by a pushbutfon switch which
moves laterally to mark the beginning or endingidf é sgction, bridge or
overlay, or the 1ocations of surface imperfections; highway intersections,
etc. Fieldvnotes caﬁ bé written directly on thé chart tﬁﬁs avéiding
expehse, deléy, or possible errors in transcribing them later. Within
the housing, an illuminated desk is provided fé: making such field notes
directly. |

Thé érofile trace (center, Figure 1) ?1ots,bét half the magnitude
the rear éxleiexcursions (plotting them in the same direction) thus

‘displaying, directly, any surface imperfections;

Description of Test Vehicle

The design of the Mays Ride Méter is such’asito.require‘an ideal
vehiélé whiéh élﬁSely relates the actual roughness excufSions (without
initiating orkcancelling any). The ideal vehicle, as described by the
Mays Ride Méter manufacturer, would have thebfolléwing characteristics.

1. A full size body,

2. Frbnt engine,

3. Solid‘rearbaxle,

4., Coil springs (front and rear),

5. Drag links (to keep the axle from'wanderihg‘fore and aft),

6. Rear sway bar (to prevent the axle from wandering laterally),

7. Eigg shock absorbers (the suspension muét be hard enough to

not bottom out readily but soft enmough to generate adequaté
transmitter actioh),

8. Round tires (preferably ground, since cyclic out-of-roundness

will appear as surface roughness),

15



9. Dynamically balanced tires,

10. A sufficiently accurate original equipment odometer and
spéedometer (automobile dealefs can furnish a variety of
transmission/speedometer take-bff gears——one tooth difference
is about 5 percent),

11. An adtomatic spéed control device and

12. Air conditioning (this is highly desirable for driver comfort
in hot cliﬁates and for the reliability of the electronic
components. - A1l solid state circuitry operates more reliably
in a cool, dry environment; stepper motors and large resistors

dissipate heat more readily).

Description of thé Crew

Based on experience gained by the Texas Transportation Institute
and the Texas State Department of Highways and Public Transﬁortation,
a two man crew should be utilized for obtaining mass roadway inventory
data with the Mays Ride Meter. The driver must maintain a constant
speed in a precise wheel path in order to obtain a reproducible measure
of the ?avement roughness. When accelerating, the vehicle will tend
to squat; when braking, the vehicle will 1ift (dip forward); thus
pitching is géneraied. The vehicle will roll when blanketedvby a
passing truck or traveling in a strong crosswind; and likewise the
vehicle yaws when changing lanes or traveling out of the wheel paths.
A1l of these extraneous motions will change the vehicle's attitude and
will be recorded’as_roughness. The full attention of the driver is
normally needed to reduce these factors to é‘minimum.

The second memﬁér of the roughness measuring team is réquired for
navigation and reéprding pertinent information such as field notes and

landmarks on the recording chart (Figure 1).
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Correlation of Roughness and Present Serviceability Index

k'A correlation procedure developed by Walker and Hudson (14)

allows the Present Serviceability Index to be determihed from Mays
Ride Metér-;dughness measuréments. ‘The procedqre involves the use
of the Surfaée Dynamics Profilometer as a baéis to.ébtain a relationship
between a Pfesent Serviceability Rating obtained by a panel and Present
Serviceability Index. The Mays Ri&e Meter outpqt_is then correlated
with Surfacé Dynémics Profilometer output‘to obtéin.Serviceability
Index (SI). The Surfécé‘Dynaﬁics Profilometer pfpvides an extremely
accurate'ﬁeasure of roadﬁay roughness as opposed tovthe Mays Ride -
Meter; howéver, operational costs are about 10 times that of the Mays
Ride Meter (13). Thus, it was decided to use the Surface Dynamics
Profilometer primarily as a standard roﬁghness measuring instrument
and for speéial research activities while the Mays‘Ride,Meter units
are used for inventory purposes.

The genefgl relatiqnship'utilized'to‘relatevServiceability Index

and Mays Ride Meter roughness is shown below:

o«
_(.111‘1_)
B
ST = D5e
where:
SI = Serﬁiceability Index
- M = Mays Ride Meter roughness measurement, inches

per mile
.« and B = nonlinear regression coefficients
Usual values bf « are in the range of 3 to 8 with_the.majority of
vehicles in the fange of 5 to 7. Some of the origiﬁal equations were
deveioped with‘lineér regression‘techniques with = assigned a value of 5.

Values of B are typically in the range of 5 to 6 (14) (Table 5).
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TABLE 5.

Statistical Regression Information Obtained by Surface Dynamics Profilometer Correlations

with Mays Ride Meter

Mays ~ Standard Mean Co- Maximum
Meter Calibration : 2 Error for efficient of SI
Vehicle Date Alpha Beta R Regression Variation Residual
- 15 Aug.,1973 ‘ 7.24 5.54_ 0.999 v0.162’ 0.237 0.52
11«*2;21 23 Aug.,1973 5.69 5.61 0.999 0.173 0.259 0.55
Custom 5 Feb.,1974 6.96 5.25 0.998 0.222 0.255 1.00
5 Mar.,1974 5.43 5.38 0.996 0.292 0.268 1.14
31 Mar.,1975 5.18 5.48 - 0.997 0.277 0.323 1.26
1975 13 May, 1975 5.24 5.52
Ford 23 Sept.,1975 7.37 5.40 0.998 0.220 0.251 1.47
LID 25 Sept.,1975 6.52 5.37 0.998 0. 245 0.265 1.49
10 Mar.,1976 8.40 5.27 '0.998 0.223 0.257 1.41
8.88 5.28 0.996 0.318 0.253 1.88

17 June, 1976




Control Qf‘Se;viceability Index Measurements

Accﬁtaté Serviceability Index values depend Qn'properfuse¥
and opération'of the Mays Ride Meter. Proper opératioh of the
equipment can be insufed by &evelopment of a set of éoﬁtrol procedures
in which Mayé Ride Meter'results are continually monitored. Control
procedures have been developed by Walker and HudSOn (14) and are
further defined in Appéndix A. |

These pfdcedures basically involve the estaEliShment of pavement -
control sééﬁions over which the Mays Ride Meter ﬁrayels immediately
aftér calibration and at periodic iﬁtervals. ;Bésed on results from
readings 6btéined on these control sections, two control charts are
~developed whiCh are utilized for monitoring Mays Ri&é Meter validity.
One chart referred to as the Mean Control Chart'is utilized for checking
the mean or average for repeated Serviceability'Indéx values on a given
section. Tﬁe«second control chart, called the Range Control Chart, is
utilized for checking the variation among réplicate values obtained
on a given section. Typical mean and range control limits até shown
on Table 6. These data indicate that the mean SI'valﬁes for aﬁy given
control sections should not vary more than + 0.10 to + 0.20 from its
original mean-value without an out of calibration_éondition being
suspected. Likewise, the range of SI values obtéined from measure-
ments on a given section should not exceed 0.4 to Q.7 without suspecting

an out of calibration condition.
'OPERATIONAL FEATURES OF MAYS RIDE METER
In order to obtain a reliable Serviceability ‘Index for a given

roadway segment or values for a roadway network, the above calibration
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TABLE 6., Typical Mean and Range>Control Limits for MayS‘Méter Vehicle

Control Limits for

Vehicle : ' Date : Mean o Range
Dec., 1971 +0.16 0.57
TTI - 69 Plymouth
| June, 1972 +0.14 | 0.53
Aug., 1972 +0.11 © 0.38
Aug., 1973 +0.15 : : 0.55
TTI - 72 Ford |
Mar., 1974 +0.12 o 0.44
May, 1974 +0.16 0.57
Oct., 1975 +0.19 0.70
TTI - 75 Ford . ;
July, 1976 +0.20 0.72
April, 1972 +0.17 0.61
District 21 - Ford : ' ‘
Jan., 1973 +0.14 o 0.53

D-10R Nov., 1974 +0.21 ' 0.74
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procedures must be utilized tégether with certain operational
procedures. Initially, the operational procedures utilized were
based on those used for the PCA ride meter since both instruments
measure road roughness in a similar manner, i.e. record the deviation
between the body of the vehicle and it$ axle. ‘The study described
below investigated the effect of operational variables on MaysiRide‘
Meter output. These operational variables are those variableSVWhigh
can be controlled, to a iargé degree, by the agency operating thév
vehicle. Operational variables con;%dered in the study include:  '

1. Type of vehicle, |

2. Changes in vehicles,

3. Tire pressure,

4. Air temperature;

5. Vehicle Weight,

6. Wind velocify

7. Speed of opgrétion,

8. Driver of vehicle and

9. Wet or dry pavement.

' Type of Vehicle -

The selection of the type of vehicle for installétion of the
Mays Ride Meterkméy be important although each vehicle should be
calibrated with a rating panel or other sditable meéhdd(to determine
Serviceabilify Index. General requiremehts for the vehicle have
been described above. A review of vehicles utilize& in 1972 for

*
road roughness measurements indicate that the Ford Custom (11) with

* L .
The Ford Custom line of automobiles is no longer available. The
Texas Transportation Institute is presently utilizing a Ford LTD.
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standard suspension and coil;spriﬁgs is popular. Calibration curves
for five vehicles utilized in Texas are shown on Figure 2. The 1969
.Plymoﬁth Fury.I utilized by the Texas Transportationnlnstitute utilizes
a torsion bar, leaf spring design while the 1972.Ford Custom and 1975
Ford LTD utilize coil spring suspensibﬁ systems.
A compafison of Serviceability Index values obtained over road-

way sectionsvin District 19 with the District 19 Méyé Méter'Vehiéle

and a TexaérTransportation Institute Vehicle arebshdwn in Table 7.

o A coﬁparison of the response of vehiclés wifh"PCA ride meters can
be found in reference 11 and in particular referenée 15. Hughes (lé)
: has:presented_data describing calibration curveé obtained on similar
- model vehicles. Calibrations performed on ten 1966 Fords and six 1969
Fords of identical model and suspension system indicated that each
vehicle should be calibrated to obtain the desired Present Serviceability
Index accuracy. Argue's (16) data reinforce the observed need for

calibratiqné to be performed on each vehicle to be used with ride meters.

Chaﬁges in-Vehicles

Vehicieé response to road roughness will changé with time. Shock
absorberrwear, tire condition and loss of wheel alignment have been
the most troubleéome problems associated with the testing vehicle.
Changes in calibration of the 1972 Ford Custom and‘1975 Ford LTID are
‘shown in Tables 8 and 9, respectively. A record Of maintenance
activities for these vehicles associated with the calibration runs is
shown on Tables 10 and 11.

The 1972 Ford Custom was first calibrated Qitﬁ a mileage of 4,345

miles. After a year's use and at 41,565 miles, new heavy duty front
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TABLE 7. TTI - District 19 Mays Ride Meter Correlation

October 1972 - Texarkana

District 19 Dist  TTI

kL4

Highway chart inches/ 19
Section Number 0.2 mile Si St Begin Point End Point
945-1 ‘FM. 1397 3.1 3.1 3.1 .35 mi.‘paét'f‘30 .55 mi. past 1-30"
1231-2 " FM 1397 3.1 3.1 3.0 county réad route cross road
2879-2 FM 2240 4.7 3.0 2.7 0.8 mi. past FM 1397 1.0 mi. past FM 1397
2878-1 FM 2878 3.4 3.5 2.9 county road ’ 0.2 mi. north county road
1020-1 FM 559 2.2 2.8 3.2 mile post #2 following culvert
2048-1 FM 2253 k.0 2.9 2.7 0.1 mi. past mile post 0.3 mi. past mile post
#2 #2
2050-1 FM 2148 3.5 3.3 3.3 0.2 mi. north of 0.4 mi. north of county
~county road Lt road
1231-1 FM 989 - 2.6 3.0 3.4 mile post #2 2.0 mi. 2.2 mi. past FM 2878
past FM 2878 :
9L45-2 FM 558 3.4 2.9 3.2 1.15 mi. from begin .3 mi. past crossroad
.1 mi. past crossroad
2422-1 FM 2516 3. 4.1 2.9  FM 989 0.2 mi. past FM 989
218-3 - Us 59 1. 4.4 3.5 0.1 mi. south of county 0.3 mi. south of county
- ‘ v : road crossing road crossing ,
218-1 us 59 0.8 L Robinson Road 0.2 mi. south of Robinson

Road
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TABLE 8. Comparison of Mays Ride Meter Calibrations ~ 1972 Ford Custom

| Date Inches of Mays Ride Meter Chart per 0.2-mile of Roadway

PST .16 Aug. 1972 15 Aug. 1973 23 Aug. 1973 5 Feb. 1974 5 Mar. 1974 22 May, 1974
0.5 48.9 15,7 206 116 S 16.5 - 15.9

1.0 26.0 11.6 13.9 8.7 .1 11.0

1.5 . 16.3 9.2 10.3 6.9 81 8.3
2.0 10.8 7.5 7.8 5.6 6.2 6.4

2.5 7.3 6.1 6.0 4.6 4.8 5.0

3.0 4.9 4.9 46 3.7 3.6 3.9

3.5 3.2 3.8 3.4 | 2.9 2.7 2.9
4.0 1.9 2.8 2.3 2.2 1.8 2.0

4.5 0.9 1.8 1.4 1.4 1.1 1.2

5.0 0.0 0.1 0.0 - 0.1 0.0 0.0
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TABLE 9. Comparison of Mays Ride Meter Calibrations - 1975 Ford LTID

Date ; : Inches of Mays Ride Meter Chart per 0.2-mile of Roadway

PST 31 Mar. 1975 13 May, 1975 23 Sept. 1975 25 Sept. 1975 10 Mar. 1976 17 June 1976
0.5 . 19.5 20.3 : 13.2 14.0- 10.5 10.4
1.0 12.7 132 99 ‘1.1 8.2 8.2
1.5 9.2 96 7.9 7.9 6.8 6.9
2.0 6.8 : 7.1 6.5 6.3 5.7 5.8
2.5 5.2 5.4 5.3 5.0 4.8 5.0
3.0 3.9 4.0 4.3 | 4.0 4.0 4.2
3.5 2.8 2.9 3.4 3.1 3.3 3.5
4.0 1.9 2.0 | 2.6 2.2 2.6 2.7
4.5 1.1 1.1 1.7 1.4 1.8 1.9
0.1

5.0 0.0 0.0 0.1 0.1 0.1




shock abSorbé:s were installed and the vehiclevéaiibrated. As expécted,
considerable difference in calibration e#isted between the first and
second calibrations (Figure 3 and Table 8); Prior to the August 23,
1973 calibration, new rear shock absorbers were installed, the front
end was alignéd, thé tires were repléced and the brakes were relined.
As noted én Table 8 and Figure 3, a change in the calibration occurred;
however, the maximumvchange in Serviceability Indéx numbers occurs only
on the vefy ropgh roadways. |
Brokaw;(lz) 18) ddés not recommend the use of heaﬁy-duty shock
abéorbers és_fhis type of shock absorber deteriorates at akfaster rate
than sfandard<éhock abéorbers.’ An out of calibration condition existed
after about 6 months of usé of heavy duty shock absorbers on the.1972
Fofd Custom. 'The calibration of February 5,vl974 was performed prior
toithe'installétion'of standard shock absorbers. A:comparison of these
calibrations with that of August 23, 1973 indicates vehicle suspension
changes that occur over about 22,000 miles of operation (Table 8 and
Figure 35;_ Significant changes occurred during this period. Prior to
.the MarCh-s, 1974 calibration, new standard froﬁt and rear shock absorbers
were installed. The change from the older heavy dufy shock absorbers to
the new staﬁdérd shock absorbers should be considéred significant.
Calibration curves for the 1975 Ford LTID do not indicate large
changes between calibrations as observed with the 1972 Ford Custom
(Tables 8 and 9). Héwever, it should be noted that ;he last available
calibratién was performed at 28,000 miles. A comparison of calibration
curves obtained on September 23, 1975 and September.25, 1975 and curves
obtained on March 10, 1976 and June 17, 1976 indigate that only slight

differences in calibration occurred when new shocks and tires were
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installed on this vehicle (Table 9 and Figure 4). It will be
iﬁterestiﬁg to note the changes in calibration as vehicle mileage
increasesf Changes iﬁ vehicle calibration withvshock absorber re-
placement has also-geen noted by LeClerc, Marshall and Aﬁderéon (19),
Argﬁe (;Q),'Chongband Phang (20), and Hughés (15). Thesé calibration
changes are considered significant and recalibration is suggested.

Heavy-duty suspension systems haﬁe been evaluated by Hughes (15).
These suspension systems reduced the movement between the rear-axle
housing and the vehicle body, especially on smooth roads; Although
heavy-duty suspehSion systems can be used on road meter'véhicles, it
is preferable to use standard suspension systems 15).

Based on these data it appears appropriate to recalibrafe when
shock absorbers aré‘chénged. Data are not avgiiable to adéﬁuately
describe calibration changes when only tires and/or froht‘end align-
ment is changed. iReébrds such as those contained on Tables 8 to 11

should be kept for all Mays Ride Meters.

Tire Pressure

In order to dége;mine if variations in tire pressure on;the Mays
Ride Meter vehicle affect the Serviceability Indéx, a seriesicf tests
was conducted with tiré pressure as the only variable. Avmiﬁimum of
five runs were made évér eight test sections at each of three different
tire,pressures—fZSApsi, 31 psi, and 35 psi. For some highway test
section-tire pressure combinations one or two additional series of
five measurements ﬁere made. -

The range of 25 fo 35 psi pressures was chosen because thaﬁ is
the range that is nbrmally encountered in-service for vehiciés of this
type. An intermediate tire pressure of 31 psi was used in'én attempt

to determine if the relationship between Serviceability Index and tire
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 TABLE 10. . Calibration and Maintenance Schedule:for'1972 Custom Ford

Maintenance Work Performed on

Calibration Mileage, v
-Date Miles Vehicle Prior to Calibration
16 Aug. 1972 4, 345 First calibration
15 Aug. 1973‘_ 41,575 New heavy-duty front shock absorbers
' . installed '
23 Aug. 1973 41,865 New heavy—dufy rear shock absorbers
' installed, front end alignment, 4
new tires, brakes installed, and
motor tune-up '
5 Feb. 1974 64,000
5 Mar. 1974 64,300 New standérd front and rear shock
’ absorbers installed
21 May, 1974 71,500
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TABLE 11. Comparison of Mays Ride Meter Calibration - 1975 Ford LTD

Calibration | Mileage, | Maintenance Work Performed on
Date Miles Vehicle Prior to Calibration

31 Mar. 1975 3,640 First calibration

13 May 1975 8,700 No maintenance

23 Sept. 1975 ‘ 14,900 Front end alignment

25 Sept. 1975 ' 14,900 ' Four new tires and shocks

10 Mar. 1976 k25,300 No maintenance

17 June. 1976 28,000 _ Four new tires and shocks and

front end alignment
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pressure'was-linear or nonlinear. Thirty—oﬁe psiAis the normal
operating tire pressufe for the TTI test vehicles.

The‘dafa as presénfed in Table 12 were analyééd in twé ways.
First, graﬁhical "pictures" of the data were stﬁdied to determine
whether ahy Bgrticular trend could be seen. The.resulting gfaphical
relationshiﬁs are shown in Figures 5-12.

Anaiysis‘of these figures yielded only a somewhat vagué "frequency
distribution" of three types of plots. Figures 6, 7, 8, 9, and 12 |
seem to Be similar in that the general trend exhibited is that as the
tire ptessﬁre increases, the Serviceability Index value decreases. .
(This was the expected effect of varying the tifé pressure; however,
the Significaﬁce of the magnitude of the Serviceability Index variation
remained ﬁo be defermined.) | |

~ Figure 5:is unique in that the average Serviéeability Index values
for both 31 éﬁd 35 psi tire pfessure tests are highér than the avérage
Serviceabilit& Index at 25 psi. Figures 10 and 11 are similar to each
ofher as the'average'Serviceability Index decreaées as the tire pressure
is increased‘from 25 to 31 psi, but.it then inCreéses slightly‘as the
tirebpressﬁfé is increaséd to 35 psi.

The effects noted in Figures 5, 10, and ll;arebpuzzling, but the
differencéé'from the expected trend are attributed to other uncontrollable
test variables, such.as wind, temperature, vehicle suspension, nature
of pavemént roughness, etc. The test program cailed for ail of these
Variables:ﬁo remain constant for all tests, but somé variation could
be expecté& i1f several of the variables introd@céd‘small additive

changes simultaneously.

The second method of analysis was statistical. The results of

an analysis of variance indicate that differences in the Serviceability
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Index means»for different tire pressures are statistically. significant
at least to.the>2.5 percent Level of Significance (they aré not
significant at the 1 percent level); however, the differenqés caused

by tire pressure variation are brobably.ggg'significant from”a practical
viewpoint. |

The analysis recognizes the fact that the sets of fiVe-Serviée-
ability Index measurements were separate entities; that ié, for a test
section-tire pressﬁré combination with more than one set of 5 observations,
the measurements were not a continuous set but the second’and/or third
set was made at a later time(s) than the first. Under this’COndition,
»the variation of the‘means for the séts,of measurements within a test
section-tire pressuré cdmbination is 5 vali& measure qf the fandom
variation expected from .set to set under identical conditi@ﬁs; The
analysis of variance‘tabie for the analysis (Table 13) in&iéétés that
the variation in mean Serviceability Index caused by varyiﬁg,tﬁé test
sectién is quite significant (atbleast to 2.5 percent). It also indicates,
that the variation of Serviceability,Index‘means due to the iﬁteraction
v between the test seétiqn and the tire pressure is not significant; i.e.,
when compared to the VAriation of sets within test section-tire pressure
combinations, the effect of changing tire pressure is esseﬁtially the
samevon each and every test section (21).

The statistical.éignificance may be misleading, however. Examination
of the means of the_Serviceability Index (foundéd to the nearest teqth)
for each tire pressﬁre for a particular test section revealé that
approximately 88 percent'of the means are withi; 0.1 of each o#her,
which is about the same preéisioﬁ with which the single meaéurements

are made. Also, approximately 96 percent of the test Serviceability
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Table 12. Serviceability Index - Tire Pressure Data

(Cy=Sp=+M

Test Secﬁion _
East By-Pass Unmarked Road
FM 60 FM 50N M ’_505 FM 2347 (SH 6) (01d FM) ~SH 6B _FM 2154
v _ o ‘ Tire Pressure” (psi) _ ‘ v’ 1

Run Nimber | 25 | 31 | 35| 25 | 31 [ 35 |25 | 31 |35 | 25| 3v |35 [ a5 | 31 | 35| 25} 31 | 35|25 [z |3 |25 | 31|35

1 4.7 4.1 [4.1 3.2 3.1 §3.1 §3.7 3.7 3.6 3.2 [ 3.1V [3.1 3.8 }3.8 [3.9]3.07]3.0]2.9 4.0 }4.0 4.7 ]3.5 3.3 3.3

2 4.0 (4.2 J4.0 |3.2 |30 |30 V3.8 [3.7 3.6 [3.2 |3.1 {3.1 |3.8 3.9 |4.0{3.0|3.0]29 [4.0 |4.0]81 [3.5 3.3 3.2

3 4.0 [4.1 |41 | 3.2 3.1 3.1 [3.8 3.7 |3.7 3.3 3.1 }3.2 3.9 |3.9 |4.0{3.1{2.9 2.2 [4.0 |[4.0 4.0 |3.5 [3.4]3.3

4 4.1 {4.0 |41 3.2 |3.1 |31 {3.8 {3.7 {3.7 3.3 3.1 |3.2 |3.9 3.9 |4.0 3.1 2.9 |30 {41 {4.0 |41 3.5 |3.3.]3.2

5 4.0 {4.1 [4.1 }3.3 [3.2 3.1 3.9 |3.8 3'7_J 3.1 3.2 4.0 3.9 4.0 3.1 2.8 [3.0 |4.1 13.9 {3.9 3.5 |3.5 ]3.3

1 3.8 3.6 3.2 3.7 2.9 3.9

2 3.8 |3.6 3.2 3.7 3.0 4.0

3 3.8 }3.6 3.2 3.8 2.9 4.0

4 3.9 |3.7 3.2 3.8 3.0 4.0

5 3.9 13.8 3.1 3.9 . 2.9 4.1

1 3.7 ]

2 3.7

3 13.8

4 3.8

5. 3.6
Mean PSI a.08{4.10] 4.08] 3.22|'3.12| 3.10 [ 3.80 | 3.78 | 3.66 | 3.25| 3.21 [ 3.16| 3.88 3.88] 3.83} 3.06{ 2.93] 2.94 | 4.04].3.98} 4.02 [3.50] 3.36] 3.26

| Range 0.1.]0.2 [0 0.3 |0 0.0 jo.2 {o.2 Jo.2 |0 0.3 Jo.1 fo.27{0.1 0.4 {0.1 |0.2}0.1 fo.1 Jo.1]o6.2 f0.0}0.2 0.1
Stnd. Dev. 0551 071 .045]) .045) .045) .000}..071] .079 } .070} .058} .120}.055| .084] .045| .133} .055§ .067] .055] .055| .045} .079 | .000] .089} .055
%gﬁéegev. 0.058 0.036 0.074 0.097 0.114 0.062 0.067 0061
%ﬁ%rﬁggn?f 4.07 3.15 3.75 3.21 3.86 2.98 4,01 3.37
?§$f1o¢:) 1.43 percent 1.14 percent 1.97 percent 3.02 percent 2.95 percent 2.08 percent 1.67 percent 1.81 percent
oole | ‘




TABLE 13. Analysis of Variance, Tire Pressure (considering data
sets as geparate entities).

Source of

. Mean
Variance d.f. Squares ; F F,025
Test Section, TS 7 3.1041 89.71. >> 4,99
Tire Press., TP -2 0.0963 ’ 6.21 > 4,86
Test Section X 14 0.0155 0.45 <<  4.60
Tire Press., . - :
TS X TP
‘Sets, (TS X TP) 7 0.0346
Residual - 123 0.0037
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Index means are within + 0.14 of the calibratién control iﬁitial
Sérvicéability Index means (éee reference 1§_for control definitions
an& proceduréé). This; coupled with the‘faCt that -100 percent of

the test sets had ranges well below the maximum éliowable range
control valpg»of 0.36, says that the variation in measured Service-
ability Indéx‘due to tire préssure variation between 25 and 35 psi

is ndt suffiéiently great to cause the control limits to be exceeded.‘

In summéry, these results indicate that althoﬁgh there is a
statisticaliy significant difference in the average SerVicéability
Index value dﬁtained at each of the three different:tire pressures,
this differenéé may be cdnsidered to be insignificanﬁ in a practical
sense, becaﬁséithe Serviceability Index values are determined to only
‘the neareét'o;l,’and'because the measured Sefvicéébility Indexés remain‘
within the control limits set according to the procedure’outlined in
Appendix A.

A revieﬁupf literature associated with the effectkof tire pressure
on road méter roughness determinations confirms thé conclusions reached
above. Br&kaﬁ‘(;Z) has indicated that for standé;d tires, tire pressures
within-thébrénge of 24 to 26 psi have no signifiéaﬁt effect on‘present
Sérviceabili;y»lndex determinations. Clark (22) varied tire pressure
1_5 psi ffom hisbstandard operating pressure of 27 PSi and found variations
in Riding Comfort Index* which ranged up to 1.0 unifs of the Index
(Figure 13).> This is equivalent to about 0:5 units of the Serviceability
Indgx Scaléf  |

Studies conducted in South Africa by Curtayne (23) indicate

* ' ’ '

A Canadian measure of Serviceability Index with the base scale
ranging from O to 10 rather than 0 to 5 as used in the United
States.
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FIGURE 13. EFFECT OF‘ TIRE PRESSURE ON ESTIMATING RIDING COMFORT INDEX.
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that for prectical purposes determinations are insensitive to variation
in tire ﬁressures within the range normally found during vehicle
operatiqn;

The t?Pe of tire qtilized on the test vehicle ﬁas been investi-
gated by»Heghes (15). Standard 2-ply tiree ahdawinter 4~ply. snow
tires were evaluated. The data obtained indicated that the;e is no

significant'difference'in-vehicle response.

Air Temperature

Data‘were'obtained‘for this portion of the study by recording
temperature Qhen a test section was uﬁilized for a set of 5 Mays
Ride Metefycelibrati@n'qontrol runs. Therefore,.the analysis.df fhe
dataVCOneiS£e of correlating the resultant mean'Serviceability Index
value of eaeﬁ set of Mays Ride Meter runé on a particular test section
with the.temperatuie at which it was run; then determining whethef
there is eny significarit difference between Serviceability means that
can'be attriﬁuted to temperature variation. |

Table ié.is a tabulation'of the mean Servieeability Index values
for sets of runs related to both temperature and test section. Although
some data points were collected for each existing‘ealibration control
test section,‘sufficient data for a detailed aﬁalysiS’were collected
for onlyethe 5 sections shown on Table 14.

The tofai range of temperature covered wasbfrom 51°F to 92°F.
This temperaeure was the ambient area temperatureeas obtained from the
local radio etations; the Flight Service Station at Easterwood Airport,
College Stetion, Texas; or from a thermometer carried by the Mays Ride
Meter operator.

The temperature-dependent repeatability of the Serviceability
values obtained on the 5 test sections is shown on.Figures 14-20.
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TABLE 14. Mean Serviceability Index Values Vs, Temperature

Temper- ' ‘ , | 7 Elmb
ature = FM ™M SH , EBP Weedon
(°F) 2347 © 508 6B (SH 6) " Road

51 3.28 o |

53 . 3.64 4.06 3.78

33 I | | 2.3

56 3.36  3.70 -

57 3.28 3.62 4.10 3.80

58 3.38 3.90

| | 3.92

59 | : | 2.43

60 4.10 3.78 L

62 3.20 . 3.70  4.00 3.80 2.49

63 3.27 |

68 3.15 3.70 4,10 3.70 2.54

3.30 3.70
71 2 3.90 3.80 2.29
72 3.26 |
3 320 3.54 o

75 3.24  3.62 | 3.78 2.50
76 3.24 |

3.18

3.24 |

77 | | - 4.06

81 - | 3.84

82 3.22

89 L , | 2.37

91 | 4.00

92 3.30 3.58
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The Mean Centrol Limits existing at the time thet tﬁe test runs were :
made was + 0.14. Even though there is considerable scatter in the
data, it can be seen that all of the points remain inside the control
band. 'Figute 19 is a composite plot of all the data resulting from
the subtraction of the mean Serviceability Index vaiues in Tabie 14
from the fespeetive initial mean Serviceability Indei (X in the B
figures);.and Figure 20 ie a plot of the totel raﬁge of mean Service-
ability’Index valuee for each of the'Svtest sections: These ranges
are all beiowAthe Upper Range Control Limit of‘0.36;

feIf one aesumes that a linear relationship exists between temperature
and SerViceabiiity Index, then a.least—squares regression 1line ean be
used . to deteeﬁine the rate of change of Serviceabiiity Index with

temperatufe.differences. This type of line has been plotted on each

of Figures - 14-18. Usingvfhe composite plot (Fig. 19) the 91ope of the
-0.022 ST
10°F

an increase of 10° from one set of Mays Ride Meter runs to the next,

line for all.of the data is about . This indicates that for

a correspoﬁdiﬁg decrease of 0.022 can be expected for the mean Service-
ability Index.i Or, stated another way, for a difference in test
tempefatureé-of approximately 45°, the Serviceabilit& Iﬁdex will be
changed abou£>0.l point.

A second approach to evaluation of the temperatﬁre data was also
taken. Giveﬁ ehat the linear relationship exists, and has the indicated
slope, the line may conceivably be extrapolated through decreasing
temperaturesibelow 51° (thought to be more critieal than temperatures
above‘92°)‘unti1 it intersects the Lower Mean Control Limit. This was
done, and the temperature below which‘the Sefviceability Index means
would Ee outside the control band was found to be‘approximately 11°F.

Although such extrapolations have'risk, it agrees favorably with the low
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temperatﬁre»limit of 10°F indicated by Brokaw (12).

Othef‘studies have 5een conducted to determiﬁe,the effect of
temperature or road meter response (11). Clark;S'(gg) work defined
correlatibﬁ curves fér tests performed at +35°Fvaﬁd‘—33°F. A stiffening
of the suspension system was noted at the"lowef temperature. Dunn's
and Schultz's (24) work indicates that the road meter is‘affected by
extremely 1oﬁ,temperature probably due to stiffeﬁing of the vehicle
- suspension syétem (Figure 21)', . |

Temperatufe correction equations have been}sﬁggested by Law and
Burt (gé)'fdrﬁboth the PCA road meter and the Méys Ride Meter. The.'
vequation_for the Mays Ride Meter is given beloﬁ;‘V

‘ MC = MB + 0.5(70 - T)

where;

=
1

v'Corrected Mays Ride Meter Roughness, inches per mile

=
I

Basic Mays Ride Meter Roughness, inches per mile

temperature, °F.

L= T
it

The study temperatures ranged from 38 to 74°F. (Figure 22).

Passengers and Luggage

As discussed Previously the Mays Ride Meter is normally operated
by two'iﬁdividuals. A test program was established to determine the
effect of oﬁerating the Mays Ride Meter with one or more passengers |
in the back seat and with luggage in the trunk. For demonstration
and training purposes, it is often desiﬁable to carry one or two
additional éassengers in the back seat. In addition, for research
'pﬁrposes involving the measurement bf roadways th;oughout ﬁhe state, 
it is necessary to carryyluggage in the trunk or B#ck seat As the

crew will likely spend several nights away from the home office.
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. The test procedure consisted 6f the standard. sets of five repeatéd
runs of the Mays Ride Metgr on a particular control gection. Different
weight and different distribution of weights were placed in the vehicle
in an effort to determine the effect of added passéngers and luggage
on the observed Seivigeability Index values.

‘Figure 23 shows the plotted results of the tests conducted on
the fM 60 test section. The first set of rums is typicalibf standard
operafing conditiqns;‘i. e., driver and operator in an unléaded car.
Then, two cases that can exist with éne passenger in the back seat
were evaluated. These points are labeled Q) and @ on the Mean Control
Chart in Figure 23. The fourth se£ of runs on FM 60 was run with 200
pounds of "luggage" iﬁ the center of the trunk. It is evident from
fhe figure thét all of the AX points are within the control band, but
a general trend is apparent. The plotted points indicateithét as more
weight is added and as the weight is moved toward the réar of the car,
the mean Servicability Index value decreases and AX approaches the
Upper Mean Control Limit. |

The éecond type of test procedufe held the load condition constant
and sets of Mays Ride Meter runs were made on 8 different fest sections.
The constant load condition was 150 pounds in eacﬁ/of the rear seats,
simulating two paséengers. The,reéultant set of AX points is plotted
on Figure 24, In‘ﬁhis'case, 4 of fhe péints show that the Upper Mean
Control Limit has been exceeded. Noteworthy, too,.is the fact that the
points for the other 4 test sections are.gbgzg thekA§'= 0 1ihe, indi-
cating that the Serviceability Index means‘corresponding té the points
are allvgélgg the control mean for that section. Again, this suggests
‘that more weight toward the rear of the car causes the Serviceability
Index to decrease.‘ Thus, as the passenger and/or luggage.weight in-

creases in the vehicle, the measured roughness increases as expected.
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These results are in general agreement with those obtained by Hughes
(15), Clark (gg).” Hughes (lg)bpresents data indicaﬁing that a passenger
in the back seat of the test‘vehicle has more éffect on méasured roughness
than a full gas tank (approximately 140 pouﬁds), a passenger in the front
seat or a lOinound weight in the truqk. Data obtained by Ciark (22)
illustrate the influencé df the number of méh’and the effectkof gas tank
level on RidingkComfoff Index. Variations up to about 1 unit of Riding
Comfort Index or 0.5’Serviceability Index units were oBtained (Figﬁre 25).

It should be nétéd that the difference‘between a fuli fapk of gasoline
and 1/4 tank can represent a weight difference of about 100 pounds for a

standard size automobile.

Wet or Dry Pavements -

Six sets of MayS'Ride Meter runs were made on four of the control
sections while it was.raining and the~results were compared with the values
of the Serviceability Index determined on dry pavements. It was hoped that
the results of tﬁe comparison would determine whether MayS‘Ride Meter
measurements could be performed in wet as well as dry weatﬁér5

As can be seen in Figure 26, the deviation from the dry-pavement Service-
ability Index due to wet pavement is very slight»except_iﬁ one of the two sets
ran on Unmarked Road.  Even this point -remains inside the mean control band.
Thus, 83 percent of the tests deviated from the dry mean by 6;05 point or
less; while 100 percéﬁt.were within the + 0.14 allowable control deviation band.

Water film depths were not measured. Visual observations indicated that
similar water depths e#isted for the test runs on all sections. Water was
pbnded in depressions and the pavemenf was slightly "wet" in high places.
Rutting is not a problem on ény of the sections tested; so wgfer was not a
continuous thick film nor was the water depth excessive for a substantial

length of pavement.
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Wind Velocity

Brokaw (17, 18) ﬁas indicated that cross wind velocities above
about 15 miles per hour affect roughness measurements made with
automobile mounted road meters. An abbreviated test program was
undertaken to investigate the effect of wind velocity on Mays Ride
Meter Serviceability Index determinations in this study. Unforﬁunately,
little data could be obtained involving cross winds in excess of 15
mph.' This was partially due to the location of the test sections in
‘and around the Bryaﬁ, Texas area. Recorded winds from thé Farm Serivce
(Texas A&M University) weather data indicated that winds greater than
15 miles. per hour oééurred only 0.8 percent of the time frdm_l967 to
1971. Tﬁere were no recorded sustained winds greater than is.ﬁiles
per hour during 1971 (26).

.Further study of the climatological data throughout Texas showed
that there were significant winds (greater than 15 mph) occﬁrring during
1970 and 1971. Figﬁres 27 and 28 show the percentagé of da§é in which
the wind recorded wgs,greater than 10 mph throughout 1970 and 1971.

In contrast to the 10 mbh and 15 mph wind study, Figures 29.énd 30

shdw the‘percentage of days in which the winds were calm (0-4 mph)

throughout the state (eXéept for the High Plains area) for 1970 and
1971. Table 15 is ailist of the stations utilized for the recorded
wind sﬁudy. | |

Two sets of Mays Ride Meter runs in winds greaier than or equal
to 15 mph were obtained, One set of runs were obtained in wet weéther~
and at a temperature significantly lower than the temperéturevat which
the initial control Sérviceability Indéx mean was establishedg thus,

deviations could be attributed to both temperature and wind.
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" FIGURE 27. PERCENTAGE OF DAYS IN [970 WITH WINDS
| - GREATER THAN 10 MPH.
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'FIGURE 28. PERCENTAGE OF DAYS IN 1971 WITH WINDS
- GREATER THAN IO MPH .
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FIGURE ’29; PERCENTAGE OF DAYS IN 1970 WITH WINDS
 LESS THAN 4.0 MPH (CALM).
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FIGURE 30. PERCENTAGE OF DAYS IN I971 WITH WINDS
LESS THAN 4.0 MPH (CALM).
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TABLE 15. Station Locations for Wind Study

Low Rolling Plains

Hords Creek Dam

North Central
Bardwé11 Dam
Belton Dam
vBenbrook‘Dam‘
Denison Dam
Grapevine Dam
Lavon Dam
Navarro Mills Dam

- Proctor Reservoir
Stillhbuselﬁollow Dam
Waco Dam '

Whitney Dam

East Texas-
ADaingerfield'
Sam Rayburn Dam
Town Bluff Dam

Trans Pecos . h
Mount Locke

Ysleta

Edwards Plateau
Amistad Dam

San Angelo Dam

South Central
Austin Airport
Beeville - |
Canyon Dam:

Somerville.Dam

Upper Coasf
Point Comfort

Thompsons

Southern
Dilley
Rio Grande City
Lower Valley
McCook

Wéslaco
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A second set of funs was obtained with winds in excess of 15
mph on FM 2818 test section. The mean value for this set of rﬁns
was 3.86 while the initial control mean was 3.84. The difference
between the mean value is negligible. The mean control band for .

the Mays Ride Meter was 1 0.2l'at the time of testing.

Vehicle Speed

A speed of 50 mph is the specified operating speed of the Mays
Ride Meter. The cOrrelafion between the Surface Dyhamics Profilometer
and the Mays Ride Meter as well as the correlation between the panel
derived Present Serviceability Rating and Surface Dynamicé Profilometer
are bésed in part upon 50 mph speeds. Thus, for road roughness measﬁre—
ments or for determining out of calibration conditions, a speed of 50
mph is utilized. However,‘not all roads which require testing will
be safe to test at 50 mph because of traffic and/or geometriébconditions.

For these reasons a study was undertaken to evaluate the reliability
of a calibrated Mays Ride Meter in producing a standard rélétionship
between pavement roughness and the relative speed of the thicle at
which the measurement was taken. Two approaches were utilized for the
study. The first approach involved the determination of réughness at
different speeds on sections of pavements near the Bryaﬁ~College Station,
Texas area that are utilized'to determine the adequacy of Mayé Ride
Meter calibration (Appendix A). These pavement sections ranged in
pavement roughness from 10 to 3OC inches per mile and in Serviceability
Index values from 2.58 to 4.63.

Each séction w#s run under standard operating procedures except
for the variation in vehicle speeds. With all else constant, the

testing incorporated vehicle speeds from 20 mph to 70 mph in increments
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TABLE 16. Speed Calibration Study*

" | Inches of.Mays Ride Meter Chart per”0:2 mile of Roadway'_

~ 'si""k 30 mph 40 mph 50 mph
0.5 = 19.5 21.2 ©20.3
1.0 127 13.4 S 13.2
1.5 9.2 9.4 9.6
20 69 6.9 | 7.
2.5 . 5.2 5.1 5.4
3.0 39 3.8 4.0
3.5 , 2.8 | 2.7 2.9
4.0 1.9 1.8 2.0
45 1.1 1.0 1.

5.0 0.0 0.0 | 0.0

* 1975 Ford:LTD.
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of 10 mph. Throughout this speed‘range roadway roughness summations
Vere meésured and reéorded. The chart output was converted to rough-
ness summation by the following equaﬁion:

Roughness Summatioﬁ (in/mile) = 6.4 x 5 x Chart Outpuf (inches)

A plot was then prepared of the roughness summation versus the vehicle
speed for each pavement section tested (Figures 31 to 38).

Three general relationships evolved from the study and.will be
discussed below. Figure 31 shows a tendency for the roughnéss to
increase and become asymptotic with speed. Perhaps this béhévior is
related to the suspension system of the vehicle. That is, the sus-
pension system is deéigned so that the springs work independently of
thé shock absorbers‘up to a certain displacement and then beyond this
particular displacemeﬁt_both work together to control the relétive
roughness communicated by the vehicle. This would then account for
the increase in roughneés and the asymptotic relationship with speed,
if it is assumed that vehicle displacment increases with Speéd,

The second relationship is that as shown in Figures 32, 33, and
34. As the speed increased, the roughness increased to a maximum and
then began to décrease. The actual pavemént roughness may be of such
magnitude and frequency that it is not totally recorded at ahy speeds
other than 50 mph for‘fhe tesf vehicle. This seems to indicate that
mdre than one speed céuld be used.

The third general relationship was that of roughness increasing
or decreasing with increasing speed without ever féaching an asymptote
before the legal thiclé operation speed of 76 mph. Figures‘35 through
38 depict suchka relationship which may be related to the first general

tendency discussed above (relative to design characteristics of vehicle).
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With theée general relétionships eyélving,'an attempt was made to
assign each to a partigular range of roughness valués. This‘proved to
be‘fé no avaii since Withinva rangevof rougﬁnesg from 10 to 85 inchéé»
per mile, the three types of the felatiogships existed. 1In fact, no
generalVrelationship repeéted itself through any range of réughness R
rthroughout all of the refefence*sections tested. . ihe repeétability of
relétibnshi§$ occurfed only on the same reference seétion‘as measured
by both Téxés‘Transportation Institute Mays'Ride'Meﬁer Vehiéles./vIn
;other words, if a pafticular control,section had roughness whicﬁ tendéd
”td increaée és vehicle speed increased,bthis tendengy would repeat in
every measﬁrement by eithet the 1969 Plymouth or 1972 Ford Custom.Mayé
Ride Meter Vehicle (Mays Ride Métér No. 1 and No 2, tespectively).

| ~Tﬁé ée¢oﬁd approach utilized‘in this study was to relate speed and
measured roughness on the calibration pavement secti@n’in Aﬁstin. The
1975 Fard LTD was run on the test sections at-spéeds of BC, 40 and 50
mph. _Thé.resulting calibrations bétween roughness and Serviéeébility
_index fOr:the various 6perating speeds are shqwn in Tabie'16. Little
' difference.ié;noted in these calibrations for the;various speeds ofv>
operation;—

Speed studies have been conduéted by other reseafchers. Hughes (15)
-has concluded fhat operating speed varied over the‘range of 15 mph
significaﬁtly affects serviceability measuremenﬁs; ‘Argug (16) and Clark
(gg) conclqded that errors in pfedicting Riding.Comfort Index are of the
same order of magnitude for vehicle caiibrationé at 40 and 50 mph.
Vurlhtioné,dué to speed on the Riding Comfort Index as developed by
Clark are showﬁ on Figure 39. 1In generalvthe slope of the cur?es become

steeper as the vehicle speed increases.
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fResearéh'performed by Law and Burt (25) resulted in equationé to

~ define the effect of speed on PCA and Mays Ride Meter outputs.

.The equatidhs proposed for use with the Mays Ride Métgr is shown

below. ‘
, Mg = My 1.5 (50 - 8)
where; |
| MCS = Corrécted Mays»Ridé Meter Roughness; inches
i - per mile
MB" = Basic Mays Ride Meter Roughness, inches.per mile

8§ = Test speed miles per hour.

This equation ié based on data collected at 30, 40; 50 and 60 mph.

Driver Variability

In Noveﬁbér of 1973 the 1972 Ford Custom was‘utiiized to determine
~ the variability in Setviceability Igaex that could result from différent
drivers opgraiing the vehicle. Drivers 1 and 2.were'familiar withAﬁhe
driving skills required by Mays Ride Meter operatqrskas they were
regular Mays Ride Meter operafors.k Drivers 3, 4 aﬂé 5 were selected
from the éecretarial staff at the Texas Transportation Institute\and
given one;half hour of instruction aﬁd driving ‘éxﬁgrience prior to
running the test section. The test section was runvat the standard
operéting speed of 50 ﬁph in both the nbrthbound éndxsouthbound lane.
The roadway (FM 158 between SH 30 and FM 179) was‘fOUgh and\contained
several horizbntal and vertical éufves. Driver concentration was N
requ[red”to:maintainbthe vehicle in the whéel paths on this particuiar
roudwéy. |

Serviceability Index values for each driver and for each 0.2 mile
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increment 6f the test secrion are shown in Tables 17 and 18 for‘the‘
nor thbound and soﬁrhboundllénes, reépectivély. Average values for each
drivér together with other ététistics are shown on Table 19.f§r the
' entirev2.8 mile sectiqn. -Mean values for the entire:2.8rmilefsect10n
for>the varidus drivers show a maximum rangé among means 6f 0.11
(southﬁouhd iane, Tablé 19) which from a road'network survey standpoint
israéceptable. Thé range‘of readings for indiridual 0.2 mile seérionsbﬁ
(Tables 17 and 18) were within 0.5, 85 percent of the time. Range
control limité as determined according to the procedure'described in
Appendix A and shown.in'Téble 6 are often in excess of O.S.'.
. A second seriés,of tests were performed invséptember’l976 to
define the effect of the driver on Serviceabiiity Iﬁdex., The‘data were
obtained on serenfOrZ mile pavementrseCtions in the Bryaﬁ—College Station
‘area, These SECtioﬁs are the ones.currently used to periedicaliybcheckf
the calibration of the TTI MayskRide ﬁeter vehicle. As caﬁ be seen iﬁ
Table 20, the paVements‘sélected héve Serviceability Indiceg ranging
from about 2.0 to 4.5. |
Each;of‘the«pavement sections were run twenty»times to provide an
adequate sample on rhich to examine experiméntal error. The runs for
each pavement section‘%ere conducted within épproximately‘pne‘hour,
utiliéing to the.érreﬁt possible rhe same driver, air temperature, gaso-
line amount, vehidle:ﬁeight distribution, etc. In this Caée,‘experimental
error is considered tq’be primarily’driver error induced By»the driver's
inabilitf to steer the.automobile in the same wheel path. Although other
potential errors can influence such data, it is felt the.driver is the
primary’source of error, all otﬁer factors»being held constaﬁt as possible.
Both-the digitél counter (added t6 the TTI Ford LTD in'1975).and paper

chart data were obtained on each run through the sections. The summary
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TABLE 17. Serviceability Index for Various Drivers -
~ North Bound Lane of FM 158 |

Driver Number

Ranges of Reading

Location, } For 0.2 Mile
Mile Marker 1 2 3 4 5 Increments
0.2 2.5 2.7 2.1 2.2 2.3 0.6
0.4 2.4 2.1 2.3 2f4 2.3 0.3
0.6 2.9 2.4 2.7 2.7 ,2.6 0.5
. 0.8 3.0 2.6 2.8 2.7 2.7 0.4
1.0 2.8 2.6 2.6. 2.7 2.6 0.2
1.2 2.7 2.7 2.7 2.6 2.6 0.1
1.4 2.1 2.4 2.1 2.1 2.3 0.3
1.6 2.2 2.4 2.7 2.7 2.6 0.3
1.8 2.9 3.2 2.8 2.8 2.7 0.5
2.0 5.2 2.8 3.3 3.2  3.0 0.5
2.2 3.2 3.1 3.3 3.2 3.2 0.2
2.4 2.8 3.1 2.5 3.2 3.0 0.6
2.6 1.9 2.9 3.2 . 2.3 f3;2 1.3
2.8 2.5 2.3 2.1 2.3 0.4
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TABLE 18. Serviceability Index for Various Drivers -

South Bound Lane of FM 158

Driver Number

Ranges of Readings

Location, ‘ For 0.2 Mile
Mile Marker 1 2 3 4 5 Increments
.2 2.0 2.0 2.2 2.1 2.0 .2
.4 1.8 L9 L9 2.2 1.9 .4
6 2.7 2.9 2.7 2.8 2.5 A
.8 "2‘.»4] 2.3 2.2 2.5 2.2 .3
1.0 2.5 2.6 2.6 2.5 2.5 .1
1.2 2.6 2.9 2.4 2.7 2.6 5
1.4 3.0 3.0 2.6 2.9 3.0 .4
1.6 2.2 0 2.6 2.6 2.4 2.3 b
1.8 2.5 2.5 2.7 2.4 2.5 .3
2.0 2.5 2.3 2.5 2.5 2.4 .2
2.2 2.2 2.3 2.4 2.4 2.2 .2
2.4 21 2.1 2.0 1.9 1.7 "
2.6 2.0 2.5 1.9 2.3 2.1 .6
1.9 2.1 2.1 .2

2.8

1.9

2.1
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TABLE 19. Serviceability Index for Various Drivers--Statistical Data.

Statistic
Driver . i ~
Lane Number Standard Coefficient ‘ v Number of
Mean Deviati of Range Data
eviation . . .
Variation : Points
1 2.66  0.41 0.15 1.3 14
2 2.66 0.37 . 0.14 1.1 » 14
North - :
Bound 3 2f67 0.38 0.14 1.2 14
4 2.68 0.37 0.14 1.1 13
5 2.70 0.32 0.12 : O,9f : 14
1 2.34 0.34 0.15 1.1 14
2 2.46 0.35 0.14 1.1 14
South 3 2.35 0.30 0.13 0.8 14
Bound : .
4 2.43 0.28 0.11 1.0 14
5 2.31 0.33 0.14 1.3 14.
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of means and standard deviations is shown in Table 20. Only slight
differences were obsgrved to occur between the two means for a given
pavement section. Section 4 (FM 2347), the roughest section measured;'
did show a difference of 0.2 between means.

For either metﬁod of obtaining the Mays Ride Meter défa,'the
standard deviation represents the (+) range within which the mean
should fall approximately 68 percent of the time.‘ For example, the
Section 1 (FM 50 So)‘mean obtained from the digital counter should
fall within the vaiUes of 3.24 to 3.56 approximately 687 of the time
if values for the pavement were'fepeatedly obtained. A small standard
deviation could indicate'thé driver's ability to duplicate his roﬁte
through the pavement section repeatedly and/or that the pa?ement section
has little variability across the wheel paths.

Table 21 shows the coefficient of variation\(Cé) for tﬁésé data
examined four ways. .They are as followss (1) CV, for raw data from
the digital counter;:(Z) CV for raw data from the paper chart,'(3) Ccv
for Serviceability Ihdex (after reduction) as obtained from»the digital
counter, and (4) CV‘for Serviceability Index (after reductioﬁ) as obtaihed
from the paper chart. The coefficient of variation is a dimensionless
number shown as a pefcenﬁage in‘this case. The coefficient of’variation
is a way in which the‘standard deviation can be related‘to the mean and
repfesents the percentége the standard deviation is of the mean. In
other words, a high CV value, say 50%, represents é standard‘deViation
which is half of the mean. This would represent‘a’p¥ocess with high
variability.

Referring to Table 21, the coefficients of variation for the raw

data are higher than those for the reduced data for 5 of the 7 pavement
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TABLE 20. Serviceability Index Means and Standard Deviations for MRM
Digital Counter and Paper Chart Systems as Measured on 0.2
Mile Pavement Sections ’

Digital Counter Paper Chart .

Section | Mean Std Dev . Mean Std Dev
1 (FM 50 So) 3.4 .15 " 3.5 .15
2 (SH 6 Front Rd) 3.0 .12 o | 3.0 .12
3 (FM 2818 3.5 .17 3.6 .18
4 (FM 2347) 2.0 .09 2.2 .09
5 (SH 6 By-Pass) , 3.2 .11 3.3 .10
6 (FM 50 No) ' 2.5 .19 2.6 .17
7 (SH 30) » 4.4 .13 | 4.5 .13
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TABLE 21. Coefficlents of Variation for the TTI. 1975 LI'I'D Mays
Ride Meter Vehicle as Measured on 0.2 Mile Pavement Sections

" CV Raw Data - CV Raw Data SI (Digital) - SI (Paper Chart)

Digital Paper cv cv

Counter Chart (%) (%)
Section (% (%)
1 (FM 50 So) : 6.2 6.1 4.3 A
2 (SH 6 Front Rd) ‘ 4.0 4.2 3.8 4.2
3 (FM 2818) ' 7.2 7.6 4.9  ' 5.1
4 (FM 2347) | . 3.0 3.0 , 4.6 4.3
5 (SH 6 By-Pass) 4.1 3.8 3.5 ’ 2.9
6 (FM 50 No) | 5.9 5.8 7.7 6.7
7 (SH 30) o 12.3 118 2.9 2.8
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sections measured. This may be due to the smoothing effect caused by
converting raw data to Serviceability Index values. In any case based
on this small sample, it appears driver error can cause approximately
a 4 percent variation in obtaining Serviceabilityylndex data for any
given pavement section. This potentially‘could cause some difficulties
in obtaining reliable Serviceability Indices for pévement sections being
measured periodically and could have had an unknown impact on some of
the previously'mentiohed studiés.
Thé differenéé in coefficients of variation as produced by the digital

counter and the paper chart do not appear to be of a significant nature.
SERVICEABILITY INDEX MEASUREMENT ACCURACY

The accuracy required for Serviceability Index measurements is
dependent upon the end use of the measurements. If the data are to be
utilizedktO»determine the Serviceability Index of a particular short
highway éection, a different degree of accuracy may be required than that
required to obtain average values for a stétewide highway system,
Acéuracy required for research and inventory purposes is also different.

Mean Serviceability Index values obtained in 1974 for randomly
selected 2-mile pavement sections throughout the state of Texas are
shown in Figure 40 and on Table 22. The avefage Serviceability Index
standard deviation for the two-mile section on which 10 - two tenths
of a mile measurements are made is of the order of 0.3 with about 95
percent of the data between 0.1 and 0.7. Thus,’one can expect a
coefficient of variation of about 10 to 15 percent as a 2-mile section
of pavement 18 transversed. On very rough roads much higher variability
can be expected as an eiémination of the data contained in Figure

40 and Table 22 reveals.
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TABLE 22.

1974 Mays. Ride Meter Data . Summary for Randomly
Located Pavement Sections
District County . -Highway Control-Section Location Date N X P8 ‘ ?1:,1 L HY R
1 Grayson - us 82 45.4 p22/p24 8/27/74 10 3.38 266 7.86 3.0 3.8- 0.8
1 Grayson FM.2729 2798-3 Pa/P6 B27/70 4 3.58 263 7.3 3.2 3.8 0.6
1 Hunt IH 30 9-13 P107/H-HCL 10/26/74 9 340 230 . 6.67 2.9 36 0.7
] Hunt SH 34 173-6 CASH/P30 10/26/74 10 3.93 468 n_jaz E I W R PE
1 Hunt M 1566 ©1495-1 . P42 10/26/74 9 2.8 429 1972 1.2 26 1.4
1 Hunt’ FM 2736 2732-1 PO/P2 10/26/74 9 2.03 527 5.9 1.4 28 1.4
1 Lamar us 2n 136-8 P6/P8 g2/ 9 358 6 4.0 3.2 3.8 0.6
1 Lamar FM 205 730-3 P14/FM 1497 s/ 8 254 .52 20.78 1.9 3.4 1.5
1 Lomar - FM 79 688-2 P16/P14 82114 10 2.40 673 -28.05 10 35 2.8
1 Rains - US 69 203-3 P6/P8 10/26/76 10 . 3.5 217 6 3.3 3.9 0.6
2 Erath SH 6 258-1 P8/P10 8/29/74 10 3.8 .251 6.60 3.4 4. 0.7
2 Erath FM 2157 1990-1 P4/P6 8/29/74 10 2.38 457 1918 1.8 3.2 1.4
2 Jack us 281 249-7 P38/P36 . 8/28/74 10 343  .236  6.88 3.1 3.8 07
2 Jack FM 206 391-7 P6/P4 8/28/74 9. 2.9 7 a7 2.1 38 W7
2 Johnson Us 67 . 253-4 I p28/P30 11723/74 9 4.00 .33 8.29 3.7 45 0.8
2 Johnson 917 n81-2 p2/P4 ey 0 2.0 263 12.98 .7 2.4 0.7
2 Tarrant F1 1709 1603-3 p2/P4 8/28/74 9 ' 2.51 362 423 20 3.0 1.0
2 Johnson I 35W 14-4 P19/p21 10/27/74 . 9 3.06 527 17.25 2.4 3.8 - 14
3 Clay SH 79 282-2 P6/P4. g2/ 9 4.0 481 11.99 2.9 45 1.6
3 Clay - MeT - 135041 P10/P12 8/27/74 - 9 278 .184  28.22 1.6 4.0 2.4
3 Montague sh 59 239-2 - p22/P20 8/27/714 7 4.03 250 | 6.20 3.6 4.4 0.8
3 Montagque FM 455 845-1 P6/P8 8/27/74 4 3.30 a5 7.42 3.0 3.6 0.6
3 Throckmorton S 183 404-1 P36/P34 8/28/74 10 2.65 5702166 20 37 s
3 Throckmorton  FM 2651 2645-1 P2/US 380 . sma 8 2.5 508 ‘23:06 1.7 3.4 17
3 WHbarqerV -Us 183 147-1 P29.4/P28 8/26/74 -7 . 3.4 -.512 13.10 2.7 3.8 1.1
3 Wilbarger £ 91 702-1 P10/P11.8 8/26/74 9~ 3.8 .328 8.54 3.3 4.3 1.0
4 Carson IH 40 275-4 P105/P104 /2574 5 452 92 . 426 . 40 45 04
4 Carson “US 60 169-5 WDCL/P26 8/25/74 8 - 4.48 .49 s 3.9 4.7 08
4 carson RETY 1884-1 P12/P10 8/25/14 10 369 .38 . 8.61 30 .40 0.9
4 Hartley us 87 a1 P6/PY 8/24/74 . 9  3.59 488 13.61 2.7 4.3 1.6
4 Hartley M 998 1662-2 p2/P4 8/24/74 9 2,88 406 14.09 2.3 35 1.2
4 Hutchinson Sk 152 557-2 P8/P6 a/24/74 8 3.86 283 7.a 3.3 4.0 0.8
4. Hutchinson ~ FM 1598 1515-3 " p2/p0 8/24/74 10 2.43 533 21.95 1.5 3.0 1.5
4 Lipscomb SH 305 582-1 p2/P4 8/24/74° 9 . '2.66 553 20.81 1.9 3.4 1.5
4 Lipscomb FH 1265 1337-2 P28/P30 8/25/74 9 3.68 35 .87 3.2 42 1.0
4 01dham * IH 40 90-3 p20/p22 8/24/74 10 423 .2 3.3 .0 4.4 0.4
4 01dham - S 385 226-2 P6/P4 8/24/74 . 10 - 4.33 495 11,42 31 4w 17
4 01dhan FM 290 461-13 0-DS CL/P4 8/24/74 8 3.40 233 6.8 3137 0.6
4 Hartley us 54 238-2 P34/P36 8/24/74 9 4.57 73 379 2.2 4.7 A%
5 Hale us 87 67-6 P24 /P26 10/08/74 10 3.80 3927 10.3 39 4.2 13
5 Hale SH 194 43924 P6/P8 8/24/74 10 3.3 431 1300 2.6 3.9 1.3
5 " Hale FM 400 1081-1 P26/P28 8/28/74 10 2.77 .30 13.73 20 34 13
5 Hale M 1612 2332-2 P2/P0 8/24/74 10 3.14 .263.  B:39 27 35 0.8
5 Hockley us 385 227-5 - P8/P10 8/21/74 10 3.64 414 1.8 2.8 4.2 1.4
5 Hockley ~ FM 1585 2182-2 P30/P28 8/23/74 10 3.78 a8 4.80 3.5 4.0 0.5
5 Lubbock Us 84 52-7 P2/P4 82376 10 3.07 .40  14.32 2.5 3.9 1.4
5 Lubbock M 1729 1632-2 P18/P20 8/23/74 9 3,34 219 6.54 3.0 3.6 0.6
5 parmer SH 86 302-1 P20/P18 8/24/74- - 9 3.40 180 5,30 3.2 3.8 06
"5 parmer M 2013 2185-1 P4/p2 8/24/74  10-  4.16 .201 4,83 3.8 4.4 0.6
5 Swisher : us 87 67-3 p24/P26 8/24/74 10 2.48 2343 0 13.81 2.0 33 1.0
5 Swisher - M 1424 1635-1 P12/P10 82478 10 2.3 521 . 22.8 1.6, 3.0 1.4
. Yoakum I a1 -4 Cpagee WOATA 0 2.4 R B R T 10 30 1
N Ynabum M IIH!) /-4 rasr BYRRYAL] 1 Al A6k Th. 60 1.5 ] 1.3
« letor m o 4.7 PLO/PIOR B/02/74 10 43 e 6,07 19 4.7 08
o lctor s 38b 229-1 P26/p24 a/22/74 10 4.7 095 1.9 46 49 0.3
6 Fctor | FM 866 1127-4 P42 8/22/74 10 3.8 381 10,00 31 44 13
6 Loving SH 302 . 479-2, p2/P0 8/22/74 9 3.73 206 5.52 3.4 4.0 0.6
6 Pecos H-10 441-7 P251/P250 8/20/74 5 4.26 M. 2.68 41 a4 03
6 ’ SH 18 292-6 p24/P22 8/20/74 3 4.58 228 . 4.98 4.7 4w 06

Pecos -
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TABLE 22 (Continued)

District County Highway  Control-Section ] Location Date N X N ?”‘{) Ly HV R
6 Pecos us 385 76 P54/Pb6 8/20/74 R R 3.80 a6 4.1 0.5
o Pecos LAY 2262-4 P34/p3? “wre0s7a 9 470 ¥ 2.8 An 4.8 0.3
© Pecos FM 1450 1639-2 PrO/PR #2074 0. 2,99 179 b9 E A I 0.b
6 Pecos M 2886 2908-1 pe/ia w4 0 406 .30 7.0m b4 0.4
o Ciipton ™ 149z S P1Z/P1A W 4 [ L300 1w ;'.4> (5] w
i Borden us 180 paned Pa0/PIR weynmoon aw B 10 A 0.4
8 Borden FM 612 2. p2/ra 8/23/76 10 2.00 471 23.60 1.2 2.9 1.7
8 Callahan IH 20 71 P311/P313 8/29/74 .3 4.50 . .173 3.85 43 46 0.3
8 Callahan Us 283 437-3: P16/P14 8/29/74 9 . 2.48 .264 10,64 20 3.0 0.9
8 Callahan FM 604 ' 9741 P12/P14 8/29/74 10 " 2.59 640 24,72 1733 1.6
8 Fisher Us 180 .296-3 r28/30 8/23/74 9 3.40 680 20.00 . 2.5 - 4.4 1.9
8 Fisher FM 1606 15264 P2/P4 8/22/74 9 3.52 409  11.60 3.0 4. 1.1
8 Mitchell H 20 sl P208/P210 8/22/74° 10 4,600 189 4.1 43 49 0.6
g itchell SH 208 4543 p22/P24 8/22/74 9 2.83 .308 10,90, 237 3.2 0.9
8 Hitchell 1899 2472-1 Pa/P2 8/22/74 8 3.69. .15 3.3 3.6 3.9 0.3
5 Bell I 35 15-6 p291/P289 11/24/74 9 4.39 17 2.66 4.2 4.6 0.4
9 gel us 190 185-1 P38/P36 N/28/78 10 4:42 270 6N 40 47 0.7
y el M 440 836-2 P6/P8 N4/ 9 . 806 .219 5.39 3.7 4.5 0.8
9 Bosque are 258-7 P38/P40 10/27/74 9. 453 .58 3.49 - 42 47 0.5
9 Falls FM 438 107721 PO/P2 10727474 8 1.85 484 26.16 15 3.0 1.5
] HiTl Sil 31 162-2 P10/P8 11/22/74 9 . 3.8 .283 7.37 53 4 o
9 HiN M 309 888-2 P8/T6 10/27/74 7 2.30 311 13.52 20 2.8 08
9 Falls SH 7 382-2 Eia/m.e 10/27/74 8 2.3 233 9.91 2.0 27 0.7
10 Van Zandt s 110 505-1 p2/P4 10/25/74 9 2.42 444 18.32 1.6 2.9 1.3
10 van Zandt FM 1256 nre- PO/P2 10/25/74 9 1.2 393 35.02 06 1.7 11
10 van Zandt FM 1395 2477-1 Pa/P2 10/25/76 10 2.51 300 11,94 2 2.9 0.8
n Sabine Us 9 ' gacs » P8/P6 9/21/74 10 2.83 287 10.90 22 30 0.8
n sabine FM- 330 896-1 pa/p2 92174 10 1.55 467 30,10 0.9 2.5 1.6
12 prazoria SH 35 178-3 P28/P26 11/25/74 10 4.32 155 3.59 s 45 0.4
12 Brazoria M 523 1003-1 -Pe/PI0. 11/25/74 9, 3.39 .491 3.39 2.5 3.9 1.4
12 Harris 11 45 500-3 P26/P24 11/26/74 g 4.2 196 4.65 3.8 44 06
12 Gatveston SH 6 192-4 2/P4 T 1/26/74 9 4.43 050 - 1.13 14 s 0.1
12 Galveston FM 517 978-2 . Pl4/P12 11/26/74 10 3.66 222 6.07 3.3 .40 0.7
12 Montqomery IH 45 110-4 P81 /P79 Ct0722/78 8 4.4 367 7.0 3.7 4.6 0.9
12 Montqomery  SH 105 238-3 P11.3/P12 10/22/74 3 a7 058 1.350 42 4.3 00
12 Montgomery FM 1485 o623 P12/P14 10722/74 4 4.8 12 2.940 4.1 4.4 0.3
12 " Waller us 290 50-5 P12/P14 N/27/76 N 3.62 289" 7.99 3.3--4.3. 1.0
12 “ Waller FM. 359 543-1 Pi2/P14 ny2nm 9 3.7 235 6.260 3.4 40 06
13 DeWitt SH 72 270-1 p22/P20 V1724/74 9 3.0 570 18.85 1.9 36 1.7
13 DeWitt FM 1447 msz P10/P8 n/24/74 100 2.4 406 18.98 1?54 2.7 1.2
13 Fayette ~  US 77 211-6 P6/P8 10/15/74 10 4.17 .223 5.34 3.7 B N
13 Fayette M 2237 2096-1 Pa/P2 10/15/76 10 2.04 476 23.40 15 - 2.6 1.1
3 Fayette M 155 211-9 P10/P8 10/15/76 10 2.81 577 20.50° 18 3.8 2.0
13 Gonzales "us 908 25-5. ' P6/P4 10/15/74 10 3.76 368 9.25 3.1 . 4.0 1.0
13 Gonzales FM 532 " 1007-2 - P6/P4 10/15/74 10 1.45  .289 20,00 719 08
13 Whairton Us 59 T aes ) 32/P30 11/25/74 9 4.40 122 2.78 42 46 04
13 Wharton FM-1300 a25-10 PO/P2 172574 10 3.22 ,291 9.02 2.8 3.7 0.9
13 Wharton FH 1301 1412-3 W-MCL/N TMI 11/25/74 9 3.62 222 6.14 3.2 3.9 0.7
14 Bastrop SH' 21 an-5- P6/P8 11/06/78 - 9 3.70 (256 6.89 3.3 41 0.8
14 Bastrop M 1704 15331 P4/P6 11/06/74 .10 2.87 .236 8.22 2.5 3.3 0.8
14 Blance us 281 2531 p22/P24 11/07/74 9 4.61 er 2.75 44 47 0.3
1 Blanco M 1323 1056-5 P8/Ps 11/07/74 9 2.33 308 13.20 1.9 2.8 0.9
14 Hays us 200 137 pasp2 11/07/74 9 4m 414 - 110.06 34 a7 1.3
4 Hays M 12 683-3 p10/P12 11/07/74 9 3.57 387 10.90 2.7 4.0 1.3
14 L1ano SH 71 700-4 P30/P32 11/07/74 10 377 200 - 5.3 3.5 42 0.7
15 Atascosa SH 16 517-1 p28/P30 071574 10 3.64 581 "15.98 2.8 40 13
15 Bexar H 10 252, P588/P590 WA 9 3.3 325 9185 2:9 3.9 1.0
15 Bexar us 90 2-7. FM 1604/ 2MI 10/16/74 10 3.61 475 13.17 2.8 FES s
15 Comal FM 306 1728-2 p14/PY2 11/07/78 9 3.56 377 10.60 2.8 4.0 1.2
15 Guadalupe H 10 535-2 P616/PE18 10/17/74 9 3.92 298 7.60 34 4.3 0.9
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TABLE 22 (Continued)
District ' VDuunty Highway Control-Section Location Date N X S ((:;) LY HY R
S8 Guadalupe SH 123 366-3 < P24/P26 10/17/74 9 2.54 .3!6‘ 12.40 2.1 2.9 0.8
15 Guadalupe FM 1044 2021-2 P4/p2 10/17/74 9 2.69 411 . 15.30 2.1 3.5 1.4
15 . Lasalle SH 97 483-1 P10/P12 10/15/74 9 2.53 382 15.50 2.0 3. 1.1
15 . Lasalle _ FM 468 662-5 P32/P34 10/15/74 9 300 436 . 14.47 2.2 35 1.3
16 Aransas SH 35 180-5 P26/P24 11/25/74 10 365 72 4.70 3.4 3.0 0.6
16 Aransas FM 881 s07-4 P2/P4 1M/25/74 10 3.22 391 12,14 2.5 3.6 1.3
16 Live Oak SH 72 483-4 P8/P6 11/24/74 9 2,59 »5 1372 2.2 3.3 1.1
16 Live Oak FM 1358 1206-1 : P14/P12 N2/ 10 2.4 552 22,63 1.6 3.3 1.7
16 Live Oak us 281 - 2541 P28/P30 11/28/74 10 3.56 .532 14,93 2.6 4.3 1.7
16 Nueces S us 77 102-2 P14/P12 n/e4/74 0 399 b 4.56 3.5 4.0 0.5
16 Nueces FM 665 - 86-20 P4/P6 11724774 9 . 3.50 212 é‘._os . 3.2 3.8 0.6
16 Refug"lvo SH 202 247-04 © o pe/Pa 11/25/74 10 3,50 552 15.76 2.5 4.1 1.6
16 Refugio M 774 447-5 p2/p4 11/25/74 9 33 640 19.26 ‘z.z 1.3 2.4
v Burleson SH 21 116-3 pP20/P22 8/31/74 9 2.43 339 0 13.94 2.0 2.8 0.8
17 Burieson FM 60 648-3 P24/P22 12/10/74 9 3.3 252 . 7.62 3.0 3.7 0.7
17 Madison SH 21 17-4 Pg/P10 12/10/74 9 3.3 .40 107 2.8 3.9 11
17 Robertson - US 79 205-2 P6/PR 12/10/74 10 3.67 .302 8.23 3.0 41 10
17 Robertson M 979 2400-1 P24 /P22 12/10/74 10 2.36 504 21.35 1.6 3.1 1.5
17 Walker’ M 1374 578-3 ) P16/P14 12/10/74 g 2.7 466 17.06 1.8 3.3 1.5
18 Collin FM 547 1041-1 P2/P0 10/26/74 g 2.3 246 10.42 1.9 2.7 0.8
18 Collin M 2478 2351-1 P4/P6 9/23/74 8 3.9 .260 6.55 3:4. 4.2 0.8
18 Denton us 377 81-6 FM 428/SW 2M1 11/23/74 9 4.2 RUB 458 3.8 44 06
18. Denton FM 156 718-1 TMI N T14/3MI N 114 . 11/23/74 10 3.68 169 4,58 3.4 3.9 0.5
18 Ellis us 287 172-8 P26/P28 10/26/74 10°  3.86 22 575 3.6 4.0 0.4 .
18 ElTis FM 660 1048-2 ’ P4/P6 10/26/74 10 3.26 554 17.00 2.0 3.9 1.9
18 Ellis i 55 1451-2 ' P12/P14 10/26/74 10 2.2 3N 7.8 1.5 2.7 1.2
18 Rockwall 4 30 9-12 P18/P20 10/26/74 10 3.35 65 4.93 3.1 3.6 0.5
18 Rockwall SH 66 9-4 © RHBRG/E 1.5MI 10/26/74 7 3.7 395 12.45 2.4 3.6 1.2
18 Rockwatl FM 548 ~ 1016-4 1.2M1 SW/P10 10/26/74 10 -1.70 .31 18.29 1.3 24 0.8
20 Chambers SH 146 389-2 MBCL/LCL 11/26/74 4 3.5 0% 2.72 3.4 3.6 0.2
21 Kennedy us 77 3072 P6/P8 3/25/74 9  3.58 .252 7.05 . 3.0 . 3.9 0.8
2y Duval Us 59 542-3 P26/P28 6/25/74 10 3.39 .307 9.06 2.8 3.8 1.0
21 Duval M 716 1083-2 P4/P6 6/26/74 10 ).94 250 12.90 1.6 2.3 0.7
21 Hidalgo Us 281 255-7 " p24/P26 3/25/74 10 3.80 258 . 6.79 3.4 8.2 0.8
22 Ditmit Us 83 37-6 P18/P20 10/15/74 10 2.35 587 25.00 1.6 3.3 1.7
22 Dinmit FM 186 301-4 P2/P4 10/15/74 10 3.19 .38 10.29 2.6 3.6 1.0
22 Edwards SH 55 235-2 P48/PLs - 8N9/7 10 3.55 438 12,30 2.5 4.0 1.5
22 Edwards M 674 375-5 P4/P6 . 8/19/74 9 2.92 3 1L 2.2 3.3 1.1
22 Maverick us 277 300-1. \ P36/P38 10/15/74 10 3.82 662 18.20 2.6 4. 1.5
22 Maverick FM 1021, 122941 ,  Posee 10/15/74 9 344 482 14.00 2.6 3.9 1.3
22 Zavala us &7 . 2763 P6/P4 10/16/74 10 3.83 433 11.30 ‘3.2 4.4 1.2
23 Comanché SH 16 ;5 P32/P30 8/29/74 10 4.55 .138 2.98 4.3 4 0.3
23 Conanche FM 679 2107-2 " P4/PE 8/29/7¢ 10 2.56 403 15.82 1.8 3.0 1.2
23 Eastland TH20 314-5 P362/P360 8/29/74 10 4.28 494 . 11.54 ~ 36 4.8 1.2
23 "Eastland SH 206 2638-1 P2/P4 .8/29/74 10 3.26 433 13,27 2.5 4. 1.6
23 Eastland M 2214 1697-2 P6/P8 8/29/74 9 2.63 .30 - 12.76 ‘2.2 3.0 0.8
23 McCutloch SH7 - 1102-1 P6/P8 8/30/74 10 4.73 N6 2,45 4.5 . 4.9 0.4
23 McCulloch FM 1028 1306-1 PO/P2 8/30/74 9 2,90 .274 9:44 24 34 1.0
23 San Saba SH 16 289-4 Paspz 8/29/74 10 3.30 .356  10.78 . 2.8 3.8 1.0
23 San Saba ™ 2732 2729-1 P6/P8 8/29/74 10 2.20 657 . 29.85 1.6 3.5 1.9
25 Culberson SH 54 233-5 . P50/P48 8/21/78 9 3.8 277 7.5 14 42, 08
2 Culberson FM 2185 1158-1 P8/P10 8/21/74 9 2.00 166 8.29 1.8 2.2 0.4
2 E1 Paso us 180 374-2 P18/P16 8/22/74 9 3.46 .246 7.10 3.1 3.8 0.7
24 £1 Paso LP 375 255-2 p2/Pa 8/22/74 10 4.35 151 3.47 4.0 4.5 0.5
2 Jeff Davis SH 7 104-4 P34/P36 8/20/74 10 2,34 .e21 9.70 2.7 2.7 0.6
2 - Jeff Davis FM 505 871-1 auT W 166/6M1 W 166 8/21/78 10 1.8 tzsz 16.20 1.4 2.2 0.8
24 Prasidio “us 90 20-8 P34/P36 g/2y/7 10 4.6 125 2.68 4.4 - 4.8 0.4
2 presidio FM 2810 1283-2 P4/PE 8/21/74 10 3.6 Coam a0 2.7 4.0 1.3
25 Briscoe SH 256 541-1 P1a/PI2 8/25/74 10 2.68 230 10.81 2.3 3.3 1.0
25 Briscoe FM 1065 740-3 p2/P0” 8/26/74 10 3.65 .299 8.19 31 40 0.9
25 Childress 8/25/74 9 2.87 406 147 2.3 3.4 1.1

SH 256 381-3 Pasp2
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" TABLE 22 (Continued)

= Range *

94

County  Highway Control-Section Location Date N X S : %¥) v, W R
M 1438 1386-2 pasr? n/:zb/m 10 3.28 . 266 7.0 28 26 0.4
It 40 ?7%-7 ‘PTZZ/PIQQ B/?b/74: 10 4.73 .134 81 1.4 4R 0.1
us 287 ) 42-8 HCL/P34 B/26/74 n 4.75 13 2.38 1.6 4.9 0.3
FM 2362 225241 ‘Pﬂ/PZ 8/25/74 9 3.58 164 4.58 3.3 3.8 0.5
SH 283 98-4 . P2/pP4 B/25/74 9 1.70 477 28,06 1.2 2.7 1.5
FM 1756 . 538-5 P2/P0 8/26/74 10 2.19 .242 11.07 1.7 2.4 0.7

N = Number of readings

X = Mean )

S = Standard Deviation

CV = Coefficient of Variation
LV = Low Value
HV = High Value



From a highway network inventory‘standpoint, a variation of + 0.3
) Sérviceability Index number can probably be tolerated as fhe‘rpughness
along‘afhighWay section under‘considération for réhabilitation or
maintenance will like1y be of this ordef of magnitude or greater.
Accﬁracy reéuired for reseéféh pﬁrposes depends upon thé natﬁre of the
'reSegfch. Mahy projects such as roughness associated with bridge and
‘bridge endg and with the'study of swelling élays’requirevthé use of an
instrument sudh as the Surface Dynamics Profiiometer (27). The Mays
Ride Meter and other types of road meters are not sufficiently
sensitivé forjthese~uses3

As discussed above, errors as$qciéted with caiibration and opération
of the tesf‘ﬁéhicle occur. An appreciation of_ihe ﬁagﬁitudefof these
efréfs can be obtained by referencing Table 235 This table indicates
Ehat the errors associated witﬁ the calibratibn of Serviceability Index
and Present Serviceability Rating for a particular vehic1e dominate.
Sfandardization of opefational features such as>£ire pressure,‘vehicle
weighf, opetéting speed and driver training Will_greatly reduce the
possible errors indicated on Table 23 associated with these variables.
Control over temperatures and wind velocity is possible by specifying
under that‘enVironmentalkconditions data can Be collected.

If vehicles are properly maintained and calibrated and‘if operational
procedures are standardized, the Mays Ride Meter’can probébly be ﬁsed to
predict the Present Serviceability Rating with a range of between 0.11
Vrand 0.3 unité; (Clark (22) suggests about 0.1 units.) This degree of

~accuracy is reasonably acceptable from a network and project inventory

standpoint.
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TABLE 23. Measurement Errors Associated with the Detérmination
of Serviceability Index by Use of the Mays Ride Meter*
on a Given Section of Roadway

‘Error of magnitude given

below represents about Maximum error
Source of Frror - 60-~70 percent of all . observed by
. v deviations from true mean Texas Transportation
' measured by Texas Trans~ Institute '

portation Institute

Calibration of Surface

Dynamics Profilometer

Present Serviceability . , o
Index with v , 0.3 1.1

* Panel Present

Serv1ceabillty Rat1ng
(28)

Calibration of Mays

Ride Meter Service~ . ,

ability Index with

- Surface Dynamics Pro- = 0.3 1.88.
filometer Present

Serviceability Index

Chaﬁges in Vehicles

during Life of Vehicles 0.3 : : 1.5
Tire Pressure T » 0.2 : . 0.30
Air Temperature ‘ o 0.1 - 0.18
Vehicle Weight | S 0.2 | 0.35
Wet vs. Dry Pavement o 0.1 - O;iS:
Wind‘Velocity ’ : : 0.05 0.1
ggh;;if,Speed (30~ 0.4 . lf6'
Driver Variafion ‘ ) | 0.2 ' 1.3

)

"*Errors are expressed in terms of Serviceability Index values.-
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CONCLUSIONS AND RECOMMENDATIONS

' Based on the included literature review and. data obtained during
the course of the study presented herein the folldwing conclusions

- appear warranted.

- Type of Vehicle .

Deta‘developed in this study and that ptesented by Hﬁghes (15)'
and Argue (16) 1nd1cate that each vehicle equlpped w1th a road meter
must be callbrated even if the vehicles are the same make and model.
Vehlcles w1th e01l springs and standard suspension systeﬁs are prefetred

over those with leaf springs (15, 18).

Chanéee in Vehicles

Vehicle résPOﬁse to toad roughness will change with time. Shock
absorbers must beAchenged, tires replaced and balanced and frent ends
-aligned; The changeskcreated by shock absorber wear out should be
considered significaht and,reealibration should be’scheduled and

)
performed.

Tire Pressure

Brokaw (17), Clark (22),‘and Curtayne (23) have performed tests
to determine the effect of varying tire pressure on the PCcA Road Meter
output. Brokaw (11) found that variation of tire pressure between 24
~and 26 psi waeyinsignificant, end Clark's (22) tests over a range
from 22 to 32 pei-showed that while linear relationships exist and
tire pressure variation doesycauee variation'in tesults, the magnitede
of the vatiation is smallvfrOm a practical standpoint. Results reported

in this report indicate that varying the pressure between 25 and 35 psi
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has no significant effect on vehicle response in a practical sense.

Air Temperature

Studies reported by Clark (gg) and Dunn and Schultz (24)
‘indicate a stiffening of the'vehicle suspensio@ system at low
temperatures. The study conducted in Louisiana (25) fesulted in an
equatioh which predicts’a change in 10 inches of roughneés’pét‘mile
for‘each‘20°F chaﬁge in temperature. The majority of research per-

formed to date (15, 16, 17, 18, 22, 25) indicates that chéngés'due to.

temperature variations are insignificant for temperatures above about

10 to 15°F.

Passengers and Luggage.

As discussed ébové, seﬁerél studies have been éonducﬁed in which
‘the number and locétionvof pésseﬁge;s have been studied as ﬁell as
weight'in'the vehiciéé due to luggage and gasoline (15, lg# 17, 18, 22,
25). Results in genéral have shown that péssengers riding in the back
seat affect the results significantly. Mafé Ride Meter‘teSting shows
essentially tﬁe saﬁe tﬁing with the added observation that iuggage in
‘the trunk (if greatér than or equai to 200 pounds) also hés a significan£
effect on the measufed Serviceability Index. One aﬁomaloﬁs‘féctbhaS'.
been observed, hoWever. Testing by Hughes, while showing"an insigni-
ficant decrease in SéfViceability Index for 100 pounds_ofvweight_in
the trunk, shows a-significant inqrease for the case of oﬁe passengerv
in the back;seat; In ghe‘tests with the Mays Rié; Meter itbwas found
that the significant change for both loading cases was a dgcréase from

the normal. There is no obvious reason for the disagreement between

the two instruments.
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' Wet or Dry Pavements
No reports of testing to getérminehhpw the PCA Road Meter performs
on wet versus dry payements were found in the literature.. As has been

noted above, '"wet" pavement seems to have little or no effect on the

- Tesults obtained with the Mays Ride Meter.

Wind Velocity

vLféh‘défiﬁitiQQTstudiés‘hé?é bééﬁfpéffbrmed7iﬁdiﬁéfing“£héFéffétt“'
of wind on ride ﬁétér;peffotﬁance.‘iBrékéﬁ‘éj(lz;:i§)‘stﬁ&iés éﬁggést”f
thaf';ééfihgyshdﬁidfbé:éﬁrfaiied”whénTCrbégkﬁinﬂ ﬁéibéifies*é§¢6é3 15; 
mth  fnsuffiéiént“dafa'ﬁéfé”éélleéted'infthi§,sfﬁdy:pd“suppOrt this
étatéﬁéht; ﬁowevér,wwind velocities do not exceed 10 to 15 miles per

hour in most of Texas for a significant part of the year. '

Vehiélg Speed

Sufficient data are available in the literature to point out the

i

nepessity~tp‘maintain.speed”control,duripg,;éstipg. If the testing

-must.be performed outside of the célibra;ion speed‘by more than about

~ + 3 mph, a calibration should be obtained at (:he'de\'é}:'u_re‘cl41;es_tws{p_‘eve:d_.~

Driver Variability
Driver variability does not appear to be a significant factor
provided proper training is given and concentration is maintained

during tesfing.

Operational Guidelines .
1. Vehicles to be utilized as Mays Ride Meter test vehicles should
have coilwspriﬁgs and'standgrd,sugpension sygtemskunlessJQata are

" developed to demonstrate the adequacy of other types of vghic;es.
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2. Each test vehicle should be calibrated.

3. Control sectibns should be estabiished as desériﬁed in Appendix
.A and péribdinéheﬁkfrUns made to insure thatvthe equipmentzreméins in
calibration.

‘ 4; Recalibratidns should be perfdfmed when the control sections
>indicéte an out of célibration condition ér after about 20;000 miles
of operation. After‘ZO,bOO miles new standard shock absorbefs énd
new tires should be iﬁstélled and the front end aligne&.' |

‘5. The tire pressu;e should be checked daily when the vehicle
is in uSe_énd‘shoﬁid be.adjuéted to the pressure used ﬁhen thelvehicle
was last calibrated. For the TTI 1975 LTID, this pressure,is.currently
30 psi for the frcﬁt and back tires. . The.tires_should beﬁbé checked
after a ﬁinim;m thvel distance of five miles and no mofe than ten'
miles. This will allow the tires to heatAto a sémewhat standardized
temperature.

6. Testing shquld Ee curtailed at'témperatqres below 25°F unless .
data are available for the test vehicle which will allow an éppropriate
temﬁeréture éorrecﬁionlto be made.

‘?. .Two operatoré and 100 poﬁnds,of luggage is all that should i
be‘alléwéd in the vehiclé. The gasoliﬁe»tank éhould be maintained
abpvé 1/4 full. )

8. Tésting can be allowed‘&uring light tainfall provided the
~ pavement does not pond Wéter excessively. |

9. Testing should‘bevéurtailed when croés winds exceed 15 mph.

10. The test speéd should be maintained at 50 mph_i 3 mph.

.11. Drivers sﬁoﬁld Be familiar witﬁbthe vehicle and undefstand 
the variation in Serviceability Index ﬁhaf‘can resﬁlt from poor

operational control.
100



10.

11.

12.

13.

REFERENCES

Haas, Ralph, "Surface Evaluation of Pavementezlfstate of. the Art,"
Proceedings of Pavement Rehabilitation Workshop held September
19-22, 1973, Report Number DOT-05—40022 Task Order 1, July,
1974- L P

Balmer, G. G., "Road Roughness Technology; State of the Art,"
Report No. FHWArRD—73—54 Federal nghway Adm1n1strat10n,
December, 1973.

MbCullough, B. F. and J. A. Epps, "Evaluation of the Pavement
- Rehabilitation Workshop," Proceedings of Pavement Rehabilitation
" Workshop held September 19-22, 1973, Report Number DOT-05- 40022,
Task Order 1, July, 1974.

Carey, W. N., Jr., "Uses of Surface Profile Measurements," HRB
Spec1a1 Report 133, 1973, pp. 5-7.

'Williamson, H. J. and W. R. Hudson, "A Study ‘of the Relatlonshlps

Between Various Classes of Road—Surface Roughness and Human
Ratings of Riding Quality," Research Report 156-5F, Center for
Highway Research, Unlver51ty of Texas, August, 1975. .

Carez, W. N., Jr., and Irick, P. E., "The Pavement Serviceability-
‘Pérformance Concept,'" HRB Bulletin 250, January; 1960, pp. 40-58.

The AASHO Road Test Report No. 5—-Pavement Research, HRB Special
Report 61E, 1962, p. 292. ' :

Nakamura, V. F. and Michael, H. L., "Serviceability Ratings of
‘Highway Pavements;" ‘Highway Research Record 40, 1963,7pp. 21-36.

Hughes, P. C., "Development of a Ratlng System to Determine the
" Need for Resurfacing Pavements,' Investigation No. 189, Office
of Research Coordination, Minnesota Department of Highways, 1971.

Phillips, M. B. and Swift, G., "A Comparison of Four Roughness
Measuring Systems,' Research Report 32-10, Texas Transportation
Institute, Texas A8M University, August, 1968.

‘"Pavement Evaluation Using Road Meters," Highway Research Board,

Special Report 133, 1973.
Mayé’Ride'Meter Bogklet. Rainhart Company, ‘Austin, Texes,_l972.
"Mays Ride Meter Digital Counter System,' Transportation Planning

Division, Research Section, the State Department of Highways
and Public Transportation.

101



14.

15.
16.

17.
18.
19.

20,
21,

22,

23’

24‘

25.

26.

‘Walker, R. S, and Hudson, W. R., "A Correlation Study of the Mays

Road Meter with the Surface Dynamics Profilometer,' Research
Report 156-1, Center for Highway Research The University of
Texas at Austin September, 1972.

Hughes, P. C., "Evaluation of the PCA Road Meter," HRB Special
Report 133, 1973, pp. 23-40.

Argue, G, H., ”A Canadian Evaluation Study of Road Meters," HRB
Special Report 133, 1973, pp. 41—48

Brokaw, M. P., "Development of the PCA Road Meter: A'Rapid
Method for Measuring Slope Variance," Highway Research Record
189, 1967, pp. 137-149.

Brokaw, M. P., "A 5-Year Report on Evaluation of Pavement Service-
ability with Several Road Meters,' HRB Special Report 116,
- 1971, pp. 80-91.

LeClerc, R. V., T. R. Marshall and K. W. Anderson, 'Use of the PCA
Road Meter in the Washington Pavement Condition Survey
System," Highway Research Board Special Report 133 1973.

Chong, G. J. And W. A. Phang, "PCA Road Meter Measuring Road
Roughness at 50 MPH," HRB Special Report 133, 1973, pp. 51~ 65

Ringer, L. J.,."Statistical Analysis of Tire Pressure Data,"
Memorandum to G. G. Harvey, February 22, 1974,

Ciark M. F. "Road Meter Output and Its Correlation with Panel
Ratings 1n Saskatchewan," HRB Special Report 133, 1973, ‘

Curtayne, P. C., and Walker R. N,, "A Fresh Look at the Inter-
pretation of Pavement Serviceability and an Experiment to
Measure the Riding Quality of Roads .in South Africa,"
Proceedings of the 3rd International Conference on the
Structural Design of Asphalt Pavements, London, 1972,
pp. 776-785. A

Dunn, K. H. and R. O. Schultz, '"Temperature and Vehicle Suspension
Effects,'" HRB Special Report 133, 1973, pp. 91-96.

Law, S. M, and W. T. Burt,RIII, "Road Roughness Correlation Study,
Research Report No. 48, Louisiana Department of Highways,
June, 1970. R

Shaw, C. W., "Influence of Testing Variables of the Mays Ride

Meter," The81s submitted to Graduate College of Texas ASM
University, December, 1972.

102



~27. Law, D. B., H. J. Williamson and W. R. Hudson, "The Character-
ization of Road Roughness on Bridge Decks and the Adjoining
Pavement," Research Report 156-4, Center for Highway Research,
University of Texas, April, 1975.

28. Roberts, F. L. and W. R. Hudson, "Pavement Serviceability

Equations Using the Surface Dynamics Profilometer,' Report
73-3, Center for Highway Research, University of Texas, 1970.

'n103






APPENDIX A
; e *
‘Mays Ride Meter Calibration Control (9)

Meaéurement Cdntrol

Accurate'Serviceability Indek meééufementé will depeﬁd on proper
usage and operation’of thé Majs Ride;Metgf. ‘Propér:usage has beén
described in thé‘preceding section. ?roper operation of the equipment
can'bé-insurea by dévelopment of a set of control procedures in which
Mays‘Ride Meter results are'continuall&'moﬁitoredf1' |

These qohtrol’prpéedures provide a meaﬁs of detectiﬁg Mays Ride
~Metervout—of—caliﬁration conditions and involve the use of replication
runs or méaéufements over'a\known test or controi séction. ’Twenty such
sections are established immediagely foliowing the initial Mays Ridek |
Meter calibration procedures, providing a pool ffom which a control
section can be seiected for testing fof'an out—of—calibration‘condition.
.The mean and fange Serviceability Index values ffoﬁ the replication
contrﬁl runs are éOmpafed against known control values determinéd'at
the time the cbntrol‘secﬁidns were initially estéblishéd.

Thefpéragraphs to follow provide descriptiops of the control pro-
cedureS~Which should be followed bvaays Ride Meter operators in order
to insure probet’operation of their instruments; This section is‘
divided into'two segments; hémely, selection of Méys Ride Meter control

sections and establishing the operation control chérts Mays Ride Meter

* o
Adopted after Walker and Hudson (14).
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control operations. A further description of these segments follows.

Selection of’Mays Ride Meter control sections - A set of twenty

O.Z-mile,céntrol sections shoﬁld be selgcted, convenient to. the Mays Ride
Meter ﬁase of‘operations. These sections should be selected‘SO as to
provi&e a representative sample of smooth-to-rough sections of the area
or District in which the Mays Ride Meter is to opérate. Roughness vari-
ations within each section should be homogenous; théé is,_the,roughﬁess
withiﬁ any 0.05-mile segment should be appro#imately the séme as in any
other 0.05-mile segmeﬁt. Obviously a smooth section with'an'abrupt bump
at the end of the section is not.a‘good test section. ‘As a general rule,
if aﬁ,expefienced highway teéhnician‘cannot say that ény pafticular 0.05-
mile'segment of an OQZ—mile‘section rides any better thap ény other‘seg~'
ment within the section', the section can be consi&ered homogenous. Trans-
verse uniformity across the surface is also a good quality for a contrpl
section. This will minimize driver induced Variability intéwthe,recorded‘
da;a. Since thése sections are to be used fpr roughness cpntfol, sections
where expected changésvin the4pavement éonditioﬁs;are minimalvshould be‘
selected, sd that tﬁe sections can be used as long as possible. If the
pavement sectidﬁ is scheduied‘for sealing or overléying,vit shéuld not:’
be utilized. |

" Twenty sections afe seleét;d so as to proVide a large pcél from which
control:measurements can be made for both convenience and in the event
several sections are lost due to pavément aging, construction, etc.,Aaﬁd
to provide needed samples forydeveloping the mean and range control charts.
As pavements are l&st,'no attempt should be made to replace these sections
unless,pnly four sections femain. At this time, the instrﬁmeﬁ; should be
recalibrated and at suéh time, 20 new sections should be éeleéted. The

selection of the control sections is an important part of the control pro-

cedures, since they will be used to determine whether or not the Mays Ride
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Meter remains in calibration.

Establishing control charts - Two cbﬁtrol éharts will be used for
monitbriﬁg Mays‘RidebMeter\measﬁrement validity, one for checking the
measurement méan (or average) from répeated SerViceability Iﬁdexkﬁeasure—
ments and the second for checking the range of repllcation measurements.
The two‘control charts are establlshed with measurements obtained from
20 control sections. ’The range, R; of severél Mays Ride Meter repeat,
‘measureménts on a single sedtion is the gréatest difference betweeﬁ ;
Servigeability‘index measurements, This nuﬁber is §lways a positive
number,;as R = SImax'— SI min.k To devéiop fhe twokCOntrol charts, a
work shee; similar to Figure Al is uééd.i To compute the gontrol limits,
for these'éhafts, éach of the coptrbl.seCtiohs'is run five times apd its
Serviceability Indéx (in terms of O.Z-ﬁile measurements)~obtained an& |
enteréd on the work sheet (Figure Alj. The foliowiﬁg values are then
computed fof each section:,' |

(1) >Thé meaﬁbf'of the five test runs is computed and entered on

| the work sheet and the mean coﬁtrql Chart (Figure AZ).

(2)‘.fhe'range R of the five test runs for éach'séction‘ié cqﬁputed‘

and entered on the work shéet;

(3) The average range R is computed and entered on the work sheet.

(4) The upper andllowef contfol limits for the mean coptrol chart

'are computed by multiplying the mean range R by + 0.577.
 These values, (§)(0.577) and(ﬁ)(—0.577);are entered on the
work shéet and plotted és two straight lines on the mean -

control chart (Figure A2).

(5) .The upper range control 11mit is computed by multlplylng the |

’mean range R by 2.114 and entering this value on the work sheet.

This value is plotted on the range control chart (Figure A3).
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MRM CONTROL CHART

Work Sheet

District 17 ~ MRM No. 2 - 72 Ford  Date August 1972

.81 Replication

Section| 1 [ 2 | 3 | 4 5 X s R

FM 2347 3.2 3.3 3.4 3.3 3.2 3.25  0.08 0.2

Unmarked | 2.9 |[2.8 | 2.7 [2.8 |2.8 | 2.82 0.07 | 0.2

M 50 S 3.5 | 3.6 | 3.4 |3.4 |3.5]| 3.48 0.10 | 0.2

msoN | 3.0 (28| 3.0 |28 {209 | 28 010 0.2
SH 6 41 [4.0] 3.9 [4.0 [3.9] 3.98 0.10 | 0.2
g;f;ass“ 3.7 3.9 | 3.8 [3.8 |3.8| 3.79 0.08 | 0.2
osR | 2.2 |23 2.2 |2.2 |2.3] 2,25 0.06 | 0.1
si21 | 3.3 |3.4 | 3.3 {34 |3.4] 3.3 o0.05] 0.1
FM 2038 2.7 | 2.7 | 2.6 [2.7 2.6 | 2.65 0.05 | 0.1
1179 | 2.4 |22 | 2.3 |-— |- 2.30 0.07 | 0.2
gi;tﬁdA 2.5 2.4 | 2.4 [2.3 |2.4 | 2240 0.07 | 0.2

SH 30 EBL| 2.6 |2.7 | 2.7 |2.6 |2.6 | 2.65 0.06 | 0.1

SH 30 WBL| 3.2 [3.4 | 3.2 }3.4 |3.5 ] 3.37 0.13 | 0.3

Upper Control Limit for R = ; R ‘= 2.30

2.114 x R = 0.38 total
| . - _ - R 1 )
Control Limits for Mean = R = tzta - 0.18

+0.577R = _0.10 ‘
. : n = number of sections

FIGURE Al. Typical Mays Ride Meter Work Sheet.
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: antrolychecks will invélve making a set of:fiée repeat rumns over
any'one ofithe 20 tesg sectioﬁs and fiﬁdingAthe mean Serviceability
Index, X and range R (éee Figﬁre A4).‘ The diffe?ence between the
cﬁrreﬁtbi'and the one initially established;for'the control’section, as
listed in the left-hand portion of Figure A2,‘is‘tﬁen plotted with the

.uppér and lower mean contfol limits. If-this differencé is greater
than‘fhe‘coﬁtrol range, an out—of—éalibration condition can be suspected. .
Thé rangé pfovides an additionél controi‘check'aﬁdbis compared to the
0ppef range control limif of Eiguré A3, A range,ﬁalue falling outside
this limit wiil also indicate an out-of¥calibra£ion édndition. By
plotting the mean differencés and range values, a past history or record
can be‘maintaiﬁed to help identify true out-of-calibration situations

(Figures A2 and A3).

vMays Ri&é Meter operations — As indicated above, Mays Ride Meter
qgntrol is provided by comparihg the mean and rénge Values from
periodic test‘ruﬁs against control limits. When these values fail out-
side these limits, then out—of—célibration conditibns can be éuspected.
Periodic contfol runs should be made once per month when the Mays Ride
Meter is not iﬁ use and at léast once during each weék the Mayé Ride
Meter is being used. The bestltesting'proceduré would be to randdmly
: Sglect the particular test section fér'any given control check. Attempts
should be madé to at least try never to repeat the‘séme section twice in -
succession aﬁd to include as many, preferably four or,greatér,vother
,éections befween tests which include the same section. For example, if
during the first week, Section 1 (FM .2347) of Figure A2 is run, then at

least four weeks should pass before this section is again used for

control purposes.
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MRM MEAN CONTROL CHART

MRM-No. 2 - 72 Ford

District 17 - Brazos County

* Initial Mean

1<

Section X
FM2347  3.25

- Unmarked 2.28
FM50S 3.48
FM50N - 2.87
SHENBTL '3.98

E.By/Pas 3.79
OSR 2,25
SH21 3.38

'FM2038 2.65
FM1179 2.30

. Pret. & 2.40

 SH30EBL  2.65
SH30WBL  3.37

- Test Date

INITIAL  XTEST

Date Aug - Oct, 1972

+0.2

+O.IE

o

FIGURE AZ;:.Typical MeanvContrbl.Chart.
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MRM Control Chart.

Control of Range

District No.__17 | " MRM No.__2-72 Ford _ ' Date_Aug - Oct. 1972

0.8

RANGE, R
oo
‘0945

00

Test Date: /AQg; - Oct., 1972

FIGURE A3. Typical Range Control Chart.



MRM No.. 2 - Date _5 Oct 1972 ' Section ~ FM2347

X; itial (Initial SI;Ayerége)v= : 3.25’ '
- Run ST

1 3.2
2 3.2

3 - 3.3

4 3.3

5 3.2

SUM SI = 16.2

= _ SUM ST _  3.24

Xcutrent - 5 -
o 0.1 Enter on
RANGE = SIMAX - S;MIN = ———— Range
L Control
Enter on
X, . . -X = —0:0L  yeon
initial current
Control

FIGURE A4. Typical Worksheet for Mays Ride Meter Control Run.
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The basié ideayin the control p:ocedure is to.determine‘if the

Mays Ride.Meter is measuring the same, i.é.,‘withiﬁ its measurement
errors. - Since measurement,errors‘can and will occur, the control
limits are used to identify extreme occurrences éf these measufeﬁent'
errors. These errors\are felated to the individual Mays Ride Meter
and fhe contrdl sections used; thus, the importancevpf insuring propef
selectioﬁ of theée sections and a pfoper'testing procedufe cannot be
"OVerémphasized. .

© As indicated, an out-of-calibration condition can be suspected
wﬁen eithér the fange or mean control limits are exceeded. ' If é"
control limit is exceedéd on eithé;ﬁthe»mean or range (or both), the
first action ﬁhich should be immediately taken is to carefully examine
‘the Mays Ride Metér dgvice and the vehicle in wﬂich_it is installed
:for thg possible problem source. If the'problem sourcé can be found
and corrected, then the Mays Ride Meter control prdéedures should be
performed again. FIf no cause can be found, fi?e new sections should
be selected and each tested.\ If all control runs from the five
sections afe‘in control, then the section which indicated the out-of—_
‘célibration conditién should be removed from the pool of contfdl
sections and not’used again. If, however, another out-of—calibration‘
, condition occurs on any of these five control sections,‘aniout—of—

’ calibration'should be reported, and the Mays Ride Meter returned for

calibration.
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