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Smoothness has become the primary measure by which the traveling public 
determines and evaluates the quality of both newly constructed and 
rehabilitated pavements. In the spring of 1987, the Pavement Division assisted 
the Rideability Task Force of the American Association of State Highway and 
Transportation Officials (AASHTO) Subcommittee on Construction by developing 
and compiling a survey on rideability specifications being used by the States. 
We have attached a copy of the draft survey summary report for your use. 

Based on the survey results, the task force proposed a revised PCC rideability 
specification and a new AC rideability specification at the Subcommittees 
mid-year meeting. These specifications were balloted on in the fall of this 
year and received a two-thirds majority approval. They were subsequently 
approved by both the Standing Committee on Highways and the Executive Committee 
of AASHTO at their December meeting and will be incorporated into the new 
AASHTO Guide Specifications for Highway Construction when published. Copi 
the specifications as balloted are attached for your information. 

Key elements of both proposed guide specifications include: 

1988 
es of 

1. The measurement device is limited to only the California-type profilograph. 

2. Methods for the evaluation of both profiles and bumps are specified as 
California Test 526. 

3. The acceptance level for the profile index was revised from 12 to 10 inches 
per mile using the California type profilograph with a 0.2 inch blanking 
band. 

4. The minimum day's paving length for which a profile is taken is established 
as 0.1 mile, consistent with the evaluation length. 

5. The size of the "must grind" bump was increased to 0.4 inch in 25 feet. 

6. Two pay adjustment schedules are provided: 1) establishes disincentives 
only on a sliding scale to a maximum reduction of 10 percent at 15 ipm. 
2) an optional schedule, establishes both incentives and the disincentives 
on a sliding scale of a maximum reduction of 10 percent at 15 ipm and a 
maximum increase of 5 percent at 3 ipm. 
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We believe that adopting rideability specifications pays significant dividends 
to all elements of the highway industry in not only providing smoother 
pavement surfaces, but providing a higher quality product. In addition, it has 
been demonstrated through the AASHTO design equations that there is a 
significant direct relation between initial pavement smoothness and design 
life. Therefore, we strongly recommend that you and your staff work with your 
respective divisions and States in developing and implementing rideability 
specifications for both Portland Cement Concrete and Asphalt Concrete. The 
specifications should generally follow the new AASHTO Guide Specifications. 
The Pavement Division is availa ante at your request. 

David S. Gendell 
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401.03 Asphalt Concrete 

Surface Test. Method #l. The surface will be tested with a lo-foot s- 
traightedge at locations selected by the Engineer. The variation of the 
surface from the testing edge of the straightedge between any two contacts, 
longitudinal or transverse with the surface shall not exceed inch (3/16 to l/,8 
suggested). Irregularities exceeding the specified tolerance shall be 
corrected by and at the expense of the Contractor by removing the defective 
work and replacing it with new material or by an overlay (not patching), or by 
grinding/cold milling as directed by the Engineer. Following correction, the 
area shall be retested to verify compliance with the specified tolerances. 

Profilograph Surface Test. Method #2. The smoothness of the pavement will be 
determined by using a profilograph over each designated lane. The surface of 
mainline pavement where the design speed will be 40 miles per hour (MPH) or 
higher will be tested and shall be corrected by the Contractor to a smoothness 
as follows. 

If the final surface course is a friction course or other special purpose 
pavement layer, this specification, including corrective actions and pay 
adjustments, shall be applied to the pavement layer placed prior to the final 
surface course. The Contractor shall place the final surface course so the 
profile index of the final surface course is less than or equal to the profile 
index of the preceding pavement layer. 

Equipment - The profile index will be determined using a California type 
profilograph furnished and operated by the Department. The profilogram is 
recorded on a scale of 1 inch, or full scale, vertically. Motive power may be 
manual or by a propulsion unit attached to the assembly. The profilograph will 
be moved longitudinally along the pavement at a speed no greater than 3 MPH to 
minimize bounce. The results of the profilograph tests will be evaluated as 
outlined in California Test 526. 

Surface Test - The Contractor shall furnish paving equipment and employ 
methods that produce a riding surface having a profile index of 10 inches per 
mile or less, except as provided f: . in subsequent paragraphs. Initial 
profiles up to 15 inches per mile may be accepted with applicable Price 
Adjustments. The profile will terminate 15 feet from each bridge approach 
pavement or existing pavement that is joined by the new pavement. 

Pavement profiles will be taken 3 feet from and parallel to each edge of 
pavement for pavement placed at a 12-foot width or less. When pavement is 
placed at a greater width than 12 feet, the profile will be taken 3 feet from 
and parallel to each edge and from the approximate location of each planned 
1 ane marking. Additional profiles may be taken only to define the limits of an 
out-of-tolerance surface variation. 

During the initial paving operations, either when starting up or after a long 
shut-down period, the pavement surface will be tested with the profilograph as 
soon as the final rolling has been completed. Initial testing will be used by 
the Contractor and the Engineer to evaluate the paving methods and equipment. 
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If the initial pavement smoothness, paving methods, and paving equipment are 
acceptable to the Engineer, the Contractor may proceed with the paving 
operation. After initial testing, profiles of each day's paving will be run 
prior to continuing paving operations on prior to opening the pavement to 
public traffic. 

A daily average profile index will be determined for each day's paving. A 
day's paving is defined as a minimum of O.l-mile of full-width pavement placed 
in a day. If less than O.l-mile is paved, the day's production will be grouped 
with the next day's production. If an average profile index of 15 inches per 
mile is exceeded in any daily paving operation, the paving operation will be 
suspended and will not be allowed to resume until the Contractor takes 
corrective action. In the event that paving operations are suspended as a 
result of the average profile index exceeding 15 inches per mile, subsequent 
paving operations will be tested in accordance with the initial testing 
procedures. 

For determining pavement section where corrective work or pay adjustments will 
be necessary, the pavement will be evaluate in 0.1 mile sections using the 
profilogram. Within each O.l-mile section, all areas represented by high 
points having deviations in excess of 0.4 inches in 25 feet or less shall be 
corrected by the Contractor. After correcting individual deviations in excess 
of 0.4 inches in 25 feet, corrective action shall be made to reduce the profile 
index to 10 inches per mile or less. 

In addition, any 0.1 mile section having an initial profile index in excess of 
15 inches. per mile shall be corrected to reduce the profile index to 10 inches 
per mile or less. 

On those sections where corrections are made the pavement will be tested to 
verify that corrections have produced a profile index of 10 inches per mile or 
less. 

Corrective actions shall be made at the Contractors expense. All corrective 
work shall be completed prior to determining the pavement thickness. 
Corrections made by cold milling, by diamond grinding, by overlaying, or by 
removing and replacing, shall be as directed by the Engineer in accordance 
with the following: 

(1) Cold Milling/Grinding 

Cold Milling/grinding shall be performed by the Contractor until the 
required surface tolerances are achieved. Cold milling/grinding shall 
be performed so a uniform cross-section is produced. All milled areas 
shall be neat and of uniform surface appearance. 

(2) Overlaying 

Asphaltic concrete pavement overlays shall meet all the requirements 
specified in the Contract. The overlay lift shall extend the full 
width of the underlying pavement surface and have a finished compacte, 
thickness sufficient to correct the roughness and produce a final 
surface meeting specified surface tolerances. 
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If the overlay does not meet the longitudinal smoothness requirement, a 
second overlay will not be allowed. The repairs to an overlay not 
meeting smoothness requirements shall be made by the Contractor as 
directed by the Engineer 

(3) Removing and Replacing 

Corrections made by removal shall be replaced by asphalt concrete 
pavement materials meeting the requirements specified in the contract. 

Price Adjustments - When the profile index does not exceed 70 inches per mile 
per 0.1 mile section, payment will be made at the contract unit price for the 
completed surface course. When the profile index exceeds 10 inches per mile 
per 0.1 mile section but does not exceed 15 inches per mile per 0.1 mile 
section, the Contractor may elect to accept a contract unit Price Adjustment in 
lieu of reducing the profile index. Contract unit Price Adjustments will be 
made in accordance with the following schedule. 

Profile Index 

Inches per mile per 
O.l-mile section 

Less than (10) 

Over 10 to 11 Over 11 to 12 

Over 12 to 13 Over 13 to 14 
Over 14 to 15 
Over 15 

Contract Unit 
Price Adjustment 

Percent of pavement 
unit bid price 

100 

ii 

2! 
90 

Corrective work required 

This unit bid Price Adjustment will apply to the total theoretical tonnage 
representing the total thickness of the asphaltic pavement structure of the 
O.l-mile-long section for the lane width represented by the profilogram. 

The above Price Adjustment schedule will apply to pavement sections where 
corrective work has been completed. 

Pay adjustments with incentives. Method #3. When the profile index is greater 
than 7 inches per mile but does not exceed 10 inches per mile per 0.1 mile 
section, pavement will be made at the contract unit price for the completed 
surface course. When the profile index exceeds 10 inches per mile per 1.0 mile 
section but does not exceed 15 inches per mile per O.l-mile section, the 
Contractor may elect to accept a contract unit Price Adjustment in lieu of 
reducing the profile index. When the profile index is less than or equal to 7 
inches per mile, the contractor will receive an incentive payment. 

Contract unit price adjustments will be made in accordance with the following 
schedule. 
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Profile Index 

Inches per mile per 
O.l-mile section 

3 or less 
Over 3 to 4 
Over 4 to 5 
Over 5 to 6 
Over 6 to 7 
Over 7 to 10 
Over 10 to 11 
Over 11 to 12 
Over 12 to 13 
Over 13 to 14 
Over 14 to 15 
Over 15 

Contract Unit 
Price Adjustment 

Percent of pavement 
unit bid price 

105 
104 
103 
102 
101 
100 

iii 
94 

9": 
Corrective work required 

Pay adjustments for incentives will only be based on the initial measured 
profile index, prior to any corrective work. The Price Adjustment 
schedule for 100 percent pay or pay reductions apply to pavement sections 
where corrective work has been completed. 

This unit bid Price Adjustment will apply to the total theoretical 
tonnage representing the total thickness of the asphaltic pavement 
structure of the O.l-mile-long section for the lane width represented by 
the profilogram. 
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501.03 Portland Cement Concrete 

Surface Test. Method #l. The surface will be tested using a lo-foot 
straightedge at locations selected by the Engineer. The variation of the 
surface from the testing edge of the straightedge between any two contacts, 
longitudinal or transverse with the surface, shall not exceed 3/16 inch. 
Irregularities exceeding the specified tolerances shall be corrected by and at 
the expense or the Contractor with an approved profiling device or by other 
means as directed by the Engineer. Following correction the area will be 
retested to verify compliance with the specified tolerances. 

Profilograph Surface Test. Method #2. The smoothness of the pavement will be 
determined by using a profilograph over each designated lane. The surface 
finish of mainline pavement where the design speed will be 40 miles per hour 
(MPH) or higher shall be tested and corrected to a smoothness as follows: 

Equipment - The profile index will be determined using a California type 
profilograph finished and operated by the Department. The profilogram is 
recorded on a scale of 1 inch, or full scale, vertically. Motive power may be 
manual or by a propulsion unit attached to the assembly. The profilograph will 
be moved longitudinally along the pavement at a speed no greater than 3 MPH to 
minimize bounce. The results of the profilograph tests will be evaluated as 
outlined in California Test 526. 

Surface Test - The Contractor shall furnish paving equipment and employ 
methods that produce a riding surface having a profile index of 10 inches per 
mile or less, except as provided for in subsequent paragraphs. Initial 
profiles up to 15 inches per mile may be accepted with applicable Price 
Adjustments. The profile will terminate 15 feet from each bridge approach 
pavement or existing pavement that is joined by the new pavement. 

Pavement profiles will be taken 3 f?.at from and parallel to each edge of 
pavement for pavement placed at a -.-foot width or less. When pavement is 
placed at a greater width than 12 reet, the profile will be taken 3 feet from 
and parallel to each edge and.from the approximate location of each planned 
longitudinal joint. Additional profiles may be taken only to define the limits 
of an out-of-tolerance surface variation. 

During the initial paving operations , either when starting up or after a long 
shut-down period, the pavement surface will be tested with the profilograph as 
soon as the concrete has cured sufficiently to allow testing. Membrane curing 
damaged during the testing operation shall be repaired by the Contractor as 
directed by the Engineer. Initial testing will be used to aid the Contractor 
and the Engineer to evaluate the paving methods and equipment. 

If the initial pavement smoothness, paving methods, and paving equipment are 
acceptable to the Engineer, 
operation. 

the Contractor may proceed with the paving 
After initial testing, profiles of each day's paving will be run 

prior to continuing paving operations. 

A daily average profile index will be determined for each day's paving. A 
day's paving is defined as a minimum of O.l-mile of full-width pavement placed 
in a day. If less than O.l-mile is paved, the day's production will be grouped 
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The unit bid adjusted price will be computed usinq the planned thickness of 
portland cement concrete pavement. This un.it bid-adjusted price will apply to 
the total area of the O.l-mile section for the lane width represented by the 
profilogram. 

The above Price Adjustment Schedule will apply to pavement sections where 
corrective work has been completed. 

Pay adjustments with incentives. Method #3. When the profile index is greater 
than 7 inches per mile but does not exceed 10 inches per mile per O.l-mile 
section, payment will be made at the Contract unit price for the completed 
pavement. When the profile index exceeds 10 inches per mile per O.l-mile 
section but does not exceed 15 inches per mile per O.l-mile section, the 
Contractor may elect to accept a contract unit adjusted price in lieu of 
reducing the profile index. When the profile index in less than or equal to 
7 inches per mile, the Contractor is entitled to an incentive payment. 
Contract unit Price Adjustments will be made in accordance with the following 
schedule in those cases when the Contractor is entitled to incentive payments 
or elects to accept contract unit Price Adjustments in lieu of reducing the 
profile index. 

Index Profile 

Inches per mile per 
O.l-mile section 

Price Adjustment 
Percent of pavement 

unit bid price 

3 or less 
Over 3 to 4 
Over 4 to 5 
Over 5 to 6 
Over 6 to 7 
Over 7 to 10 
Over 10 to 11 
Over 11 to 12 
Over 12 to 13 
Over 13 to 14 
Over 14 to 15 
Over 15 

105 
104 
103 
102 
101 
100 

98 
96 

3: 
90 

Corrective work required 

Pay Adjustments fop incentives will only be based on the initial measured 
profile index, prior to any corrective work. The Price Adjustment schedule for 
100 percent pay or pay reductions apply to pavement sections where corrective 
work has been completed. 

The unit bid adjusted price will be computed using the planned thickness of 
portland cement concrete pavement. This unit bid will apply adjusted price to 
the total area of the O.l-mile section for the lane width represented by the 
profilogram, ' 
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!EmmmrJPAE%R 88-03 

Tkrehasbeenalarge axmmt of information pruvided concemiq the use and 
benefits of rideability specifications recatly. 'II-is paper is to help FWA 
engineers inthe field-mm familiarwiththemrioustypes ofequimt 
aMilable to enforce these specifications. consequently, the following 
information is pruvided to give the engineers anovemiewoftheequi~t 
characteristics, operational ardcalibrationmethods, -co&s. Wehavetried 
to provide this information for the mst ammnlyuseddevicesandthe 
inclusionorcmissionofanypartiarlardevioeshaildnotbe~~asan 
endorsementordisappruval,. 

Cqparability of measurements 
a question. 

frunthedifferentpiecesofequi~tisalways 
Tkrehavebeenanumkerofresearch st&iesdme,ardseveral 

underway to address this question. So far, it is sufficienttosaythat 
correlations have been develop& between several of the following equipmk 
z:&anynyofthese Wes~inrestrictims a@/orlimitationswhi& 

erstocdbeforeusuqthewcorrelations. 

II. -- 

Traditi~califonriaTypeprofilograph-~characterizedbyan~~truss 
fzzartE 25 feet long. Ateacfierrlismcxlnteda~~~lyconsistingofsix 
caster wheels. Inthemiddleofthe framapmfilewheel ismount&directly 
urhrant;co- toagraphicrecorder. Seefigurel. Thetmssbreaks 
down intothreemajor canpanentsplusthegq4licrecotier. misallmEMasy 
transportation ina standard sized pickup truck or van. Assembly mquires two 
personsakut15minuties Thewstofthetraditioml CaliforniaType 
Profilogragh ranges fm'abak $12,000 to over $25,000 for a model which 
includesamicropmcessor fordam reduction. Thistypeprofilograph is 
mamfactur&byJamesCox&Sons,Inc., WQa&encOncretePipeCo.,McBeth 
w-irrg carp*, arrdTYmnpson-QuillAssoc. 

Alms california !QpePmfilogm@l- thisdevice is &aracteriz&byan 
aluminumboxbeam25 feetlongasthe referenceplane. lbxnted at each end of 
thebeamisawheel assarrblythesamasthetraditional Oiliforniatype 
device, with sixcasterwheels. TheAmspmfilogra@hasbothabicyclewheel 
andthegraFhrecorderassanbly~~attherearofthedevice. Thiswheel 
drivesthegraphrecorderandisnatinvolvedin~~theverticdL 
deviations. TheAmsdeviceusesasix-inchcasterwheelmuntedmidbeamas 
the profile measuring wheel. See figure 2. Aswiththetraditional 
Californiatypethisdevicealsobrakesdum irrtothreemajorcmponentsplus 
the graph recorder assenbly for easy transpotition. The type of pmfilqJraph 
costs abcut $7,000 and is manufactured by Ames Profilograph. 
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Br TRAVEL GUIDE 

-.-, 
iI 30’ 

TOP VIEW 

300’ (25’-0’) 

GRAPH ASSEMBLY 

SIDE ELEVATION 

Figure 1. Schematic of California type profilograph. 



View of recording box 

Ames California Profilograph 

Figure 2 
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- I2 averaging wheel paths 

T- 4” kypicol) 

minor truss (2 eo.) 

J2 overoging wheels 
sensing 5’ circumference wheel 

- .__-__ _--_ __- -.__ 

Any overoging wheel lifred I”= tripod apex up $: minor truss c up i”= mojor truss c (recorder) up only ;; (O.OI3 3”) 

Figure 3 Schematic of Rninhnrt Profilogrnph 



subframshasthreewheelsmunted suchthatnotwowheels follmthe sam 
path* TheRainhartdevicehas aprofilewheelmxntAdirectlym%rard 
co~toagraphicrecorderin~middleofthefranre. Seefigure3. he 
Rainhart Profilographdoes notbrmkdom i.ntosubaszWlies for 
transportation as do the other profilographs. Instead, theRainhartpruvi.des 
anauxiliary~~l~lywfii~locksdownmakingthe~iceintoatrailer 
for ready transportation. Tkisdeviceis manufactur&bytheRainhart~y 
and w6ts about $11,000. 

The calibration, operation, andmethodol~for~cingthedataisgenerally 
the same for all the pmfilw, we will address the details g=merically. 

WLibrationoftheprofilograph is relativelysinplebecausetheyaresinple 
mxhineswherelittlecangowrory. Thexeare Wobasiccalibrations. Cme is 
the horizontal distmce ti the other is the vertical deviations. The 
horizontal distance is measured bythebicycletixe rollingalongthepavemmt. 
ThismvemmtistransfemedtothegraphrecoxkrbyastaWard bicycle chain. 
The only adj ustmntiareintirepressure,tiretrueness, and a sme models 
allaw adjustrrrentstothegearirqatthegra@recorder. Tocalibrate 
horizontally, a lmcxm distame should be B with the profila3rqh. If 
then=sureddistmcedoesnotwxmqmtitothelmowndistameadjustmen~ 
should be mde. Vertical deviations inthepavexmmt are mGlsu&bythewfieel 
mountedinthe~~oftheprofil~rais~andl~incJ. tismvement 
istransferredtothepeninthegraFhrecorclerbycables.nEereisusually 
little adjustmenta~ilabletothecableme&anim. Tocalibratevertically, 
blocks ofknmnheightareplac&ux&rtherecordiqwheel ardthepen inthe 
gmphlxKxmkrch~to msurealikeheightis recorded. 

Atwopersonc~~isrequhdtomrxsure a profile of the roadway. One person 

devices are only able to operate atlmspe&s, i.e., 2-3 miles per hour, 
extrem care mst be exercised while cpexatixq in traffic. Sme form of 
trafficcontrolmustbeanelementofthenomal qxrationifthemadwayis 
open to traffic. Most specifications rquixethattheprofilog3x@m2asurethe 
roughesinthewfieelpatbs, withthe mtsofthetwwheelpaths 
beiqaverage3 forthelane. Events,suchasmileposts,struchxresetc.an3 
thedirectionoftravel shouldberecordedonthegra~. 

Thedatareductionprcmess ortraozevaluation is anactivitywhichrquires 
traininginOrdertOensUre repeaWi1i.w. A special blanking barki is placed 
werthetracesothatamxinam anKnmt of trace is cavered by the 0.2 (0.1 
mmmer&dfortheRainhartpmfilogxaph) in&cpaquebar& Anearlyequal 
amunt of deviations will shm abme ard below the opaque bard when the 
blankirq band is positioned cmre&ly. See figure 4. The height of each 
deviation is detemined to the nearest 0.05 inch. The value is record& above 
each deviation. filhilti-peakeddeviationsarewnsideredcniLyoncewiththe 
highest peak measured. Deviationstithnowidth (spikes) rep- tchmksof 
m=-=, -, textureorwheelbcnurceardarenutcomrted. Thesumofthe 
deviation heights is axmtedarx3dividedbythedistame. Theprofile index is r expressed in inches per mile. Pmfile Indfzx = total count (iMEs)/leqth of 
profile (miles). 
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EXAMPLE SHOWING METHOD OF DERIVING PROFILE INDEX FROM PROFILOGRAMS ic 
“3 

3 -. 
0 

? 
3 .o, Lines Scribed 0.1 Aporf on Plastic Stole 

.I_~ - ---- --- 
~---. -____ 

Start Count Al This End 

A 

# 
21.12’; 0. I Mile @I Horiz. Stole of I”=25 

rJI MARK FOR ALIGNING SCALE 
IN NEXT SECTION 

-BLANKING BAND Match Line,_! 
1 0.2’ WIDE 

Total count for this 0.1 mile section is 13: frnthr of on inch, or 13.5 inches per mile. 

TYPICAL CONDITIONS SPECIAL CONDITIONS 

Doublr peokrd rcollop. 
lOaIr bi*hrel pwl c*r*tr&) 

v-e 4 



Studies have shcmthatthetxaditional California type arxl the Ames device 
pmdu~~atraciqwkichisvirtuallyidentical. E%causeofthedifferentwheel 
configuration on the Rainhart, it produces 
axnpar&totheothxtmdevices. 

adifferentlookiqtraciqwhen 
The results of the California type 

profilogra@s cannatbedirectlycorrelatsdtotbatoftheRainhartdevice. 

IheAmericanSocietyofTest~andMaterials(ASIM)isintheprocessof 
develcpirga standard testmethcdof 
profilm. 

xmzasuringpavementroughnessusinga 
We will provide cqies of the standard when available. 

III. I7EspoEGETypEmB- (R!mm)mm- 

Responsetype- Imqhmssmeasuringdevicesoperateathighwayspeeds. 
~~d~icesarenvxrntedinavehicle(trailer)anl 
(bounce)ofthevehicletotheroadraqhess. 

measuretheresponse 
Itisthereforenut atrue 

meammmntofmqhness. Includedinthiscategoryofequipzntaredevices 
that measure the relative axle-body motion ti devices thatmeasure the 
acceleration of the axle or the vehicle body. 

MaysRide~--sdevicedeterminesthe~oftheroacfwayby 
measuringthedisplacemerrtbe~~axlehrxlsingandthe~ofthetest 
vehicle. Themethodactuallymmsures 
system in response totraveled surface 

the relative motion of a sprung mass 

autcmtivetypesuqensionandtires. 
mughesswherethemssissupportedby 
meirammtherQpesofresponse 

devices,buttheMaysRideMe~isbyfarthemst axnmnly used today. 

merrajorcanponentsoftheMaysRide~~istherotarytransducer, the 
pavementcxmditionmco&zr,andthedistan=emeasuringinshmmt Therotary . 
transducer converts the axle/body mvement to an electrical signal. The 
- -i.rg instrumerrt is an electronic odaneter. 
corkditionrecorderisamicrq 

me pave 
mcessorwhichacceptsiqmtfruntherutaq 

tran&ucer,thedistancemeasuringinstrumenttiakeytxlardp-the 
mrioussignalshtoanmtput.~'Ihisautprt~ mnmonlyinthe fol3nof 
aaxmlated in&es of relative motion over a distmce . 

TheMaysRideMekrcanbemunted ineithera stamkrd~carora 
trailer. Experiencehasshmnthatmanydmxacteristicsin a patssrqerca.rcan 
affect the - reading. carr;equently, it is now ammn to llKxmt the Flays 
RiaeMeterccnnponents inatrailer. See figure 5. Hmever, thereare still 
i~withinthetrailerwhichcancausepatentialinaccuracy. Theseitems 
include:shockak6orbers,tixerm&ness, tirebalanoe,th!pressure, 
condition of springs, loose wheel bearings, play in tow/sway bar assenhly, and 
Wid. IthasalsobeEmfouMthatth!e -readings-tanperature 
sensitive, therefore readkgs sh&d not be made at texperature extremes. me 
trailer must receive preventativeminteMnce on a rqularbasis. me tires 
mustbetrued~balanoed. Wheelbmri~~shaOdbechzckedandperiodically 
repacked- Tirepresfllreshaild 
ataconstmthotpressure. It 

, abso~bemaintainedingood 
type. Alsor-bekshockabsorbers 
shad be warned up daily for a 

be&eckGseveraltimsaday&mintair& 
iSalSOV~iIprWltt0 assurethattheshcck 
condition and replaoed only with a stamkrd 
shaAdbesubjecW3toabreakinperiodax-d 
prescribeddistaxe. Anotherfactoraffecting 
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Detajl of Mays Ride Meter 

-.- -- 

Ffgure 5 Trailer Mounted Mays Ride Meter 
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repeatabilityisthespeedatwhichthetestismn. Itisveryixportantto 
maintainthevehicleatawnstantspeed. Asps&of 5Omilesperhouris 
WfIltlO~yusedinrurdl area.s,ku-tthedevicecanbeoperate3atslmersp3eds. 
Calibrationtesbmstbedone atdllspeeds atwhich mxghmssrrreasurements 
will be record&. 

Most users OftheMaysRide~~useextensivecdlibrationp~to 
increasethepotential forrepeat&ilityofeachRide~teranJthe 
cmp3rabilitybetweentbmdiffex3mtRideMe~. Onemethod ofcdlibration 
(Highway pesfoxTranoe MonitoringSystemFieldManual) wnsistsofbutha 
periodiccmtmlchecktoassumthe axgmeMsofthedevioeareoperating 
prcperlyardanannual cdlibxationbased onamnberofabntr0lsections. 
Thesecontrolsectionsshouldbe~~ tely 0.2mile inlergthardbe 
relatively straight arki level with a law ADZ. melcwA.misinlportantbecause 
tOuseinservicecontrolsectianstheasscmpltionhastobemadethatthe 
roucgvlessmeaflwmentsdonatsignificantlychan3e~~ayearstime. Itis 
extremelyimportantto~ibratethedeviceanytinreacgnponentisreplaced 
orrepaired. 
Manti. 

Rvtherinfom&ionisavailableinApprdix JoftheHBlS 

ThemstoftheMayRideMetxrTrailerW associatedstripchartremrder 
mnufactured by the Rainhart Company is about $8,000. The price of the 
Pavement Condition Recorder is about $10,000. 'Ihe cperation requiresatwom 
crew and costs about $40.00 per hour including the cost of the tow vehicle. 

AS-II4 standard Test Method E1082-85, 
lkaveled Surface 

MmsummtofV&icularF?esponseto 
Ro@mess isamilabletomre fullydiscuss the hetails of 

the equim and its operation. 

FTofilingdevicesmeasure ~recordthelonyitudinalprofile inone orboth 
wheeltracks. IntheUnikdStatestheinertial Qpepmfiliqdevicesare~ 
used. Devices inthiscategoryofequigxnmt inc1uktheK.J. Lawpmfilcm&e.r, 
the FHWAPRDRYrsystemandtheSouthI)akotaprofilingdevice. 

. lkxtxilhrofila- thesedevices are capableof Ifkxsuringtirecording 
road surface profiles at-be-10 arx3 55milesperhour. Thedevices 
utilize the inertial reference 
at the General bbtors cOrporationResear& 

Theprofilaneter measuresandcanpltesthelongituSnal profileofthepavement 
through the creation of an inertial refemmx byusingaccel erumters placed on 
thebdyofthe nvxsurirrg vehicle. Relative displacemen tbetweenthe 
amelexmbetexsandthepavem3t surfaceisxwsured with a non-umtactlightor 
acaustic rrmsuringsystemmcxnrted withthe azelerune ter on the vehicle body. 

Opemtion requires a~~crew,rmeasavehicledriveranl~atheras 
a systemoperator. Theentimsystemis murk& in a full size van. See 
figures 6 and 7. The profile Ocmprter, datarecordiqanhthersystem 
tmnponents are all contained inthev&icle. Theprofilm&eramtainsnon- 
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Figure 6 K.J. Law 690 DNC Profilometer 
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Figure 7 FHWA PRORUT System 
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contact sensors for masurimr road surface profile. The amelerm&em 
establish the reference pla4 for the pmfiicnneter system's mea5umment by 
meaflur~theverticalaccelerationsofthevehiclebody. Thedisbnce 
traveledby the system ismeasuredwith a distance encoder. Thisisusuallya 

masuringdevicewhich is-ted to the frontwheelof the 

The profile sign& process i.rqisperfomedbyadigitalmmputer which is 
ntxrbd in the vehicle. Profile ccnputations are performed in realtirrre asthe 
vehicle is driven dawn the road. Interfacebetweentheuseraxxlthe 
profiloknetersystemisprwided~asystemterminalarvlpr~. 

Vehicle response simulation prqram for mughmss inaex calaiiations are 
availablewiththepmfilat&ersystem. Theselectedrmghmss ixkx is 
normlizedtoread inchesperxnile and isprintedaztonthe system printer. 
~e~indicesares~atiansof~zedresponsetypedevices 
perforn&bytheprofilm&ercqxtersystemandcmqxtedfrcmthemeasured 
and recmdedpavemntprofile data. Thesimlationscanbeusedtocalibrate 

valuescanbeusedasthe~mqhness 

The Cost ofaNon-Cbntact Inertial Profilanetervarieswiththelevel of 
precision. lheX.J. Lawprofilarneteristhemstprecisedevice and is 
mmercially available from K.J. Law Eryineers for $250,000 to $300,000. !Che 
FHwAmmsystem- the profile in both wheel tracks and the average 
rutdepth. Todate,oneprototypeofthe~hasbeen‘ccnrstrucrtiedfora 
cost of $100,000 to $150,000. The sauth Dakota device us irmpensive 
UltrasoniC senso~ticharelessprecise. It measures the profile in one 
wheelpathandtheaveragerutdepth. TheSouthhkctadeviceisestbnatedtc 
cod $50,000. 

ASIMEXardrdTestMeth~E950-83,mmthe LoxqitMinal Profileof 
V&icularTraveledSurfacewithanInertial h-ofilometer isavailabletomre 
fullydiscuss the details of the equipnmttiits cperation. 

Additional infomticm is amilable frm Bruce E. Matzke, HW-12, at 366-1342. 

HI-Dl2/5-24-88 
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Jamscox&sons 
PO Box 674 
Qlfax, California 95713 

WCraka CcmcmtePipe m 
EO Box 1708 
SiarX City, Icxlm 51102-1708 

Rainhart- 
Fo Box 4533 
Austin, 'Ikxas 78765 

AmesPrPfilogEqh 
200 -1 Avenue 
Ames, Icwa 50010 

-T==m== -qlhmssw ‘JDeviaes: 
Mays Ride wter 
RiiinbartcQnparry 
Fo Box 4533 
Austin, !WQS 78765 

K.&Y. Law EirKJineers,Inc. 
23660 Research Drive 
F-n Hills, Michigan 48024 

Mr. David Huff 
southmkota DepartmentofTmEporlzkion 
700 Eima-y Avenue East 
Pierre, South Dakota 57501-2586 
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U.S. DEPARTMENT OF TRANSPORTATION 

FEDERAL HIGHWAY ADMINISTRATION 

I SUBJECT 
SKID ACCIDENT REDiiCTION PROGRAM 

FHWA TECHNICAL ADVISORY 

T 5040.17 
December 23, 1980 

Phr I 1. Purpose 
2, Background 

? 
Skid Accident Reduction Program 
Pavement Design, Construction, and 
Maintenance 

5. Wet Weather Accident Location Studies 
6. Pavement Skid Resistance Testing Program 

1. PURPOSE. To provide guidance for State and local highway 
agencies in conducting skid accident reduction programs. 

-2. BACKGROUND 

a. This Technical Advisory provides a general overview of 
factors that should be considered as elements of any 
Skid Accident Reduction Program. This Technical Advisory 
supports current Federal Highway Administration (FHWA) 
policy and will be revised as appropriate to reflect 
changes in policy as they occur. 

L). The existing requirements for skid resistance pavements are 
contained in several documents including Highway Safety Pro- 
gram Standard No. 12, Highway Design Construction and Main- 
tenance (23 CFR 1204.4), Federal Highway Program Manx%1 
(FHPM) 6-Z-4-7, Skid Measurement Guidelines for the S‘.id 
Accident Reduction Program. Other sources of technical 
advice are cited in the appropriate sections of this 
Technical Advisory. 

c. Highway Safety Program Standard 12 (HSPS No. 12) 
states that every State shall have a program of 
highway design, construction, and maintenance to 
improve highway safety. This program shall provide 
that "there are standards for pavement design and 
construction with specific provisions for high skid 
resistance qualities." The HSPS No. 12 also requires 
that each State have a "program *for resurfacing or 
other surface treatment with emphasis on correction 
of locations or sections of streets and highways with 
low skid resistance and high or potentially high 
accident rates susceptible to reduction by providing 
Improved surfaces." In discharging the 
responsibilities of FHWA, the Division Administrator 

olsrRIBuTIoN:H-W(ADICC/EO/04/P4/PL/RE/SA/TO)-l; 
H-D-l; H-D(WED/FH/RP/RC)-4; 

0~': HHS- 12 

H-M-l; H-M(EC/FO/RP/~/~B/C/D/~/SH)-4 
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should determine the acceptability of specification 
fequirements and construction practices for placing, 
consolidating, and finishing both asphalt concrete 
and portland cement concrete pavements. Such 
determinations will rely on the highway agency to 
research, evaluate, and document the performance of 
the various aggregates, mix designs, and construction 
practices used. 

a. Eiven though the use of studded tires is beyond the 
control of most highway agencies, their use can cause 
significant wear on the pavement surface texture. 
For example, grooves sawed in concrete pavements have 
worn completely down in as short a time as 2 years. 
States are encouraged to ban or restrict the use of 
studded tires. 

e. Legislative actions in recent years support a general 
duty of any highway agency to *'... maintain the 
roadway in a reasonably safe condition. This would 
involve, in essence inspection, anticipation of 
defects, and conformity with generally accepted 
standards and practices.'** The practical result is 
that highway agencies should have an organieed system 
to identify and correct hazardous locations in a 
cost-effective manner, as well as a comprehensive 
pavement management program to design, construct, and 
maintain highways in conformance with reasonable 
standards. Such a systematic process Is the best way 
to execute the highway agency's duty to maintain a 
reasonably safe roadway. 

SKID ACCIDENT REDUCTION PROGRAM. Bach highway agency is 
encouraged to develop and manaRe a skid accident 
reduction program to-reflect tKe individual needs ma 
conditions within the State. The purpose of a skid 
accident reduction program is to minimize wet weather 
skidding accidents through: Identifying and correcting 
sections of roadway with high or potentially high skid 
accident incidence; ensuring that new surfaces have 
adequate, durable skid resistance properties; and 
utilizing resources available for accident reduction in a 
cost-effective manner. A program comprised of at least 
the following three basic activities. if faithfully 
implemented, -should enable the highway agency to c;mply 
with HSPS No. 12. 

* Engineering and Government Liability, David C Oliver, l&WA, 
an unpublished paper presented to the Americi Road and 
Transportation Builders Association Local Officials Meeting, 
St. Louis,Missouri, August 23, 1978. 
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a. The evaluation of pavement design, construction, and 
maintenance practices through its pavement management 
program to ensure that only pavements with good skid 
resistance characteristics are used. 

b. The detection and correction of locations with a high 
incidence of wet weather accidents utilizing (1) the 
State and local accident record systems, and (2) 
countermeasures for locations with high wet weather 
incidences, to ensure that existing highways are 
maintained in a safe condition. 

c. The analysis of ekid resistance characteristics of 
selected roadway sections to: 

(1) ensure that the pavement8 being constructed are 
providing adequate skid resistance, 

(2) develop an overview of the ekid resistance 
properties of highway systems, 

(3) provide up-to-date information for the pavement 
management process,. and 

(4) provide data for use in developing safety 
improvement projects and the implementation of 
cost-effective treatments at appropriate 
locations. 

4. PAVEMENT DESIGN, CONSTRUCTION, AND MAINTENANCE 

a. Pavement Design 

(1) Current pavement design practices should be 
evaluated to ensure that skid resistance 
properties are durable and suitable for the 
need6 of traffic. Consideration of skid 
resistance levels, texture, aggregate 
availability, traffic volume, traffic speed, 
type of facility, rainfall, construction aa 
maintenance practices, and accident experience 
are basic elements in such evaluations. 
Evaluations should document the compliance with 
the requirement for skid resistant surfaces and 
provide basic data for use in choosing 
corrective actions for locations with high wet 
weather accident rates. 

(2) One principal result of the evaluations is the 
development of a performance history for each 
particular pavement used by each highway agency. 
The performance of the existing pavement designs 
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should be monitored and new designs should be 
evaluated to ensure that only skid resistant 
pavement surfaces are used. Information should 
be gathered as to the durability of a mix and 
the loss of skid resistance under traffic. 

(3) 

(4) 

(5) 

The level of skid resistance needed for a 
particular roadway depends primarily on the 
traffic volume, traffic speed, type of facility, 
and climate with additional consideration 
warranted at special locations such as steep 
hills, curves, intersections, and other sites 
which experience high demands for pavement-tire 
friction. It is desirable to have one or more 
"skid resistant mixes" which have durable and 
higher than usual frictional properties for use 
in these special areas. 

A pavement surface may provide adequate skid 
resistance at low speeds, yet be inadequate for 
high speed conditions. Pavement Burfaces, 
therefore, should be designed on the basis of 
properties at expected operating speeds. 

The American Association of State Bighway and 
Transportation Officials (AASHTO) Guidelines for 
Skid Resistant Pavement Design, 1976, provide 
detailed information on the design of surfaces 
for both flexible and rigid pavements. The 
major considerations follow: 

(a> Plexible Pavements 

1 The skid resistance evaluation of 
bituminous pavements should include a 
determination that the aggregate used in 
the top layer of future pavements is 
capable of providing adequate skid 
resistance properties when incorporated 
in the particular mix and that the mix 
should be capable of providing sufficient 
stability to ensure the durability of the 
skid resistance. 

2 A bituminoue pavement surface should 
contain nonpolishing aggregates. It is 
essential for good skid resistance that a 
mix design be used which allows good 
exposure of the aggregates. This 
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requires that the pavement surface 
mixture be designed to provide as much 
coarse aggregate at the tire-pavement 
interface as possible. 

2 T;;A;;Tn graded asphalt friction course 
with a large proportion of one 

size a&regate, provides excellent coarse 
texture and exposes a large area of 
coarse aggregate. Guidance for this mix 
can be obtained from FRWA Technical 
Advisory T 5040.13, Open-Graded Asphalt 
Friction Courses, January 11, 1980. 

(b) Rigid Pavements 

l The evaluation of portland cement 
concrete (PCC) pavements should include 
a determination that the finishing pro- 
cedures, mix design, and aggregates 
provide the initial texture and 
necessary surface durability to sustain 
adequate skid resistance. 

In PCC pavements, the initial and early 
life skid resistance properties depend 
primarily on the fine aggregates for 
microtexture and on the finishing 
operation for macrotexture. 
Specifications for texturing concrete 
pavements should be carefully selected 
and enforced to ensure a macrotexture 
pattern appropriate to the type of 
facility. 

2 Regardless of the finishing or texturing 
method used, adequate durable skid 
resistance characteristics cannot be 
attained unless the fine aggregate has 
suitable wear and polish resistance 
characteristics. Research by the 
Portland Cement Association indicates 
that the siliceous particle content of 
the fine aggregate should be greater 
than 25 percent. 
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3 If pavement evaluation studies indicate 
that the coarse aggregates will be 
exposed by the surface wear end have a 
significant effect on skid resistance of 
pavement, it too should have a suitable 
polish resistance characteristic. 

2 Metal tines, preceded by burlap or 
another type of drag finish,are 
recommended as being the moat practical 
and dependable method of providing 
texture in PCC surfaces. Additional 
guidance can be obtained from FHWA 
Technical Advisory T 5140.10, Texturing 
and Skid Resistance of Concrete 
Pavement8 and Bridge Decks, September 18, 
1979. 

b. Pavement Construction 

(1) Highway agencies are encouraged to adopt a policy of 
Wprequalifyingn aggregates t0 be Ut38d in surface 
tourBBS. Prequalifying is a method by which 
aggregates can be classified according to their 
friction, texture, wear, and polish characteristics. 
Classifications should reflect performance related to 
traffic volume, operating speed, percent trucks, 
climate, geometric design, and other appropriate 
factors. Design procedures should be established 
to ensure that aggregates can be selected for each 
project which are suitable to the needs of traffic. 

(2) Prequalification may be accomplished by one of the 
following, or a combination of both: 

(a> A syetematic rating of all fixed sources of 
aggregates (e.g., a commercial quarry which 
obtains ag 
many years f 

regate from the 881318 location for 
. Ratings should be based on 

standardized laboratory tests such as the 
American Society for Testing and Materials 
(ASTM) D 3319, Recommended Practices for 
Accelerated Polishing of Aggregates Using the 
British Wheel, or ASTM D 3042 Test for Insoluble 
Residue in Carbonate Aggregates, combined with 
data obtained from skid resistance tests of 
pavements in service. Other tests may be added 
or substituted if shown to predict pavement 
performance. 
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(b) An evaluation and in-service history of the 
geologic or petrographic types of aggregates 
commonly used. Thus, 
eource ia propoeed, 

when a new aggregate 
it can be accepted with 

minimum testing if an in-service history has 
been established for that type of aggregate. 

(3) Based on prequalification of aggregates, 
construction plan8 and specification8 should 
define the friction quality of aggregate which 
will be acceptable. The following steps should 
be followed to assure acceptability of the 
as-con8tructed pavement eurface course: 

(4) 

(4 

b) 

After the contractor ha8 identified the 
particular aggregate8 and asphalt to be 
used on a project, it ie recommended that a 
mix design be performed with the actual 
ingredients being used. Aggregate8 should 
be checked to determine if they are from 
prequalified eource8 or are an acceptable 
petrographic type. 

Macrotexture and void content are important 
coneiderationa in asphalt mixea. Since 
asphalts are often blended from eeveral 
8ourcea of crude oil that vary in 
temperature-viscosity characteristics, the 
mixing temperature ehould be determined for 
each project after eetablishing the 
characteristics of the eelected asphalt. 
Allowable tolerances for asphalt content, 
mixing temperatures, and gradation ehould 
be eetabliehed for each asphalt mix. 

(c) Job control of asphalt mixes should be 
designed to ensure that desired ekid 
resistance propertiee are obtained. It 
should be recognized that emall change8 in 
aggregate gradation or aephalt content may 
eignificantly affect the macrotexture of 
finished surfacea. 

The frictional properties of pavement surface 
type8 ehould be randomly tested within 6 months 
after opening to traffic to verify that the 
anticipated characteristica are present. 
Evaluation test8 ehould involve direct mea8ure8 
such ae the skid tester (ASTM E 274), or an 
acceptable alternative, but may use surrogate 
measures pUch a8 those which evaluate texture 
(for example, ASTM E 303, Standard Method for 
Meaeuring Surface Frictional Propertie Using the 
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British Pendulum Tester; and sand patch test8 as 
described in the American Concrete Paving 
Association Technical Bulletin No. 19, Guidelines 
for Texturing Portland Cement Concrete Highway 
Pavements, Measurement of Texture Depth by the 
Sand Patch Method). 

(5) In cases where the skid resistance properties of 
a pavement are found to be questionable or 
inadequate, appropriate warning signs should be 
placed immediately as an interim measure. A 
Complete evaluation and any remedial action 
needed should be effected as soon as possible. 

C. Pavement Maintenance. The same procedures and 
quality standards used In construction should be used 
in the maintenance operations. 

WET WEATHER ACCIDENT LOCATION 3TUDIES. The purpose of this 
type of study is to identify locations with high incidence 
of vet weather accidents, determine corr8ctiv8~m8asur8s, and 
take appropriate actions in a timely and systematic manner. 
This activity should be conducted 8s part of the highway 
agency's safety improvement program and should make 
effective use of the agency's accident data file. Items to 
be considered for retrieval from th8 accident and traffic 
records are total accidents (rate), vet weather accidents 
(rate) , and the vet/dry ratio; 

a. Identification of Wet Weather Accident Sites 

(1) Accident records, which are developed in 
compliance with Highway 3afety Program Standard 
No. 9, Identification and Surveillance of 
Accident Locations, should be searched at least 
annually to identify sites which have a high 
incidence Of Vet weather accidents. It ia 
essential to have a standardieed highway 
location reference system for Correlating data 
from different sources. Accident rates at a 
site will be of greatest value if: 

(a) the traffic volume is relatively high (i.e., 
approximately 1,500 vehicles per day or greater), 

(b) the period of accident data is at least two 
years, and 

(4 rainfall data are available for the same 
period as the accident data. 
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(2) Rainfall patterns for the years in which skid 
resistance and accident data were compiled should 
be acquired for each area in the highway agency's 
jurisdiction. A suggested method is presented in 
Appendix A. 

(3) There are several methods in use by highway 
agencies to evaluate wet weather accident 
locations. One such method is the Wet Safety 
Factor (WSF), which is presented in Appendix A. 

b. Field Review. A list of all sites ranked in order of 
WF or another appropriate measure should be prepared 
as the basic list of candidate sites for remedial 
treatments. The selected locations should then be 
skid tested and reviewed by a team representing 
various disciplines such as highway materials, 
design, construction, maintenance, traffic and 
safety. See Appendix B for skid testing procedures. 
The review team should determine probable reasons for 
the high incidence of accidents and recommend 
corrective actions. Once the review team has 
recommended appropriate corrective treatments, a 
priority list of projects can be prepared based on 
benefits and expected costs. 

c. Priority Program. An assessment should be made of 
the benefits relative to the cost of providing 
remedial treatments for high priority projects. A 
number of highway agencies have their own methods for 
conducting benefit cost analyses of alternative 
remedial treatments. Some of these remedial methods 
are tied into traffic engineering or pavement 
management programs. A specific program for 
evaluating the benefits and cost of alternative 
treatments is presented in reference 1, Appendix C. 

d. Evaluation 

(1) Evaluation of completed projects as required in 
Highway Safety Program Standard No. 9 and FHPM 
8-2-3, Highway Safety Improvement Program, 
should be well documented and should include a 
representative sample of completed projects. A 
sampling plan should be established, using 
accepted statistical methods, to evaluate 
projects with a range of euch.variables as 
classes of roadways, traffic volumes, types of 
countermeasures, pavements used, and other 
pertinent factors. On hazard elimination 
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(2) 

projects, these data should be correlated with 
accidents and traffic exposure and other 
pertinent factors in before/after analysis. See 
reference 2 in Appendix C. 

The evaluation of completed safety projects 
should be a continuing process to ascertain the 
long-term performance of corrective actions such 
as skid resistant overlays. The evaluations 
should address at least: 

(a) 

b) 

(4 

the overall effecti.veness of the program in 
reducing accident rates at the corrected 
sites, 

the adequacy of the various materials, 
designs, or methods used, and 

recommendations for changes in the programs 
practices, or needed research and 
development. 

L (3) As a secondary benefit, the evaluation process 
should provide input to an overall pavement 
management process. 

6. PAVEMENT SKID RESISTANCE TESTING PROGRAM 

a. General Description of Program. The actual testing 
of pavement friction provides basic data for use in 
the three activities introduced in paragraph 3. 
Figure 1 graphically presents the interrelation 
between these activities. The upper portion of 
Figure 1 provides an overview of data to be collected 
to serve the safety, construction, and maintenance 
functions of highway organizations concerned with the 
skidding properties of pavement surfaces. The lower 
portion of Figure 1 indicates the various uses of the 
skid testing data, along with weather and accident 
data. Some of these data are evidence of the 
durability of particular surfaces, while other data 
provide a general overview of the skid resistance 
characteristics of the highway system. 

(1) Skid resistance testing should be organized to 
support the following activities: 

(a) Pavement evaluation studies in which 
measurements of the skid resistance of test 
sections are made to determine the skid 
characteristics of typical mix designs. 
Sufficient numbers of measurements should be 
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. Figure 1 
UDDEL SKID ACCIDENT REDUCTION PLAN 
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(2) 

made to determine the level of pavement 
friction, wear rates, and epeed gradient of 
the pavement under various traffic 
exposures. These test eections ehould 
include the new project8 to be tested a8 
described in paragraph 4b(4). 

(b) Evaluation of friction Characteristic8 at 
locations which have a high incidence of wet 
weather accidents. 

(c) System status for vhich measurement8 of the 
skid resistance of a representative sample 
of road8 are made to develop the general 
level8 of pavement friction on all road8 in 
the highway agency'8 jurisdiction. 

Accurate location of sites or road eectiona 
require8 the u8e of a etandardiaed reference 
8y8tem. Often each element of the State which 
collect8 highway data u8e8 it8 own reference 
system. Por example, pO1iC8 accident report8 
may locate accidents by di8tanC8 to a landmark, 
pavement record8 may be kept by project number 
and geometric feature8 may b8 identified by 
etation. A unified reference system ha8 many 
benefite, especially in pulling together 
technical data for identifying and analyzing 
location8 with a high incidence of wet weather 
accidents. 

(3) Pavement evaluation 8tUdy eitea and wet weather 
accident cites should be identified by the 
element within the highway agency reeponsible 
for thoee programs. The skid testing can then 
become a routine matter for the element charged 
with operation of the skid test equipment., 

(4) A total akid inventory of all road8 and atreeta 
in a highway eyetem ha8 proven to be impractical 
and i8 not neceseary to carry Out an effective 
skid accident reduction program. Road8 ma 
streets which are used primarily by vehicle8 
traveling at low speed8 are not highly 
8U8Ceptible to skid accid.ents and accordingly 
can be eliminated from routine eampling of 
highway cites. For urban areas, this mean8 that 
most city arterial8 would be sampled but 
residential street8 and roadway8 with low 8pe8d 
limit8 would not. Nearly all rural highway 
aectione could be eampled, 8ince euch road8 are 
liable to high-speed u6e. 
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.(5) 

(6) 

Another practical consideration in determining 
which roads should be sampled is traffic volume. 
In urban areas, most roads with high speeds have 
moderate to high traffic volumes whereas this Is 
not the case for rural highways. Relatively few 
rural roads are used by more than 1,000 vehicles 
per day. On a cost-effectiveness basis, such 
roads can seldom justify resurfacing on the basis 
of safety considerations alone; therefore there 
is little benefit in routine sampling of 
low-volume rural roads. 

Highway sections within the constraints of higher 
speeds and volumes need not be tested every year, 
since few roads vary SUbSt8nti8lly in skid 
resistance in sny two or three-year period. 
Beyond this period, however, roads may lose 
significant skid resistance and may pose 8 
serious danger to users. Using these Criteria 8s 
part of 8 sampling plan will permit most if not 
all highway agencies to make maximum use of skid 
resistance d8t8 without increasing the smount of 
skid testing undertaken. 

(7) Skid resistance measurements should be m8de with 
8 Calibrated locked-wheel skid tester using the 
ASTM E 274 method and supplemental procedures 
described in Appendix B or an acceptable 
alternative method. Locations such 88 
intersections 8nd sharp curves which 8~8 not 
easily measured with the locked-wheel skid tester 
at the standard speed of 40 miles per hour should 
be tested at 8 lower speed. Such tests should be 
supplemented with texture measurements to permit 
extrapolation of 8V8ilable skid resistance to 
operating speeds. Alternative methods of 
measuring pavement friction properties may be 
used provided they correlate well with the 
locked-wheel skid tester. 

(8) In analyzing the skid numbers obtained, the time 
of year the measurements were taken has to be 
considered. Several States have published the 
results of their analyses and have developed 
methods for correcting skid number measurements 
taken during various periods and for different 
pavement surface types. See references 5 and 6 
in Appendix C. 
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b. Specific Data Prom Sample Sites. In conjunction vith 
akid resistance measuremente, pavement vet time ma 
accident records are desirable for each roadway 
section in the eample. The highway location system 
ehould be used for correlating data from different 
8ource8. An example of epecific data which ie 
desirable at each eample eite is given in Appendix D. 

c. Sites With Low Skid Resistance. When sites with low 
&id resistance are id tifi d during the teating of 
egstem statue, theae eytea e:ould be analgrted for 
corrective action. Thie can be done through a 
pavement management program, a high hazard elimination 
p=wfm or other efforte. 
elimination program ie ueed, 

If the high hazard 

accordance with PHPM 8-Z-3. 
the analyeie should be in 

Associate Adminietrator for 
Engineering and Traffic Operation8 

Associate Administrator for 
Safety 

Appendixee 
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TIME AND ACCIDENT DATA 

A.1 The quantity of rainfall (inches) recorded by weather 
stations may be used to calculate the 
pavement wet time. Wet pavement time P 

ercentage of 
WPT) may be 

estimated from total annual.rainfall in inches (AR) as 
follows:" 

WPT = 3.45 In (AR) - 5.07 

Dry pavement time may be estimated by subtracting the 
amount of wet time and ice and snow periods from the 
total time in the period analyzed. Data from rainfall 
stations maintained by the National Oceanic and 
Atmospheric Administration's Weather Service may be used 
for wet and dry pavement time estimates for various areas 
within a State. 

Isohyetal maps may be used to develop site wet pavement 
times. If ice and snow cover pavements for a significant 
portion of the time, a map for dry time should be 
prepared as well. Figure A-l provides an example of a 
wet time map drawn from isohyetal charts. 

A.2 Wet Safety Factor (WSF) 

There are a number of ways.to evaluate the relative safety 
of the subject location, 
factor (WSF) approach.** 

one of which is the wet safety 
For each wet weather accident 

location, a WSF may be developed. This factor is 
expressed as follows: 

WSF = (DA)(PWT)/(WA)(PDT) , 

where: DA = number of dry weather accidents 
WA = number of wet weather accidents 

PDT = percent of dry pavement time 
PWT = percent of wet pavement time 

* This equation is based on a relationshipdeveloped b 
K.D. Hankins in "The Use of Rainfall Characteristics'in 
Developing Methods for Reducing Wet Weather Accidents in 
Texas," Texas State Department of Highways and Public 
Transportation Study No. 135-4, July 1975. . 

l * The WSF is a generalized form of an index referred $3 as 
the "skid trap ratio" and recommended for use in :;CHk.p 
Report 37, Tentative Skid-Resistance Req~~ircments for !4ain 
Rural Highways," by H. W. Kummer and W. B. Meyer, Highway 
Research Board, Washington, L.C., 1967. 
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Figure A-l 

PERCENT OF TIME 
PAVEMENT IS WET 

Wet condition ossumed when 
hourly roinfoll 1 0.01” 

Volues based on II yeor 
overage (1957-1967). 

"'A Method to Determine the Exposure of Vehicles to Wet Pavements " by 
James I. Katr, California Business and Transportation Agency, Deiartment of 
Public Works, Division of Highwys, January 197:. 

I 

I 

I, I 
l 

‘I 

1 

I  

8.3.16 



FH&A TEWN-ICAL AD\ilSORY T 503O.li 
December 23, 1980 
Appendix A 

This factor is the reciprocal of the risk of having a wet 
pavement accident relative to having a dry pavement 
accident. On a specific roadway section, each of these 
variables must be developed for the same time period; 
otherwise, traffic exposure must be taken into account. 
Criteria may be developed for further consideration of 
pavement sections. A WSF less than 0.67 suggests a wet 
weather problem. This criteria is based upon the 
conservative estimate of the overall likelihood of a wet 
weather accident being 1 l/2 as great as a dry pavement 
accident. This estimate assumes that wet weather 
accidents at the site or road section under consideration 
are attributable entirely to a skidding problem. A low 
WSF in most cases is due to poor skid resistance. 
However, traffic engineering evaluations may reveal 
deficiencies in sight distance, road markings, inadequate 
drainage, etc. Auxiliary information obtained during the 
test program should provide indications o-f- the safety 
problems. 
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SKID YEASUHSXENT :;YSTW I,!3~CIiIPTION AND OPERA'I‘INS ?rl3C31iJR:S 

B.1 DESCRIPTIOffS OF S;r:IL, MEAS:JRl%ENT SYSTIY ______ -------.. -- - -- ----.-e--y ---_ 

The requirements ?f American Society for 'Zenting md 
Materials (AS:"l) .Z 3'14 ststos “The method utilize3 a 
measurement re?:eL:t!.lting the steady state friction force 
on a locked tc;: t, d!:.-:,+ : as it is dragged over a vettei! 
pavement surface ul~d+?r constant Load and ~3: constant 
speed while its ~I~.I~QI- plan5 is parallel to its direction 
of motion an? p e-I.*fin,! icular to the ptiveaent .” 

Although this :;p-cification may be met by a syste!n 
involving only on’* wheel attached to a tow!.nt; vehicle *i:?d 
althoup,h u few ~ut*il systems are in use, thp vast rcjorit;< 
of skid meanuremcnt ::y:;t;ems in uke and expected tc? tULa in 
use in the near futlire consist of a towing ve!l~~-:le ;Ar..i 
two-wheel trailer. On mi-tny systems either b::)~ef:. ~:-~jr 5.2 
locked during testing, hut most common!.y, tijPa :tr+, 1.: 
used. 

The ASTM c0nsider.j: tes ting. the lef’t wheel trscl;: ;s 50 
“normal. ” However, a differential in friction ?e-~r=13 
between the left and r’ Aght wheel track may eri:::. When 
testing a site where a differential may exist, r~~+sially 
a high wet weather accidF:nt site, all lanes and w'-IL.:; 
tracks should he tested. If a two-wheel trailer syzter, 
is used, jt io desirable ‘:o‘ have the cs?abili t .:’ 0;' 
testing with either wheel. 

A skid measurement system must have a trans?uc.:r 
associated with each test wheel which senses a ?‘:.Pc:~ 
equal or directly related to the force devcl;j?ed t-b~?de;n 
thr: sliding w!leel and the pavement during t+st, 
electronic sj.Rnal conditioning equipment to r?a+t:ivcr: the 
transducer output signal and modify it as re+iireC, x*iSi 
suitable analog and/or d iryital readout equ i ICII~.-IL f,,J 

recor,i either the magnitude of the developed f~,r~r .‘,I* the 
(:;r:!.culated value of the rl?aulting skid nu*nLyr I:::;:I. 

The system must include ii facilitjr for the tr;I:!s.:.)rL, of a 
r;*.~:lp;y of watsr-- ur;u:.-.ll y 200 to 530 g:~',lona--a:1r! tne 
;ltA;:e;jsary apparatu:; to ~ilaliver a speci.r”isd amolIn% ~,f 
wil ter --4.0 gallons per n.in12t.e per wett*< ii-,,-:I1 of !i.i:rement 
,-,t 40 miles per hour wit!tin specified liai :s in :‘rgltt of 
tt!~ test wheel . 
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3.2 FIELD OPERATING PROCEDURES ---w--o----- -- 
B.2.1 Field Force Verification --- -- 

Xt is generally impractical to perform force plate 
calibrations at frequent intervals while the 
measurement system is in the field. Facilities should, 
however, be available to permit the operator to 
ascertain that significant changes have not occurred in 
the force measurement subsystem since the most recent 
force plate calibration. 

If the measurement system uses a torque transducer and 
is adaptable to mounting a torque arm, the verification 
can be accomplished within a reasonable time and 
effort. This device, consisting of an arm capable of 
being bolted to the test wheel in a horizontal position 
and of supporting known weights located at specified 
distances from the center of the test wheel, may be 
used to test the torque transducer to predetermined 
values of torque. Typically, the test wheel of the 
inventory system is raised off the ground, the torque 
arm is attached to the test wheel and held in a 
horizontal position, the brake of test wheel locked, 
and a series of known weights are suspended on the 
torque arm. This procedure will induce a series of 
known strains on the transducer, resulting in a series 
of output signals through the signal conditioning 
equipment. The magnitude of these signals should then 
be compared to the magnitude of signals produced 
through use of the same technique immediately after the 
most recent force plate calibration. Adjustment of 
signal conditioning equipment gain setting may be bade 
to offset small force measurement subsystem variaticns 
which could occur. 

Verification should be repeated per5odically. 

B.2.2 Test Tire and Wheel Preparation, control of 
TiX%Ziii--- - 

Tire Specification ----a-- 
Unless otiherwise specified, al!. tests shall be 
performed with tires meeting the requirements of' AYT'M 
E 501 I Standard Tire for Pavement Skid Resistance Tests, 
and all pertinent sections of that specification as 
well as ASTM E 274 should be observed in their use. 
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Tire Mounting and Break-in Procedufe 

The tire should be mounted on a Tire and Rim 
Association 655 rim. The rim should have been examined to 
determine that it has suffered no damage or 
misalignment in prior use. After mounting, and before 
break-in, the tire and wheel should be balanced. The 
tire should be subjected to a break-in of 200 miles use 
before being used for testing. This break-in may be 
accomplished by using the tire on the skid trailer 
wheel which is not used for testing. If the tire must 
be remounted before test use, it should be rebalanced 
after remounting. 

Tire Warm-Up Procedure 

The test tire should be inflated to 24 + 0.5 pounds per 
square inch measured at ambient temperature. After 
tire pressure measurement and adjustment, the tire 
should be subjected to a 5-mile warm up, travelling at 
conventional highway speeds, before tests are 
performed. The 5-mile warm-up should be repeated on 
any occasion when the measurement system is parked for 
a period of 15 minutes or more. 

Tire Wear and Replacement Procedure 

The standard pavement test tire has a series of visual 
wear guide sipes (small circular holes) cast into each 
of the outer ribs of the tire. The test tire should be 
withdrawn from testing use when wear has progressed to 
a point at which the wear guide sipes are no longer 
visible. During routine testing, teat tires should be 
examined at least twice daily (and more frequently as 
tire nears unacceptable wear level) to determine that 
wear has not progressed beyond acceptable limits. 

Additionally, after any series of tests on pavements 
having very high skid numbers (in excess of SN=70) or 
in the event of a deliberate,or inadvertent dry skid, 
the test tire should be examined for the development of 
a flat spot. If a significant flat spot or spots 
develop on a test tire, it should be withdrawn from 
test use due to the tendency of the test wheel to seek 
out and return to such a flat spot in subsequent 
lockups. 
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B.2.3 WateringSubsystem Procedures -v--e- -- 

Daily Procedures ------- 

Prior to the beginning of each day's activity, the crew 
should perform at least the following functions with 
respect to the water subsystem: 

1. Determine that the water nozzle (nozzles) when in the 
testing position assumes the proper angle with 
respect to the pavement (ASTM E 274 requires an angle 
of 25 + 5 degrees). 

2. If the measurement system has provision for raising 
and lowering the nozzle between tests, deterlnine 
that the mechanism is working properly and that the 
nozzle assumes a fully lowered position during the 
test sequence. 

3. Determine that the nozzle, when in the test 
position, will discharge water directly in front of 
and centered on the test wheel. 

4. &amine the nozzle outlet orifice to determine that 
it is free from damage or distortion. 

The above inspections should be repeated during a day's 
testing in the event of operation on very rough 
highways (or in the event of any off-highway travel) 
which may have caused damage to the nozzle or adversely 
affected its orientation. 

Water Trace Width Check ---- -em- ----- 

Periodically the crew should make a measurement of the 
water trace width as a gross measure of overall water 
subsystem performance. This may be accomplished by 
driving the measurement system over a pavement at a 
selected convenient s eed (the same speed should be 
used on all occasions 7 initiating water flow without 
locking the test wheel'brakes, and measuring the width 
of the resulting water trace on the pavement. The 
trace width measurement should be made as quickly as 

P 
ossible after passage of the inventory system 
preferably within 30 seconds). This would require 

that one member of the crew drive and operate the 
measurement system while the other member is positioned 
off the side of t11e pavement at the location at which 
the measurement is to be made. Best results are 
achieved if this procedure is performed on a relatively 
smooth pavement surface (low macrotexture). 
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B.2.4 Instrumentation Calibration Verification - 

Provision should be made to allow for verification of 
the signal conditioning instrumentation calibration (to 
account for the effects of zero and gain drifts). 

General Requirements -__ for CalibrEtion Signal -___ __ 

The minimum acceptable facility for verification of 
conditioning instrumentation is a calibration signal 
subsystem. The calibration signal should be provided 
from such a source and in such a manner that there is 
little likelihood of variation in the calibration 
signal itself. This assurance then permits the 
operator to make adjustments in the measurement 
subsystem gain to offset the frequent small deviations 
which occur due to changes in ambient temperature and 
other operating parameters. 

Force Measurement Calibration Signal -- -- -- 

The most straightforward technique for providing a 
force measurement calibration signal is to make 
provisions for switching a high quality shunting 
resistor of known value in parallel with one arm of the 
force transducer strain gauge bridge. This induces an 
imbalance in the bridge equivalent to the application 
of a known force to the transducer. The resultant 
signal is sufficient to verify, or provide means of 
adjustment for, all elements of the force measurement 
system forward of the transducer itself. 

Frequency of Use 

Instrumentation calibration verification through use of 
calibration signals should be accomplished at the 
beginning of each day's operation *after equipment warm 
up, at intervals of no more than 2 hours when the system 
is in continuous use, and upon the renewal of operation 
throughout the day after any period during which the 
signal conditioning equipment has been turned off or 
the unit has been allowed to stand without use for 33 
minutes or more. 

~.2.5 Check List_ 

A check list should be available to the crew and should 
be used prior to the beginning of daily operations and 
on any occasion during the day when testing is 
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suspended for 30 minutes or more or when 
instrumentation has been turned off. The check list 
varies from system to system due to differences between 
the systems, but should provide for at least the 
following checks: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

all power subsystems on and providing proper 
levels of power 

all signal conditioning subsystems on for adequate 
time to reach stable operation (typically 10 to 30 
minutes) 

all recording systems on and functioning properly 

instrument calibration (described above) performed 

tire pressure checked and adjusted if necessary 

test tire checked for wear 

water nozzles checked for position and condition 

water tank adequately filled 

fuel supply adequate 

safety chains and all other connections between 
trailer and towing vehicle properly connected, 
positioned, and protected if necessary 

trailer jacks (if available) in retracted position 

all auxiliary equipment (air-compressors, lights, 
etc.) functioning properly 

B.3 USE OF STATIC AND DYNAMIC CALIBRATION PROCEDURES 

B. 3.1 Purpose of Field Test Center 

At the present time the highest order of calibration 
and evaluation available for a State skid measurement 
system is that provided through the Field Test Center 
established under contract by the Federal Highway 
Administration (FHWA). Arrangements to receive the 
services of the Field Test Center may be initiated by a 
State through submittal of a request for such services 
to the local FHWA division office. 
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B.3.2 Criteria for When to Use the Field Test Center - 

Each measurement system should be submitted for 
calibration and evaluation at the Center as soon as 
possible after its introduction into service. It 
should be resubmitted for calibration and evaluation 
whenever: 

1. significant repair or modification has been 
accomplished by the owning agency which might 
reasonably be expected to affect test results, or 

2. whenever it has experienced sufficient use such 
that normal wear in the various subsystems might be 
expected to have affected their operation. 

The second consideration suggests that each measurement 
system should be resubmitted at least every 2 years. 

B.3.3 Calibration Services Provided by Field Test Center PP----- 

The static and dynamic calibration services provided by 
the Field Test Center include the following: 

1. 

2. 

39 

Horizontal and Vertical Force Calibrati,on. This w- 
provlxs for evaletion of the accuracy, linearity 
and hysteresis of the measurement system force 
transducers and signal conditioning equipment 
through use of an air bearing force plate 
maintained by the Center, and periodically 
calibrated by the National Bureau of Standards. 

Flow Rate Evaluation and Adjustment if Required. 
rrhis%iudes d --7--v etermlnation that the water deriverv 

- subsystem of the measurement system provides a 
quantity of water (dependent upon trace width! in 
front of the test tire which meets ASTM 5 274 
requirements at speeds between 20 and 60 miles per 
hour. 

Static Evaluation of Water Distribution. This e-m 
provides an eX<i?-fiz<of the~unifomy with which 
the total water flow is distributed across the 
trace width and adjustment, if necessary, to assure 
that the water is in fact delivered uniformly and 
in line with the test tire. 
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4. 

5. 

6. 

7. 

Force Plate or Load Cells. The visitors force ---we 
plate us.edTorro<tinic&ecks of the force 
measurement subsystem can be calibrated while at 
the Center. 

%eed Calibration. The speed measurement (and 
re~~~nR-~~-~v~~lable) subsystem is evaluated, 
calibrated and, where necessary and possible, - 
ad justed to produce accurate speed measurement 
values over the range of 20 to 60 miles per hour. 

Tire Pressure Gauge Calibration. This provides .- -- 
assurance thatt-~~e~r~~e~~n the test wheels 
and in the speedmeasuring fifth wheel (if used) can 
be accurately measured and set. 

Dynamic Correlation. Fwo such correlations are 
coriiuited?The-ms t with the measurement system 
in the “as arrived” condition and the second-after 
all of the foregoing evaluations have been 
conducted and indicated adjustments accomplished. 
The first correlation results in the development of 
mathematical relationships between the measurement 
system and the Area Reference Skid Measurement 
System that permit data collected by the 
measurement system, prior to its visit to the 
Center, to be adjusted to a common base provided by 
the use of the Area Reference System. The second 
correlation permits the development of similar 
relationships which may be used to relate the 
results of subsequent testing to the Area Reference 
System base. The data from the second correlation 
also provide an estimate of the system measurement 
variance. 

5.4 MAINTAINING SYSTUI IWT43';HITY BETWEEN PI3LD T3ST CEHTER mmNs- --.------ - - .--. - --.--. --- ---.--- 
-m- 

Two basic types of procedures are available for 
determining that siznj1'il:ant changes have not occurred in 
the measurement system s;Lnce its most recent evaluation 
and calibration at the ~Zenter. These involve techniques 
for evaluating important subsysteln performance and 
techniques for evjiluating performance of the total 
system. 
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B.4.1 Techniques to Evaluate Subsystem Performance 

As a minimum, the owner of each measurement system 
should maintain and periodically make use of facilities 
for evaluating the force, water, and speed measurement 
subsystem of the inventory system. 

Evaluation of Force Subsystem 

The force subsystem should be evaluated through use of 
a fo.-ce plate. An air-bearing force plate is 
recommended since its action is such as to essentially 
eliminate the effect of friction in the plate itself. 
If an air-bearing force plate is not available, any of 
several commercial mechanical force plates may be used. 
If a mechanical device is used, precautions should be 
taken to assure that all moving parts (particularly 
load application screws and spherical or roller 
bearings) are well lubricated and that the lubricant is 
periodically removed and replaced. 

To conduct an evaluation, the test wheel of the 
measurement system should be centered on the force 
plate, the test wheel brake locked, and known 
frictional forces introduced to the tire-force plate 
interface through appropriate motion of the force 

. plate. Frictional forces -should be both increased and 
decreased in a stepwise manner to allow for detection 
of possible hysteresis effects. The indicated force 
readout values for the system should then be plotted 
against known force input values. The resulting 
plotted calibration line should be evaluated for 
nonlinearity and hysteresis characteristics. Al so 
actual readout values for known force inputs should be 
compared with those readout values determined from 
tests conducted with the same equipment after the most 
recent Center evaluation. 

Evaluation of Water Subsystem 

The most effective evaluation of the water subsystem to 
discern variations in performance is that of flow. 
Flow rate may be evaluated by raising the rear wheels 
of the towing vehicle, running the vehicle at an 
indicated speed of 40 miles per hour (or any other 
desired speed), collecting the water pumped through the 
system and out the nozzle during. a measured time 
period, and calculating the flow rate in gallons. This 
procedure should be repeated at two or more speeds to 
evaluate linearity of the water delivery subsystem with 
test speed. 
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The Pennsylvania State University has developed a water 
rate flow tank which is circular in cros8 section and 
of such size that it fits easily into a standard 
manhole. The tank has a threaded opening in the bottom 
for drainage and a stop-plug with a long handle which 
permi-;s the plug to be removed and replaced from the 
top of the tank after It is hanging in the manhole. It 
also has a scale calibrated in gallon8 on the inside of 
the tank. This tank may be suspended in a standard 
manhole, the measurement system positioned 80 that the 
nozzle will discharge directly into the tank, the rear 
wheel of the towing vehicle raised, and total flow 
measured at any desired speed. The only additional 
equipment required is a stopwatch. 

Evaluation of Speed Measurement Subsystem - 
The speed measurement subsystem should be evaluated by 
operating the measurement system at various test speeds 
over a measured mile cour'se. If the basic speed 
measure is done through the use of the tow vehicle 
speedometer or through a tachometer-generator driven by 
the tow vehicle or by a fifth wheel, then the vehicle 
should be driven over the measured mile course at a 
selected speed and the time of transit measured with a 
stopwatch. The actual speed, cslculated.from the 
distance and the elapsed time, is then compared to the 
indicated speed. 

If speed measurement is based TIpon a pulse generator 
driven by a fifth wheel, the alxuracy of the speed 
measurement is directly dependiznt upon the accuracy of 
the fifth wheel for distance ml?asurement. To evaluate 
this subsystem, the fifth wheel tire pressure is 
adjusted until the distance indicated agree8 with the 
known distance traversed (the assumption being made 
here is that the electronic package which convert8 the 
pulse8 to velocity is functioning properly). 

If tapeswitch event detectors, placed 200 feet apart, 
and an interval timer (+O.Ol second resolution) are 
available to measure the time required by the inventory 
system to travel 200 feet, a very accurate speed 
measurement is obtained to check against the indicated 
value. 

Time Between Subsystem Evaluations ---- V-P 

The force, water and speed measurement subsystems of 
the measurement system should be checked by the method8 
described above at interval8 no greater than 3 montha. 
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3.4.2 Techniques to Evaluate Total System Performance 

Use of Measurement System Sample Variance as --- 
Performance measure - 

A portion of the information furnished, as a result of 
an evaluation at the Center, is the pooled sample 
standard deviation of the measurement system for 
repeated test at three test speeds on five special test 
surfaces. If the sample standard deviation at thy 
desired speed is squared, the-resulting value, SD 
an estimate of the skid measurement system varian 2 

is 
e. 

Subsequent to the Center evaluation, the crew should 
periodically select a pavement location having a skid 
number of approximately 30 to 40 and run 20 repeat 
tests at the desired speed over the same location. 
Fr2m the results of these latter tests 
SD. can be calculated. If the ratio iD*/-g? ~~~~mate' 
no f'exceed 2.0, the chances'are 19 in 20Etha% the 
system standard deviation has not doubled over that 
established during its visit to the Center. (If the 
syste? has not been to a Center to obtain an estimate 
of SD 
havin b 

, its crew should select a pavement location 
a skid number of approximately 30 to 40, run 

repeat tests at each desired speed over the same 
location, and calculate the sample standard deviation 
at each such speed.) 

As an alternative, the above procedure could be 
performed making only 10 repeat tests on2the2selected 
pavement. In this case, the ratio of SD /SDt should 
not exceed 2.2 The chances are then fou F in five that 
the system standard deviation has not doubled over that 
previously established. 

The above procedure should be performed at time 
intervals no greater than 3 months. 

Short Term Checks of System Performance 

The agency operating the measurement system should 
select several pavements located close to the site at 
which the system is normally garaged and perform 
repeated tests on the surfaces at quite frequent 
intervals, preferably weekly. Measured values of skid 
resistance on these surfaces will obviously change as 
the surfaces change from traffic wear, environmental, 
and/or seasonal variations. However, these changes 
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should occur in an orderly and predictable fashion and 
any abrupt change would be an indication of possible 
erratic performance of the measurement system. A 
continually updated record of the results of such tests 
should be maintained and examined after each updating 
for evidence of such erratic performance. 
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Asphalt Concrete Overlays, January 1972, James I. Karr, 
Office of Traffic, California Department of 
Transportation. 

5. Variations in Skid Resistance Over Time, FHWA-VA-80-33, 
February 1980, S. N. Runkle, David C. Mahone, Virginia 
Highways and Transportation Research Council. 

6. Seasonal Variations in the Skid Resistance Pavements in 
Kentucky, Research Report 532, November 1979, James L. 
Burchett, Roland L. Risenbergs, Kentucky Department of 
Transportation. 

* These studies are available through th N tiond Technical 
Information Service, 5285 Port Royal R:adr Springfield, 
Virginia 22161 
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SPECIFIC DATA TO BE REPORTED FOR SAMPLE SITES 

The following data should be collected in testing sample 
locatione: 

D.l Skid numbers (SN) should be taken for major claaees of 
roads etratified by traffic volume and geographical 
location. 

D.2 Auxiliary data which ehould be included in order to 
establish distribution of 8kid numbers may include the 
following: 

(4 
b) 

(4 

(a) 

(e) 

w 
(8) 
(h) 
(0 
(3) 
(k) 
(1) 
(4 

Location of site or roadway section 

Responsible juriedictional unit and route number or 
other deeignator 

Functional classification of road (e.g., two-lane, 
four-lane divided without full control of acce88, 
etc.) 

Surface type,(e.g., bituminous, open-graded, 
concrete, tine finish, etc.) 

Average annual daily traffic (use traffic count 
data if available) 

Length of roadway section 

Lane where skid measurements are made 

Date of akid measurements 

Number of teats made in section 

Average SN 

Range of SN measurements 

Presence of atypical geometric or feature 

Evidence of ekidding (e.g., ekid marks, scarred 
posts, etc.) 
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U.S. DEPARTMENT OF TRANSPORTATION 

FEDERAL HIGHWAY ADMINISTRATIION 
SUBJECT FHWA TECHNICAL ADVISORY 

Texturing and Skid Resistance of T 5140.10 
Concrete Pavements and Bridge Decks September 18, 1979 

Par. 1. Purpose 
2. Cancellation 
3. Background 
4. Recommendations 

1. PURPOSE. To issue guidance for providing an adequate 
level of wet 

P 
avement skid resistance on portland cement 

concrete (PCC pavement surfaces and plain or latex 
modified concrete bridge deck surfaces. 

2. CANCELLATION. This issuance supersedes FHWA 
Notice NSQ8d 59 dated September 10, 1976, “Texturing 
of Concrete pavements and Bridge Decks.” 

3. BACKGROUND 

a. If a pavement or bridge deck surface is to provide 
adequate skid resistance for high speed traffic, 
two important, and to some extent independent, 
requirements must be satisfied. First, the pavement 
surface must provide for adequate adhesion between 
the tire and the pavement under wet weather conditions. 
Second, the pavement surface must provide sufficient 
surface texture and drainage potential to prevent 
the buildup of water pressure at the tire-pavement 
interface. On PCC riding surfaces, this drainage 
potential can be provided initially by the texturing 
of the concrete surface. The adhesion component 
of skid resistance is dependent on the wear and 
polish resistance characteristics of the aggregates. 

b. A concrete finishing procedure that will provide 
an adequate and durable skid resistant surface 
texture is needed on all pavement and bridge deck 
surfaces. 

C. While a skid resistant surface texture is needed 
on all pavement surfaces, the need may be especially 
critical on bridge decks because of the limited 
recovery area available to out-of-control vehicles. 
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4. RECOMMENDATIONS 

a. A burlap drag finish should not be used as the 
sole means of providing surface texture on projects 
with design speeds of 40 miles per hour (65 km 
per hour) or greater. 

b. A broom or artificial grass drag finish, while 
often producing good initial surface texture, may 
not be durable unless a deep texture is produced 
by heavy bristles and high pressures. When a 
broom, artificial grass drag, or similar finish 
is specified for use on projects with design 
speeds of 40 miles per hour (65 km per hour) 
or greater, specifications that will insure a deep, 
durable texture must be used. Also, it should be 
conclusively demonstrated that safe, durable surfaces 
can be consistently produced by finishes before 
they are utilized extensively on high speed highways. 

c. Metal tines, when preceded by a burlap or other 
type of drag finish, are recommended as being the 
most practical and dependable method of providing 
positive texture in PCC surfaces. The use of other 
procedures and equipment that will provide a similar 
grooved pavement surface is also encouraged. An 
Attachment to this advisory provides a summary of 
some of the more important research findings and 
recommendations relative to the texturing of PCC 
pavement surfaces. 

d. The use of a deep surface texture on bridge decks 
may warrant increased concrete cover over the top 
layer of reinforcement steel beyond the 2.5 inches 
(63mm) required for minimum design cover and 
construction tolerance.’ The use of heavy trans- 
verse textures may also increase the concentration 
of deicing salts along the curb line unless proper 
provisions are made to drain these areas. The 
last 12 inches (3OOmm) of deck next to the curb 
should be left untextured to facilitate drainage. 

e. Special techniques may be required in order to 
produce a durable grooved finish on latex modified 
and other low water-cement ratio bridge deck 
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surfaces. The use of flexible tines on such 
surfaces frequently fails to produce a groove 
depth sufficient for reasonable durability. In 
at least one State, satisfactory grooves have been 
produced in these dense surfaces through the use 
of a roller consisting of sharpened flat washers 
welded at intervals onto the outside of a weighted 
section of pipe. Other techniques may also prove 
to be successful. As is the case with pavement 
surfaces, it is normally desirable that the plastic 
grooving application be preceded by a burlap or 
other drag finish or a light broom finish. 

f. Regardless of the finishing or texturing method 
used, adequate durable skid resistance charac- 
teristics cannot be attained unless the fine 
aggregate has suitable wear and polish resistance 
characteristics. Research conducted by the Portland 
Cement Association indicates that the siliceous 
particle content of the fine aggregate should not 
be less than 25 percent. If past experience 
indicates that the coarse aggregates will be exposed 
by surface wear and have a significant effect on 
the skid resistance of the pavement, they, too, 
should have suitable polish resistance characteris- 
tics. Crushed material will normally provide higher 
skid resistance than uncrushed gravels. 

Associate Administrator for 
Engineering and Traffic Operations 

Attachment 
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TEXTURING OF PCC PAVEMENT SURFACES 

1. Transverse grooving will assist in providing a pavement 
surface with good durable pavement skid resistance 
characteristics at high speeds, will reduce splash 
and spray and headlight glare from wet roadway 
surfaces, and will continue to facilitate surface 
drainage until the depth of the wheelpath ruts exceeds 
the depth of the grooves. Longitudinal grooving 
assists vehicle control at curves and sites involving 
lateral movements. Both types of grooving effectively 
reduce the hydroplaning potential. The longitudinal 
grooving of existing pavements, while not necessarily 
producing an improvement in skid number, has been found 
to be an effective means of reducing accidents at 
sites having high, wet weather accident rates. 

Although longitudinal grooving may be preferable . 
under some circumstances, and particularly when dealing 
with existing pavements, transverse grooving is 
ccnsidered to be superior to longitudinal grooving 
for general use on new construction because of the 
improved pavement drainage provided. Also, with the 
increased use of smaller, lighter cars and radial 
tires, complaints of vehicle handling problems on 
longitudinal grooved pavements seem to be on the 
increase. 

From the standpoint of compatibility between tire 
tread designs and pavement texture, it is desirable 
that, to the extent practical, longitudinal grooving 

P 
atterns be standardized. The use of 0.095-inch 
2.4mm) wide grooves spaced on 3/4-inch (19mm) centers 

is recommended. There is insufficient information 
available on which to base recommendations regarding 
the optimum texture for a milled PCC pavement riding 
surface. Some extremely harsh milled surfaces may 
be unacceptable for use as a riding surface. 

2. The use of tines 0.03 inches (0.8mm) thick, 0.08 inches 
(2.0mm) wide and 4 to 6 inches (100 to 150mm) in length 
has resulted in good, durable surfaces when the grooves 
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were constructed to the maximum depth practical. This 
maximum practical depth, which will vary depending on 
the concrete mix design and other factors, is normally 
in the l/8-inch (3mm) to 3/16-inch (Smm) range. Average 
transverse groove spacings of approximately l/2 to 
3/4 inch (13-2Omm) are recommended. Groove spacings 
of less than l/2 inch (13mm) may not have adequate 
durability. An increase in average groove spacing beyond 
3/4 inch (2Omm) cannot be expected to increase durability 
by a significant amount and.may lead to noise problems. 
Relatively uniform 
inches (25 and 38mm f 

roove spacings of 1 inch and 1 l/2 
have in some instances been considered 

unacceptable because of the concentration of tire-pavement 
noise into an objectionable frequency band. Experience 
with average groove spacings exceeding 1 l/2 inches 
(38mm) is too limited to facilitate the drawing of any 
conclusions. The use of wider, deeper grooves can be 
expected to increase the absolute noise level by a 
significant amount. Randomization of-the groove spacing, 
which may result to some extent from the flexibility 
of the tines, is considered desirable from the noise 
standpoint. 

3. The optimum length and angle of the tines will be 
dependent on the mix design, the weather, the finishing 
operations, and the stiffness of the tines and may be 
expected to vary somewhat from project to project. 

The timing of the plastic texturing operation is critical. 
If performed too early, 
If performed too late, 

the grooves may close back up. 
the groove depth will be reduced. 

The optimum time for performing the plastic grooving 
operation will be dependent on many variables which 
are subject to rapid fluctuations. 

When a tine finish is utilized, care should be exercised 
to avoid overlaps in the texturing operations. The 
overlaps will result in weak areas which will wear faster 
than the normal texture. For the best initial surface 
texture, a tine finish should be preceded by a burlap 
or artificial grass drag finish. 
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Because of the increased surface area, deeply 
textured surfaces will require a heavier than normal 
application of curing compound. 

A tire tread depth gauge may be used to measure groove 
depths both in hardenF4 and plastic concrete. When 
measuring the depth 01” fresh grooves formed by the 
tining of plastic concrete, it must be recognized that 
an artificially high reading may be obtained that will 
not be representative of the actual groove depths that 
will exist after a few months’ exposure to traffic. 
To insure that the tined grooves will be durable and 
effective, it is essential that they be made as deep 
as practical during construction. 
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December 26. 1990 

Par. 1. Purpose 
2. Cancellation 
3. Background 
4. Recommendations 

1. PURPOSE. To provide.technical guidance on the use of open graded friction 
courses (OGFC), also known as plant mix seal courses, to develop good 
friction characteristics for pavement surfaces. 

2. CANCELLATION. Technical Advisory 1 5040.13, Open-Graded Asphalt Friction 
Courses, dated January 11, 1980, is canceled. 

3. BACKGROUND - . 

a. 

b. 

C. 

Open graded friction courses constructed with high quality, polish 
resistant aggregates have an outstanding capacity for providing and 
maintaining good frictional characteristics over the operating range 
of speeds on high speed highways. Their macrotexture facilitates 
drainage of water from the tire/pavement interface, improving tire 
contact with the pavement and reducing the potential for 
hydroplaning. 

Open graded friction courses have generally provided good performance 
for 7 to 10 years under a range of traffic conditions. When failures 
have occurred, many were resolved by making minor refinements to the 
mix design and construction procedures to adjust for local 
conditions. 

When compared to other high type surfaces, open graded friction 
courses have demonstrated the following advantages: 

(1) provide and maintain good high speed, frictional qualities (the 
frictional characteristics are relatively constant over the 
normal range of operating speeds); 

(2) reduce the potential for hydroplaning; 

(3) reduce the amount of splasti and spray; 

DISTRIBJTiO~ OPI r.SG-42 
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(4) are generally quieter, often providing a 3 to 5 decibel 
reduction in tire noise; 

(5) improve the wet weather, night visibility of painted pavement 
markings; and 

(6) conserve high quality, polish resistant aggregates, which may 
be scarce in some areas, because they are placed only as a 
surface layer, up to 3/4 inch thick. 

d. Open graded friction courses exhibit the following limitations: 

(1) increase the potential for stripping of the surface and 
underlying pavement (they do not seal the underlying pavement 
against moisture intrusion); 

(2) require special snow and ice control methods and generally 
remain icy longer; 

(3) require special patching and rehabilitation techniques; 

(4) do not add structural value to the pavement (their performance 
is governed by the condition of underlying pavement); and 

(5) may ravel and shove when used at intersections, locations with 
heavy turning movements, ramp terminals, curbed sections and 
other adverse geometric locations. 

4. RECOMMENDATIONS. In selecting an OGFC, a number of factors should be 
considered, such as the environmental conditions, alignment, accident rates 
and the frictional properties of the State's standard surface mixes. Some 
locations or pavements may not be appropriate for an OGFC and therefore 
proper project selection must be considered. For an OGFC to perform as 
intended, it must be properly designed, constructed, and maintained. 

a. An OGFC should only be placed on structurally sound pavements that 
have minimal cracks, ruts, bleeding 'and depressions. Pavement cracks 
are as likely to reflect through an OGFC as with any other thin 
asphalt course. The high air voids content in an OGFC will allow 
water to drain into it and attempt to flow laterally. Ruts in the 
underlying pavement may inhibit lateral flow and cause water to pond 
in the ruts, promoting separation of the OGFC from the underlying 
pavement. An OGFC placed on a bleeding pavement may lose its 
drainage characteristics (close up) due to the migration of the free 
asphalt from the underlying pavement. 

8.52 



FHlC.4 TECHNIC.LZL ADVISORY T 5040.31 
December 26, 1990 

b. The underlying pavement should be sealed with a 50 percent diluted 
asphalt emulsion, applied at a rate of 0.05 to 0.10 gallons per 
square yard. An OGFC will increase the amount of time that the 
underlying pavement will be wet. If the underlying pavement has a 
high air voids content, stripping potential is increased. 

C. Specifications should require the coarse aggregate to be polish 
resistant and 100 percent crushed material. Carbonate aggregates 
should not be used. Certain slags and light weight aggregates have 
demonstrated satisfactory performance. The frictional qualities of 
an OGFC are affected by the microtexture of the coarse aggregate. It 
is poor practice to construct a premium friction course and then have 
its effectiveness lost due to polishing. 

d. -An OGFC should be designed in accordance with the mix design 
procedures included as the Attachment to this Technical Advisory. 
The basic steps in this procedure determine asphalt content, mixing 
temperature, air voids, and moisture damage susceptibility. 

(1) 

(2) 

An OGFC generally has a higher asphalt content than a dense 
graded mix and uses an equal or harder grade of asphalt. A 
very heavy asphalt film on the aggregate is essential for 
longevity. The film helps to resist stripping and oxidation of 
the asphalt cement. Typical dense graded mixes achieve a 4-6 
micron average film thickness, where as an OGFC requires a 8-11 
micron average film thickness. The OGFC has a black shiny 
appearance and appears to have excessive asphalt when compared 
to a dense graded mix. It is critical that no reduction in 
asphalt content be made based on the appearance of the OGFC. 
Excessive drain down of asphalt in the haul trucks can usually 
be corrected by lowering the mixing temperature or correcting 
deficiencies in the mixing and handling procedures. The 
combined handling and hauling of the mix should be limited to 
40 miles or 1 hour. 

To ensure that a heavy asphalt cement film is actually 
obtained, the mixing temperature should correspond to the 
asphalt viscosity in the range of 700 to 900 centistokes from 
the temperature-viscosity curve for the asphalt cement. Higher 
mixing temperatures can cause the asphalt cement to flow off 
the aggregate. This may result in some areas of the mat having 
excessive asphalt, others not enough. A range of 2 to 5 
percent minus 200 material in the mix will help achieve a thick 
asohalt cement film. A number of State and local agencies have 

ified asphalt and other add itives to successfully used latex mod 
improve OGFC performance. 
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e. 

f. 

9. 

h. 

i. 

(3) The air voids analysis is not necessarily required for each 
project. However, it should be conducted when developing 
master gradation bands for open graded mixes or when 
considering new aggregate sources. 

(4) An OGFC should be tested for moisture susceptibility because 
its high air voids content increases the potential for 
stripping. The mix should be tested for retained coating 
(AASHTO T 182) and retained strength (modified AASHTO T 165 and 
T 167). If stripping is observed, the mix design must be 
revised. The aggregates may be changed or an asphalt cement 
additive selected. Additional tests should be performed using 
the revised mix design. 

One ounce of silicone should be added to every 5000 gallons of 
asphalt cement. This additive will improve mix workability and 
reduce the potential of tearing the mat under the paver screed. It 
also improves mix discharge from the truck beds. 

An OGFC is placed as a thin lift and loses heat quickly. An OGFC 
should only be placed when the underlying pavement surface and 
ambient temperature have reached 60' F, otherwise raveling may 
result. Late season placement of an OGFC may prevent adequate curing 
of the asphalt cement and should be discouraged. 

An OGFC should be placed full width, from outside edge to outside 
edge of the shoulders, to provide a cross-section with uniform 
frictional properties. As a minimum, it should extend 3 feet onto 
the shoulder. Do not place dense graded mix or curb and gutter 
adjacent to an OGFC. This will obstruct the lateral flow of water. 

Handwork during placement should be minimized to avoid roughening of 
the surface. Rolling of an OGFC should be limited to one or two 
passes of an 8 to 10 ton static steel wheel roller to seat the mix. 
Longitudinal and transverse joints should be kept to a minimum. 
Joints should be butted rather than lapped. 

Maintenance on roadways surfaced with an OGFC should avoid any 
activities which may obstruct the lateral flow of water through the 
OGFC. 

(1) Traffic striping may inhibit lateral water flow if the stripe 
material is applied at a heavy rate or an excessive amount of 
reflective beads are used. 
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(5) 

(6) 
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Snow and ice control should be limited to plowing and chemical 
deicers. The use of sand or other abrasive to improve traction 
must be avoided. 

All crack and joint sealing should be performed prior to 
placing OGFC. When sealing is required on reflective cracks 
through an OGFC, only transverse joints should be sealed. 

Only small dense graded patches which allow for lateral flow of 
water through the OGFC should be considered. When larger areas 
of patching are involved, OGFC should be replaced with OGFC. 

A fog coat can be applied to an OGFC to extend the life of the 
asphalt binder. The fog coat is a 50 percent dilution of 
asphalt emulsion applied in two passes at a rate of 0.05 
gallons per square yard for each pass. The use of rejuvenating 
agents should be avoided. 

When any additional overlay is required on the pavement, the 
existing OGFC surface must be removed. 

Anthony II. Kane 
Associate Administrator for Program Development 

Attachment 
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1.0 Material Requirements 

Definitions. The grading terminology used in this design procedure is 
defined as follows: 
Coarse Aggregate Fraction - the aggregate from each source or combined 
job mix formula (JMF), which ever is specified, that is retained on a 
No.8 sieve. 
Fine Aggregate Fraction - the aggregate from each source or combined 
JMF, which ever is specified, that passes a No.8 sieve. 
Predominant Aggregate Fraction - the aggregate from the combined JMF 
that passes a 3/8" sieve and is retained on a No. 4 sieve. 

1.1 

1.2 

1.3 

Aggregate. Use high quality, polish resistant aggregate with a capacity 
to provide and maintain good frictional characteristics. It is 
recommended that relatively pure carbonate aggregates or any aggregates 
known to polish be excluded from the coarse aggregate fraction. The 
coarse aggregate fraction should have at least 75 percent by weight of 
particles with at least two fractured faces and 90 percent with one or 
more fractured faces. The abrasion loss (AASHTO T 96) should not exceed 
40 percent. 

Mineral Filler. Mineral filler as specified in AASHTO M 17 or as 
specified in the State's Standard Material Specifications is-suitable 
for OGFC design. 

Gradation. The recommended gradation for OGFC is as follows: 

FW'A TECHSTC4L ADVISORY T 
December 26;1990 
ATT.ACHYEST 

OPEN GRADED FRICTION COURSE (OGFC) 
FHWA MIX DESIGN PROCEDURE 

This document combines and updates the design 
procedure found In Federal Highway Administration 
Report No. FWA-RD-74-2, Appendix A and B and 
Supplements 1 I 2 to the report which were distrfbuted 
by FHUA Bulletin, dated July 11, 1975. The procedure 
has been expanded to consider alternative equipment. 
A suggested laboratory report form is included at the 
end of the design procedure. 

jOJO. 

U.S. Sieve Size Percent Passinq (by weight) 

l/2" 100 
3/8" 95- 100 

%4 30-50 
Y8 5-15 

#200 2-5 
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1.4 

1.5 

2.0 

2.1 

2.2 

2.3 

Asphalt Cement. The recommended grade of asphalt cement is AC-20, 
AASHTO kl 226 Table 2. Other grades of asphalt should be considered when 
local conditions indicate a necessity or when an improved performance 
can be achieved. 

Asphalt Additfves. Additives may be required to improve the properties 
of the asphalt binder to resist stripping, retard oxidation (aging) or 
improve temperature susceptibility. Additives routinely used by the 
highway agency should be acceptable for OGFC mixes. Additives which 
have not been previously used should be considered experimental features 
and examined accordingly. In either situation, all additives required 
for the mix must be incorporated in the mix design. 

Preliminary Data 

Gradation. Test the aggregate from each source, as received for the 
project, for gradation. If mineral filler is submitted as a separate 
item, it should also be tested for specification compliance. Analyze 
the gradation results to determine the JMF that will meet the 
specification limits of Section 1.3. 

Specific Gravity. Separate the coarse and fine aggregate for each 
aggregate source and determine the bulk and apparent specific gravity of 
the coarse and fine aggregate fractions for each source of material 
submitted. Utilizing the information verified in Section 2.1, 
mathematically compute the bulk specific gravity (SG,) for'the coarse 
and fine aggregate fractions for the proposed JMF gradation. If the 
bulk specific gravities of the aggregate sources are significantly 
different, a gradation analysis based on aggregate weight will not 
reflect the actual particle size distribution. Re-examine the gradation 
of the aggregate blend on a volume basis for compliance with Section 
1.3. 

Compute the apparent specific gravity (SG,) of the predominant aggregate 
fraction based on the proportion of predominant aggregate from each 
source and utilizing the specific gravity information obtained above. 

Viscosity. Test the asphalt cement to be used for specification 
compliance with AASHTO M 226. The asphalt cement binder used for the 
temperature-viscosity data should include all additives proposed for the 
mix. 
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3.0 Asphalt Content 

3.1 Surface Capacity; Determine the surface capacity of the predominant 
aggregate fraction in accordance with the following procedure (AASHTO T 
270): 

3.1.1 Quarter out a 105 gram sample of the predominant aggregate. Dry 
the sample on a hot plate or in an oven (230 2 9'F) to a constant 
weight and allow the sample to cool to room temperature. 

3.1.2 Reduce the sample to approximately 100.0 grams (measured to 0.1 
gram) and place the sample in a metal funnel with a piece of 
screen (No. 10 sieve) fastened above the orifice. The suggested 
funnel size is top diameter 3-l/2 inches, height 4-l/2 inches, 
orifice l/2 inch. 

3.1.3 Completely immerse the specimen in S. A. E. No. 10 lubricating oil 
for 5 minutes at room temperature. [IF HIGHLY ARSORPTIVE AGGREGATE IS BEING 
USED, IWERSE THE SPECIMEN Fm 30 MINUTES.1 

3.1.4 Drain the sample in the funnel for 2 minutes. Place the funnel 
containing the sample in an oven (140 ?: 5'f) for 15 minutes of 
additional drainage. 

3.1.5 Pour the sample from the funnel into a tared pan, cool to room 
temperature, and reweigh the sample to the nearest 0.1 gram. 

3.1.6 Compute the percent oil retained (POR) using the following 
equation: 

POR= SG’r (B-A) 
2.65 A 

x 100 

inant where SG, - apparent specific gravity of the predom 
aggregate 

A - oven dry weight of the sample‘(Step 3.1 
B - coated weight of the sample (Step 3.1.5 

-2) 
1 

3.1.7 WHEY USING THE PROCEDURE FOI HIGHLY ARS#PYIVE AGGREGATE, AFTER DETERWINING THE PDR, POUR 
THE SAMPLE ONTO A CtEAN DRY ABSORPTIVE CLOTH AND ORTAlN A SATURATED SURFACE DRY COYDl1lON. 

3.1.8 PCUR THE SAWLE FROl THE CLOTH INTO A TARED PAN AND REUEIGH THE SAMPLE TO THE NEAREST 0.1 
GRM. 

3.1.9 CCUPUTE THE PERCENT OIL ARSORRED (POA) USING THE FOLLWING EUJATIOY: 

pcu . (C-A) x 100 
A 

WHERE A = DRY WEIGHT OF THE SAUPLE (STEP 3.1.2) 
C = SATURATED SURFACE DRY UEICWT OF THE SMPLE (STEP 3.1.8) 

DETERMINE THE PERCENT (FREE) OIL RETAINED (WR.) USING THE FOLLWING EWATION: 

POR, - PQR - POA 
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3.1.10 Compute the surface constant value (K,) for the predominant 
aggregate using the following equation or use Figure 1 below: 

Kc- 0.1 + 0.4(poR) 

UtiEY USIYC THE PROCEDURE FOll HltHLY MSOlPllVE ACWEWTE, YHE EWATIW FQI THE IL. VALUE IS: 

Km l 0.1 l 0.4U’ORa) 

0.0 ’ 
! , .I, .I 

Percent Oil Retained (POR) 

Figure 1 SURFACE CAPACITY (Kc) GRAPH 
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3.2 Asphalt Content. Compute the required JMF asphalt content (ACJMF) which 
is based on the weight of aggregate from the following equation. The 
asphalt content computed from this formula is the same regardless of the 
asphalt grade or viscosity. 

AC, = 2.65 (2WJ +4.0) x - 
S% 

MEN USING THE PROCEDURE FOR HIGHLY ABSMPTIVE AGGREGATE, DETERMINE THE REOUfRED ASPHALT CONTENT 
UC,) AS FOLLWS: 

CC)(PUlE THE EFFECTIVE ASPHALT COYTENT (AC,,) FRO( THE FOLLOUING EWATIDN: 

AC&w 
2.65 * (2(&J l 4.0) x -  

SC, 

CCUPLETE SECTION 6.0 AND 5.0, THEN CONTINUE UITH THE DETERMINATION OF THE ASPHALT CONTENT AS 
FOLLOUS: . 

PREPARE A TRIAL WIXRJRE USING AN ASPHALT CWTEUT EQUAL M fO(EYWAT GREATER (ESTIMATE MWNT THAT 
YILL tE ABSORBED) THAN THE EFFECTIVE ASPHALT CONTENT (AC,,,) DETERMINED ABOVE AND USING THE AGGREGATE 
GRADATIW AS DETERMINED IN SECtIOlr 5.2. 

USING A SUITAOLE TECHNIOUE, SUCH AS TME TEST FOR MAXIlcw SPECIFIC GRAVITY OF ASPHALT MIXTURES 
CMSHTO 1 tD91, DETERMINE THE ACTUAL DUANTITY OF ASPHALT A&SORBED (IN PERCENT, BASED OR TOTAL WEIGHT 
OF AGGREGATE). 

DETERMINE THE JWF ASPHALT tOLlTENT (AC,) OF TME ABSWPTIVE WIXTURE USING THE FOLLWING EQUATION: 

AC, - AC, * actual asphalt absorbed . 

4.0 Void Capacity of Coarse Aosreaate 

4.1 Unit Weight. Determine the unit weight of the coarse aggregate fraction 
of the proposed JMF by either of the following procedures (FHWA-RD-72-43 
or ASTM D 4253 modified). 

4.1.1 Apparatus 

Compaction Mold. - A 6 inch nominal diameter solid-wall metal 
cylinder with a detachable metal base plate. A detachable metal 
guide-reference bar as shown in Figure 2 is required for Method 1. 

Vibratory Compactor 

Method 1 Rammer. - A portable electromagnetic vibrating rammer 
as shown in Figure 3, having a frequency of 3,600 cycles a minute, 
suitable for use with 115-volt alternating current. The rammer 
shall have a tamper foot and extension as shown in Figure 4. 

Wooden Base. - A plywood disc 15 inches in diameter, 2 inches 
thick, with a cushion (rubber hose) attached to the bottom. The 
disc shall be constructed so it can be firmly attached to the base 
plate of the compaction mold. 
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Figure 2 COMPACTION MOLD Figuie 4 TAMPER FOOT 

: 
: 

: 
3’ 

1 

Figure 3 VIBRATORY COMPACTION ASSEMBLY 
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Method 2 (experimental) Vibrating Table. - A vibrating table 
capable of inducing a vibratory force to the sample at 3,600 
cycles a minute and at an amplitude of (0.013 to.002 inch). 
(Soiltest CN-166 or equivalent) 

Confining Load. - A circular steel disc weighing 60 pounds with a 
diameter of 5 7/8 inches. (Soiltest CN-167 or equivalent) 

Timer. - A stopwatch or other timing device graduated in divisions 
of l.O-second and accurate to l.O-second, and capable of timing 
the unit for up to 2 minutes. An electric timing device or 
electrical circuits to start and stop the vibratory compactor may 
be used. 

Dial Indicator - A dial indicator graduated in O.OOl-inch with a 
travel range of 3.0 inches. 

4.1.2 Sdmple. Select a sample of the coarse aggregate fraction (approx. 
5 lb.) from the proposed JMF as verified in Section 2.1. If the 
bulk specific gravity of the coarse aggregate is less than 2.0, 
reduce the size of the sample to approximately 3.5-lb. Weigh the 
sample to the nearest 0.1 pound. 

4.1.3 Procedure 

Method 1. Pour the selected sample into the compaction mold and 
place the tamper foot on the sample. Place the guide-reference 
bar over the shaft of the tamper foot and secure the bar to the 
mold with the thumb screws. 

Place the vibratory rammer on the shaft of the tamper foot and 
vibrate for 15 seconds. During the vibration period, the operator 
must exert just enough pressure on the hammer to maintain contact 
between the sample and the tamper foot. 

Remove the vibratory ratier from the shaft of the tamper foot and 
brush any fines from the top of the tamper foot. Measure the 
thickness (t) of the compacted material to the nearest 0.01 inch. 

Method 2. (experimental) Pour the selected sample into the 
compaction mold and place the surcharge base plate on the sample. 

Lower the surcharge weight onto the surcharge base plate and 
vibrate the assembly for 2 minutes. 

Remove the surcharge weight and brush any fines from the top of 
the surcharge base plate. Measure the thickness (t) of the 
compacted material to the nearest 0.01 inch. 
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4.1.4 Calculation. Calculate the vibrated unit weight (X) (in pounds 
per cubic feet) as follows: 

x= 6912~ 
x da t 

Where ; - weight of coarse aggregate fraction (pounds) 
- diameter of compaction mold (inches) 

t - thickness of compacted specimen (inches) 

4.2 Void Capacity. Determine the void capacity of the coarse aggregate 
(VCA) as percent of total volume using the following equation: 

VCA- (l- -g) x 100 
C 

Where X = vibrated unit weight from step 4.1.4 
"e - bulk dry solid unit weight of the coarse aggregate 

fraction (pcf). 

5.0 ODtImum Content of Fine Aaareaate 

5.1 Compute the optimum fine aggregate content with the following 
relationship: 

(AC,) (X) VCA-v- -t 
Y= U. 

(VCA-V) x 
100 + v, 

Where Y - percent of fine aggregate by weight of total aggregate 
:CA - voids in the coarse aggregate (percent) 

AC 
- design percent air voids - 15.0 percent 

JMF - asphalt content for the JMF (percent by weight of 
aggregate) WHEY USING TNE PROCEDURE rm HIGYLY AUORtWE AGGREGATE, 
USE A&,. FRo( SECT101 3.2. NOT AC-1 

- vibrated unit weight of coarse aggregate (pcf) 
- unit weight of,asphalt cement (pcf) 
- bulk dry solid unit weight of fine aggregate (pcf) 

5.2 Compare the optimum fine aggregate content (Y) determined in Section 5.1 
to the amount passing the No. 8 sieve of the proposed JMF. .If these 
values differ by more than 1 percentage point, revise the JMF using the 
value determined for optimum fine aggregate content. Recompute the 
proportions of coarse and fine aggregates (as received) to meet the 
revised JMF. If the proposed and revised JMF gradations are 
significantly different, it may be necessary to rerun portions of this 
procedure. 
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7.0 Resistance to Effects of Water 

Conduct the Immersion-Compression Test (AASHTO T 165 and T 167) on the 
designed mixture. Prepare samples at the optimum mixing temperature 
determined in Section 6.0. Use a molding pressure of 2000 psi rather 
than the specified value of 3000 psi. Determination of the Bulk 
Specific Gravity is not required for this design procedure. 

After 4-day immersion at 120’F, the Index of Retained Strength shall not 
be less than 50 percent unless otherwise permitted. Additives to 
promote adhesion that will provide adequate retained strength may be 
used when necessary. 
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6.0 Optimum Hixino Temperature 

Prepare a sample of aggregate (approximately 1000 grams) in the 
proportions determined under Section 5. Mix this sample with the 
proposed asphalt cement at the asphalt content (AC,,,) determined under 
Section 3.2 at a mix temperature corresponding to an asphalt viscosity 
of 800 centistokes determined under Section 2.3. When the aggregate is 
completely coated, transfer the mixture to a Pyrex glass plate (8-9 in. 
diameter) and spread the mixture with a minimum of manipulation. Place 
the plate with the sample in the oven at the mixing temperature. 
Observe the bottom of the plate after 60 minutes. A slight puddle of 
asphalt cement at the points of contact between the aggregate and the 
glass plate, as shown in Figure 5, is suitable and desirable after the 
60 minute period. Otherwise, repeat the test at a higher or lower 
mixing temperature to achieve the desired contact area. If asphalt 
drainage occurs at a mixing temperature which is too low to provide for 
adequate drying of the aggregate (typically not lower than 225'F), an 
asphalt of a higher viscosity should be used. 

An intermediate observation of the plate can be made at 15 minutes. If. 
there is excessive drain down at the contact points, the sample can be 
discarded and the test repeated at a lower temperature. 

DRAI~"OOWN 

INCREASE 
MIXING TEMPERATURE 

DESIRED 
DRAIN DOWN 

OPTInUn 
MIXING TEMPERATURE 

EXCESSIVE 
DRAIN DOWN 

DECREASE 
MIXING TEMPERATURE 

Figure 5 DRAIN DOWN CtiARACTERlSTlCS 
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Memorandum 

Select Automatic Profile Index Computation Dare FEB 2 I 1991 

From Chief, Pavement Division 
Washington, D.C. 20590-0001 

Revy 10 
Am 01 HNG-42 

To Regional Federal Highway Administrators 
Federal Lands Highway Program Administrator 

Recently, it has been brought to our attention that a significant difference 
exist between the results of an automated profilograph and a manual 
profilograph. 

The attached South Dakota Department of Transportation report explains and 
analyzes the problems with automated profilographs. Some of the filtering 
algorithms used in the computerized profile index computations result in 
significantly underestimating of the profile heights for wavelengths shorter 
than 10 feet. Therefore, the overall profile index is also underestimated. 

In view of the increased use of automated profilographs by the contractors and 
the States, it is important that the' findings and recommendations of the 
attached report be shared with the divisions and States. 

At the present time, we are developing a short training module,to explain some 
of the problems in evaluating pavement profile. If you have any questions 
concerning this issue, please contact Mr. Aramis Lopez, Jr., at FTS 366-2084. 

Attachment 
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Analysis and Recommendations 
Concerning 

Profilograph Measurements 

F009&)107 
Kingsbury County 

DavidLHuft 
South Dakota Department of Transportation 

offke of Research 
Pierre, South Dakota 57501~2& 

/605)773-3292 

November 26,199O 
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IBackground 

During the summer of 1990, Portland 
Cement Concrete pavement was placed 
on an 8.9 mile segment of US81 south of 
Arlington, South Dakota by Castle Rock 
Construction Company (Figure 1). The 
project number was FOO81(50)107, 

In accordance with contract provisions, 
the contractor conducted profilograph tests 
to determine the ride quality of the 
finished pavement. The contractors 
measurements indicated that generally 
high ride quality had been achieved, and 
that the contractor was entitled to an 
incentive bonus ofnearly $89,000. 

Profilograph tests performed by the South 
Dakota Department of Transportation’s 
Office of Materials and Surfacing also 
showed good ride quality, but not as good 

I 

Figure 1 FOO81(50)107 Location 

as the contractors tests had indicated. Profile indexes measured during SDDOl’s quality 
control tests were typically one to two inches per mile higher than those measured by the 
contractor. Traces generated by the SDDOT unit consistentently showed higher profile 
amplitude than did traces from the contractot’s (figure 2). 

SDDOT attempted a simple check to determine whether the contractors profilograph 
measured the pavement profile accurately. When the profilograph was run over a short 
piece of one-by-two lumber, the unit indicated approximately one-half inch rather than 
three-quarters of an inch, the nominal wood thickness. This unexpected resutt seemed 
to suggest a problem in the contractor’s profilograph. 

The contracbr and SDDOT also tested sections of pavement simultaneously to determine 
whether their profilogmphs would produce the same profile indexes on the same day. On 
August 28, both northbound and southbound lanes were tested at stations 21+7l to 
48+11 and 438+83 to 470+51. Again, SDDOTs profile indexes and trace amplitudes were 
higher than Castle Rock%. 

The contractor attempted to verify the operation of his profilograph by comparing its 
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pedormance with another unit owned by 
the Iowa Departmmt of Transport&on. 
Castle RocKs pmfllograph measured 
profile Indexes which agreed dosely with 
lowa’s. When asked why the profiiograph 
underestimated the thidcness of the one- 
by-two, Iowa personnel spearlated that 
the unit’s filtering algortthm might be 
responsible. They advised that SDDOT 
might evaluate traces more carefully, to 
avold misinterpreting spikes as roughness 

After the discrepancies wers discovered, 
SDDOT retested the entire pto)ect. Profile 
indexes were consistently higher than 
those originally meawed by the 
contractor. On the basis of SDDOl3s 
measurements, the contractorwas entRIed 
to a bonus of less than M&000. lt 
seemed dear that the oontractots 
profiiograph performed differently from 
SDDOT’s proMgraph, perhaps because 

Flgun 2 Traces from SDDOT and Castle 
R&k Profilographs 

of a filtering process performed by its on-board computer. But because SDDOTs tests 
were performed week after the contmctot%, dhc2 comparisons were not possible. 

Because of the unresolved questions surrounding the profilograph measurement& the 
Aberdeen Region requested that the Office of Reseatlch provide technical assktance. 
Specifically, the objectives of this study were to: 

1. Determine whether profilograph measurements obtained by the 
cmtmctor’s automated profilograph differ slgniflcantly from m obtained 
by SDDO7-s manual proillograph: 

2. If differences exist, determine their cause(s); 

3. If dlffermnps are attrfbutable to the fllterlng employed by the contractor’s 
profllograph, develop a method to determine a fair ride quality bonus. 

. 
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II. Significance of Prpfilograph Measurement Differences 

lt is essential to any analysis to first establish that the profile indexes measured by the 
contractor’s and SDDOT’s profilographs are statMcaJly different. If observed differences 
only represent random variations, it would be pointless to conclude that either instrument 
was’in emor. If systematic differences exist, however, their causes might be determined. 
Two statistical tests were performed. 

First, the project-wide profile indexes obtained by SDDOT on September 5-6 and 10-l 1, 
1990 were compared to the profile Indexes measured by the contractor within forty-eight 
hours of construction (Figure 3 and Figure 4). The hypothesis “Project-wide profile 
indexes measured by SDDOT are higher than the contractor’s’ was tested using the one- 
sided t-statistic with unknown standard deviations. That test demonstrated the hypothesis 
to be true with greater than 99% confidence. 

FOO8 1 Prof iie Indexes 

0 100 

---- 

mgun 3 rroject-wise PlotlIe maexes M8asureo Dy 3DDoT ana castle ROCK 
Constmn (Northbound Lane) 

Second, the profile indexes obtained during head-to-head tests on August 28,199O were 
compared (Figure 5 and Figure 6). The hypothesis ‘SDDOTs profilograph generates 
higher profile indexes than does the contractor’s’ was tested, using the same statktical 
test. Wfth more than 99% confidence, the hypothesis was determined to be true. 
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FOO8 1 Profile Indexes 
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Rgun 5 Profile Indexes Measured Simuttaneously by SOD07 and Castie Rot 
Construction on August 28, 1990 

On the basis of these st&tbl tests, it can be confidently stated that SODOT’s project 
wide measurements are higher than the contradot’s and SDDO’Ra prPfilogfaph generates 
higher profile indexes than does the antractofs. 
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s. vs Castle Rock Prof ilograms 
(simultaneous meesu -tb emaf90) 

Pigun 6 Profile indexes Simultaneously Measured by SDDOT and Castle Rock 
Construction on August 28, 1990 

IV. Profile Index, Difference Causes 

Two dauses were considered likely to explain the differences between the profile indexes 
measured by SDDOT and those measured by the contractor. They were time between 
measurements (in the ease of project-wide indexes) and differences between manual and 
automated profile interpretation. 

A. Time Between Measurements 

Although it seemed probable that dlfferencss between the profllographs were responsible 
for much of the discrepancy between SODOTs and the contractor’s profile index 
measurements, it also appeared that pavement roughness had changed since the time 
of paving. indexes obtained by the contractors profilograph on August 28 were higher 
than those taken immediately after construction, suggesting that the pavements had 
become slightly rougher following construction. This is reasonable, because the curing 
proam 8nd temperature changes oan easily effect slab shape. 

This observed change is important, because it means SDDOT measurements taken long 
after oonsUuotion should not be used to determine Me quaiky bonuses. There dan be no 
assurance that SODOT’s measured profile indexes accurately represent the ride quaMy 
immediately following construction. 
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B. Profliograph Differences 

From the compadaon of profile index measurements taken on the same pavement 
sections on August 28.1990, tt was dear that the contractor’s profiiograph measured 
lower profile indexes than did SDDOTs. Because the two machines are geometricMy 
ldwdcai, the profile fiitering process incorporated in the contractors unit was considered 
the most likely wuse of the differenoe. 

(ft should be noted that SDDOTs manual procedures were also evaUted, prtmariiy 
beam of Iowa’s concern that spikes may have been incorrectty interpreted. However, 
no incorrect procedures were discovered. SDDOT’s engineer had correctly smoothed the 
profile so spikes were ignored, just as Iowa had advised.) 

Castie Rock’s unit is a James Cox and Sons, Inc. Model -200 profiiograph. It indudes 
an on-board computer which digitizes the profile slgnai at 13 intervals and computes 
profile index automatically. To make profile int&pretation less Ma& the computer uses 
a simple recursive digital fitter to remove spikes (caused by extraneous mechanical 
vibrations) from the profile signal. 

Mathematkaiiy, the fiiter is of the form 

where & is the raw (unfiltered) digitized elevation at point n, Y” is the filtered elevation 
at point n, and Y*, b the filtered elevation at point 1+1. A and B are constants which 
determine the fitter’s effect, and are defined: 

A-l -a . 
Cox recommends using a fiiter factor of N-8000 for most purposes. 

The pwfofmanW of this fitter can be analysed with standard signal pmcessing 
techniques. One useful analysis determines the response of the fiber as a function of 
profile wavelength. SpeMcaiiy, the anetysis defines the fittets amplituds response H(X), 
which is the ratio of the fiitefs output to its input. It can be shown anaiytkAly that the 
amplitude response of this fitter is given by the formula 
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where 

and 

& is the sampling interval of 1.3. used by the Cox profilograph. 

November 26, 1990 

As shown in Figure 7, the filter attenuates shortest wavelengths most. Wavelengths 
shorter than one foot are attenuated by more than SO%, so the effect of spikes will be 
reduced greatly. However, the filter also attenuates significantly longer wavelengths as 
well. Wavelengths of two feet are attenuated by over 60’%; five foot wavelengths are 
attenuated by 30%. Even ten foot wavelengths are attenuated by 10%. 

The filter can also be described in terms of its response to a step function. As Figure 6 
shows, the filter is quite slow to recognize a step in the pavement profile. After the 
profilograph traveis one foot past the step, it measures only 70% of the step’s height ft 
is not until the profilograph has traveled three feet past the step that ft measures 95% of 
the true height. This explains why the profilograph failed to measure the corredt thidkness 
of the one-by-two, which was less than one foot long. 

The significance of Figure 7 and Figure 6 is that while the filter successf~~Ily rsmoves 
spikes from the raw profile, tt also removes longer featurss which are known to affect the 
pavemetis ride quality. In other words, the filtering underestimates the amplii of the 
pavement profile, causing estimates of profile index to be low. 

Cox acknowledges that the profile index is affected by the filter. Their manual states, ‘tt 
is important to understand that the test resutts ars heavily affected by the selected filter 
factor.” However, the filtets performance is fundamentally a consequence of its simple, 
first order formulation. Regardless of the filter factor used In the computation, the filtets 
selectivity will not be good. Invariably, long wavelengths will be removed along with the 
short. The performance of the filter could be improved by using a higher order filtering 
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The filtets ultimate effect on computed profile index cannot be dmpiy determined. 
Because the amount of attenuation dependrr upon the wavelengths present in the 
pavement profile, the effect on profile index will aJso vary. If a pavement arftains 
predominantly short wavelengths, the profile index will be reduced gready. If only longer 
wavelengths are present, the reduction will be slight. 

This behavior explains why Castle Rock’s automated profilograph conelated well with 
Iowa’s manual pmfilograph. Iowa’s test section consists of large amplitude bumps at 
predomlnantfy long wavelength (longer than twenty feet). At these wavefengths, the 
effect of fiMng is too slight to be detected by visual iwon of profilograph traces- 
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III. Bonus Computation 

In view of the discrepancies between profilograph measurements taken by SDDOT and 
those taken by Castle Rock, the question of fair bonus payments arises. Because the 
contractot’s profilograph underestimated the height of profile features on the pavement, 
profile indexes were artifiMly low, and inconsistent with the measurement method 
assumed in the specifications. Consequently, the bonuses computed from the profile 
indexes were excessive. SDDOT’s profilograph did not underestimate the profile, but 
because measurements were not taken within forty-eight hours of paving, they cannot be 
used directly as a basis for bonus payment. 

In the interest of fairness to the contractor and the state, it would be best to correct 
the contractor’s measurements somehow to remove the adverse effects of filtering. This 
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awkl be done dmctly, but would require complete digitkIng of aIl profile traces taken 
from the contract&8 profilograph. The procedure would use complex mathematics 
(Fourier transforms and inverse Fourier transforms) to reconstruct a profile of proper 
ampbde. 

An aftemdve to this difficult and lengthy pmcess is to conelute the two prpfilographs, 
using the measunments which were taken by both instruments on August 2a The 
rwulttng regn3ssion equgtion can then be used to sdjust the contracW8 profile indexes 
so they better ropreeent unfiltered valuea 

SD vs Castle Rock Prof ilographs 
based won 8128190 correlation) 
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. 

. 

0' I I , 1 J 
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casti. Rock Profile l&ox 

lgun 0 CorrelatM of SD007 Profile Index vs Castle Rock Profile Index 

Figure 9 shows the proffle indexes measured by the two profilographs. From the c&a 
obtained in the simuttaneous testing, the best equation relating fittered (Castle Rock) and 
unfittered (SDDOT) profile indexes is: 
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Application of this equation to the contractor’s profile indexes produces adjusted values 
which more realistically represent the ride quality of the pavements. The bonus computed 
from these adjusted values total $68.97536, which coincidentally falls approximately 
halfway between the contractor’s original estimate and SDDOTs estimate derived from 
late measurements. A complete listing of SDDOT, contractor, and adjusted profiie 
indexes, along with bonuses computed from them, is presented in Appendix A. 

IVCondusions and bCOmm8ndatiOnS 

Comparisons between profile indexes measured by the South Dakota Department of 
Transportation and Castle Rock Construction Company show that the profilographs used 
for the measurements are inconsistent with each other. Analysis of the filtering algmrtthm 
used on the contractor’s profllograph demonstrates that the Cox unit significantly 
underestimates profile heights at wavelengths shorter than ten feet. Therefore, profile 
indexes are also underestimated. 

tt was possiMe.to derive a regression equation from profile indexes measured by the 
SDDOT unit and the contractor’s unit on the same pavement sections on the same day. 
The contractors profile indexes were adjusted using this equation, yielding new indexes 
which more realistically describe the ride quality achieved in the paving operation. The 
bonus computed from the adjusted profile indexes is approximately midway between the 
bonus computed from the contractors unadjusted indexes and the bonus computed by 
SDDOT from its late measurements. 

tt is clear that the filtering algorithm incorporated in the Cox unit should not be used in 
conjunction with SDDOTs special provision for paving incentives. Because the filtering 
falsely indicates a smoother pavement, its use (with the present special provision) is 
unfair to the state and to other paving contractors. To be fair, one or more of the following 
is recommended: 

Prohibit filtering. This might make automatic profile index computation 
impossible, If the computer requires smoothed profiles. The benefits of 
objectkity and quick test resutts would be lost. 

Lower the acceptable inches per mile if filtering is used. Additkmal 
conelation between fittered and unfiitered profile indexes, 8specMly a! 
higher roughness levels, may be desirable if this method is adopted. 
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Improve tha blterfng algorithm by using e Mghet order filter. This option 
would plaoe additional computaUonai,demands upon the profilagraph’s on- 
board oorrputm, but wouid provide much better selectivity between short 
and intermdiate wavelengths. 

A Mal recommendation concerns the tierion by which SD001 and other transportation 
agencies determine whether a contract~s pmfilograph operates acceptably. tt b common 
pmtioe to accept a cmtmtots profile indexes if they fall within two inches per mile of 
the stato’8 index- This ulterfon falls if a profilograph generates indexes which are within 
tm, inches per mile, but consistently low (or high). A sWsdcaJ test to determine whether 
meen proille indexes are dffferent would provide a much better indication of measurement 
vaMty, and would ensure fairness to both the contractor and the state. 

In view of the increased use of automated profilographs, and ongoing development of 
new unit& by other vendors, it is important that the’ issues raised in this report be 
addmssed prtor to the 1991 constnrction season. 
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MEASUREMENTS, SPECIFICATIONS, 
AND ACHIEVEMENT OF 

SMOOTHNESS ‘FOR PAVEMENT 
CONSTRUCTION 

JMMARY The concern abut the smoothnas of highway surfaces precede5 the development 
of motorized vehicles. In the arly day& the simple straightedge was used 8s the sole 
indicator of smoothnc~~. But even before the turn of the century, clforts WQC directed 
at developing improved devica for smoothnar cvaIuation. From 1900 to aear mid-- 
my, numerous devica of inrrerrsin g uxnpiuity were invaltai. These were primarily 
me&axiial devices with elaborate multi-wheeled support systems. Adnnog in sevd 
technologial fields have now been applied to smoothness-masuring equipment m 
suiting in the inwrpor8tion of clcmial cimaiuy, cldcs, ult.ta$wia, h$cf& & 
cOmputcrization. 

AlthOU& the WlY devim WSC primuily Of UXlDQI1 t0 the pr8cticing cn;:necr, the 
advent of tat road amstnl& onhlughtthcnsarchalginecronLothcsccncM8ny 
devices were developed in connection with specifk resarch cfkts. The l tomotivc 
iudusuy baame interested because of the c!kt that d types of pavanmt had on 
motor vchiclcs. In recent yevs highway rnaaagas have recognized that the public rates . . I highway pkuily on its ding chuwmmz Thusitisaccusuytoprogramm 
incrasing amount of highway hrnds to address the issue of pavement smoothness on 
l system-wide bask 

As 8 conscqumcc, several smoothness-measuring devices have been developed and 
are in cutxnt use. The fundamentals of operation, cast, and appropriateness to address 
a specific need vaxy considerably. Ccrxain devices UT far better suited than others to 
the purpose of controlling the smoothnus of newly constructed prvemcnts. Thercforr, 
it is ixnpomnt for those concerned with obtaining smoothness in constmction to be 
aware of the equipment best suited for that purpose and the relation of that equipment 
to the entire specuum of smoothness-masuring devicu 

Smoothn&nwuxing equipment currently used in new pavement construction 
includes straightedges (static and rolling), protilogmphs. response-type road- 
roughness-measuring systems. and inertial profrlometers. All agencies use a straight- 
edge-a few as the sole approach to smoothness control, but most as an adjunct 
to other equipment. The type of instrument receiving increased application is the 
profilograph. either the cllifomia or Rainhart type. These devices arc similar in that 
they portray graphically certain characteristics of pavement smoothness. arc relatively 
simple mc&an.ical devices. can be used on new concrete pvanent surfaces soon after 
construction, are low-co&low-maintctmnce devica, and provide information that is 
readily accepublc by spa5fying agencies and the construction industry. Profilog.mphs 
provide an analog trace to which specification tolerances are rpplicd. The traces can 
be used to locate specific pavement features in the field. The pknary dkdvantaga 
with this type of instrument are the slow speed of opemti~n (3 mph) and the time 
required for evaluating the profiles. although the latter item has been addressed by 
computerized models that UC now available. Other disadvantages include the ~raggcra- 
rion and suppression of parts of the surface wrvclcngth spectrum, the ocasional 
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other&viccsbeiagusedineval~smoothnsrofnewcaamucti~induding 
rorpanr-tgpcrord--w- systans8ndin~profilometen.~ussd 
amsidaably la8 often than profiloglaplB for 8 v8ricty of rasons. They are not able 
tokumion umcrcu pavanalts for 8 amsidmblc time after pBving (i.c. until the 
ancrete pins sufficient strength), they don’t allow rady id~tifiution or loution of 
pavanent surface abantions, and. in some asp, they are vay costly itans. However, 
they can operate at high speeds; thus a considerable amount of data can k obuined 
at a lower cost. Also, the unoothllus smistic is achiev&i with little or no nlanrul 
procusiag. High-speed equipma8t has its greatest 8pplicatkm in mtirc highway system 
‘UseymCnt. rcsarch rppliutions, and for alibmi~ purposcb 

NUBlerOUS march dfons as well n syqmsia and workshops have been directed 
toward providing information on the use of snloothnen-muAsuring equipman. Al- 
though tbcrc are vast difkrcn~ in equipmalt types and tbcir ultimau application, 
the rctlationships of scvaal SmootblKn indexes have been compared and UC ramably 
well definai. 

Aswcyof~~intwintheUnitedS~tamd~rrvalcd~ttherrL 
a wide divmity in the use of smtmtlmas spidimions and equipment. However, 
unpbnis on smoothness by sphfying agencies, together with strong suppon from the 
amsmution illdustry. hn led to the 8ttainmeDt ofixuxmingly smoother p8vemalts. 

-_ 
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