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13. Abstract

This research study aimed at developing a correlation of rut depths measured with Louisiana Transportation Reseafch. CeRReL'd s )
profiler with a 5point laser system and Department of Transportation and Development (DOTD) RaManmagement System's

(PMS6s) profiler with a scanning |l aser system. Foreeighhi s pur pos
pavement management control sites with flexible and composite pavement by both LTRC and Fugdfiteadyere analyzed.

Additionally, 25 sites were selecté&al represent the typical pavement conditions and characteristics of the Louisiana highway network.

Three repeat runs of LTRC'spint rut bar system were first made at six control sitesfour selected sites. The correlations of the
calculated rut depths indicated that the repeatability of LTR@@i% rut depth at the individual point level was not that good. However,
averaging rut depths over 0.06#le and 0.imile increments shoveenoticeable improvements of correlation, especialiyaverage rut
depths over 0.iile which achieved an overall correlation value of 0.90 and above.

The current rut algorithm of Roadware Vision causes incorrect measurements that includemesasuimecracks, measurements
outside wheel path, and failure of locating the point of maximum rut depth. LTR@m&rut bar system cannot always capture the
maximum rut depth for transverse profiles (missing the peak and valley). It can also hessitini&ffected by the edge drop off and grass
for right wheel path (RWP) rut depth.

The correlations of average rut depths were higher than correlations of the left wheel path (LWP) and RWP. Averaging ouedept
0.1-mile increment showed rioeable improvement of correlation between LTRC and Fugro road profilers. The resuéistefshowed
that mean values of LTRC'sgint rut depth and Fugro's full profile rut depth were statistically different at all scales (individual rut depth,
0.004mile average rut depth, afidl-mile average rut depth). Theadsts also showed that the mean values of LTRC's and Fugroist5
rut depth were statistically differently at individual &h@04mile average level. However, with careful planning, théedénce between
the mean value of LTRC'sfioint rut depth and Fugro'sgint rut depths a@.1-mile average level could be statistically insignificant.

A standard operating procedure (SOP) was developed to standardize the process of collectingaing rutting data by LTRC at
the network level and delivering them to DOTD engineers for conducting/supporting pavement management activities.
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Abstract

Thi s crisetsiecayr deme thagpcor rel ati on of rut depth
Louisiana Transpor LaREpmno Riels ema iwit ICleads &rr ' sy
anepartment of Transportation and Devel opr
Syst @eM&spri(d  er with a sEanmnihigdlepdrBponSy eI
profile data collected in 2020 and 2021 at
with flexible and compositreopaokevdereat s by bo
a n a | Addidodaly, 25 sites were selectéal represent the typical pavement conditions

and characteristics of the Louisiana highway network.

Three repea'tSprounnst ofutdbRadr ssty sitaedne at si X C
and sfeoluerct e dc osrirteebsh.t tThhees c al cul atde Htalteut dep't
repeatabi | iptoyi notf rLUTtRCd esp tbh atwatsloe it mdit vigod wa

However, averagingiid et adhepetOhidn corveenme nOt.sO 0s4h o w
noticeabl es iodprreeameemtnal |y forveawvmblagge r ut
whi ch achieved an overall correlation valu

The cuwmtdgrtri t hm of cRamasdkwarcda cWesaisamr ement s t
measurements in cracks, mafdasiulr lerme ndhfe lowud atii
poi mtaxafmum r ut dpeopitnht. rLUMtRCdasr 5system canno
maxi mum rut depth forthe apsaleriate dcpavna fdilésgos b
significantly affectedrbyitghhaga eamhgees Idrpoap ho f(
dept h.

Thera esoaft iaovner age r ut deertrhesb vtes ceh ghfi tg hvelr e d I
(LWP) amMdeRWB. ng rutmideptimcrewemnt0o.showed n
i mprovement of correl atoad pEbdedwtittlessRaSf an
shedw hmdan vadlTRECspDamt moElugrepth ful l prof il
were statisdt callll ysdalfd s rOeirondiddbwied wale m wt de
dept lO,-mMahder age .Thd ethe stoley htameean val ues of
LTRGC and5pFouignrto "meeitset chegptsh i calilnydi ovii fdfueard e rmtnildy
0. Gmidh e erl egvee Ho weivtelr ,car ef ok pgi &hertehgece bet v
mean vBTREpoOfHt hr uatn dd eHpog rnot’ ssaubt.-Md € pt h

averagceo ubled€vet ati stically insignificant



A standard operatingpcedure (SOP) was developed to standardize the process of
collecting and compiling rutting data by LTRIE the network levednd deliveing them
to DOTD engineers for condueg/supporing pavement management activities.
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| mpl ementati on Stateme

A standardoperatingprocedure (SOP) was developed to standardize the process of
collecting and compiling ruttondata by LTRC at the network level and delivering them
to DOTD engineers for conducting/supporting pavement management activities.
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bottom of the drheck,avleamesnd rsaaoksacers, veget
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the scanning | aser for the profile data co
in the | iteradmnuswertadei.deeandtvied rthdigggue mcy vari at
resulting from the pavement s u)rTfhac e rtogxtswerd
algorithms in the |Iiterature include medi a
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Figure 3. LCMS profile d ata [3]
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Based on the Vision rutting post processor settings presented by the Pavement
Management Systems Sectidiigure4), the algorithm used to smooth the transverse
profile in DOTD6 PMS is the moving average with a window size of five. Arh.8
straightedge is simulated to calculate the rut depth after the transverse profile is
smoothed.

Because of the difference in rut model and algorithm, it is obvlaishe two systems

will result in somdlifferences otalculatedut depthsPavemenManagemen®ystens
Section ofDOTD often requests LTRC to collect rutting data for theepaent
management control sites and compare them with the data in D@&MS5. The
correlationof calculated rut deptHsetween these two systems should be established for
us to better understand theting data collectedby LTRC and therutting data inDOTD's
PMS. Itis also believd that,in the long run, LTRC is going to movenards thdatest
scanning lasetechnology. Teensurehat the historicaflatacan be kept for future
referencingand a smooth transition, a good correlation is also necessary.
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Figure 4. Vision's rutting post processor ®ttings [4]
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Literature Revi ew

The technologies to obtain pavement rutting measurements have evolved in the last
decade$rom manual method®(g, straightedge method), to ipb-based rut bar systems
(e.g, 5-point rut bar systems), then to 3D laser scanning systemsLEMS).

ManuMdasur &¢mé mo d s

Thetraditionalmanual method for measuringt depth iy placing a straightedge across
the rut as shown iRigure5 and specified in ASTM 170[%]. A sufficient number of
measurementshould be made along the straightedge to determinmadikanumdistance
between the straightedge and pffawement.The maximum distance is determined as the
rut depth for the wheel patbising a wire in place of a straigidge compensates for the
curvature of the road surfaddowever it requires wo peopleo stretch the wire from the
centerline to the shubderwhile a third person measures tfistance beveen the wire and

the pavemen6]. Figure6 compares the straightedge method and wire mefhioel.
straightedge and wire methods wopldduce the same resudts long as the straightedge
length is long enough to cover the same support points at the ends of the wheel path.
However, the straightedge is generally placed only across a whee€rl patbfore, the
straightedge and wire wouldqvide different information for profile case 1 as shown in
Figure6. Because the manual methods are toorsuming, labeimtensive, and unsafe,
especially on highways with high traffic volume, they are gradua&iydphased out and
replaced with automated methods. shown inFigure6, there are two definitions for the
rut depth:(1) perpendicular to the datum of the elevation measuren@(®)
perpendicular to the stghitedgeBenrettand Wangestimated the difference in
magnitude for both cases, concluding that the difference is not significant for the range of
rut depth commonly founf¥].
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Figure 5. Straightedgemethod [5]
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Aut omdMeadur ement Met hods

Poi-BasRuWt Bygt ems

A point-basedut barsystemtypicdly utilizes threeor more point lasefsltrasonic
sensorsnounted on a rut bao profile the pavement surface in the transverse direction.
Usually,the rut bar lengts limited toapproximatelylO ft. (3 m)for the sake o$afety
concerng8]. In general, the rut depth measurement accuracy increases with the
increasing number of sens¢®. However, ncreasing the number of sensasuld
reduce sensor spacinthis reductionin spacingcan resulin signal interferencéor
ultrasonic sensordases, whichare much faster than ultrasonic sensars not affected
by signal interference from adjacent sen$6fsAnother significant source of error in
point-based rut asystem measurements is related bisnited number of points used to
determine the maximum rut depibue to the wandering @ survey vehicle, the varying
of lane widths, and thearyingof rut shapeshie sensors may nluicate exactly othe
peaks andalleys of transverse profiles. As a restlie maximum rut depthereoften
underestimatefP]. Even witha 20 pointbased rut bar systera transverse profiler
would still have about 15000mmb et we e n e aheskeprofiigs aré notietailed
enough to deteatefects like cracking, potholes, rut width, rut cresstional area,
raveling etc.

Figurel shows the configuration of agwintlasersystem. To cover the fulane width
thewing laseron both sides of the rut baredtilted to acertain angle (typically 45

degres) from the verticahs illustrated irFigurel. As indicated irFigure?7, the

transverse location of the rut bar and the rut shape can significantly affect the
measurements, thus the rut depth computation. While-gwen rut bar system
configuration is able to capture the maximum rut depth for transverse profiles shown in
Figure7a and 4, it cannot capture the maximum rut depth for transverse profiles shown
in Figure7b and €. The results reported in the literature showed thadibt rut bar

system can underestimate the pavetmet depth as much as 649. It is therefore
recommended that the consistent transverse location of the rut bar should be ensured to
avoid inconsistent rut depth measurements over, ame: the mean rut depth values
shouldbe adjusted to reflect more realistic rut depth whgoist rut bar system is used

[1].
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Figure 7. Pavement tansverseprofiles and point-based systemanfigurations [9]
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survey vehicle is moving, the 3D line | ase
surface and acquires pramfgiel easn.d T hnet einnstietnys itt
used to restore the 2D intensity ilmageand

used to eecsomsioalucyuous 3D pavement surfac
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emitted | aser |ine and the field of view o

Figure 8. Triangulation principle d iagram
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An example of such ad®dlLaysesteRuti si hheMPay e mem:
(LR Ba@MdS which wer bBatdevebhbpoOdtNDpgrs [ nstitu
CanaldhddaveméeltOMSc ssystem can be used to obtai
measur dablistusmmar i ze the speciMBcations of L
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Table 1. Comparison of LRMS and LCMS

Number of Laser Profiles 2 2
3D Points Per Profile 1280 points 4,160points
Sampling Rate 30 or 150 profiles/s 5,600 profiles/s
Maximum Vehicle Speed 100 km/h 100 km/h
Transverse Width 4m 4m
TransversaAccuracy +/-2 mm +/-1 mm

Depth Range of Operatioi 500 mm (30 Hz) or 450 mm (150 Hz ~ +/-125 mm

Depth Accuracy +/-1mm +/-0.25mm

ThRavemast RM8sor LCMS hairdtweagrea thheawe phsboyme
manmyarnacmwsuuechuasral i an Road RRByaam@dtBoar d
FugHowe verma neuafcdh@atso wd sal gori t hmoltl@afi ®alcess
and compamib ratr eg EsSlute syt e ®mwietnh t he s ame
scanni ncgan apsreadsurc et dddfteli 9t same [péavement s

Poi nt Slcaasnenri ng. Thyes tceomse o f tdéclsnarecagyu r iesne p
measur emerdtar| gslewthanch measures the tdhestanc
optical path is scanned transver(Feb®r.acr os
The | aser sensor consi sApoloyfgammalrwmioshd t t er
Si dkcehsanges tbé dheedtaisem It whahmi ng a o
genengtthe profiltei naelsonpgert hree vioilndet i 8A00Q of t
RPM the system casc geda/@idaleewsypa tcaall b f i gt
of stchaenDneeprendi ng on the pavement width that
of scanmewvedanmphWeotrhdawd0A field of walw, tI
to twice the pwliybomrnschhdarredhabmbvee. gt. he paveme
produces fawipdefil e 14
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Figure 9. Polygonscanner[10]

Polygon Scanner

scan Mirror

Collection optics

Detector

An example of such a system is the Pavement Profile Scanner (PPS), which was
developd by the Phoeni$cientific Inc Table2 summarize the specifications of PPS.

Table 2. Specifications for PPS

3D Points Per Profile 943points
Sampling Rate 1,000profiles/s
Maximum Vehicle Speed 100 km/h
Transvese Width 4.3m
Transversal Resolution +/-5mm
Depth Accuracy +/-0.15mm
For automated profile systems, three metho
straightedge modealu,t wvwndrfed.lmodel , pseudo

Straightedbe Mbdael ghtedge model si mul ates
straightedge across the rut as specified i
devel oped to determine the hriwt nik&hible yfr om
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gener al Impoatnhvion gr et 'se 1 dans v & ypsoargtp tpbokii nstesp o f
strai gchtheeccgea ;ng t he twad sSseppomi npoignt e rut

Wi re Mbhelwire moaewi rse nudianngegsstretched acr
i Fi gBbrdt begins at a high point on one sid
point on the other side of theherohi gle. pdihi
in between. Rut depth i s ptavemeinftf suerdae ei i
wi re.

PsetRua Mddtel psetudmodel estimates rut depth
bet ween the high points andus$edv wibiamstesdoi h
rut bar syave mas,| iwhi tcdd [en drmhpeord notf rsuetn sboarrs s
the rut depths for the wheel paths are cal
el evations of center | BabBeltasbr ghi(dglofnrenp di AN

Figure 10. 3-Point rut bar system
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Objective

The objectivewasd dbvel opsaacchrel ation of |
LTREX pewofwipohi nmat 5l aser SBME&emr aihtdd BaDTddc anni
| aser system. A oscteadnudraer d( SSpRe)r aatfi npga voe ment r
compil ation, amnmdadeeleil ogpred sy LtLThRG DOTD pav
can uset &aTR@€gdaher with PMS data to eval ua:
conduct/ support pavement management acti vi
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Scope

Three repeat-poiumsbafi EVRCe have been made
fosel ect Blde srigpesat Gbgloitny ofutLRAr system w.
alslicxontrolf cedleesctaendl sciotrerse luastiimgy tofe cal cul

Thteransverseopil efcitlee dat 20 dgelataerme 210 2rhanager
contr el t &i fatnsdx iclolmgp os ibtye bpa he W@ RC and Fugrc
weramal yzed to obtain individual rut dept h,
average rut dApddaiona 25esites Were $electadrepessent the

typical pavement conditiorend characteristics of the Louisiana highway netw(rkroads

with varying rut depthg(2) roads with varying lane width§3) roads with varyingjuantity

needed to fill rutsand (4)roads with varying standard deviation for ruttidg.erage rut

depth aer 0.004mile and0.1 mile were obtained from both LTRC and Fugro transverse

profile data.

Correlations were examined by ftomthetructi ng
profile data collected by LTR& profiler versus the rut depths estimated fréwa profile

data collected by Fugrgsofiler. T-t eset p atiesseedr et ¢ otodbterminedfd
therewerea statically significant difference betweentherud e pt h measur ed b
profiler and the rut depth measured by Fugro's profilee. stengtts of the relationship

between the rut depths measured_by R Qodosler and Fugro'grofiler were evaluated

using the correlation coefficients and R square values.

At the end, atandardoperatingprocedure (SOP) was developed to standardize the
process of collecting and compiling rutting data by LTRC and delivering them to DOTD
engineers for subsequent actions, such as evaluating pavement performance and
conduct/support pavement management activities.
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Table 3. PMS calibration control sites

ContrCont|_. BeginEndi Lan
site|sect ' St ROUtCh?ﬂinChairP?.;SzWidt

).
C®»3 |01®5 61 |USOO 11 11 COM| 1211
C®P6 |06k04 61 |LAOO 6. 3 6. 8 ASP| 1111
C®7 |06 61 |LAOO 3.5 4 ASP| 111
C®»8 |2501 61 |LAOO 6. 8 7. 3] COM |11/ B
C®»9 |2501 61 |LAOO 11. 4 11 COM 11171
C30 |2562 61 |LAO4 6. 2 6. 7 ASP| 101]
cC32 |8108 61 |LAO0Y9 4. 3 4. 8 COM| 121}
C33 |86@B9 61 |LAO0Y9 0. 2 0.7 ASP| 11/ ]
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PavemReutting Test Sections

To compare the profilers of LTRC and DOBIPMS 25 homogeneoupavemensections

were selectebased on 2019 PMS datahich represent the typical pavement conditions and
characteristics of the Louisiana highway netwaféirious ot depth levelsveretaken into
consideration during the selection of the sections. In additiotanieewidth;quantity needed

to fill ruts; andstandard deviatiofor rutting are intended to represent most of the variables

in the data collection proced3uring the data collection procesise research &m found

thatone section was under construction and decided to remove it from data collEBctiog.u r e
1 Bhows the geographical locationtbé final24 sections. The selectasgctions includ8
interstats, 3 US highways and9 Louisianastate highways

Figure 11. Geographical location of the selectedgvementsections
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Tabdlsdhows t he genermal sdotneocgtdemd d wsn pdv e ment
ThRL_AVBvg. Rut tRR gAY BV dWPRut t i rikp NVIE RWP)

( Avg. Rutti rmcop lismnee@inhbeesreand @ r age ryarndng i n
combined, Beaese@dhcdri AR YAVERAGAO mb ihvgeldnnes, t he
pavement sections ar e0.dd250ii@®.d5 00nits@. 7 dur gr
i nand greater than 0.75 in.

Table 4. Selectedpbavementsections

Lane RL_AVE | RR_AVE | R_AVE
Name | District | Route From To. Width (Av.g. (Av.g. (Avg. _
(logmile) | (logmile) (i) Rutting Rutting | Rutting in
in LWP) | in RWP) | combined)

826-10-1 02 LA0560 0.00 0.85 8 0.07 0.11 0.09
824231 61 LA3001 0.00 0.89 9 0.13 0.16 0.15
226:01-1 61 LA0982 7.08 8.30 10 0.10 0.11 0.11
013051 61 US0190| 5.68 6.34 11 0.25 0.18 0.21
452:90-1 62 1-0055 21.73 32.17 12 0.31 0.15 0.23
85230-1 62 LA1083 0.00 5.43 13 0.12 0.11 0.11

081-01-1 03 LAO347 0.30 4.48 10 0.56 0.74 0.65
060-01-1 61 LAOO67 1.24 1.86 11 0.57 0.57 0.57
203-01-1 03 LA0029 0.95 4.07 12 0.56 0.57 0.57
419-01-1 02 LA3021 0.00 0.70 12 0.55 0.56 0.56
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Ru®Al gori t hm

LTR&5Point Rut Bar System

LTRE profiler uses point | asbearrs otvoe rmetahseu rpea
surface at five different points across th

in each wheel pat hachnsi e eo Yaineydted dasa trs hap m4
Figlu2e

Figure121 I | ust r at i opointout baisysR@ 6 s 5

Xe- XLW XRW'XC

A J
F ¥
Y

Pavement Surface
A X,

For L T-podorgbarssystem, the collected elevation data can be used to estimate
the rut degt using pseudout modelas follows[9]:

WhereR_, Rc, andRr are the rut depth in tHaNP, center, an®RWP, respectivelyDy,

Dc, andDr are the elev#on of the bar over the pavement surface atiw, center, and
RWRP, repectively,D.w andDrw are the elevation of the bar over the pavement surface
determined by the left wing and right wing lasers.
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Straight edge modelnalsobe used to estimate thet depthfrom thecollected

elevation data as follow42]:
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Whered —w O am ;a —

DOTDBMS Vemdbaser NMNeasclkri@ngsmnte m

DOTDsPMS vendor 6s r oad cglecthighirdsautiontnarsvwerse L CMS t ¢
profile (4000+ points per profile) and covers&fil (4m)pavement widthit can collect
5,600 profiles/s bubnly deliver25 profiles for eact0.1 mileeFugr o uses its o6V
software and the supporting algorithm to estimate the rut depth from the collected
elevationdata | n 6 Vi s ihe ntdepth can beitharesemated from the full
transverse profiler resampdd profile (thregoints five points etc). For full transverse
profile, the transverse profile in DOTEPMS isfirst smoothed usinthe moving average
with a window size of fiveA 10ft. lane widthis used unless actual lane is smaller, and
then the atual lane width is used 1.8-m straightedge ighensimulated to calculate the

rut depth which is the maximum distance perpendicular to the straightedga 5-point
resampled profilethe location of each of 5 points from the center of the transvers

profile was set up to matcd.TRC's 5point rub bar systerfi.e., Xxw= 61.32 in,

X1=34.53 in, Xc=0.00 in, Xr=34.57in., and X%xw=61.93 in). Sraightedge model is then
used to estimate the rut depiinetransverse file explorer of Roadware Visigra

custom designed software from Fugaiows the user to view the transverse profile
graphicallyone at a timeThetransverse file explorercan also display the smoothed
profile, straightedge line, rut depths, rut depth locations, rut boundary, mpilofd, etc.

The rut processor analysis settings have incorporated previous research findings to
improve accuracy of rutting calculations and to eliminate/minimize the errors caused by
cracks, missed wheel path, double measurement in the same wheehgatlgvated

edge off roadway13].
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Di scussion of Resul t s

Repeatabil i-Pyi mtf RIRCB&r System

Three repd&RtGprounst ofut Itherenasdyes t@@mtiraoMe si t e
(CRHR)ytpi cali preselft gtiZiem Dbot h .DvGTe2 | r emd rhtss

rutting dattahe navPeMSaquedirrdugt midilbgp s n @ilad ¢ ul at ed
from 25 readings, i0el, Tyedviecraylu®ithOrOe¢ep minl € aw
over GmMidhe@.-Mli heeraagege s Fdwrli kiemli gLb er especti ve
As can be hsdeseen rok snpaaitt heart ,s ctahl ee ss ii miblsamr vterde n ¢
i n tumfsowe moth | eft and r iAgrnsd!| Iwhsehilhfetpiarn di o fu
rutting profisloeneti herfead sroe fhéoa eepdd airnd @ RICF tsy 50 f
point rut ebat usy ®wde ncloe rerlnadss on ofsacnadl cul at
the repuédsi@mbteoirn ald. G4l mtt ®r valo -dialtea, and
i nt eflravAaal can be seentthemenl athieon abdleue I mpr o
aver adiengut dempmtinlgedatl @ nguer of pavement .

Three repea'tSprounnst ofutlLvieRaOd kb ® s tnacdseehlactc t e d
sites. Typncaluttdepiemdidpiodund®.r Cowdhewher age,
and bOwymerheer age aFiegisfreo gh yaenili gLu® er especti ve
Again, the repepoiabi |iayesiwmédad UEREDemMSi ng t h
correl aticohao®dgcenrdutt htke ptelssu | Ttashblfaas e plrle spomit e
O. Ondi4l et er vald .-dialt et, elrawhals i mi lodrs etrrveerdd at con
sitwas oblbseagwedpgthef RWMP depbh eséc-6bohTRE6
correl ati onRWRoetf fdeptmtof oc@dbntsoVvespgctown I
further |l ooking into the rut depth data of
many abnor ma.l OnE4 iek eeg wfdd robatse c-O0loas2&8bBown i
Figlu9Sea te visithissigeg etsd st hdanantdew adadegyad$
the edge of theFirgkh@Wevay as shown in

An overal daticom value of OmM9Mi lamtde ravbalv ed a tsa
both data sets
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Figure 13. Profiles of continuous rut depth for CS07
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Figure 14. Profiles of 0.004mile interval rut depth for CS07
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Figure 15. 0.1-mile rut depths for CS07
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Figure 16. Profiles of continuous rut depth for CS 42407
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Figure 17. Profiles of 0.004mile interval rut depth for CS 424-07
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Figure 18. 0.1-mile rut depths for CS 42407
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Table 5. Correlation of three runs for control sites

LWP Correl 4§ RWP Correl g
0. Omei4l| 0 .-,i | 0. Omdi4ll 0 .-mi |
Poi i ntenninte|lPoi i nt e i nt e
CX0 3 0.46 0.54 0.65 0.49 0.80 0.91
CS0 6 0.65 0.82 0.98 0.34 0.56 0.92
CX0 7 0.53 0.58 0.92 0.54 0.64 0.72
CS0 8 0.59 0.70 0.98 0.50 0.60 0.88
CS0 9 0.42 0.72 0.99 0.27 0.56 0.92
CS13 0.47 0.61 0.63 0.36 0.53 0.69
Al l 0.67 0.79 0.94 0.56 0.74 0.95
Table 6. Correlation of threeruns for selectedsites
LWP Cornr el g RWP Correl 8
0. Omei4l| 0 .-, | 0. Om@i4l 0 .-mi |
Poi i ntenninte|lPoi i nt e i nt e
2261 | 063 0.82 0.99 0.39 0.50 0.38
8084 | 063 0.72 0.97 0.40 0.52 0.87
24@1 | o072 0.78 0.96 0.61 0.72 0.98
4287 | 053 0.73 0.93 0.37 0.64 0.95
Alxl 0.65 0.75 0.94 0.45 0.59 0.90
*CS -26i s not i ncluded
Figure 19. Profiles of continuous RWP rut depth for CS22601
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Figure 20. Right-of-way image for C26-01

District Parish LRS-ID Direction Route LRS Chainage LOG Chainage MPH Collection Date
61 61 226-01-1-010 1 LA 415 7.408 7.408 51.7 2021/04/25
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Table 7. Variation of 2020rut depth data for all control sites

. Fugro 5-Point ,

LTRC 5-Point System , Fugro Full Profile

Resampled Profile

LWP \ RWP \ Avg. | LWP \ RWP \ Avg. | LWP \ RWP | Avg.
No. of Points 2,640x8 =21,112 2,681x8 =21,440 2,681x8 =21,440

Mean 0.0418| 0.110 | 0.0761| 0.102 | 0.03l5| 0.0666| 0.192 | 0.166 | 0.179

STD 0.0479| 0.0481| 0.0371| 0.0691 | 0.0625 | 0.0476 | 0.0784| 0.0749 | 0.0683

COV(%) | 1146 | 436 48.7 68.0 | 1668 | 71.4 | 408 45.0 | 325

Table 8. COV of 2020rut depth data for eachindividual control site

LTRC 5-Point System R;‘f;%;i?:g:"e Fugro Full Profile
LWP | RWP | Avg. | LWP | RWP | Avg. | LWP | RWP | Avg.
CS03 | 192.6| 240 | 32.8 | 526 | 8448 | 527 | 266 | 324 | 210
CS06 | 1275 56.1 | 663 | 63.1 | 1624 | 685 | 485 | 544 | 39.0
C07 | 379 | 348 | 259 | 551 | 1215| 566 | 184 | 265 | 14.6
C08 | 2438 | 399 | 451 | 894 | 8407 | 923 | 465 | 46.8 | 38.0
CS09 | 1345 | 486 | 480 | 445 | 1700 | 509 | 407 | 39.8 | 29.8
CSI0 | 848 | 549 | 507 | 493 | 2032 | 60.8 | 282 | 336 | 244
CSlz | 520.7 | 21.7 | 236 | 1165 | 2502 | 1053 | 39.3 | 303 | 28.0

Cs13 846 | 350 | 386 | 1000| 788 | 704 | 23.7 25.3 18.9

Table 9. Variation of 2021rut depth data for all control sites

. Fugro 5-Point ,

LTRC 5-Point System . Fugro Full Profile

Resampled Profile

LWP \ RWP \ Avg. | LWP \ RWP \ Avg. | LWP \ RWP | Avg.
No. of Pointg 2,667x8 =21,328 2,681x8 =21,440 2,681x8 =21,440

Mean 0.0P5| 0.0794| 0.0795| 0.0859| 0.0942| 0.090 | 0.216 | 0.194 | 0.205

STD 0.0596| 0.0570| 0.0432| 0.0690| 0.0748 | 0.0643 | 0.0945| 0.0770| 0.0663

COV(%) 750 | 71.7 | 544 | 803 | 794 | 60.3 | 43.7 | 39.8 | 323
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Table 10. COV of 2021rut depth data for eachindividual control site

_ Fugro 5-Point _
LTRC 5-Point System Resagmpled Profile Fugro Full Profile
LWP | RWP | Avg. | LWP | RWP | Avg. | LWP | RWP | Avg.
C03 1078 | 511 | 626 | 758 | 1179 | 68.7 | 27.3 | 309 | 218
C06 89.8 | 846 | 683 | 66.8 | 110.8| 63.3 | 583 | 50.0 | 428
C7 39.0 | 494 | 28.0 | 409 381 | 269 | 175 | 27.1 14.0
C08 114 58.2 | 64.8 | 119.0| 1352 | 986 | 474 | 404 | 344
C09 60.1 | 93.7 | 51.0 | 196.4| 1579 | 131.0| 37.8 | 339 | 26.9
Csl10 56.1 | 1179 | 640 | 56.3 | 83.7 | 547 | 333 | 374 | 28.1
Csl2 2104 | 199 | 224 | 158.7| 776 | 69.8 | 282 | 256 | 205

Csli3 575 | 350 | 321 804 | 36.9 | 37.0 | 229 23.5 17.8
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Figure 21. Scatterplot of Fugro's full profile rut depth vs. Fugro's 5-point rut depth in 2020

1.6

o = =
oe] = N N

o
o

Fugro 5Points Rut Depth

$
22 ‘..“ ° ; o

'.. ®

0.2 |, ""3

0 o o

0 0.2 0.4 0.6 0.8 1 1.2 14 1.6
Fugro Full Profile Rut Depth

o
~
[ §

( A&)WP

1.6

1.4
e
212
(]
a)
E 1
1)
£0.8
o
Lo
20.6
= oo .
LL [}

0.4 .. .&..’ .,o. .

[ ]
o9
0.2 r“':.ﬁ’
®
° g.co @ \ o®o
0 .

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Fugro Full Profile Rut Depth

( BRWP

0 470



Figure 22. Scatterplot of Fugro's full profile rut depth vs. Fugro's 5-point rut depth in 2021
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